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Abstract 

Production of biogas is one of several alternatives to meet sustainable energy solutions and waste 

management. However, managing the by-product (digestate) can be problematic with its high handling 

costs. Digestate from wet co-digestion biogas plants contains large volumes of water, causing high 

transportation costs and low concentration of the valuable nutrients. An alternative to try and reduce 

the associated costs is by processing the digestate. Processing the digestate for volume reduction allow 

for more economic and resource efficient ways of handling the product.  

This master thesis was performed on an initiative from Tekniska verken AB and address digestate 

handling from Linköping biogas plant, a large co-digestion biogas plant in Sweden. The project aimed 

to find a feasible, more resource efficient management of their digestate by looking at digestate 

processing alternatives. The approach systematically evaluated a large number of processing 

techniques by both literature and communication with TvAB or experts. A selection of techniques 

were further evaluated were studies in laboratory and a market analysis on digestate provided 

complementary information, aiding the economical evaluation. Results suggest that processing by 

centrifuge is a viable, economic option when digestate management is costly and a liquid fraction can 

be recirculated in the process. It has the potential to significantly reducing digestate management 

costs. Other processing alternatives may be beneficial if transportation distance can be greatly reduced 

and/or synergies can be found, but the findings in this project suggest that only treatment with 

centrifuge is of interest.  

The results are subject to a number of conditions (such as size of the plant) and assumptions (such as 

recirculation of a liquid fraction) and therefore need individual adaption to be applicable at any 

specific plant. Conclusive remarks are that although site specific conditions affect the choice of 

processing, a project such as this may help reducing the necessary time spent on evaluation. Both 

research process and results may provide valuable findings for similar evaluations in any industry. 

  



 

Sammanfattning 

Produktion av biogas är ett av flera alternativ för att möta hållbara energilösningar och 

avfallshantering. Dock kan hanteringen av biprodukten, biogödsel, vara problematisk med höga 

hanteringskostnader. Biogödseln från samrötningsanläggningar innehåller stora mängder vatten, vilket 

orsakar höga transportkostnader och låg koncentration av de ackumulerade och värdefulla 

näringsämnena. En del biogasanläggningar avvattnar biogödseln och ökar dess värde och därmed 

sänker hanteringskostnaderna. Genom att behandla rötresten finns det stora möjligheter att hitta mer 

ekonomiska och resurseffektiva sätt att hantera produkten på.  

Det här examensarbetet utfördes på ett initiativ från Tekniska Verken AB och behandlar hantering av 

biogödsel från Linköping biogasanläggning, en stor samrötningsanläggning i Sverige. Projektet 

syftade till att hitta en genomförbar, mer resurseffektiv hantering av deras biogödsel genom att titta på 

olika behandlingsalternativ av biogödsel. Tillvägagångssättet avsåg att systematiskt utvärdera ett stort 

antal behandlingsalternativ genom både litteraturstudier och kommunikation med TVAB och andra 

experter. Ett urval av tekniker utvärderades vidare där studier i laboratorium och en marknadsanalys 

av biogödsel kompletterade utvärderingen och bidrog till den ekonomiska analysen. Resultaten tyder 

på att behandling genom centrifugering är ett ekonomiskt alternativ när hanteringen av biogödsel är 

kostsam och en flytande fraktion kan recirkuleras i processen. Behandlingen har potential att avsevärt 

minska hanteringskostnaderna för biogödsel. Andra behandlingsalternativ kan vara fördelaktiga om 

transportavstånd kan minskas avsevärt och/eller synergier kan hittas, men resultaten i detta projekt 

visar att endast att centrifugering är av ekonomiskt intresse. 

Resultaten påverkas av ett antal villkor (såsom anläggningens storlek) och antaganden (såsom 

återcirkulation av en flytande fraktion) och därför behövs en individuell anpassning för att resultaten 

ska kunna tillämpas vid andra anläggningar. Slutsatsen är att även om platsspecifika förhållanden 

påverkar valet av behandling, kan ett projekt som detta kan bidra till att minska den nödvändiga tiden 

lagd på utvärdering. Både metodik och resultat kan ge värdefull information för liknande utvärderingar 

inom både biogas produktion och andra branscher. 

 

  



 

Sammanfattning av rapportens innehåll  
Den här sammanfattningen syftar till att ge en överblick av rapportens innehåll och de viktigaste 

delarna av resultatet. Detaljer kring de olika avsnitten är presenterade i respektive kapitel i rapporten.  

Bakgrund 

Biogödseln är en viktig del av biogasproduktionen då den är vad som sluter det naturliga kretsloppet 

av näringsämnen, se Figur 1. Biogasen lämnar anläggningen och blir värme, elektricitet eller 

uppgraderad (över 95 % metan) till fordonsbränsle. Biogödseln lämnar anläggningen och används som 

gödselmedel på åkermark.  

 

 

Figur 1 Det naturliga kretsloppet av näringsämnen där biogödsel kopplar samman jordbruk och biogasanläggningen.  

Näringsämnena kväve, fosfor och kalium är vanliga i gödselmedel och viktiga för alla organismers 

tillväxt. Dessa näringsämnen är också de som ger biogödsel dess värde och nytta som gödselmedel. 

Industriell kvävefixering för att skapa kvävegödsel är energikrävande och växttillgängligt fosfor är en 

fossil resurs som måste hushållas med. Genom att återanvända näringsämnen och kol från nedbrutet 

material kan biogödsel bidra till minskade övergödningsproblem gentemot mineralgödsel.  

En nackdel med biogödsel är att det ofta innehåller stora mängder vatten vilket påverkar hanteringen 

negativt. Stora kostnader för lagring, transport och spridning gör att hanteringskostnader ofta 

överstiger inkomsten från biogödsel och anläggningar betalar för att avsätta produkten. För att minska 

dessa kostnader kan biogödseln behandlas med avvattning eller separering. Exempel på behandling är 

mekanisk separering (avlägsnar tunga/stora partiklar i en fast fas) eller termisk behandling (avlägsnar 

flyktiga ämnen såsom vatten).  

Metod  

I Figur 2, nedan visas en överblick av metoden som användes för att utvärdera olika avvattnings- och 

förädlingsmetoder av biogödseln på Linköpings biogasanläggning.  

 

 



 

 

Figur 2. Överblick av metoden som användes för att utvärdera olika avvattnings- och förädlingsmetoder. Det område som är 

markerat med streckad linje motsvarar kärnan i metoden, medan labbanalyserna och marknadsanalysen är ett komplement 

till övriga delar av utvärderingen.  

Initialt arbetades det med att identifiera olika begrepp, behandlingsalternativ samt vilka förutsättningar 

som krävdes för att kunna använda olika typer av behandling av biogödseln. När ett stort antal 

behandlingsmetoder var kartlagda gjordes en selektering av teknikerna. Olika kriterier sattes upp 

tillsammans med Tekniska verken för att sortera bort de alternativ som inte ansågs applicerbara på 

Linköpings biogasanläggning. De kriterier som användes var; investeringskostnader, driftkostnader, 

komplexitet, teknisk mognad och applicerbarhet på Tekniska verken. Varje kriterier graderades i en 

låg/medium/hög-skala med noterad osäkerhet. Av 20 utvärderade tekniker valdes fyra ut för fördjupad 

ekonomisk analys.  

Laborationsanalyser utfördes för att studera hur biogödselns beståndsdelar kunde fördelas vid 

mekanisk separation. Prover togs från anläggningen i Västerås som använder dekantercentrifug för att 

separera biogödseln och återcirkulerar en del av den flytande fasen till förbehandlingen av substrat.  

En marknadsanalys gjordes för att undersöka potentialen av utgående produkter efter behandling. 

Analysen fokuserade på en fast produkt i både existerande och nya marknader. Metodiken fokuserade 

på litteratur och personlig kommunikation med företag och intressenter.  

I den ekonomiska analysen användes en referensanläggning som var relativt lik nuvarande situation 

vid Linköpings biogasanläggning. Baserat på selekteringen av metoder jämfördes olika scenarion i den 

ekonomiska analysen. Flera parametrar analyserades för känslighet vilket hanterar antaganden och 

osäkerheter som ökar pålitligheten för både resultat och slutsatser.  

Resultat 

Selektering  
De tekniker som valdes ut för vidare ekonomisk analys var dekatercentrifug, bandtork (för fast 

fraktion), evaporation (för flytande fraktion) och en förtjockare. 

Laboration 
Labbanalyserna visar, likt litteraturen, att man får en kväverik flytande fas och en fosforrik fast fas vid 

en mekanisk separering. Vidare kommer tungmetallerna att till övervägande del återfinnas i den fasta 

fasen. Resultat kunde indikera att recirkulering var möjlig utan att inhibera biogasprocessen och detta 

antagande användes i rapporten. 

Marknadsanalys 
Utifrån utländska studier kunde det konstateras att möjliga marknader fanns inom planterings- och 



 

anläggningsjord, för en fast fas av biogödseln. De miljömässiga och affärsmässiga fördelarna med 

jordbruk övervägde en potentiell ekonomisk vinning i nya marknader. Acceptansen och etableringen 

av produkten på jordbruk säkerställer avsättning bättre än ”nya” marknader och värdet bör istället 

diskuteras utifrån de miljömässiga fördelar som finns med biogödsel. 

Ekonomisk analys 
Resultatet från den ekonomiska analysen visar att det för referensanläggningen finns stor potential att 

spara pengar kontra dagens situation om man väljer att avvattna biogödsel med dekantercentrifug 

(Scenario 1 i rapporten).  

Känslighetsanalys utfördes på investeringskostnader, kvittblivningskostnader, värmekostnader, 

recirkulerad mängd vätskefas samt transportavstånd till jordbruksavsättning. Resultaten visade 

robusthet i många parametrar. Att variera värmekostnader visade att behandling med värme endast är 

lönsam under sommarhalvåret, som också tillämpades i analysen. Variation av recirkulerad mängd 

flytande fas identifierades som en mycket central faktor i behandlingens lönsamhet. Att recirkulera en 

vätskefas i form av spädvatten både minskar volym, ersätter färskvatten och koncentrerar upp 

näringsämnen i kvarvarande rötrest.  

Diskussion och slutsatser 

Arbetet är en omfattande och bred studie med bra litteraturgrund men har osäkerheter i de förenklingar 

och antaganden som gjorts. Viktiga punkter att arbeta vidare med är effekterna på biogasproduktion av 

att recirkulera en vätskefas efter mekanisk separation, så att denna inte inhiberas. Samt övergripande 

miljöpåverkan av behandlingsalternativen ställt mot de minskade transport och spridningskostnader 

som behandlas. De miljömässiga för- och nackdelarna kan spegla ekonomiska siffror men kan också 

skilja stort, vilket skulle påverka de slutgiltiga resultatet av projektet.  

Hanteringskostnader kring biogödsel kan minska med behandlingsalternativ som utreds, men 

övergripande värdet av biogödsel behöver bearbetas genom myndigheter som understryker 

samhällsnyttan av biogödsel. Ökad medvetenhet och värde på biogödsel kan säkra biogasen, det 

ekologiska jordbruket och recirkuleringen av näringsämnen tillsammans.  

I rapporten dras slutsatsen att delvis behandling (med mekanisk separation) är det mest lovande 

alternativet för att minska hanteringskostnader av biogödsel. Alternativen är platsspecifika då 

avsättningsproblem, mål och förutsättningar kan skilja stort mellan anläggningar. Fler marknader än 

jordbruk visar potential men jordbruk är det mest lovande ur miljö- och hanteringssynpunkt för 

Linköpings biogasanläggning. Vidare är de ekonomiska problemen med hantering av biogödsel 

kopplat till ett större perspektiv som inte enbart kan lösas av biogassektorn.  
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Glossary 

TvAB: Tekniska verken in Linköping AB (publ.). Primarily owned by the municipality of Linköping, 

TvAB operates in regional electricity, lightning, water, heating, cooling and waste management 

solutions. TvAB is also a large biogas producer in Sweden owning Linköping biogas plant. 

Linköping biogas plant: The biogas plant in Linköping operated and owned by TvAB. 

Digestate/Bio-fertilizer: Material remaining after anaerobic digestion of biodegradable substances, 

containing only material according to SPCR-120 regulations. 

Wastewater sludge: A type of digestate were wastewater is all or part of the feedstock 

Wet co-digestion: Anaerobic digestion of different organic material with TS in <20% and TS out <6%. 

AD: Anaerobic Digestion. A microbial breakdown of organic substances creating biogas and digestate. 

CHP: Combined Heat and Power. Biogas is converted to heat and power (EBA, 2013). 

HRT: Hydraulic Retention Time. A measurement of how long the liquid substance stays in a reactor 

during for example anaerobic digestion. A short retention time means the liquid is more rapidly 

replaced, either in batch or continuously.  

OFMSW: Organic Fraction Municipal Solid Waste. Sorted organic waste from households. Examples 

can be old food or leftovers  

TS: Total Solids. Given in percentage of fresh/wet weight, TS is a measurement of weight when water 

has been removed. A product is dried (evaporating all water) and TS is given in percentage of what is 

left compared to before drying. 

VS: Volatile Solids. Given in percentage of TS, VS is a measurement of the amount of weight leaving 

from the solids when incinerating a substance (such as organic substances).  

WWTP: Waste Water Treatment Plant. The plants treat wastewater, not suitable for use, into water 

that may be reused or discharged into nature. Often captured solids from the wastewater can be 

digested to utilize biogas potential and then recycled for nutrients or disposed on landfills.   

Substrate/Feedstock: Input (organic material) components for the anaerobic digestion process.   
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Introduction 

Production of biogas is one of several alternatives to meet the goals of sustainable energy solutions 

and waste management. Biogas is produced by microbial degradation of organic material (biomass) 

under anaerobic conditions, also called anaerobic digestion (AD) (Harrysson and Von Bahr, 2014; 

Wellinger et al., 2013). The history of biogas production stretches back to the mid-19th century in 

China and India (Biogasportalen, 2015), but the potential of biogas is still growing. On a world scale, 

the enormous potential of digestible organic waste and large unused biogas areas remains available 

(Wellinger et al., 2013). Swedish history of biogas production only began in the 1960’s with 

wastewater treatment plant’s (WWTP) trying to reduce the volumes of waste (Biogasportalen, 2015). 

Today biogas production in Sweden has grown to include landfills, local farm manure, industry waste 

and food waste. The development of biogas production is increasing as well as the public knowledge 

about its benefits. However, there is a limited knowledge about the additional benefits of digestate, a 

bi-product formed during the biogas production.    

Biogas mainly consist of methane (CH4) and carbon dioxide (CO2) (Rosenzweig, 2011), meaning all 

mineral nutrients utilized for organic growth and life remain in the bioreactor after the AD process. 

The nutrient rich biomass preserved in the digester is referred to as digestate, and widely utilised as 

fertilizer. The utilization of digestate as fertilizer conserves nutrients by recirculating them back to 

farmland. The complete recycling of residual organic carbon and mineral nutrients is an acknowledged 

environmental benefit of biogas production (EBA, 2013). National and international authorities such 

as the environmental protection agency and European Biogas Association establish long term goals for 

sustainable energy and highlight the importance of nutrient recycling (Östlund, 2015). 

Although the biogas sector is well aware of the benefits from nutrient recirculation, wet co-digestion 

plants struggle with making use of their digestate in an economic and resource efficient way (Persson 

et al., 2012). Depending on the substrate used, the AD process can either be a wet- or dry 

fermentation. A wet fermentation is normally use a feedstock with a 15-25 % total solids (TS) going 

into the process, while a dry fermentation requires a feedstock with TS above 30 % (Reith and 

Wijffels, 2003). Wet-fermentation processes are commonly applied in Sweden and the TS in outgoing 

bio-fertilizer is often 2-6%, meaning most weight and volume is made up of water (Avfall Sverige, 

2014; Persson et al., 2012). The effect of the high dilution is a very low concentration of the 

accumulated, valuable nutrients. Therefore a problem with high water volumes is especially common 

in wet-co digestion plants. Currently, most digestate management (handling) can be divided into a few 

main activities: storage at plant, transport from plant, storage in farm and spreading at farmland. The 

high water volume is affecting all of these activities negatively, causing high handling costs often 

exceeding the revenues from the low nutrient value. These difficulties not only limit biogas 

development and expansion but contribute to a negative environmental impact through transportation 

and storage. Since economic and resource-efficient digestate handling is a necessity for a working 

biogas plant the problem will not disappear but only grow with an expanding biogas production 

(Norin, 2008a). Profitability for biogas producers requires efficient solutions throughout the chain of 

production (Persson et al., 2012).  

Aim  

With the identified problem of digestate management and utilization, a generic aim of this project is to 

identify and evaluate digestate processing options for Swedish co-digestion plants, which are based on 

wet co-digestion. The studied options will be evaluated from two key terms considered throughout the 

project; feasibility and resource efficiency. Feasibility aims to provide a practical solution in line with 

the environmental and societal goals of biogas production. Feasibility will avoid the unrealistic options 

that are not suitable for the purpose. Resource efficiency aims to both consider the economic and to 

some extent the environmental impact. An economic alternative is believed necessary to be accepted 

by an industry but the project wish to avoid solutions that would likely increase the environmental 
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impact. In relation to the aim, a market analysis of bio-fertilizer is performed on potential products 

from adopting digestate processing options. Additional goals intent to raise discussion and awareness 

on the importance of efficient digestate utilization and its social, collective benefits. This report should 

serve as a good decision support or basis for further investigations at biogas plants in general and 

especially large wet co-digestion plants in Sweden such as the Linköping biogas plant.  

The specific aim of the project is to provide Tekniska verken AB (TvAB) with a good foundation 

concerning improved digestate management.  

Scope and limitations 

The project focus is on digestate processing as a part of digestate management and handling but will 

also consider its impact on related activities in the whole management chain (such as transportation 

spreading or storage). It is recognized that including the impact on other activities of digestate 

management is necessary to get a sufficient scope in order to form a well-founded recommendation. 

Figure 1 offer a simple illustration on terminology.  

 

Figure 1 simple illustration of the project scope and surrounding activities. Up-stream processes include activities before AD 

process, such as collection of feedstock, pre-treatment etc. 

In this project the type of biogas plant that will be focused on is similar to Linköping biogas plant, a 

large wet co-digestion plant located in Sweden (further described below). Assuming Linköping biogas 

plant as reference the product to be processed is bio-fertilizer from anaerobically digested organic 

material from mainly Organic Fraction Municipal Solid Waste OFMSW (further referred to as food 

waste) and industrial food processing waste. Therefore, the focus of this study is not on dry or aerobic 

digestion, WWTP sludge and similar residues from other industries. Unless otherwise specified, wet 

co-digestion of organic matter is also the type of process referred to when discussing AD, biogas 

plants, digestate or bio-fertilizer. No digestate processing exists today at Linköping biogas plant and 

no pilot trials have been performed. Therefore, the analysis regarding markets for new products are 

theoretical, combined with knowledge from market actors. The project scope is limited to post-

treatment1 (i.e. after the AD process).  

                                                      

1 Literature focusing on pre-treatment is available from Avfall Sverige (2014).  
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Tekniska verken  

Tekniska verken AB (TvAB) operates the Linköping biogas plant, which is one of the largest biogas 

plants in Sweden, producing about 130 GWh biogas and over 100 000 tonne of digestate each year. 

The products are made from mainly food waste and industrial food processing waste.  

As a major participant in the Swedish biogas sector there is an interest to study the market of bio- 

fertilizer and possible improvements in its handling. Today the digestate produced at Linköping biogas 

plant is marketed as agricultural bio-fertilizer and returned to surrounding farmland. All of the 

produced digestate in the Linköping biogas plant is certified according to SPCR-120, which is a 

certification system for quality assurance of the digestate produced from bio-waste and allows the use 

of digestate as bio-fertilizer. In addition, about 70 % of the produced digestate is certified to be used in 

organic farming (KRAV). Even though these certifications increase the market value of the produced 

bio-fertilizer, there is still a high handling cost for the bio-fertilizer. Containing around 95 % water, the 

problem of weight/volume relative to value is similar to common problems identified in several 

Swedish biogas plants (and likely other as well). Therefore, Linköping biogas plant has an interest to 

investigate suitable treatment options to solve the problem of costly digestate handling. Further 

description of Linköping biogas plant and TvAB can be found in Appendix I.  

Structure of report 

The report is divided into chapters. Chapter 1 tracks important areas regarding theoretical background 

of digestate management and its concepts. Description of general processing alternatives and 

considerations are included. Chapter 2 present further framework of the project, summarizing the 

research process throughout the project. Findings from identified focus areas are presented and 

discussed in Chapters 3-6. Summarizing discussion and conclusive remarks with recommendations are 

presented in Chapter 7.  
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Chapter 1 - Theoretical background 

1.1. Biogas 
Biogas is a mixture of methane (CH4, 50-75 %), carbon dioxide (CO2) and other gases formed under 

anaerobic conditions from the degradation of organic material (Rosenzweig, 2011). Degradation of 

organic material, also known as anaerobic digestion (AD) is a complex interaction between 

microorganisms. The AD process is further described in Appendix II – Anaerobic digestion process. 

Biogas is a versatile energy source that can be utilized for energy, heat production and as a vehicle fuel 

(Wellinger et al., 2013). Although burning biogas releases carbon dioxide, this discharge is already 

included in the natural circulation of carbon (Figure 2). Biogas has several benefits over fossil fuels, 

such as its utilization of waste, but this does not automatically make it a perfect solution. Wellinger 

(2013) conclude that experts are not all convinced on the importance of biogas for a sustainable supply 

of energy but conclude that state-of-the-art biogas plants are no risk either to humans or the 

environment. However, many agree that biogas is a needed supplement on the energy market for 

resource conservation and utilization.  

 

Figure 2 Biogas carbon chain illustrating nutrient recycling (“Free Images - Pixabay,” 2016) 

Application 
Biogas is flammable and has several fields of application: burned for electricity, cooking, heat or 

upgraded to be used as natural gas substitution e.g. vehicle fuel (Wellinger et al., 2013). To function as 

natural gas and vehicle fuel in today’s biogas cars the biogas must be upgraded to above 95% methane 

(Al Seadi et al., 2008; Wellinger et al., 2013). As vehicle fuel biogas is considered to have the highest 

potential among biofuels and have several additional environmental and socio-economic benefits (Al 

Seadi et al., 2008). Presently, biogas is the only renewable energy alternative to natural gas and 

thereby being able to replace all of the purposes of natural gas (Wellinger et al., 2013). Therefore, 

upgraded biogas can be transported and distributed in a natural gas-grid. Upgrading the biogas has 

several benefits increasing its efficiency of gas utilization (Wellinger et al., 2013).  

Digestate formation 
Wet co-digestion plants (such as Linköping biogas plant) are built to handle pumpable substrates or 

substrate solutions at TS 10-20%. In the AD process the pH level and the ammonium concentration 

increases while the carbon mainly transform to CH4. This will decrease the total carbon content in the 

digestate (Nilsson, 2014), in effect decreasing the TS level. Therefore Swedish biogas plants generally 

has an outgoing digestate of 2-6% TS (Avfall Sverige, 2014; Persson et al., 2012), meaning 94-98% 

consists of water. Because other elements such as mineral nutrients, undigested carbon, water and non-

organic substances remain in the digestate (Berglund, 2010), digestate makes an excellent fertilizer.  
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1.2. Digestate as fertilizer 
The interest in digestate, and especially bio-fertilizer being utilized on farmland, is associated with a 

need of efficient nutrient management and depletion of global natural reserves of phosphorus and 

potassium (Drosg et al., 2015). Because digestate can be used as a replacement for mineral fertilizer, 

digestate can contribute to sustainable use of fertilizer nutrients and important elements. Digestate 

cannot be directly discharged from a biogas plant to nearby waters as this would be illegal, work 

against the conservation resources and most likely cause major environmental problems. 

Eutrophication is an overflow of biomass due to nutrient excess (mainly P, N and C), causing negative 

impact on environment (Chen et al., 2016; Wellinger et al., 2013). Eutrophication is a common 

problem in densely populated areas due to high levels of nutrients leaching into water were 

microorganisms start growing uncontrollably. The microorganisms will eventually consume the 

dissolved oxygen and hypoxia, suffocating the remaining life (Chen et al., 2016). Nor is it likely that 

the digestate can be released to sewers to be handled at a WWTP (TvAB, Personal communication). 

The digestate content would require a lot of additional capacity from the treatment equipment and 

costs would quickly become high. Exact limitations for direct discharge to WWTP or waters are 

subject to local regulations and agreements.  

From the 1 672 00 tonne wet digestate and 674 000 tonne dry sludge produced in Sweden yearly, 99% 

and 30% respectively was utilized as agricultural fertilizer (Harrysson and Von Bahr, 2014). The 

difference in utilization in agriculture can be explained by regulatory and attitude differences between 

bio-fertilizer and WWTP sludge. Digested material originating from meat industry, OFMSW, manure 

or crops is considered sanitary enough to be used on arable land for food production (Baky et al., 

2006). WWTP sludge is for example not allowed on food crops (with the exemption of trees) or 

pastures for livestock. Further description of using WWTP sludge is described by the Swedish 

environmental protection agency (Naturvårdsverket, 1994). Despite having several regulatory 

differences there are several similarities in characteristics causing easy confusion between bio-

fertilizer and wastewater sludge. Depending on the substrate and operating parameters of the AD 

process, there are also large differences in physiochemical properties in between different types of 

digestate (Drosg et al., 2015; Nilsson, 2014).  

In 2014, roughly 169 Mt nitrogen (N), 197 Mt phosphate rock (P2O5) and 64 Mt potash (K2O) were 

consumed globally (calculated as consumed product volume) (International fertilizer industry 

association, 2016). As the demand for fertilizer nutrients is expected to grow each year (Food and 

Agriculture Organization of the United Nations, 2015), the motivation of replacing mineral fertilizers 

increases.  

Mineral nutrients 
The nutrient content in a fertilizer is a large part of what creates its economic value and the 

characteristics for plant growth. Phosphorus, nitrogen and potassium are primary nutrients and key 

building blocks for organic growth, all present in the digestate (Baky et al., 2006; Wellinger et al., 

2013). Other macro nutrients such as calcium, sulphur, magnesium, and essential trace elements (i.e. 

micronutrients); copper, zinc, manganese etc. are also present in varying amounts, as illustrated in 

Table 1. Nutrients and trace elements in the digestate all depend on the feedstock and added solutions 

to the AD process (Baky et al., 2006; Wellinger et al., 2013). Therefore, the nutrient content will vary 

greatly between different biogas plants. Table 1 illustrates example content values of liquid bio-

fertilizer from Linköping biogas plant.  
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Table 1. Average values of nutrient and heavy metal content in bio-fertilizer from Linköping biogas plant (Tekniska verken, 

2015). Components between and within plants vary depending on substrate composition. 

Parameter Quantity Unit 

Total Nitrogen (N-tot) 3,6-5,7 kg/m³ 

Available Nitrogen (NH4-N) 2,3-3,3 kg/m³ 

Total Phosphorus (P-tot) 0,3-0,9 kg/m³ 

Total Potassium (K) 1,1-1,5 kg/m³ 

Sulphur (S) 0,3-0,6 kg/m³ 

Calcium (Ca) 1,1-1,7 kg/m³ 

Magnesium (Mg) 0,07-0,1 kg/m³ 

pH 8,0-8,5  

Total Solids (TS) 3,0-4,3 % 

Lead (Pb) 1,1-12 mg/kg TS 

Cadmium (Cd) 0,3-0,5 mg/kg TS 

Copper (Cu) 47-76 mg/kg TS 

Chrome (Cr) 5,5-12 mg/kg TS 

Mercury (Hg) 0,05-0,06 mg/kg TS 

Nickel (Ni) 10-35 mg/kg TS 

Zink (Zn) 144-184 mg/kg TS 

Silver (Ag) 1,0-1,0 mg/kg TS 

 

Phosphorus 

Phosphorus (P) is a much debated resource, both due to its extensive use in mineral fertilizers and that 

P is mined as a non-renewable resource from mines. The global mine production of phosphate rock in 

2008 is estimated 167 Mt, were 80% is used for mineral fertilizers (Fixen and Johnston, 2012). While 

nitrogen can be fixated from air and potassium reserves won’t be depleted for several centuries, the 

easily available phosphorus resources in mines are expected to be depleted within a near future (Smith 

et al., 2009; Vaccari, 2009). Vaccari (2009) discuss phosphorous nutrient cycles and explaining that 

recirculation from oceans may take millions of years and therefore considered as a fossil nutrient. It is 

clear that current excessive use of mineral P fertilizers is no sustainable solution and thereby showing 

the importance of conserving nutrients by recirculation. 

Potassium 

Potassium (K), is like phosphorus an essential plant nutrient mined from the earth. A study on the 

current status of potassium in agriculture performed by Zörb et al (2014) shows the benefits and the 
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importance of K as a plant nutrient. Zörb et al (2014) also concludes that the demand for K fertilizer is 

expected to increase significantly in the future, which will create a forthcoming problem. Unlike 

phosphorus, potassium is not often referred to as “a looming crisis”. Instead the world supply for 

potassium is expected to increase more in relation to demand than for example phosphorus (Food and 

Agriculture Organization of the United Nations, 2015). 

Nitrogen 

Nitrogen is likewise a key component in fertilizers and consumed in large amounts. Unlike phosphorus 

and potassium, nitrogen is a resource available in the air and will not deplete. It is however harvested 

at great energy costs (Vaccari, 2009), in order for it to become plant available. The high energy cost 

and environmental impact for fixating nitrogen provides further incentive for replacing mineral 

fertilizers and recycling nutrients through bio-fertilizers. Nitrogen exists in several different forms 

with an equilibrium between soluble ammonium and volatile ammonia, see equation (1). 

NH4
 +  ↔  NH3  +  H+ (Aarsrud et al., 2010)  (1) 

Nitrogen, and other nutrient compounds bound in organic material are being converted during AD to 

directly bioavailable from e.g. ammonium (NH4-N) (Drosg et al., 2015). Meaning, even though the 

total nutrient value is unchanged during AD, the nutrients become more bioavailable after AD and are 

suitable for plant uptake (Wellinger et al., 2013). In order to avoid over or under application rate on 

soil, a good fertilizer should contain suitable proportions of nutrients, both available and slow acting. 

Organically bound nitrogen is regarded as slow acting (Wikberg et al., 2001). The requirements of 

nutrients in soil can vary with geographical location and previous applied substances.  

Despite the infusion of nutrients, the carbon (C) content in digestate is also important for the soil 

fertility. C is an important additive in soils with low organic content and the microbes in the soil use C 

as an energy source (Jens Blomquist, 2014). In addition, the part of C not degraded will stabilize the 

organic material within the soil. Even if the carbon is an important substance, the nitrogen availability 

for the plants is more important for the fertilizing characteristics (Nilsson, 2014). Despite measuring 

the ammonium (NH4+), the ration C/N can be measured to determine the available N in the soil and a 

low C/N ratio indicate a high availability of nitrogen for the agriculture plants (Nilsson, 2014).  

Alternative fertilizers and characteristics 
Although digestate is a great fertilizer from a resource efficient perspective it also has other 

advantages (and weaknesses) against alternative fertilizers. 

Manure is the organic matter from animal faeces produced at farms with livestock. Containing several 

important fertilizer characteristics and being virtually free for a livestock farmer, manure is widely 

accepted as a fertilizer. Compared to manure, bio-fertilizer is associated with reduced risk of 

pathogens and provide more available nutrients, mineralized during the AD process (Berglund, 2010). 

Several sources also point out the reduction of smell as an advantage over manure (Al Seadi et al., 

2008; Drosg et al., 2015; Lukehurst et al., 2010). However, this is likely variate between types of 

manure and digested material and cannot be completely generalized. Drosg et al (2015) mention 

several studies, and Al Seadi et al. (2008) suggests that digestate has lower C/N ratio and viscosity 

(increasing available nitrogen and homogeneity), but also mention higher pH value and share of 

ammonium as advantages for digestate.  

Mineral fertilizers are the choice for common agriculture. Due to having higher nutrient concentration 

there is less spreading cost and soil compaction when using mineral fertilizer compared to digestate. 

Incentives of using bio-fertilizer instead of mineral fertilizer is that nutrients of bio-fertilizer are part of 

a natural lifecycle of resources and nutrients. Instead of harvesting phosphorus and potassium from 

mines, depleting earth’s resources, bio-fertilizer returns nutrients to where they came from. Even 

though issues of nutrient leaching is still a potent problem, the use of bio-fertilizer contribute to 

solving problems of inadequate waste management and eutrophication (Wellinger et al., 2013).  
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An important fertilizer factor is the pH. High pH levels affect the ammonia loss negatively but 

contribute to less need for liming (adding lime to farmland for pH increase). Additionally, the soil 

organic substance is another important factor of growing conditions (Wikberg et al., 2001). High 

organic substance in the soil is hard to adjust but provide structure and better mineralization/provision 

of nutrients. Wikberg et al (2001) mention a study by Torstensson studying long term effects of 

organic content from WWTP sludge. The result showed that sludge had positive effects on organic 

substance in the soil and similar effects from digestate could be expected.   

Application 
Different spreading techniques are employed depending on consistency of the fertilizer and desire to 

minimize nitrogen loss against cost. Fertilizers can be applied as solids or liquids were solids allow for 

higher concentration of nutrients but liquids offer more rapid absorption and effect. The problem of 

having too low concentration of nutrients is that larger volumes of digestate are required before a 

sufficient amount of nutrients is applied. Low nutrient concentration affect the overall time and energy 

spent on application as well as the soil compaction caused by the spreader. The associated costs of 

handling and spreading is identified as a major contributing factor to why mineral fertilizer can be sold 

at higher price per amount of nutrients compared to a liquid bio-fertilizer. It is therefore important to 

consider an appropriate spreading technique, especially when using liquid fertilizer.  

Energifabriken (Personal communication) expressed that one of the main disadvantage with digestate 

(and manure) compared to mineral fertilizers is the irregular nutrient distribution when spreading and 

mineral fertilizer can be used to supplement and/or balance the bio-fertilizer or manure. An even 

spread is essential for calculating yield and amount of nutrients to supply to the crops. Because there 

are strict guidelines for how much nutrients can be applied, an improper supply could result in huge 

financial losses. A product with 10-20% TS is regarded less attractive due to spreading and handling 

complications (Biototal, Personal communication; Borring, Personal communication; Energifabriken, 

Personal communication). The explanation is that the product becomes neither pumpable nor stackable 

and lacks suitable spreading technique. There are several spreading techniques appropriate for 

different digestate products, adapted all from speed and simplicity, splash plate, to decrease the 

ammonia loss, with injection (Ehrnebo, 2005).  

Nitrogen loss 

Correct application is very important in order to prevent eutrophication. Loss of ammonia or nutrients 

is not only affected by technique and degree of ammonium but also on weather and land conditions 

during spreading. The ammonia ammonium equilibrium (see eq. 1), applies during application as well. 

Meaning, high levels of pH, temperature, ammonium and wind all contribute to greater ammonia 

losses (Ehrnebo, 2005). The most effective way of reducing nitrogen loss is by putting the fertilizer 

into the ground. Depending on the soil characteristics, a solid or liquid fertilizer may be the most 

appropriate choice. A solid fertilizer may have less contact with the ground, reducing absorption and 

promoting ammonia loss, while a liquid fertilizer applied on unabsorbent soil may flow through 

without being used at all and being discharged in a nearby water (Ehrnebo, 2005). Inappropriate 

fertilizer application during unsuitable conditions and/or in too high amounts can lead to both nitrogen 

and phosphorus loss to water drainage. When nutrients are leached to streams and lakes they 

contribute to the problem of eutrophication and become very hard to recycle (Lukehurst et al., 2010; 

Vaccari, 2009).  

Seasonal spreading 

Application during spring or autumn has high impact on nutrient leaching (Greppa Näringen, 2004). 

The high water content could be accepted during spring application as extra irrigation but is undesired 

during autumn application as it dilutes the fertilizer too much (Borring, Personal communication; 

Energifabriken, Personal communication). Depending on the crops ability to absorb nutrients during 

spring or autumn, one or the other may be preferred as period for spreading. Seasonal spreading rules 

in Sweden regulate when and where fertilizer application is appropriate depending on geographical 

area and type of crops (Jordbruksverket, 2015).  
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Guidelines and sensitive areas 

There exists authorities creating laws and guidelines for application of bio-fertilizer in order to ensure 

a sustainable and controlled return of nutrients to farmland. Swedish regulations are governed by both 

national and international decisions from EU level to municipalities. Regulations exists from the 

government board of agriculture (Jordbruksverket, 2015) and additional guidelines from e.g. the 

Swedish Institute of Agriculture and Environmental Engineering (JTI). For example phosphorus is 

limited to 22kg per hectare and year and nitrogen is limited to 170kg per hectare per year, in nitrogen 

sensitive areas (Jordbruksverket, 2015).The rules does not consider nitrogen loss, showing the 

importance to minimize ammonia emission during spreading. Additionally, there are restrictions 

regarding the amount of metals that can be applied to arable land. Table 2 present the different 

limitations for yearly disposal. 

Table 2 Limiting recommendations for the yearly amount of metals and nutrients allowed to be supplied to arable land. 

Values refer to an average period of seven years.(Naturvårdsverket, 1994). 

Metal Gram per 
hectare and 
year 

Tot N 170* 

Phosphorus 22 000 

Lead 25 

Cadmium 0,75 

Copper 300 

Chrome 40 

Mercury 1,5 

Nickel 25 

Zinc 600 
*nitrogen sensitive areas, supply limit also dependent on type of crops 

In order to follow the regulations digestate utilization can become costly. One way of improving 

economic and feasible land application can be different ways of processing the digestate, prior to 

transportation and application. 

1.3. Processing Digestate 
During the AD process primarily carbon and hydrogen transforms to biogas, which will decrease the 

total carbon content in the digestate, lowering the TS levels and resulting in a high water content 

(Nilsson, 2014). The high water content (over 90%) is directly related to the high handling costs, 

exceeding the revenues from the nutrient value (Berglund, 2010; Persson et al., 2012). A solution to 

this could be to process the digestate (i.e. reduce the mass and volume) leading to concentration of 

nutrients and ease the digestate handling. Furthermore, this could have positive impact on all 

subsequent activities in the whole digestate management chain.    

Although available technology for processing digestate is costly compared to the revenues (Persson et 

al., 2012), it can be especially motivated in animal intensive areas. Livestock intensive areas 

accumulate high levels of nutrients which may restrict application of digestate or otherwise overload 

the land, which could contribute to leaching and eutrophication (Dahlin et al., 2015). Reasons why 

biogas operators choose to treat the digestate are the unfavourable handling of raw digestate from an 

operator perspective and the benefits of separating the organic content from the nutrient fraction 

(Dahlin et al., 2015).  Due to increasing legislative pressure on nutrient management and 

environmental protection, long and expensive transports are required for nutrient redistribution 

(Wellinger et al., 2013). This problem can be solved by either reducing the total volume to be handled 

or only reducing the limiting factors for land application.  
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There are two treatment options for digestate. Partial treatment is one option, where the limiting 

factors for land application (e.g. concentration of nutrient or heavy metals) is reduced and then subject 

to geographical location and usable farmland. Partial treatment would not reduce the total handling 

volume but could in some cases greatly reduce transportation costs. Another treatment option is 

complete treatment, which aim to reduce the total handling volume and then subject to local 

regulations on discharge waters. Additionally, there are several different techniques that can be used 

for each digestate treatment option. Depending on desired end-product, partial, complete or variations 

of treatments can be applied. 

No treatment 
Direct application to farmland, see in Figure 3, is the most common use of digestate in Sweden and the 

rest of Europe (Saveyn and Eder, 2014). This option is attractive due to low or no processing costs and 

the uncomplicated process were little can go wrong. The solution necessitate contacts for sufficient 

land disposal on surrounding areas. Were land application is limited, transportation distances and costs 

can become very high.  

 

 

Figure 3 No treatment: Digestate is being directly land applied without further treatment. An attractive option when 

sufficient farmland is available nearby. 

Partial treatment 
Digestate can be partially treated with simple techniques such as mechanical, solid liquid separation, 

Figure 4. The resulting fractions, similarly to raw digestate cannot be directly discharged and must be 

applied to land, according to regulations, or in other markets. Partial treatment can be attractive option 

for biogas plants in areas with phosphorus overload. The liquid fraction (nitrogen rich) can be applied 

on nearby land and solid fraction (phosphorus rich) transported away from overloaded areas 

(Wellinger et al., 2013). This reduces transportation costs significantly because the solid fraction only 

makes up a small part of the total mass but contain a large part of the phosphorus (see Figure 5) and 

can be transported to farmland located far away from the plant. Various nitrogen reducing techniques 

exists but are described under liquid fraction treatment. 
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Figure 4 Partial treatment: Digestate is being treated with simple techniques resulting in two fractions. 

Solid-liquid separation can be performed by several different techniques such as belt filter press, screw 

press and decanter centrifuge (Drosg et al., 2015). Solid-liquid separation is greatly influenced by the 

mesh size, flocculants and characteristics of the digestate, such as fibre and TS content (Fuchs and 

Drosg, 2010). The distribution of nutrients and other elements is effected by separation efficiency 

which vary between the techniques. For further information of different separation methods, see 

Appendix III. The efficiency of separation could be considered according to how clean the filtrate is or 

how dewatered the solid fraction is, explained in Fel! Ogiltig självreferens i bokmärke..  

Table 3 Separation efficiency for each fraction. Outcome can vary greatly depending on several factors, e.g. Separation 

technique, digestate, flowrate etc.  

Separation efficiency Solid high TS Solid low TS 

Liquid low TS Good separation 

Clear liquid fraction 

Bad dewatering of solid 

fraction 

Liquid High TS 

Unclean liquid fraction 

Good dewatering of solid 

fraction 

Bad separation 

 

When applying mechanical separation, nutrients and other constituents, both organic and inorganic, 

will distribute between each fraction individually. Studies in literature suggest separation 

characteristics as illustrated in Figure 5. The separation efficiency vary depending on both applied 

technique and digestate characteristics but also subject to AD effectiveness. Degree of digestion 

determine amount of organically bound nutrients against mineralized nutrients. During mechanical 

separation, a concentration of an organically bound substance (i.e. in solids) is more likely to shift 

towards the solid fraction, while the concentration of a mineralized substance (i.e. soluble in liquid) 

shift towards the liquid fraction. However, the separation characteristics can be manipulated by for 

example chemical addition. 
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Figure 5 Separation of principal constituents after solid-liquid separation. Created from (Fuchs and Drosg, 2013, 2010) 

originally adapted from digested manure and energy crop, separated by either rotary screen or screw press. 

As illustrated in Figure 5, the solid fraction is commonly high in phosphorus while the liquid fraction 

retains most ammonia and potassium. Variations within the typical values can be explained by the 

solid fraction still containing large amounts of water and the liquid fraction still having half of the total 

solids mass. Depending on separation requirement, both fraction can be further treated and additional 

water reduction can be achieved.  

Complete treatment 
Each fraction from solid liquid separation can be post-treated to facilitate handling or increase market 

value, Figure 6, referred to as complete treatment. A granulated solid fraction is an optimal product 

since it can be adapted for mineral fertilizer spreaders (Wikberg et al., 2001). A treated liquid fraction 

could provide a product with high nutrient concentrations and thereby reduce energy for transport and 

spreading, which could motivate a complete treatment of the digestate. This can be achieved by 

different treatment options and those are further discussed below. 

 

Figure 6 Complete treatment: Liquid fraction can be "completely" in order for water content to reach discharge levels. The 

solid fraction can be further treated in order to further reduce volume and increase market value. 
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Liquid fraction 

After solid/liquid separation the main fraction i.e. the liquor, contain a lot of suspended solids and 

nutrients. The liquid fraction can be directly applied on soils as nitrogen rich fertilizer, recirculated in 

the AD process or further treated for ammonia removal and discharge (Wellinger et al., 2013). A direct 

discharge (without land application) of the liquid fraction would be prohibited for the same reasons as 

the raw digestate.  

Mainly because of the ammonia content, a liquid fraction will not meet the requirements of direct 

wastewater discharge (Drosg et al., 2015). Since ammonia often limiting farmland application, there 

are several different techniques to further process the liquid fraction focus on ammonia nitrogen 

recovery. Ammonia is recovered from the liquid in order to concentrate valuable nutrients, which can 

increase the marketability and facilitating nearby land application. Ammonia stripping, ion exchange, 

struvite precipitation, membrane filtration and evaporation are some of the methods which are 

available for recovering nutrients from the liquid fraction, further described in Appendix III. 

Techniques for ammonia and nutrient recovery from a liquid phase often require several steps of 

complex treatment, resulting in the need for large amounts of energy (Drosg et al., 2015; Hjorth et al., 

2010). This means economic viability depends very much upon whether additional benefits and/or 

synergies can be achieved (Drosg et al., 2015). 

Because the TS of food waste is typically high and need to be diluted with water, part of this water can 

be replaced by the liquid fraction. The ability of  recirculating a liquid fraction depends on for example 

ammonia and salt levels, which may inhibit the AD process and should be considered (Drosg et al., 

2015). Positive effect of recirculating process water is a reduced effort of treatment. Since the liquid 

fraction does not have to reach discharge levels to be recirculated, this is a very promising alternative 

for partial volume reduction. 

To achieve further volume reduction the liquid has to be cleaned from several elements to reach 

discharge levels. According to Bernhard Drosg et al (2015) membrane purification is the only process 

that can achieve a degree of purification that can allow direct discharge to receiving waters. However, 

it is also declared as the most expensive technology for treating the liquid fraction. Other sources, and 

distributors suggests evaporation may be able to refine a liquid to discharge levels (Frischmann and 

Wrap, 2012). 

Solid fraction 

Solid liquid separation of whole digestate is often limited to TS values below 35% (Drosg et al., 2015; 

Norin, 2008b). Further treatment of the solid fraction is needed if higher TS values is desirable or if 

the separation of the organically bound nutrients, present in the solid fraction, is required. Since the 

solid fraction is already mechanically processed, further treatment often includes thermally drying of 

the remaining solids to pellets or granulates. The goal is a product that could match a mineral fertilizer.  

The high temperature used for thermal treatment reduce water content by evaporating water, 

increasing nutrient concentration in the concentrate and stabilizing the final product by reducing 

microbial activity. The drying requires large amounts of energy, according to Rehl and Müller (2011) 

800 kWh (3MJ kg) of heat and 86 kWh (0,31 MJ/kg) of electricity per tonne removed water. It is 

possible to dry the whole digestate without any prior separation of liquid and solid phase. However, 

because of the high amount energy required, it is unusual to dry whole digestate and a pre-treatment of 

liquid-solid separation is commonly applied (Drosg et al., 2015).  

The dried solid fraction will be more easily handled, stored and transported compared to liquid or raw 

digestate as it is a lower volume and stackable product. When heated, the ammonium/ammonia 

equilibrium will shift towards ammonia causing it to escape in the evaporated fraction (Frischmann 

and Wrap, 2012; Guštin and Marinšek-Logar, 2011). To avoid this the product can be acidified, 

reducing the pH. To otherwise concentrate the ammonia, a condensate needs to be formed, which 

necessitate a condensate liquid treatment before discharge (Frischmann and Wrap, 2012). There are 
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several drying methods that can be used such as belt drying, drum drying, feed-and-turn dryer, 

fluidised bed dryer and solar dryer (Frischmann and Wrap, 2012). Detailed descriptions of the drying 

techniques can be found in Appendix III – Overviewed Techniques. There are several benefits with a 

dried product and especially the facilitation for spreading, but there are additional factors that could 

increase the digestate value, for example getting the product certified.  

1.4. Certifications 
Ecological food, and in extension ecological farming is gaining popularity in the EU and Sweden 

(Facts and figures on organic agriculture in the European Union, 2013), which increase the demand for 

certified bio-fertilizer. Certified mineral fertilizers for ecological farming are available but these type 

of products are generally expensive. The use of bio-fertilizer offer a cheaper local alternative. To have 

a digestate certified according to SPCR 120 and/or KRAV is therefore a necessity for increasing the 

marketability and value of using digestate as a bio-fertilizer in Sweden. KRAV-certificate of bio-

fertilizer require the product to fulfil SPCR-120 standard or equivalent (KRAV, 2015). The 

certification process can be time consuming and costly with tough restrictions, but is motivated by the 

increased marketability. Integrating quality management standards on an international level is 

contributing to a sustainable future of fertilizer and biogas production. Except for Sweden, good 

examples of bio-fertilizer quality management are Austria, Denmark, Germany, further described (Al 

Seadi and Lukehurst, 2012). 

SPCR 120   

If the SPCR 120 requirements are met, the Technical Research institute of Sweden (SP) offers 

manufacturers permission to mark their product with the quality label “Certifierad Återvinning” 

(Avfall Sverige, 2016). The purpose with the certification system is to improve the products reliability 

from an independent third party and to create a market with high quality products. SPCR 120 are 

certification rules containing quality requirements for certified reuse of digestate from biogas 

production. The rules does not apply to sludge produced from sewage fractions (Avfall Sverige, 2016). 

The certification of digestate is optional and handled by the JTI, a subsidiary to SP. A continuous 

control including the manufactures self-monitoring and the control of SP will ensure that the quality 

requirements are fulfilled during the validity period of the certificate. The SPCR 120 rules include 

restrictions regarding input substrate, suppliers, collecting and transportation, reception, processing 

and end-product (Avfall Sverige, 2016). In addition, the presentation of product content and 

instructions for use of digestate are regulated as well. Restrictions on visible pollutants, metals and 

processing aids are also included, maximum permitted metal content is described in Fel! Ogiltig 

självreferens i bokmärke.. The use of processing aids and visible pollutants (< 2mm) including 

plastic, metal and composite need to be measured and documented according to the rules (Avfall 

Sverige, 2016).  

Table 4 Guidelines of maximum metal content in digestate certified according to SPCR-1200 (Avfall Sverige, 2016) 

Metal Maximum content (mg/kg TS) 

Lead 100 

Cadmium 1 

Copper 600 

Chrome 100 

Mercury 1 

Nickel 50 

Zinc 800 
 

Part of the foundation of the SPCR 120 rules are documents from the European parliament (EG, no 

1069/2009), European commission (EU no 142/2011), and the handbook by the Swedish 

Environmental Protection Agency, containing general advice regarding methods for storage, digestion 
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and composting of waste (Avfall Sverige, 2016). More details regarding SPCR 120 certification can be 

seen in Avfall Sverige (2016).   

KRAV 

KRAV is an incorporated association with organizations and companies as members. KRAV is a label 

that confirm that the product is from ecological production and their eco-labelling is well-known 

among consumers in Sweden (“KRAV-märkningen,” 2015). Furthermore, the certification rules of 

KRAV is based on the Swedish interpretation of the European regulations for ecological farming 

(Henriksson et al., 2012; LRF, 2016). Similar to SPCR certification the KRAV certification aims to 

improve product reliability and promote ecological production. The certification rules consider several 

factors in order to include a whole production system with knowledge of the substrate origin and 

surrounding environment. Additionally, KRAV certification rules and monitoring controls comprise 

the production conditions, products, documentation and labelling.  

There are several certification rules that need to be followed within the biogas production and the 

processing of digestate. While these can complicate digestate application they also act to increase the 

marketability and value of the digestate. Despite having attractive certification labels, processing 

digestate could further increase its value. There are several available processing techniques that could 

be adapted to individual biogas plants, as well as different processing aids that could be used in the 

plant processes. 

1.5. Additives 
There are many types of additives that could be used in the biogas process; such as ferric chloride, 

ferric oxide, potassium carbonate and sodium carbonate or polymers, all approved by SPCR 120 

(Avfall Sverige, 2016). Many chemicals can also be used to aid the processing of digestate, increasing 

separation efficiency. In this report, only two additives are included for the purpose of digestate 

treatment; acidification agents (sulphuric acid) and polymers (polyacrylamide PAM).  

Acidification additives  
The ammonia-ammonium equilibrium (according to equation 1) is determined by both temperature 

and pH. Increased pH and temperature will increase the accumulation of ammonia, due to the 

dissociation of non-volatile ammonium to volatile ammonia (Pantelopoulos et al., 2016). When drying 

or evaporating digestate the pH needs to be reduced to counter the increased temperature if one wish to 

retain the ammonium in the concentrate. Although adding an additional cost to the treatment, pH 

reduction may allow a nitrogen rich fertilizer to be created. An additional process step of collecting the 

ammonia from evaporate is avoided and available nitrogen is preserved.  

Although pH reducing agents are against KRAV regulation this alternative is investigated. Because 

several process additives contain pH reducing elements it is the belief of Linköping biogas plant that a 

pH reducing agent (such as sulphuric acid) could be approved by SPCR and/or KRAV within a 

foreseeable future. pH reducing agents (sulphuric acid) will therefore be considered during thermal 

treatment of digestate to retain and conserve ammonium in the digestate during thermal treatment. 

Polymers  
The addition of flocculation additives (e.g. polymers) can increase separation of up to 95% (Meixner 

et al., 2015). Polymers is a commonly used processing aid used in the waste water treatment sector, 

due to its flocculation properties. Therefore, there is an interest of using polymers in the biogas sector 

when dewatering digestate. 

Polymers are large molecules that are built from monomers and they form the basis for useful 

synthetic material such as fibres, plastic and rubber (Zumdahl, 2010). Polymers are also building 

blocks in natural materials like hair, starch, silk, cotton fibres and cellulose in woody plants (Zumdahl, 

2010). Polyelectrolytes (PE) are commonly used polymers for dewatering and thickening of sewage 

sludge (Henriksson et al., 2010). In digestate, the particles are often negatively charged and positive 
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ions binds to these particles to form larger units, also called flocculation (Drosg et al., 2015). 

Flocculation agents, for example PE, can be added to facilitate the linkage between the flocculants and 

form even larger complexes and enhancing the removal of water (Drosg et al., 2015; Saveyn et al., 

2005). Furthermore, the characteristics of the PE will affect the dewatering efficiency and its 

molecular weight, together with charge density, is the most important characteristics (Saveyn et al., 

2005). Compared to flocculants such as lime or iron chloride the price for PE is higher but the dosage 

also significantly lower, according to Kemira (personal contact). 

Polymer addition is suggested with almost every mechanical separation on the market to attain a 

cleaner liquid fraction, aiding further cleaning or usage. Although polymer adds a significant cost to 

the separation process and it is possible to separate digestate without polymer, the use of polymers in 

wastewater treatment is very common. The consequence of not using polymer during mechanical 

separation is mainly the lower quality of the reject (observed in Västerås biogas plant, when compared 

to observations at WWTP). Benefits and disadvantages all depend on the purpose and process of 

treatment. Biogas plants using polymers express it is critical for the processing result (Henriksson et 

al., 2010; Norin, 2008b) while purposes to remove only some (large) solids would not benefit from 

polymer purpose of enhanced dewatering at all 

Polymer Regulations 

According to the SPCR 120 certification rules the utilization of polymers is allowed with the 

limitation of 0.5 kg polymer/m3 substrate, as long as it is subjected to a digestion chamber after 

treatment (Avfall Sverige, 2016). The limitation is set to restrict the use to processing (thickening) 

incoming substrate and not to dewater the digestate. This way polymers can be digested, reducing any 

potential harms. This would for example allow thickening of substrate prior to a post digester by 

polymers. The reason why polymers are not allowed in the processing of digestate is because of a 

limited knowledge about the long term effects of polymers on the soil and environment (Tekniska 

verken and JTI, Personal communication).  

KRAV regulations on additives in bio-fertilizer products follow the national guidelines on ecological 

farming, an interpretation of EU regulations (LRF, 2016) and only allow additives listed there. Any 

use of pH reducing agents or polymers will go against these regulations. Future changes might include 

some permission for polymer use. The question of polymer addition is being handled by an EU 

appointed committee to discuss the question (communication with KRAV). Ola Palm (JTI) express 

positive opinions towards research of alternative polymers but state that the use of PAM will not be 

permitted in the nearest future. Research will most likely not be initiated by JTI or an authority but 

needs to be done by a biogas producer. If biogas producers find another polymer interesting, e.g. bio-

polymer, they can send a request to the steering committee at JTI. Fortunately, studies on alternative 

polymers have already been performed by for example Kurade et al (2014). Possible change might 

occur in a near future were bio-degradable polymers may be allowed or traditional rules might change. 

1.6. Biogas production and digestate processing in Europe 
Several European countries increased their interest for biogas production in the beginning of the 21st 

century, especially countries like Sweden, Denmark, Austria and Germany (Weiland, 2006). In the end 

of 2014 there were over 17000 biogas plants in Europe, including all types of plants, where Germany 

is the largest biogas producing country with over 10 000 operating plants (Stambasky et al., 2015). 

Sweden is the leading country in upgrading biogas as a vehicle fuel but the development of upgrading 

plants, in for example Germany, is increasing (Stambasky et al., 2015). Germany, Denmark and 

Austria are examples of countries that produces biogas, mainly to generate heat and electricity through 

combined heat and power units (CHP). Examples of substrate digested at different biogas plants in 

Europe includes animal manures, waste derived from agriculture, organic wastes from food, sourced 

separated municipal waste, energy crops and sewage sludge (Dahlin et al., 2015; Frischmann and 

Wrap, 2012). 
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The EU have put up guidelines for governmental support of renewable energy production (European 

Union, 2008). Arrangement of such support differ between the EU members. The German government 

economically support the biogas producers for high production costs by feed-in tariffs (FITs) and 

guarantee the producer higher FITs than those paid for electricity from fossil fuels (Britz and Delzeit, 

2013). Germany´s Renewable Energy Source Act (EEG) funds the FITs and the amount paid depend 

on substrate used in the biogas process, as well as the excess heat utilization (Britz and Delzeit, 2013; 

Rita Ramanauskaite et al., 2012). If a biogas plant is built after 1 January 2012 in Germany, the plant 

is obligated to use 60 % heat from the CHP plant to get extra FITs (Rita Ramanauskaite et al., 2012). 

As a result, FITs in Germany have led to an increase of the establishment of evaporation methods 

(Drosg et al., 2015). Austria and Denmark have similar FIT systems as Germany and in Denmark 

CHPs are well established, for example in 2012 there were only one upgrading biogas plant operated 

in the country (Rita Ramanauskaite et al., 2012). Compared to countries like Germany, Denmark and 

Austria, Sweden has other arrangements for benefit the production of biogas. In Sweden, the upgraded 

biogas is tax exempted for the biogas producers. In December 2015 the European Commission 

approved an extension of the Swedish tax exemption for biogas until 2020 (European Union, 2015).  

In Europe, 95 % of the digestate produced is used in the agriculture area as whole digestate, liquid 

fraction or solid fraction (Saveyn and Eder, 2014). Solid-liquid separation of digestate is performed by 

several biogas plants in Europe in order to reduce transportation costs and facilitate storage of the 

digestate (Frischmann and Wrap, 2012). Additionally, according to Saveyn and Eder (2014), in central 

and western Europe the digestate is commonly separated and the solid fraction is often composted 

while the liquid fraction is either recycled in the process or applied on agriculture. Moreover, in 

Scandinavia the spreading of raw digestate on agriculture is the most common application (Saveyn and 

Eder, 2014). As mentioned earlier, there are regulations of using digestate on agriculture. In Sweden 

such regulations is controlled by SPCR 120 and several other countries have similar systems. The 

guidelines are founded by EU regulations, which all EU members need to implement in their national 

law (Dahlin et al., 2015).    

According to Drosg et al (2015) the most commonly used techniques for dewatering digestate is 

decanter centrifuge and screw press. However, according to Frischmann (2012) the wide range of 

technologies indicate that there is no technology that could be used for all applications and the 

applicability varies between biogas plants. As a post-treatment of a separated liquid fraction, 

membrane filtration is the most common in Austria, Germany and Switzerland with approximately 

50% utilizing this, followed by evaporation (Drosg et al., 2015; Fuchs and Drosg, 2010). Drying and 

evaporation techniques are commonly used in Germany due to waste heat from the CHPs (Dahlin et 

al., 2015; Drosg et al., 2015). For the treatment of solid fraction composting is also a utilized 

technique within Europe (Frischmann and Wrap, 2012). The solid fraction is often either spread on the 

agriculture or could be composted to an improved fertilizing product (Dahlin et al., 2015; Saveyn and 

Eder, 2014). In general, post-treatment techniques are varied according to biogas plants situation. 

Some dry their digestate to export it as pellets while others combust the digestate in lack of 

applicability to farmland (Frischmann and Wrap, 2012). 

The interest in increasing the digestate market value have increased the interest in improving digestate 

as a fertilising product but there is a competition between digestate and conventional mineral 

fertilizers (Frischmann and Wrap, 2012). In some areas in Europe, new markets for digestate have 

been investigated and there are several studies on alternative markets for digestate in order to increase 

its profitability, such a gardening fertilizer and landscaping fertilizer (Dahlin et al., 2015; Mouat et al., 

2010; Rigby and R Smith, 2011). 
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Chapter 2- Research method  

The research process of this thesis is presented in this chapter. A framework to systematically identify 

and assess digestate processing techniques was created, presented in Figure 7. This chapter is 

dedicated to present the overall research method while details and results of each area is further 

described in the respective chapters.  

In order to form a knowledge base to work from, the approach is focused on literature research which 

continued throughout the entire project. By identifying interesting areas and problems within digestate 

processing and management the project frame is formed from a collaboration between the researchers 

and experts at TvAB. Search engines used for the literature research were mainly Linköping 

University (Unisearch) and Google, providing important databases such as Science direct and Web of 

science. Reports and work by IEA Bioenergy Task 37, Swedish Environmental Protection Agency 

(Naturvårdsverket) and Swedish Board of Agriculture (Jordbruksverket) in the area of digestate 

handling, contributed a lot to the supply of information. Throughout the project literature research was 

complemented by personal communication with TvAB staff and other stakeholders or experts in order 

to use their expertise in respective areas.  

The assessment was performed in several steps. First was the screening of techniques, which consisted 

of identification of possible digestate treatment options along with a simple assessment of their 

feasibility and resource efficiency. When identifying possible digestate treatment options, those who 

did not fulfil the requirements on nutrient- and certification preservation were directly sourced out. 

Since, solid-liquid separation is among the most commonly used methods, the screening step is 

complemented by a few laboratory trials in order to better understand how the nutrients in the 

digestate are split into the solid and liquid fractions of the treated digestate. In addition, a generic 

market analysis was performed, on invitation from TvAB, to increase knowledge about possible 

application areas and value of the solid fraction of the dewatered digestate. Finally, based on the result 

of the screening assessment (as well as lab trials and market analysis), a few candidate scenarios were 

developed and in-depth economic evaluation was performed on each. The findings of this in-depth 

evaluation was summarized in the form of a few recommendations for Linköping biogas plant. The 

approach to address knowledge gaps and uncertainties was mainly based on literature study in the 

specific areas, however, apparent limitations in literature were complemented by other sources of 

information for each area, that is, biogas experts, equipment distributors, other companies and our own 

judgement. Finally, several recommendations for digestate handling were made for Linköping biogas 

plant as well as other Swedish biogas producers. 
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Figure 7 overview of research process framework. The core research (within dashed square) is complemented by two 

necessary side-tracks, market analysis and laboratory trials.   

2.1. Screening of techniques  

Screening of techniques in a systematic way could ensure that most of the relevant alternatives were 

considered and assessed. For this purpose, a simple evaluation framework was developed consisting of 

several criteria and indicators which were considered as relevant and important for the feasibility and 

resource efficiency of the identified options—from both Swedish generic and site-specific 

perspectives. Evaluations were made to identify a few candidate techniques that were of highest 

interest—that is, feasible and resource (and cost) efficient. The methods used for developing the 

evaluation framework were literature research, specifically focused on digestate processing 

techniques, to get a deeper knowledge and understanding. The research combined literature with 

supplier contacts to get robust information. A few Swedish biogas plants were questioned regarding 

digestate processing to provide real life experience and general opinions on processing bio-fertilizer. 

Study visits provided additional experience on operating digestate processing techniques. Criteria 

focusing on feasibility and resource efficiency were identified and developed along the way of the 

identification process.  

 A variety of possible processing methods were identified to create a gross list of treatment 

options; 

 Important evaluation criteria were identified and defined; 

 Alternatives were weighed against each other based on the identified criteria as well as 

consultation with TvAB; 

 From the evaluation of criteria and discussions with TvAB staff, four candidate techniques 

were selected for further economic evaluation. 

2.2. Laboratory trials  

Laboratory trials aimed to fill important literature gaps and provide case specific data and information 

about the distribution of nutrients and heavy metals in solid and liquid fraction of the treated digestate. 

The uniqueness of digestate composition for each plant suggested that case specific laboratory trials 
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could provide important information for an in depth analysis of digestate processing. Questions 

regarding the separation characteristics and how separation could be enhanced were explored.  

 Samples from full scale separated digestate were collected; 

 Relevant parameters were analysed to provide information regarding the distribution of 

nutrients, mass and heavy metals; 2 

 Results provided separation performance and conclusions on expected performance were 

drawn. 

Laboratory centrifugal trails with digestate from Linköping biogas plant were performed, in order to 

investigate the possibility of resembling a full scale operation and separate the digestate from 

Linköping biogas plant. Additional trials investigated effects (analysing each fraction) with and 

without polymer addition.  

Several extensive laboratory trials could aid the final evaluation but were limited to the above. 

2.3. Market analysis  

Having an interest and specific desire to investigate the marketability of new solid products, TvAB 

invited the project to include a market analysis. The analysis focused on markets other than 

agricultural land application and was limited to only investigating alternative markets for the solid 

fraction (after mechanical separation). The potential new markets for a liquid fraction were assumed to 

be less attractive and therefore excluded from this analysis. There were no identified Swedish studies 

on new markets for digestate and the foundation for the analysis was based on studies in other 

countries and was formed as the project developed. As one of the first studies of its kind in Sweden it 

focused on personal communication with persons of interest to establish the potential of new markets.  

Initially, studies performed in other countries were analysed in order to provide an overview of 

potential markets for digestate. A few markets, which were encountered as promising in literature, 

were chosen for further investigation of corresponding markets in Sweden. Interviews were held with 

contacted persons of interest, based on those markets identified as most interesting. Examples of 

contacted people were: soil amendment manufacturers, a distributor of digestate on agriculture, a local 

landscaping architect and other biogas plant operators, in Sweden. The aim of personal contacts was to 

get an understanding of the current unestablished markets and how these might differ from literature 

studies in other countries.  

Combined with the literature research, four market alternatives were selected and discussed. Because 

the geographical location affects possible alternatives, the selected options were adapted for the 

conditions of Linköping biogas plant. For evaluating different markets, several aspects were 

considered: Potential revenue of new product, market reliability, environmental effects (nutrient 

preservation) and required resources of TvAB for entering a new market. The costs for different 

processing techniques is not handled in the market analysis but the potential sales price for a new 

product was discussed. Combining several alternatives was not included in the market analysis.  

 Studies performed in other countries were analysed;  

 A few markets identified as most promising in other countries were selected for investigation 

of corresponding Swedish markets; 

 Interviews with different market actors in Sweden; 

 Combination of literature and interviews resulted in a few distribution channels for TvAB;  

 Evaluation of different distribution channels were based on a few criteria. 

                                                      

2 Methods and full analysis can be seen in “Tekniska verken Analysrapport” attachment. 
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2.4. Economic evaluation  

From the initial screening a few techniques were selected for an economic evaluation. Surrounding 

activities of digestate management had to be considered in order to cover a life cycle perspective and 

avoid bad alternatives. In order to adequately frame the economic evaluation and its conditions a 

reference plant similar to the Linköping biogas plant was defined with several assumptions and 

simplifications, presented in Chapter 6 - Economic evaluation. To compare processing options, four 

treatment scenarios, covering the candidate options from the screening of techniques, were defined. 

Central figures for the reference plant and processing were taken from literature, quotes from suppliers 

and communication with experts at TvAB 

Economical calculations were performed on each scenario and compared to the reference case. For 

investment, the annuity was calculated according to equation (2). To determining the years required to 

recover the investment costs, the payback period was calculated according to equation (3). These 

allow for simple and robust economic comparison between the options. Annual savings is set to the 

amount of money saved compare to the reference case current option.  

𝐴𝑛𝑛𝑢𝑖𝑡𝑦 =
𝑟∗(𝑃𝑉)

1−(1+𝑟)−𝑛  (2) 

𝑟 = 𝑟𝑎𝑡𝑒/𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡  
𝑃𝑉 = 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒  
𝑛 = 𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑙𝑖𝑓𝑒 (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑟𝑖𝑜𝑑𝑠)  

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 =
𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠
  (3) 

 

To address limitations in the result, sensitivity analyses were performed on key parameters. Varying 

several parameters allowed to identify and study the robustness of the results. This both increased 

reliability and managed several uncertainties of the economic figures. The parameters varied were 

investment costs, running costs, amount recirculated liquid, heat costs and transportation distance. A 

reference plant similar to the Linköping biogas plant were defined; 

 Four different treatment scenarios, for each selected technique from the screening, were 

created; 

 Economical calculations were performed on each scenario and compare to the reference case.  

 A sensitivity analysis were performed on each scenario to manage uncertainties and increase 

the reliability of the analysis and conclusions.   

The final result and discussion further handle strengths and weaknesses beyond the sensitivity analysis 

and identifies the most critical results. 
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Chapter 3 - Screening of techniques  

After the identification of processing methods, which gathered possible techniques in a gross list, a 

screening of techniques (selection) was a necessary to establish a few feasible alternatives. Identified 

techniques, focusing on digestate treatment mainly in Sweden and nearby countries are available in 

Appendix III – Overviewed Techniques. Alternatives not suitable for the desired type of processing 

were either directly excluded or investigated to lesser extent than others. 

3.1. Framework for screening of techniques  
Important criteria, based on resource efficiency and feasibility was formed in order to narrow down 

the alternatives of processing and select a few for further evaluation. Parameters was selected to 

ensure a quick but methodical investigation into each option and the criteria chosen were investment 

cost, operating cost, technical maturity, complexity and applicability to Linköping biogas plant. How 

the different criteria were applied for the screening is described below.  

Investment cost 
The investment cost criteria include expected investment in processing appliance or estimated 

necessary space. Surrounding costs (accessories installing etc.) is not included. If no exact cost was 

found the investment cost was uncertain but determined from literature referencing it as relatively high 

medium or low compared to other alternatives. The following values are used as a guideline:  

>3 000 000 SEK = High 

<500 000 SEK = Low 

Operating cost 
Operational costs were based on reference values in literature or appreciated from distributors or 

experts. Considered factors when judging operating costs are mainly connected to electricity, heat 

and/or chemical demand. Uptime, required man hours or maintenance are important factors but very 

variable and too detailed for the screening process. If no cost was found, the operating cost was 

determined from literature referencing it as relatively high or low compared to other alternatives (then 

marked as very uncertain). 

Technical maturity 
High technical maturity means the processing technique was available from several suppliers 

applicable to the purpose of processing digestate from wet-co-digestion plants. Transferability3 could 

be considered when a technique is only found in similar industries. Low technical maturity means that 

no full scale application was found or no practical suppliers were found. The suppliers’ ability to 

provide the equipment to Europe and Sweden was important. 

Complexity 
The complexity of a technique was based on the technical description in literature or communication 

with experienced operators. Chemical additives, intricate moving parts or high speeds were indications 

of high complexity while easily understandable descriptions, mentioned as robust were considered to 

have low complexity. Complexity aimed to measure how easily the technique could be operated and 

maintained, indicating dependability of the technique. Were operators were found or experience of 

operation was part in literature, this was considered. Since no personal experience of processing exists 

the complexity was uncertain were no expert opinions were available. 

                                                      

3 Appreciated ability to transfer a technique from a similar industry to digestate processing 
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Applicability at Linköping biogas plant  
The applicability of a processing technique at Linköping biogas plant was considered most important 

for further investigation. Each biogas plant (with certain conditions) could be considered unique and 

local, site specific solutions are expected necessary. 

This criteria was assessed from the situation of Linköping biogas plant with both opinions from 

personnel and individual observations. Size of the biogas plant, available infrastructure, distance to 

farmland synergies, image of TvAB as a company and desired characteristics of end product, affected 

the applicability. Since the current situation and thereby applicability can change over time, this 

criteria was a judgement on the current situation with room for foreseeable changes. 

3.2. Findings – Screening of techniques  
In Table 5, Table 6 and Table 7, technical processing options are summarized with each criteria 

graded. Information is based on the technical descriptions presented in Appendix III. The grading of 

criteria include both individual observations and consultation with different stakeholders, such as 

TvAB. Although much information is uncertain, the tables should provide a good overview of 

different techniques and properties compared with each other. Rather than pointing out and overall 

winner from the varying techniques the results aim to indicate options of interest. It is recognized that 

considerations must be made to site specific aims and conditions for an individual plant. For example; 

other biogas plants who ignore the preservation of certificates or nutrients could find very dissimilar 

results. 

Where little or no information was found information is given as “Not available (N/a)”. Uncertainty in 

information or estimation was marked *, or ** for much uncertainty. 

Solid-liquid separation techniques  
The following descriptions are summarizing the screening results for each technique. Detailed 

information is available in Appendix III – Overviewed Techniques, together with references.  

Screw press 

The screw press appears to be established in Sweden and surrounding countries as a solid liquid 

separation technique for wastewater sludge and manure. It is therefore given high technical maturity. 

Complexity is higher than some but slightly less complex than e.g. centrifuge. Although screw is 

suggested at lower investment and operating cost it still ends up within medium cost for both operation 

and investment. Overall the applicability for dewatering digestate could be considered high. However, 

being more suited for high fibre material and polymer dosage, screw press may not suit the specific 

low fibre digestate of Linköping biogas plant. Applicability is therefore regarded as medium with 

some uncertainty. With familiarity of technique at the nearby WWTP, pilot studies would be possible 

to determine its applicability. 

Decanter centrifuge 

Decanter centrifuge are like screw presses established as very common for digestate treatment with 

several full scale operations and therefore given high technical maturity. Complexity is regarded as 

medium, slightly higher compared to screw press from operator experience with both techniques. 

Relatively high energy consumption, investment costs and increased wear puts the centrifuge at high 

operating cost with some uncertainty. Quote from distributors suggest a price range within the limits 

for medium cost. However, being able to separate smaller particles from the liquid fraction, a 

centrifuge would be more applicable to the low fibre digestate of Linköping biogas plant. It is 

therefore given high applicability to TvAB.  

The applicability of a discontinuous centrifuge is estimated lower due to the batch cycle. Believing it 

will generate more problems and need of attention it has been disregarded in favour of decanter 

centrifuge as a better option.  
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Belt filter press 

The belt filter press is available from a number of suppliers but not as common as the centrifuge or 

screw press. Nor is the technique encountered in large scale co-digestion plants for dewatering, and 

therefore given medium technical maturity. Operational conditions appear similar to a screw press or 

centrifuge with energy demand suggested between the other two. The belt filter press is therefore 

considered to have a medium complexity and medium operating cost, with some uncertainty. Price 

quotation put the belt filter at medium investment cost but price is higher than both decanter centrifuge 

and screw press. Because the technique is suggested with high amounts of flocculation agents and 

input require a higher TS value than raw digestate from Linköping biogas plant, it is given low 

applicability to TvAB.  

Sedimentation 

Although being used at WWTPs all over the world, the transferability of sedimentation for the purpose 

of dewatering digestate is considered low, unless combined with other treatment options. Technical 

maturity is therefore hard to determine but set at medium/low. Complexity is considered very low due 

to the simple and widely applied technique. Operating costs are considered low with uncertainty of 

how it could be operated. Investment costs are not available and would probably depend very much on 

the desired level of sedimentation and technique being in e.g. basins or tanks. Without treatment, the 

digestate at Linköping biogas plant is normally stored in an intermediary well or tank. Because this 

yields no phase separation, besides creating a protective crust, no practical use of sedimentation is 

expected. Applicability is therefore considered low.  

Reed beds 

Being regularly applied at WWTP’s in Denmark, and with higher transferability than sedimentation 

reed beds are considered to have medium technical maturity. However, since no application is found in 

co-digestion treatment the maturity is uncertain. The low maintenance and operating costs suggested 

by literature results in uncertain but low complexity and low operating costs. Treatment would still 

require a huge area of land meaning very high investment costs. Potential problems with required area 

and reed beds freezing during winter put reed beds at low applicability.  

Rotary screen  

The simple technique and wide application in other purposes of separation put a rotary screen it at 

medium technical maturity and low complexity. Both investment cost and operating costs are expected 

low compared to other techniques but uncertain. A rotary screen is not expected to meet the desired 

performance of separation at Linköping biogas plant and is therefore given low applicability for the 

purpose of dewatering.  

Thickener 

A thickener is suggested as a good alternative for digestate thickening and volume reduction. 

Considering it is only found by one supplier the evaluation is very uncertain but possible to investigate 

further. Quote from a distributor suggest an investment cost putting it at high range. The operational 

costs is considered to be high due to expected thermal energy requirement but uncertain because little 

is known of the specifics in the technique. Being the only suggested technique explicit for the purpose 

of volume reduction without the need for combining several techniques Linköping biogas plant 

expressed a specific interest in thickening as an option and applicability is therefore given high. 

Operational cost could be reduced with availability of excess heat which is considered during the 

screening. 

Frame filter press 

The frame filter press seems to be replaced by the centrifuge and screw press for dewatering 

applications. Despite being widely available from suppliers’ no frame filter press is found were it is 



25 

applied to co-digestion processes. Transferability was considered high but distributors discouraged the 

use of a filter press due to batch processing and therefor the technical maturity is low with some 

uncertainty. If the process is to be made fully automatic and continuous, costs are expected to be 

increased (high). The costs of operating a filter press is uncertain but expected to be relatively high 

compared to other solid liquid separation techniques. While the technique is relatively simple, making 

it continuous and automatic could complicate the process. Therefore complexity is considered medium 

and the applicability of the filter press at TvAB is considered to be low.  

Wet air oxidation (WAO) 

Regarding the fact that WAO is not an established technique for digestate treatment but is applied 

within the WWTP, this process option will be considered to have a medium/low technical maturity. 

Complexity is uncertain but the high temperature and pressure indicates that cost could be considered 

as very high, with some uncertainty since both operating cost and equipment cost was unavailable. The 

WAO technology will not be further investigated and this decision was taken in consultation with 

TvAB.  

Summary 

In Table 5 the evaluation of different separation techniques for digestate is presented.  

Table 5 Initial screening of different processing techniques for solid-liquid separation or thickening of digestate. * or ** 

marks degree of uncertainty due to limited information 

Technique  Investment 

cost 

Operational 

cost 

Technical 

maturity  

Complexity Applicability at 

TvAB 

Screw press Medium Medium* High Medium/Low Medium* 

Decanter 

centrifuge  

Medium High* High Medium High 

Belt filter 

press 

Medium Medium* Medium* Medium** Low* 

Sedimentation Low** Low* Medium/Low** Low Low 

Reed bed High* Low* Medium* Low Low 

Rotary screen  Low* Low* Medium* Low* Low 

Thickener High High* N/a N/a Medium/High* 

Filter press High** High** Low* Medium* Low* 

Wet air 

oxidation 

High** High* Medium/low N/a Low 

 

With the applicability at Linköping biogas plant as the critical criteria in this study, the decanter 

centrifuge and thickener are the most viable techniques to evaluate further. The thickener is the only 

option encountered in the literature for direct volume reduction, without combining techniques, and is 

chosen for further evaluation after request by TvAB. The use of screw press and decanter centrifuge 

when dewatering digestate appears to be standard for several countries in Europe. Decanter centrifuge 

followed by screw press as the most common techniques for dewatering is suggested by both Norin  
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(2008b) and Lukehurst et al (2010). Although the screw press seems favoured when looking at 

operating costs, the applicability of centrifuge is believed to be higher. Even though the screw press is 

one of the most established techniques for the purpose of dewatering, the screw press is excluded due 

to its suggested lower separation efficiency and preference for high fibre content digestate. The reason 

for valuing separation efficiency high is the increased possibility of being able to recirculate process 

liquid, identified as an important factor. 

Techniques for treatment of liquid fraction  
The following descriptions summarize the screening results for each liquid treatment technique. 

Detailed information is available in Appendix III – Overviewed Techniques, together with references. 

Membrane filtration 

Being relatively common in neighbouring countries to Sweden membrane filtration is given 

medium/high technical maturity. However, membrane purification is also mentioned as complex, 

energy demanding and expensive compared to other treatment options and is therefore given high 

complexity and high cost. Cleaning to discharge levels would allow for significant volume reduction 

but since the volume reduction seems very expensive applicability is regarded as medium with 

uncertainty. 

Ammonia stripping 

Stripping is encountered in several articles discussing digestate treatment but not known to be widely 

applied other than in WWTP, it is therefore considered to have medium technical maturity with 

uncertainty. Costs and complexity is expected to be high due to maintenance, energy and chemical 

demand. Comparative costs to other liquid treatment options are however unknown. Because the 

ammonia stripping aims to remove nitrogen (the main form of value and payment for bio-fertilizer) the 

technique is not suitable for the sought treatment purpose. In combination with other techniques the 

retrieving of ammonia from a discharge stream could be attractive.  

Evaporation 

The evaporation technique is considered to have high technical maturity since the technique is 

commonly applied in Germany, Austria and Switzerland and available from a number of suppliers. 

Complexity is uncertain but considered medium as techniques seem straighter forward than membrane 

filtration. Quotations put the investment cost at high and operational costs are expected high due to the 

high energy demand and possible chemical demand. TvAB consider this alternative to be of high 

applicability. However, this is dependent on whether discharge levels are met by evaporate discharge 

and literature is divided in the question. The availability of excess heat could reduce the operation 

costs significantly. Evaporation could therefore be utilized at Linköping biogas plant during warm 

months. However, during winter months the equipment use will be low or not at all, suffering from a 

high investment not being used. 

Struvite 

Operational cost for struvite treatment is expected high but unknown compared to other liquid 

treatment options. Struvite precipitation is given lower technical maturity than ammonia stripping due 

to less encountered cases and references. Similar to ammonia stripping struvite require high amounts 

of chemicals indicating high operating cost. Investment cost is unknown as the full process is not seen 

by any distributor. With the added ability to remove phosphorus as well it might be of interest in 

manure heavy areas with high phosphorus levels. The technique does not appear interesting for 

Linköping biogas plant and applicability is therefore low. 

Biological oxidation 

Biological oxidation is encountered in full scale operation and several WWTP and therefore 

considered to have medium technical maturity. Biological treatment is considered rather complex and 
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expensive to operate, but this is uncertain and may vary depending on different types of process. Costs 

are considered generally high based on indications from WWTP. Having similar purpose as ammonia 

stripping (removing nitrogen) it is less attractive to consider for bio-fertilizer treatment or Linköping 

biogas plant.  

Summary 

In Table 6 the evaluation of processing techniques for treatment of the liquid fraction is presented 

Table 6 Initial evaluation of different processing techniques for treatment of liquid fraction. * or ** marks degree of 

uncertainty due to limited information 

Technique  Investment 

cost 

Operational 

cost 

Technical 

maturity  

Complexity Applicability 

at TvAB 

Membrane 

filtration 

N/a High* Medium/high* High* Medium** 

Ammonia 

stripping 

N/a N/a Medium** High* Low 

Evaporation High High* 1 High* Medium** High* 

Struvite N/a N/a Medium** High* Low 

Biological 

oxidation 

N/a High** Medium** Medium** Low 

1. Operational cost may be lowered with available excess heat 

The results show that treatment options of the liquid fraction is often applied were a reduction of 

phosphorus or ammonia is desired. Because this is not the case in the surroundings of Linköping 

biogas plant, such treatment options are likely to exceed todays alternative in cost as well as energy 

input. Results are in line with literature suggesting all liquid treatment methods involve high operating 

and energy costs (Al Seadi and Lukehurst, 2012) which suggests that benefits must be substantial with 

site specific compensations.  

Evaporation is the only technique identified as interesting for Linköping biogas plant due to the ability 

to use excess heat and possibility to reach discharge levels. Evaporation can also be an option if 

complete treatment of the liquid fraction is necessary for recirculating sufficiently clean process water. 

The hypothesis is that enough thermal energy is in excess or can be supplied for evaporation of the 

liquid phase. 

Techniques for treating a solid fraction  
The following descriptions are summarizing the screening results for each solid treatment technique. 

Detailed information is available in Appendix III – Overviewed Techniques, together with references. 

Belt dryer 

The belt dryer is commonly used post-treatment technique for digestate solid fraction and there are 

several available suppliers. The technique is set at high technical maturity. The complexity of the 

process is uncertain but considered medium/low and the operational costs is estimated to be high 

regarding the high energy required. Even though the belt dryer is suggested to require high amounts of 

energy it is one of the most commonly used techniques and after consultation with TvAB this 

technique is considered to be of interest to investigate further and high applicability. 
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Rotary drum dryer 

The technical maturity is estimated to be medium since there are practical examples of using the drum 

dryer, however, it seems to be less established when comparing with the belt dryer. Due to the pre-

treatment of the input the complexity of the drum dryer is expected to be medium to high, with some 

uncertainty. The rotary drum dryer is assumed to have similar investment costs and energy demand as 

the belt dryer, assumed at high costs. Based on suggested challenges with using a drum dryer 

compared to belt dryer, there is a low applicability of a drum dryer at TvAB.  

Feed and turn dryer 

Feed and turn dryer is not encountered in literature as a common technique for drying therefore given 

low technical maturity. Performance seems similar to other drying methods but more complex 

therefore given medium complexity. Costs are expected similar to other drying methods but 

investment cost is unknown. Because of limited literature information the evaluation is uncertain but 

applicability is considered low in favour of other alternatives.  

Fluidized bed dryer 

It is unclear whether fluidized bed is an attractive method to use for treatment of digestate. It is not 

mentioned in the literature studied as a commonly applied method. However, there are example of 

using fluidized bed dryers when treating digestate and therefore the technique is assumed to have a 

medium technical maturity. Because of the pre-treatment of digestate required, the fluidised bed 

technique is considered to have medium complexity compared to other drying methods and the cost 

similar. Investment costs are however unknown compared to other techniques. The applicability at 

TvAB is considered to be low. Performance seems similar to other drying techniques but unnecessarily 

complicated. 

Solar dryer 

The technical maturity of solar drying is uncertain but can be considered low as little information was 

found. Complexity is also uncertain but estimated medium/low from the technical description, 

dependent on necessary accessories. Extensive investment costs are expected for a solar drying hall, 

and investment cost is therefore estimate to be high. The operating costs are probably dependent on the 

availability of sunlight and warmth therefore set at medium/low. The solar drying system is not 

regarded as an attractive option for Linköping biogas plant or similar Swedish plants due to the 

graphical location and limited sunlight in the winter, applicability is therefore considered low. 

Composting 

The technical maturity of composting is considered to be high due to the widespread use of the 

method. The simplicity could vary with the type of process but considered low due to lack of 

processing equipment and additives. Investment and operating cost is set as high from suggestions by 

experts. The applicability at TvAB is estimated as medium after consultation with TvAB, regarding 

the uncertainty of costs and requirement of extra resources. 

Others 

Incineration, gasification and pyrolysis are few examples of methods not considered during the 

screening. These are identified as only interesting when application on agriculture land is not possible 

or very limited. If able to return the digestate to farmland, that option is automatically considered more 

attractive than destroying the digestate. Additionally, due to the high temperature and complex 

processes, these techniques are most likely not economic alternatives.  

In Table 7, the evaluation of different processing techniques of solid fraction is presented.  



29 

Table 7 Initial evaluation of different processing techniques for treatment of solid fraction. * or ** marks degree of 

uncertainty due to limited information 

Technique  Investment 

cost 

Operational 

cost 

Technical 

maturity  

Complexity Applicability 

at TvAB 

Belt dryer High High1* High* Medium/Low** High* 

Drum dryer High* High* Medium* High/Medium* Low 

Feed and turn 

dryer 

N/a High1** Low** Medium** Medium** 

Fluidized bed 

dryer 

N/a High1* Medium* Medium* Low* 

Solar dryer High* Low* Low* Medium/Low* Low 

Composting High High** High Low* Medium 

Others2 - - - - Very Low 

2. Operational cost may be lowered with available excess heat 

3. Include incineration, gasification and pyrolysis.   

In general, specific information regarding drying techniques was found insufficient in many literature 

studies. However, using drying for waste water sludge, manure or digestate appears to be commonly 

applied and well established. Drying the solid fraction has synergy with excess heat from TvAB 

waste-to-energy incineration plant and can increase the quality and marketability of the solid fraction. 

Both composting and belt dryer can reduce volume and water content, further increasing the nutrient 

concentration. Belt dryer have been chosen for further evaluation due to high technical maturity and 

applicability. The amount of information compared to other options also assist calculations. 

Composting is a processing technique to consider as a viable option due to the benefits of a compost-

like product for other markets than agriculture. However, composting costs is difficult to define and 

will therefore not be included in the economic evaluation but the benefits of the technique is discussed 

in the market analysis.  

3.3. Summary – Screening of techniques  
The techniques and processing alternatives chosen to further evaluate are either well established in 

similar processes or have synergy effects that can be exploited, giving them high applicability for the 

purpose. However, the techniques chosen for further evaluation also depends on the desired end 

product and the few selected techniques aim to cover a wide variety of methods instead of comparing 

to similar ones.  

Overall the results are in line with literature suggesting that solid liquid separation or partial treatment 

is relatively simple and inexpensive compared to complete processing alternatives, such as (Drosg et 

al., 2015). Techniques focused on the aim to remove nitrogen are considered as less viable options 

since the surrounding land of Linköping biogas plant does not identify a nitrogen surplus as the source 

for the problem of digestate utilization, this is also believed generalized for several Swedish plants. 

While there may be an optimal solution overlooked, the options aim to give a good indication whether 

digestate treatment is of interest. The methods selected for further economic analysis are:  

 Centrifuge 

 Thickener  

 Evaporator  
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 Belt dryer  

As mentioned before, biogas plants use different substrate and specific biogas processing settings, 

which makes it difficult to determine a strict evaluation model. However, for biogas plants similar to 

Linköping, centrifuge, thickening, evaporation and belt drying are techniques that could be considered 

as viable applicable options. All techniques that have been chosen for detailed investigation have been 

consulted with TvAB and decisions have been made in agreement.  

Before moving on to a detailed economical evaluation, some investigation regarding the separation 

performance of centrifuge needed to be performed to determine possible mass flow and characteristics 

of products.    
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Chapter 4 - Laboratory trials  

To determine the separation characteristics of a mechanical separation, laboratory analysis of different 

fractions is a necessity. For the laboratory analysis in this project, samples from full scale separated 

digestate at Västerås biogas plant were collected. With similar substrate composition as Linköping 

biogas plant and not using any additives, results could represent expected separation characteristics of 

Linköping digestate at full scale better than most literature. Västerås digestate samples (i.e. raw, solid 

fraction and liquid fraction) were analysed to get an indication of how solids, nutrients and metals 

separated in a full scale operation.  

4.1. Findings – Laboratory trials  
During the laboratory trials it was found that a full scale performance in lab scale was very difficult to 

recreate. Additionally, polymer addition trials showed no apparent difference from an addition of 

water, resulting in no rewarding results. Other than indicating the complexity of polymer function the 

results are excluded, results and performance presented in Appendix V – Laboratory Trials. 

Explanations for the unsuccessful results could be many but more time and resources are needed to 

fully investigate the effects and mechanisms of polymer use and its impact on separation performance. 

Because no satisfying results were attained during the short trials at TvAB, only samples from 

Västerås biogas plant were used and analysed to further the project work4.  

Figure 8 illustrate distribution of some nutrients and key components of digestate after separation by 

decanter centrifuge. Values are presented as total mass separation and not concentrations of each 

substance (as can be seen in the full report). While solids and phosphorus is shifted towards the solid 

fraction, most other characteristics are shifted towards the liquid fraction. Concentration are relative 

the mass distribution, meaning only Cl increase in the liquid fraction.  

 

Figure 8 Separation after solid-liquid separation by centrifuge. Analysis performed on digestate from Västerås biogas plant. 

Full analysis found in “Tekniska verken Analysrapport” Attachment. *within theoretical values. †deviating from theoretical 

values but similar trend. 

                                                      

4 Full analysis of Västerås biogas plant can be seen in “Tekniska verken Analysrapport” attachment (including 

methods for analysis).  
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As presented in Figure 8 the separation of the mass, TS, VS and P corresponds to the theoretical 

values presented in the theory, Figure 5. N-tot, NH4
+ and K values deviate slightly from the theoretical 

values but are showing a similar trend. Other elements had no similar comparison but followed 

expectations on solubility, with soluble substances separated in liquid and insoluble in the solid 

fraction. The slight difference between the theoretical value and the analysis of samples from Västerås 

biogas plant could depend on factors such as different separation equipment and substrate. It should be 

noted that these results show one sample from Västerås biogas plant and several measurements would 

be needed to identify tendencies.  

Figure 9 illustrate total mass separation of metal elements. Results are calculated from the mass 

distribution presented in Figure 8. Meaning only sodium with its relatively high solubility is the same 

concentration in each fraction as before separation and all other elements concentrate at a higher 

degree in the solid fraction.  

 

Figure 9 Separation of metals after solid-liquid separation by centrifuge. Analysis performed on digestate from Västerås 

biogas plant. Full analysis found in “Tekniska verken Analysrapport” Attachment. *value under detection limit. 

The results, presented in Figure 8 and Figure 9, suggests partial treatment with mechanical separation 

can be an interesting alternative in lowering heavy metal content in the liquid fraction of the fertilizer. 

As suggested in Table 2 heavy metal content can be a limiting factor for land application. Reducing 

the heavy metal content in the liquid fraction (main part) would then increase the maximum allowed 

amount for land application per year and reducing necessary transportation distance for the liquid 

fraction. The solid fraction, having significantly increased value of phosphorus but unchanged values 

of ammonium and potassium, could be marketed as a P heavy fertilizer. The relatively high heavy 

metal content in the solid fraction would mean that land application can be limited. However, since the 

solid fraction only constitutes for 10% of the total mass, long transportation distances for only this 

fraction would have little impact on the overall costs.  

Recirculation of a process liquid fraction is identified valuable due to the cheap reduction of digestate 

volume without losing nutrient value, which is similar to what is suggested by Drosg et al (2015). 

However, several important aspects, both negative and positive, should be considered before 

determining the practicality of the liquid fraction. Recirculation of unclean liquid could cause 

corrosion on pipes or disturb the AD process by changing the microbial environment. Depending on 

separation efficiency in the treatment and how much of the liquid fraction is recirculated in the 

n 
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process, components in the digestate will increase differently. With the Linköping biogas plant as 

reference, volumes and numbers were rounded of for simplicity and 20 000 tonne out of 100 000 total 

digestate output was assumed to be recirculated from a separation similar to that of Västerås biogas 

plant. Expected effects from recirculation of 20% on some key digestate components are presented in 

Table 8. Values are similar to the Linköping biogas plant and separation performance is similar to 

laboratory values from Västerås biogas plant. Positive effects include a better resource efficiency, 

eliminating freshwater use and possibly a reduction in energy demand for heating process liquid. 

Recirculating liquid should increase the ammonium (NH4N) content in the digestate, which is 

desirable, but this could also lead to an increase of ammonia (NH3) in the digester. As described in 

Appendix II, ammonia can inhibit the AD process causing an undesirable reduction in methane 

production. However the results indicate no alarming levels of inhibitory substances caused by 

recirculating liquid in the process (TvAB, Personal communication).  

Table 8 Expected values on digestate characteristics when recirculating liquid. Separation performance adapted from Figure 

8 and Figure 9 applied on simplified values similar to Linköping biogas plant. 

Analysis Unit Ref. Raw 
digestate 

New Raw 
digestate 

Rec. Liquid Rec. Solid % increase in 
Raw digestate 

Amount t 100 000 100 000 70 000 10 000 100 000 

Mass % 100% 100% 90% 10% 0% 

TS % 4% 4,4% 2% 26% 9% 

Ammonium 
NH4-N 

mg/kg 3000 3683 3723 3314 23% 

Kjeldahl N-
tot 

mg/kg 5000 5950 5024 14280 19% 

Phosphorus mg/kg 600 657 277 4073 10% 

Potassium mg/kg 1300 1596 1613 1436 23% 

Lead mg/kg 0,20 0,22 0,1 1 8% 

Cadmium mg/kg 0,016 0,02 0,01 0,1 12% 

Copper mg/kg 2 2,7 1 14 12% 

Chrome mg/kg  0,32 0,3 0,05 3 3% 

Mercury mg/kg  0,0022 0,002 0,001 0 12% 

Nickel mg/kg 1,2 1,3 0,3 10 5% 

Zink mg/kg 6,4 7,4 5 29 15% 

  

Since it is impossible to determine the full effects of a recirculated liquid or its demand on purity 

without trials, a thorough investigation should be performed to exclude as many uncertainties as 

possible.  

4.2. Summary - Laboratory trials  
The results suggests that separation efficiency and product characteristics are important parts when 

appraising the effect of recirculation and the limitations on land application. Even though exact results 

from separation are impossible without pilot testing, these results indicate what characteristics could 

be expected. With only one sample, it should be noted that separation efficiency can be expected to 

vary over time depending on several factors such as substrate composition, instrument or flowrate 

during separation. Showing similar result as presented in theory (Figure 5), the separation 

characteristics from Västerås will be applied to the reference plant presented in the economic 

evaluation, Chapter 6. For the continuation of the project it is assumed that a liquid fraction separated 

by centrifuge may be recirculated as process water for substrate dilution without negative 

consequences. Further investigation on the effects of liquid fraction recirculation would be needed to 

determine consequences with more certainty. 
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With the information of how a solid fraction might appear after processing there was a desire to 

investigate its potential value through a market analysis. The market analysis could provide valuable 

information on both new product potential and digestate value as a whole.  
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Chapter 5 - Market analysis  

A market analysis can provide valuable information regarding the current market for digestate, as well 

as new potential areas for application. The main findings from the market analysis is presented in this 

section. The first part of the results provide findings from the literature study and new markets for 

digestate in other countries. The second part is an analysis of potential new market alternatives for bio-

fertilizer in Sweden. Interviews with different companies were performed, providing different options 

for Linköping biogas plant and a discussion about them.  

5.1. Findings – Market analysis  

British market analysis 
Several market analyses have been performed in Great Britain (King et al., 2013; Mouat et al., 2010; 

Rigby and R Smith, 2011). Mouat el al (2010) aimed to scan the digestate market in Scotland in order 

to enhance the Zero Waste Plan, a plan designed to encourage waste segregation in the country. The 

approach of the study was to present a review of other reports, complementing with interviews from 

different stakeholders, such as biogas plants. The result show that the digestate is mainly used in 

agriculture as a soil improver and that this will probably be the main market in the future as well. 

However, the operators at the biogas plants could see a development of digestate use in areas such as 

horticulture and landscaping. According to the authors, one thing that can complicate the marketability 

of digestate in horticulture and private garden in Scotland, is that at the time when the study was 

performed, it did not exist any dominating manufacturers of growing media in Scotland. Additionally, 

the authors recommend to do further research in the area in order to increase the acceptability of 

digestate to the horticulture market, which seems to be low. However, they can see a potential in 

compost-like products from digestate that perhaps could increase the applicability to the horticulture 

market.  

Another project performed by Rigby and R Smith (2011) in England provided results from an 

investigation of new markets for digestate in the country. The study was funded by WRAP and 

showed similar results as presented in the Scottish study. The aim of the study was to compare whole 

digestate, liquid fraction, and solid fraction with commercial fertilisers. Results presented two 

promising areas for digestate use, one was co-composting the solid digestate with woodchips, creating 

a product that could be suitable for landscaping and urban forestry. Another was the use as a multi-

purpose growing media, for example gardening. Rigby and R Smith (2011) also concluded that peat is 

a finite resource and other composting products could be interesting as replacement. Usage of peat in 

e.g. landscaping and horticulture is common and the producers have an interest to find a candidate for 

peat replacement and it is believed that bio-fertilizer could be a good candidate for its replacement 

(King et al., 2013). Rigby and R Smith (2011) compare digestate with peat but present some 

challenges in order for digestate to replace peat. For example, digestate used as growing media can 

maximum contain 50 mg/l NH4-N, 150 mg/l Na and 1000 mg/l Cl. The opinions about considering 

peat as a fossil fuel are divided and peat is in many contexts considered as fossil (“Fossila bränslen,” 

2015). According to Neova, a peat producing company in Sweden, research will soon be published 

stating the opposite, that peat extraction actually decreases the carbon dioxide emission (Olsson, 2016; 

“Torv – ett klimatsmart alternativ som räddar vår framtida energiförsörjning | Neova,” 2014). 

According to Rigby and R Smith (2011) a challenge using digestate for gardening application is that 

the high requirements of consistency and properties are hard to meet. Such requirements are not as 

strict for landscaping or urban forestry applications and are therefore identified, according to the 

authors, as the markets with highest potential.  

German and other markets 
Mouat et al (2010) state that the Scottish digestate market is quite young, compared to the German 

market. In Germany there are available bio-fertilizers on the horticulture and garden markets in the 

form of dried pelletized digestate (Drosg et al., 2015). In one study performed by Dahlin et al (2015) 

current approaches to digestate marketing was examined. Countries included in the study were 

Germany, Switzerland, France, Austria and Netherlands. The procedure of the study included 
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interviews with 21 different stakeholders in the area, mainly representatives from Germany. Different 

stakeholders included biogas plant operators, soil amendment manufactures and agricultural 

contractors. Feedstocks used by the biogas plant operators varied between manure waste to energy 

crops and municipal solid waste.  

According to Dahlin et al (2015) the nutrient surplus is one of the main drivers for finding new 

markets for digestate and in especially northern Germany there is a surplus of nutrients. Another 

aspect that encourage the finding of new markets was policy constrains. The feed-in tariffs provided 

by the German government can, as mentioned before, encourage biogas plant operators to use the 

excess heat for drying processes and create organic fertilizing products. 

Dahlin et al (2015) highlight the importance of quality and properties of digestate products to increase 

their marketability in other markets than agriculture. Many of the operators interviewed in this study 

find that certification of digestate products facilitated the marketing of those products. In addition, to 

provide the private consumers with an attractive product, the producers stressed the importance of 

controlling the odour and dust of dried products. In Germany, there has been a debate on the usage of 

maize as feedstock in the biogas process (Britz and Delzeit, 2013). According to Dahlin et al (2015), 

this debate has caused low public acceptance for biogas production and thereby made it difficult to 

market digestate products. As a result, some of the digestate products do not clearly display the origin 

of the product when marketed. 

The result in Dahlin et al (2015) indicate that many biogas plant operators are managing the digestate 

distribution by themselves and that contracting to a third party is not an obvious choice. The authors 

define five main factors which affects the price of alternative digestate products; transportation costs, 

season, type of product, the nutrient content and policy regulations. It appears to be a significant 

difference in prices between raw and treated digestate.  For raw digestate the biogas plants 

participating in the study could get a range of -180 euro/t - + 5 euros/t in payment. Treated digestate 

such as pellets or beads ranged between 0 to nearly 200 euros/tonne in payment, depending on 

digestate composition. Additionally, it is also presented that a digestate product could be sold at a 

market price of 22 % (calculated) of its fertilizing value. According to Dahlin et al (2015) the price 

reduction could be motivated by the lack of knowledge about the digestate agronomic and economic 

benefits, within the market. Compost products appears in general be sold to a price as high as 80 

euros/t in some markets but for agriculture application the compost price range is lower, between 0 

and 7 euros/t (Dahlin et al., 2015).  

Even if the interest in new markets for digestate has increased in the later years, the solid fraction is 

mainly distributed to agriculture. According to the study performed by Dahlin et al (2015), 83 % of the 

solid digestate (pellets and compost) is distributed to agriculture, while the other 17 % includes private 

gardening, soil manufacturing, landscaping and others.  

New Swedish markets 
In Sweden, new markets for digestate appears to be an unexplored field and no major study was found. 

The only identified market in Sweden is the distribution of bio-fertilizer on agriculture. For a new, 

solid fraction product, agriculture is still a market with high potential. However, there is a low market 

value for bio-fertilizer when distributing it to agricultural. Hopefully a product with lower water 

content and higher concentration of nutrients could facilitate the management costs outside the plant 

and also increase the ability to pay for the product. However, an increase in payment could not be 

considered as definite. There are too many factors to include and the price setting is not linear to 

nutrient content since you have to look at each farm and their certain needs. Including the today’s low 

market value for bio-fertilizer, there is an interest in looking into other markets in order to increase the 

profitability.   

Based on the studies presented above the outcome is that the markets with most potential, other than 

agriculture, are landscaping and home-gardening. The properties of digestate products vary from plant 

to plant and only a few studies in the area have been encountered through literature research. When 
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looking at different co-digestion biogas plants in Sweden, all of these plants produce digestate for use 

in agriculture. A few of the co-digestion biogas plants have investigated other possible markets for 

digestate but never conducted any major studies in the area and there is nothing published. Therefore, 

it is assumed that there is no established market for bio-fertilizer produced from co-digestion plants in 

Sweden, other than agriculture. Consequently, it was found that a further investigation of the 

landscaping market as well as the home-gardening market in Sweden should be performed. Four soil 

amendment manufacturers including gardening products, a landscaping architect at the municipality of 

Linköping and a distributor of bio-fertilizer were contacted. A short summary with the most valued 

information from the interviews are presented in Table 9. 
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Table 9. A summary of the interviews performed. Interview subject was new markets. Main questions discussed with each person and answers to them are presented, as well as reflections on the 

interviews. SE stands for active on a Swedish market 

Business Title of 

interviewed 

person 

Main question 

discussed  

Answers Reflection  

Distributor of bio-

fertilizer to 

agriculture 

(SE)  

Account 

manager 

Why is the raw bio-

fertilizer distribution not 

economically beneficial 

for most biogas plants in 

Sweden? 

The farmers are not willing to pay more money than 

for the mineral fertilizer, even if many farmers are 

positive in using bio-fertilizer. The mineral fertilizer is 

more easily handled compared to bio-fertilizer.  

According to Dahlin et 

al (2015), the high 

costs of handling and 

distribute digestate is 

common in several 

other countries as well 

as the competition 

with mineral 

fertilizers.  

Soil amendment 

manufacturer 

(Distributor, home 

gardening media)  

(SE) 

Quality 

manager – 

soil and 

fertilizer  

Do you see a potential in 

using bio-fertilizer from 

Linköping biogas plant 

in your products?  

Yes, but the bio-fertilizer needs to be quality assured. 

Probably most potential as complement in landscaping 

soil. Compost-like product is preferable.  

Concerns: Propertied of the bio-fertilizer e.g. visible 

pollutants (i.e. plastics), high salt content and 

consistency (30-35 % TS required).  

 Post-treatment of 

digestate after 

dewatering will 

probably be required.  

Soil amendment 

manufacturer  

(Distributor, home 

gardening media)  

(SE) 

Product 

specialist  

Do you see a potential in 

using bio-fertilizer from 

Linköping biogas plant 

in your products? 

Yes, but the bio-fertilizer needs to be quality assured. 

Concerns: Properties of the digestate e.g. visible 

pollutants, high salt content and consistency. 

Post-treatment of 

digestate after 

dewatering will 

probably be required.  

Soil amendment 

manufacturer (SE + 

International 

market)  

Director, 

strategy & 

business 

development  

Do you see a potential in 

using bio-fertilizer from 

Linköping biogas plant 

in your products? 

Not in the current situation. The company follows the 

development of new products but are not distributing 

any recirculated product today. Main focus is on the 

mineral fertilizer.  

-  
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Local soil 

amendment 

manufacturer  

(SE, Linköping) 

Production 

manager  

Do you see a potential in 

using bio-fertilizer from 

Linköping biogas plant 

in your products? 

Yes, but the bio-fertilizer needs to be quality assured. 

The bio-fertilizer does not need to be pre-treated as 

compost, the company can receive the dewatered 

digestate. 

Post-treatment 

probably not necessary 

after dewatering. 

Municipality of 

Linköping   

(SE)  

Landscaping 

architect  

Could it be interesting to 

use bio-fertilizer from 

Linköping biogas plant 

when landscaping 

within the municipality?  

Yes, there is a lack of compost in the municipality. 

Today, entrepreneurs are contracted and perform 

landscaping in the municipality.   

Need of post-treatment 

of digestate 

(composted digestate) 
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Two of the Swedish soil amendment manufacturers state that there is a possibility in 

using bio-fertilizer in their products. Some of the benefits in using bio-fertilizer is its pH, 

high nutrient content and the fact that it is a renewable resource. However, even though 

the digestate is certified it will need further quality assurance regarding its properties. 

One of the distributors producing soil for landscaping can see a potential in using bio-

fertilizer as a complement in their products. They do not exclude using bio-fertilizer for 

the home gardening area but request an extensive quality assurance of the product. Same 

quality is not required for landscaping use. A difference in quality request, between soil 

for home gardening and soil for landscaping is the cosmetic appearance of the soil. 

Private consumers request an odourless product that visually looks good with no visible 

pollutants while other consumers may focus on contents or performance of the product. 

For landscaping application a SPRC 120 and KRAV certified product would probably be 

good enough.  

Problems that the soil amendment manufacturers can see with bio-fertilizer produced 

from food- and slaughterhouse waste is the possible high salt content, as well as the risk 

of visible pollutants, for example plastic. In a report by King et al (2013) the soluble salt 

content in digestate is identified as a challenge for the marketability of the digestate. 

Additionally, Dahlin et al (2015) state that a soil amendment product aimed for plants 

should contain low content of salt and heavy metals. It was found when talking to one 

distributor they suggest that the concentration of Cl is a limiting factor which should not 

exceed around 50 mg/l in the end product. The limited concentration is not absolute for 

all products but can be considered as some sort of guideline. In the solid fraction 

presented from Västerås the Cl content is more than 1500 mg/l5 and similar results are 

expected for the bio-fertilizer from Linköping biogas plant. Rigby and R Smith (2011) 

state that to use digestate as a possible replacement for peat in growing media the upper 

limited concentration of Cl is 1000 mg/l, meaning the bio-fertilizer from Linköping 

biogas plant would only have a slight higher Cl concentration than recommended. Even if 

the salt concentration is too high in the solid fraction it could be mixed with other soil 

products decreasing the concentration of Cl. Furthermore, the soil amendment 

manufacturers state that the high salt content is more problematic for planting in a pot 

rather than gardening and landscaping since the product can be spread on a larger surface 

when landscaping or spread in the garden.   

The local soil manufacturer in Linköping was positive towards using bio-fertilizer in their 

production of compost and did not see the high salt content as a major problem. They 

were positive regarding the potential of replacing the peat they are using and would 

expect no difficulties receiving the amount of solid fraction Linköping biogas plant want 

to dispose. Similar to other soil amendment manufacturers, they were concerned about 

the consistency and quality of the bio-fertilizer but they believed that this is a challenge 

possible to overcome. 

Regarding the recommendations of using the solid fraction of the bio-fertilizer in the 

landscaping area, a landscaping architect at the municipality of Linköping was contacted. 

Apparently, there is a lack of compost soil improvers within the municipality of 

Linköping which could facilitate the utilization of the bio-fertilizer. Today the compost is 

imported from surrounding municipalities and transportation costs may be decreased with 

a local supplier. The landscaping of the municipality of Linköping is outsourced to local 

entrepreneurs and they are today using compost as soil improver, rather than a fertilizer. 

The landscaping architect stated that it would be interesting having a local supplier of 

compost, such as Linköping biogas plant. However, it was rather unclear if the 

                                                      

5 See “Tekniska verken analysrapport” attachment. 
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municipality wanted a long-term cooperation with such supplier or if Linköping biogas 

plant should make an agreement with local entrepreneurs instead. A reliable utilization is 

of course essential for a biogas plant.  

Market suggestions for Linköping biogas plant 
Based on the results from the literature study and the interviews presented above, 

different options when handling and distributing the solid fraction were identified, see 

Figure 10. Linköping biogas plant can choose to either treat the bio-fertilizer at the biogas 

plant or send it to a third-party that will take care of the treatment and distribution of the 

product. Two possible treatment options, drying or composting, are chosen from the 

initial screening presented in Chapter 3 - Screening of techniques. The different 

application fields are determined from the literature study and the interviews, also 

presented in Figure 10.  

 

Figure 10 Overview of the different opportunities for handling the solid fraction at TvAB biogas plant. 

*Others means either local soil amendment manufacturer or larger soil amendment manufacturers in 

Sweden. 

Treatment of solid fraction  

As described in Chapter 3, treatment of the solid fraction is expected to be expensive. 

However a dried, granulated product would have several benefits such as easy handling, 

decreased transportation, simple storage and reduced soil compaction when used in 

agriculture. In addition, a dried product has the potential to replace mineral fertilizers 

(Wikberg et al., 2001). All elements could contribute to increase fertilizer value, and has 

to be weighed against a processing cost. As described in Chapter 4, the solid fraction is 

estimated containing a high amount of phosphorus, which could be valuable in areas were 

no livestock have been handled. In addition, the nutrient circulation will be preserved 

within the agriculture, as opposed to applying the product in landscaping or plant soil. 

Composting is another option for treating the bio-fertilizer and the product could either be 

spread on agriculture or as a complement in soil amendment products. If Linköping 
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biogas plant would choose to compost the solids, one option is to produce compost for the 

landscaping in the municipality. This distribution channel is a good opportunity for 

marketing the product as closing the waste cycle within the municipality, this is however 

also part when distributing the bio-fertilizer to agriculture. In addition, the composted 

bio-fertilizer could be sold to private consumers from the biogas plant, increasing the 

knowledge about bio-fertilizer and its fertilizing properties. However, the entrepreneurs 

responsible for the landscaping of the municipality desire products for soil improvement 

rather than fertilizing properties and even if bio-fertilizer has soil improvement properties 

it is uncertain if it could be used for this purpose.  

Today all garden waste collected by TvAB is sent to a local soil amendment manufacturer 

and not composted within TvAB. Meaning no such activity exists within the company. If 

Linköping biogas plant would chose to compost the digestate by themselves it will 

probably become a new focus area. Not only will it require large investments but also a 

lot of extra resources for distribution and customer contact. Similar to many other biogas 

plants, the core business at Linköping biogas plant does include distribution of digestate. 

Therefore, there is no desire to include such business at TvAB and thus not a viable 

option for Linköping biogas plant.  

When talking to different soil amendment manufacturers neither can guarantee handling 

the solid fraction directly after solid-liquid separation, and there is a possibility that the 

bio-fertilizer needs to be composted at the Linköping biogas plant. If using manufacturers 

of home-gardening media for distribution of the bio-fertilizer, high quality assurance 

needs to be in place, which in turn requires additional resources from Linköping biogas 

plant. Moreover, if choosing this distribution channel, it will provide limited preservation 

of nutrients in the agriculture, which is an important aspect in the biogas sector in Sweden 

and surrounding farmers. On the other hand, if the manufacturers find that the bio-

fertilizer has a high quality and a potential as a complement in their products, it is 

possible for them to pay for the product, selling it to private consumers. However, the soil 

amendment manufacturers state that it is more likely that the bio-fertilizer can be used for 

landscaping and it is impossible for them to define a price for the product before 

analysing it.  

No treatment of the solid fraction  
The market analysis on potential new markets provide two distribution channels for the 

un-treated solid fraction. Either the bio-fertilizer could be sold to a soil amendment 

manufacturer or sold to the distributor of bio-fertilizer to agriculture. The local distributor 

is more confident in receiving the bio-fertilizer without any pre-treatment, compared to 

other, larger distributors. The digestate would probably be applied in the gardening or 

landscaping market. Using the local soil amendment manufacturer is a viable option for 

Linköping biogas plant due to the fact that the product could easily be handled after solid-

liquid separation and the transportation distance is only around 3 km from the biogas 

plant. 

If choosing to use the current distributing channel, as bio-fertilizer in agriculture, one 

challenge could be the dry matter content of the bio-fertilizer affecting spreading 

technique. According to Peter Borring, ecological farmer, pellets is favourable and a bio-

fertilizer with high concentration of phosphorus could be desired by farmers having 

deficit of phosphorus (Borring, Personal communication). According to the current 

distributor there are adapted spreading equipment for a product with a TS content of 20-

30 % and they are distributing such products today as well. If the farmers could see a 

benefit in using the solid fraction of the bio-fertilizer e.g. no difficulty in spreading, this 

could be a viable option due to the preservation of nutrients and the already established 

relationship with the distributor. 
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Economic aspect 
It is difficult to compare the different distributing channels and end-products in an 

economic aspect. Since there is no similar product on the new potential markets, the 

economic comparisons will be performed with several assumptions. According to the 

local soil amendment manufacturer, peat is a reliable, homogenous and easily quality 

assured product. With a 50-60 % (TS) (Olsson, 2016), these characteristics are difficult to 

obtain for bio-fertilizer only treated with solid-liquid separation. Bio-fertilizer is assumed 

to contain more nutrients than peat but the bio-fertilizer properties are variable depending 

on feedstock, possibly causing problems when used as a complement in soil amendment 

products. However, in order to provide an economic estimation for bio-fertilizer solid 

fraction, it will be compared with the price for peat. Current price for peat is estimated 

around 100 SEK/m3 (depending on volume) were each cubic meter corresponds to 450 kg 

peat (Olsson, 2016), giving a price of 222 SEK/t. Presuming that the bio-fertilizer have 

same desired properties as peat, Linköping biogas plant could sell the solid bio-fertilizer 

(4000 m3) for above 880 000 SEK annually. Note that potential costs for treatment and 

transport is not included in the price. It is not considered impossible to make a similar 

product to peat and this comparison offers a good reference value for a best case scenario. 

Dahlin et al (2015) states that the sales of compost could be as high as 80 euros/t (720 

SEK/t) and 7 euro/t (63 SEK/t) for agriculture usage (1 euro is approx. 9 SEK). The latter 

price seems more reasonable when comparing with the price for peat. However, the price 

setting is proven to be quite complex and depends on the product characteristics.  

5.2. Summary – Market analysis 
Overall it is difficult to determine a new market for the solid fraction due to that several 

factors affects the business arrangements and the product is still hypothetical. According 

to the current distributor of bio-fertilizer, there are no clear set of properties of the 

digestate desired by the farmers. Besides a need for ammonium, some farmers might 

demand phosphorus rich product while others have a surplus and cannot accept it. 

Although the application in agriculture has socio-economic benefits the investigation into 

other markets show potential value of the bio-fertilizer.  

When comparing the situation with other countries, for example Germany, the motivation 

of finding new markets differ somewhat from the situation at Linköping biogas plant. 

Countries with dense agriculture might seek alternative markets due to nutrient overflow, 

while Linköping biogas plant does not experience this as a problem. Another factor 

promoting the establishment in new markets is the FITs of utilized heat. The FITs 

promote treatment of a solid fraction meaning it could inspire a survey of new markets. 

Such subsidies do not exist in Sweden. The investigation of other markets should not be 

excluded since there is a clear interest from distributors of soil amendment products to 

combine commercial products with bio-fertilizer. Yet, there are challenges with entering a 

new market that should be considered.  

Before distributing a new product all distributors we talked to stated that they need to 

observe and analyse the product and its properties to be able to determine its quality and 

give a reasonable price for the product. The different prices for compost presented by 

Dahlin et al (2015) also indicates that the price setting is dependent on the product 

properties. A huge challenge with marketing the bio-fertilizer is to achieve similar 

properties as other commercial products, for example peat. If the bio-fertilizer does not 

have the desired quality the willingness to pay for such product would most likely 

decrease.  

When looking at other countries, where there are established alternative markets for 

digestate, one of the main challenges is the marketing of the digestate product. In 
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Germany there is a struggle with the public perceptions of biogas production caused by 

the debate of using maize as feedstock (Dahlin et al., 2015). This has led to a minimum 

marketing of the products origin. In Sweden, we do not have such struggles and the bio-

fertilizer may advantageously be marketed by presenting its origin. It could not only 

increase the value of the soil but also increase the acceptability of bio-fertilizer within 

private consumer groups. If the consumers are satisfied with the product it could be 

beneficial for the whole biogas sector, increasing knowledge about bio-fertilizer and its 

positive properties. 

The belief that the underlying problem of low bio-fertilizer value is connected to a larger 

scale of environmental thinking and perception of bio-fertilizer or ecological farming. So 

rather than marketing bio-fertilizer as something other than agricultural fertilizer which 

probably would require large resources, the value should be increased from discussions 

on environmental and sustainability aspects stressing the importance of environmental 

benefits. Such discussions could lead to positive outcomes, increasing bio-fertilizer value. 

However, the large potential for distributing digestate in other markets could be 

considered as an alternative to increase the profitability of digestate handling. In the long-

term looking at new markets can also be beneficial for digestate products distributed to 

agriculture since it is believed that other markets could increase the public knowledge 

about the beneficial properties of digestate.  

As this market analysis is performed on a hypothetical product there are uncertainties 

regarding several aspects discussed above. The bio-fertilizer properties is crucial for the 

price setting and also for defining the most optimal distributing channel. In this market 

analysis, agriculture is remained as the most appropriate and reliable market for the 

situation of Linköping biogas plant, this however does not exclude the interest for other 

markets. To conclude this chapter there are some recommendations for the decision 

makers at Linköping biogas plant on how they should move forward with the new 

potential product:  

 Initially focus on the current distribution channel and discuss new agreements 

with the current distributor.  

 Discuss possible outsourcing of treatment with local soil amendment 

manufacturers if the agreement with current distributor becomes inadequate. 

Initially focus on product for landscaping disposal. 

 Consider new markets within home-gardening as an alternative to increase the 

profitability of handling bio-fertilizer but be aware of that this area would require 

extra resources within the company. 
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Chapter 6 - Economic evaluation  

The economic evaluation is a key step in evaluating different processing methods. Results 

from the previous chapters form an important starting point that are included in the 

economical evaluation. The four techniques selected from the screening of techniques 

form different processing options to be evaluated against each other, and against the 

option of no treatment. From the laboratory analysis the separation characteristics can be 

applied and assumes that a liquid fraction can be recirculated in the form of process 

water. Furthermore, the market analysis identify agriculture as the most attractive market 

for Linköping biogas plant and therefore the possible product revenues is calculated from 

this market.  

For practical reasons and due to the projects limited access to site specific data at 

Linköping Biogas plant a reference plant will be used. The plant will be an existing wet 

co-digestion plant in Sweden, similar to Linköping biogas plant with some simplifications 

and limitations. During the implementation of processing alternatives the following 

assumptions apply 

 Only processing associated costs, transportation and potential revenues are 

included in the evaluation 

o other costs are left out or assumed unchanged 

o Spreading costs is included only to be accredited the bio-fertilizer 

potential value and revenues 

 Potential change in plant liquid storage costs is assumed negligible 

 Digestate output and handling is assumed uniform over an entire year  

 The scope covers yearly costs and mass flow. 

 Agriculture is the only market considered 

 A product <6% TS (pumpable liquid) or above 25% TS (solid) is desired for easy 

handling.  

6.1. Reference plant 
Figure 11 illustrate the reference plant and existing digestate handling option. A current 

biogas process and ability to utilize digestate (by direct land application) is assumed 

established with all associated costs.  

Like many other Swedish biogas plants the reference plant has high digestate 

management costs associated to high water content in the bio-fertilizer. The reference 

plant uses a feedstock consisting of food waste and it is assumed that 20 000 tonne fresh 

water is consumed each year to dilute the incoming substrate prior to the AD process.  
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Figure 11 Illustration of reference plant. Available farmland is assume uniformly distributed around the 

plant. The box represents the scope of the economic analysis.  

No treatment is the currently applied option, against which other processing scenarios can 

compare. No treatment assumes no investments or operating costs but include yearly 

transportation cost and digestate revenues. 

Digestate output conditions 
The digestate output at the reference plant is set at 100 000 tonnes yearly with a TS of 4 

%. Important parameters for the value of digestate and spreading are presented in Table 

10. Content is assumed below the SPCR-120 limitations on heavy metals and impurities. 

Table 10 Reference plant digestate characteristics. Only elements affecting value included. All content values 

for SPCR-120 are well below limitations 

Analysis Unit Ref. Raw digestate 

Mass tonne 100 000 

TS % 4% 

Ammonium NH4N g/kg 3 

Phosphorus g/kg 0.6 

Potassium g/kg 1.3 

 

6.2. Processing conditions at reference plant  
The following section will present processing conditions that apply to the reference plant. 

Costs for processing are assumed added costs and current situation therefore assume no 

investment or operating costs. Only transportation and potential revenues affect the 

current scenario of digestate handling.  
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Operating costs 
Operating costs include electricity, heat use, water consumption, costs for potential use of 

H2SO4 and repair costs. Prices for heat and electricity at the reference plant are 

appreciated from a standard industry price in southern Sweden. Tax reduction to 

electricity is assumed and thermal energy price low due to possibility of available excess 

heat. Electricity and thermal energy price are assumed dependent on seasonal temperature 

changes and estimated by TvAB. For simplicity, a cheaper price for electricity and 

thermal energy are assumed during 6 months of the year. The cost for freshwater is 

valued at household price. 

Acidification is applied to all methods utilizing heat for processing. Suggestions to retain 

ammonia in the bio-fertilizer range from 3.5 kg/m3 (Fuchs and Drosg, 2010), to 5 kg per 

tonne input (for slurry) (Sørensen and Eriksen, 2009) to 17 kg per tonne input digestate 

from quotations (for evaporator). The amount H2SO4 needed is set at 10 kg per tonne 

digestate input and a price is estimated at 2 SEK/kg H2SO4 at circa 95% from the 

company Kemira. 

Repair cost is assumed at 2% of specific machine investment cost and installation, 

reformed from literature (Fuchs and Drosg, 2010) and distributor suggestions. 

Operating costs for reference plant according to above information:  

 Electricity all year: 0.5 SEK/kWh  

 Electricity summer: 0.4 SEK/kWh 

 Heat during summer months: 0.05 SEK/kWh  

 Heat during winter months: 0.3 SEK/kWh  

 Water: 10 SEK/M3  

 H2SO4 consumption: 10kg /tonne digestate at 2 SEK/kg. 

 Repair costs: 2% of machine investment and installation 

Investment costs  
Solid storage investments are estimated by a distributor of bio-fertilizer at 700 SEK/m3 

(supported by Fuchs and Drosg (2010)) and changes in operating costs for a solid storage 

are assumed negligible compared to today’s situation. Storage requirement is assumed at 

2 months production unless otherwise specified (see scenario 2). Installation of process 

equipment and associated investment costs including building of hall, intermediary 

storage of process water, interest, unforeseen expenses and economic life are determined 

after consultation with the production manager at Linköping biogas plant. Being very 

variable, dependent on plant location and layout costs, especially installation cost should 

be considered site specific.   

Personnel costs are appreciated at 1-2h/day per processing technique (suggested by 

distributor). For simplicity 2h maintenance per day is assumed for each machine. 

Operator cost is estimated at 300 SEK/h including all associated charges (TvAB, Personal 

communication). Operating 2h a day and 30.5 days/month the monthly labour costs are 

set at 18 300 SEK for each machine each month it is running. Meaning two machines 

would require twice the labour cost. 

Investment costs for reference plant according to above information:  

 Installation of processing equipment (pipes, pumps electricity): 500 000 SEK 

 Housing: 20 000 SEK/m2 

 Intermediary tank: 400 000 SEK  
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 Rate of interest: 5 % /year  

 Economic life: 25 years for storage hall and intermediary tank 

 Economic life: 10 years for processing equipment and other accessories 

 Other: 15% of total investment 

 Operator cost: 18 300 SEK/machine/month 

Transport cost and distance 
For transportation distance, a fixed value at 40km (one way) is used for all processing 

scenarios. Mean transportation distance could be calculated from identified limiting 

factors (e.g. storage capacity, nutrients overflow or heavy metals) and available 

surrounding farmlands. In addition, the mean transportation distance can also be 

optimized for the surrounding farmland need when different products are acquired. 

However, the necessary investigation6 (similar to those found in Berglund (2010) and 

Berglund and Börjesson (2003)) could not fit in this project. Instead a fixed value (40km 

one way) is used for all processing scenarios, similar to other studies (Aarsrud et al., 

2010). The distance is in line with previous literature (Aarsrud et al., 2010; Berglund, 

2010; Tekniska Verken, 2016). 

 

Transportation cost should logically depend on both distance and weight. However, for 

simplicity all transports assume to be filled equally with a fixed costs of 

1.3SEK/km/tonne (only paying one way trip). Similar transportation costs can be derived 

from Berglund (2010) and ADAS UK Limited (2013). The transportation cost for a 

stackable (solid fraction) bio-fertilizer is expected cheaper than liquid and set at 70% of 

liquid transportation price (ca 0.9 SEK / km*tonne), adapted from literature values 

(ADAS UK Limited, 2013). 

Transportation costs according to above information:  

 52 SEK per tonne liquid (40*1.3) 

 36 SEK per tonne solid (40*0.9) 

Digestate revenues 
Revenues from the bio-fertilizer are estimated based on nutrient content. Potential 

increase in digestate value is calculated from lower spreading costs being accredited to 

the digestate. Current mineral fertilizer value is estimated at, 8.5 SEK/kg N and 19 

SEK/kg P and 7 SEK/kg K (Lantmännen, Personal communication). However it is 

assumed only a percentage of this value can be obtained by bio-fertilizer. According to 

Berglund (2010) the ammonia content can always be valued while the value of other 

nutrients depends on the soil. Therefore 100% of the ammonia content is valued while 

phosphorus and potassium content is only valued at 20%. Carbon and other advantageous 

characteristics (e.g. total nitrogen) are seldom given economic value and therefore set a 0 

SEK.  

Assuming the nutrient values presented in Table 10 (3kg/tonne NH4N, 0,6kg/tonne P and 

1,3kg/tonne K) and above mineral fertilizer value the total net value is approximately 30 

SEK / tonne. Value is expected unchanged for all processing scenarios (excluding the 

estimated ammonia loss, which is calculated for each scenario)  

                                                      

6 No study was found handling different fertilizer products and the potential reduction in 

transportation distance based on factors storage capacity and respective need for land disposal. 

Meaning the necessary study would require large amount of time and resources not available in 

this project. 
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Spreading costs are assumed to be similar per tonne for both liquid and solid fertilizers, in 

line with ADAS UK Limited (2013). Depending on vehicle type, application costs can 

range from 20 SEK/tonne to 50 SEK/tonne (ADAS UK Limited, 2013; Berglund, 2010). 

Including soil compaction and associated storage to farmland transportation costs, a fixed 

spreading cost of 30 SEK tonne is used.  

 Spreading costs: 30 SEK /tonne 

 Digestate nutrient value 30 SEK/ tonne 

o Total ≈ 100 000 ∗ (3 ∗ 8.5 + 20% ∗ (0.6 ∗ 19 + 1.3 ∗ 7) = 3 000 000 

o Concentrated or separated products assumed same net value 

 Carbon, organic nitrogen etc.: 0 SEK 

6.3. Scenarios 
Different scenarios are created from selected techniques in Chapter 3 - Screening of 

techniques and in consultation with TvAB. Scenarios and reference plant conditions, 

frame the possible processing options to manageable alternatives. 

Scenario 1 – Partial processing with solid liquid separation 
Scenario 1 includes mechanical solid liquid separation with a centrifuge. The process 

creates two new fractions at different TS. The liquid fraction is assumed to be able to 

recirculate in the biogas process in the form of process water for substrate dilution or to 

be used as a liquid fertilizer. The solid fraction is assumed to be used as solid fertilizer. 

Any loss of nutrients (e.g. ammonia loss) is assumed to be similar to no treatment and 

excluded. An illustration of the process can be seen in Figure 12. 

 

Figure 12 illustration of process scenario 1A 

The investment costs and specific electricity consumption for a centrifuge is determined 

from Fuchs and Drosg (2010) and three different distributors, which resulted in an 

investment price range of 740 000 – 1 400 000 SEK depending on capacity required. 

According to distributer the range for specific electricity consumption is 0.5-6 kWh/m3 

depending on input characteristics. Fuchs and Drosg (2010) state that the specific 

electricity consumption is 3.5 kWh/m3. The centrifuge conditions are therefore set as: 

 Equipment investment: 

o 1 000 000  (capacity: 14t/h) 

o 740 000  (capacity: 3t/h) 

 Specific electricity consumption: 3.5kWh/m3  

 Hall: 40m2 = 800 000 SEK, based on size in quotation 

Separation efficiency from a mechanical separation is assumed similar to observed values 

presented in Figure 8. When accounting for concentration increase due to recirculation, 
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roughly 10% end up as solid fertilizer of 26% TS and roughly 90% of total mass is 

assumed to end up in the liquid fraction with 2% TS. Values are only rational assuming 

20% of the output mass is recirculated in the process. The remaining 70% of the liquid 

digestate fraction is marketed as fertilizer. 

Scenario 1A 
Only a sub-stream equivalent to the need for recirculation was treated (i.e. ca 22 000 

tonne annually). With 22 000 tonnes of digestate annually, a processing capacity is 

calculated at ca 3t/h, assuming 365 working days a year at 24h operation with 80-90% 

uptime. The resulting annual output are rounded off to the following:  

 78 000 liquid at 4-5 (4.4)% TS (thicker due to recirculation) 

 2 000 solid at 26% TS 

 20 000 recirculated liquid at 2% TS 

Scenario 1B 
Scenario 1B includes processing the entire amount of produced digestate. With 100 000 

tonnes of digestate annually, a processing capacity is calculated at ca 14t/h, assuming 365 

working days a year at 24h operation with 80-90% uptime. Mass flow is illustrated in 

Figure 13 below. Annual output products are: 

 70 000 liquid at 2%TS 

 10 000 solid at 26% TS 

 20 000 recirculated liquid at 2% TS 

 

 

Figure 13 Mass flow for scenario 1A. Partial treatment with centrifuge.  

Scenario 2 – Complete solid treatment 
Scenario 2 is assumed to be proceeded by an identical process to that of Scenario 1B. 

Liquid fraction (70+20%) is utilized as a liquid fertilizer or recirculated in the process. 

The outgoing solid fraction from mechanical separation (10%) is further treated by a 

drying process. Because heat utilization is a substantial amount of operating energy cost, 
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the scenario assumes the drying process is only operated during summer months. The 

solid fraction is stored at the plant on half year basis and processed during months when 

excess heat is available. Although resulting in higher needed capacity the solution is 

believed to save resources, both economic and environmental. Illustration of the process 

can be seen in Figure 14. 

 

Figure 14 illustration of process scenario 2 

Dryer conditions are estimated from Fuchs and Drosg (2010) and quotes from two 

different distributors, giving an investment range for equipment of 2 300 000 – 8 000 000 

SEK depending on capacity. The specific electricity consumption has a range 35-92 kWh 

per tonne evaporated water, while the specific heat consumption has a range of 700-1000 

kWh per tonne evaporated water. Dryer conditions are set as: 

 Equipment investment: 4 000 000 SEK (lower than recommended) 

 Specific electricity consumption: 45 kWh per tonne evaporated water 

 Specific heat consumption: 800 kWh per evaporated tonne of water 

 H2SO4 consumption: 10 kg per tonne digestate input.  

 Hall: 100m2 = 2 000 000 SEK 

A drying process is assumed to achieve a dry fraction of 85% TS and evaporated 

liquid fulfilling discharge levels (after acidification) with negligible amounts of 

solids. Ammonia loss due to drying process is assumed at 10% (Pantelopoulos et al., 

2016) applied to the dried fraction. No additional losses during storage are included. 

Ammonium concentration is assumed equal after solid-liquid separation and other 

nutrient loss is excluded. Treating all 10 000 tonne over 6 summer months, a 

processing capacity is calculated at ca 2.5-3 t/h. Assuming 30.5 working days a 

month, at 24h per day operation, with 80-90% uptime. Mass flow is illustrated in 

Figure 15. Annual outputs are: 

 70 000 liquid at 2% TS 

 7000 discharged liquid at <0.1%TS (operated during summer months) 

 3000 dried fraction at 85% TS (operated during summer months) 

 20 000 recirculated liquid at 2% TS 
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Figure 15 Mass flow for scenario 2. Partial treatment with centrifuge and drying the solid fraction. 

Scenario 3 – Complete liquid treatment 
Scenario 3 is assumed to be proceeded by a process identical to scenario 1B. The 

outgoing liquid fraction from mechanical separation (90%) is further treated in an 

evaporator. To avoid an additional process step of ammonia stripping, the evaporator 

operates under the assumption that digestate is acidified to pH 4.5-5.5 retaining all 

ammonium in the concentrate. Because heat usage is a major part of evaporator operating 

costs it is set to only operate during summer months were sufficient excess energy is 

available. This is believed to not only save economic resources but also environmental 

energy resources. Illustration of the process can be seen in Figure 16. 

 

Figure 16 Illustration of process scenario 3 

Evaporator conditions is estimated from two distributers, providing an equipment 

investment range of 15 000 000 - 25 000 000 SEK. Fuchs and Drosg (2010) suggest a 

price of 3 000 000 SEK but the quotes from distributers is estimated more reliable in this 

specific case. The specific heat and energy consumption is suggested by the distributers 

and Fuchs and Drosg (2010), providing ranges of 6-20 kWh (electricity) and  300-700 

kWh (heat) per tonne evaporated water. The evaporator conditions is set as:  

 Equipment investment: 15 000 000 SEK  
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 Specific electricity consumption: 12 kWh per tonne evaporated water  

 Specific heat consumption: 400 kWh per tonne evaporated water 

 H2SO4 consumption: 10 kg per tonne digestate input 

 Hall: 0m2 (housing included in investment price)  

Concentrate from evaporation is expected to achieve 25% TS and can be directly 

distributed as fertilizer or mixed with the solid fraction from mechanical separation and 

distributed as fertilizer. Evaporate is expected to directly meet local discharge 

requirements. Evaporate liquid is expected to contain negligible amounts of solids or 

nutrients. Ammonia loss is estimated at 1-2% by distributors and lower by literature 

(Drosg et al., 2015) and therefore assumed negligible during evaporation. Operating 

during 6 summer months (45 000 tonne treated annually), a process capacity is calculated 

at ca 12m3/h. Assuming 30,5 working days a month, at 24h operation with 80-90% 

uptime. Mass flow is illustrated in Figure 17. Annual output is:  

 32 000 evaporated/discharged liquid at <0,1% TS (during summer months) 

 3000 solid at 25% TS (during summer months) 

 35 000 Liquid at 2% TS (during winter months) 

 10 000 solid at 25% TS 

 20 000 recirculated liquid at 2% TS 

 

 

Figure 17 Mass flow for scenario 3. Mechanical separation by centrifuge followed by treating the liquid 

fraction by evaporation 

Scenario 4 –Processing with thickening 
Scenario 4 includes digestate processing with thickening. All solids are assumed to be 

retained in the concentrate and evaporate is expected to meet direct discharge levels. 

Ammonia loss is assumed at 10% (Pantelopoulos et al., 2016) (with acidification) for the 

treated fraction with negligible amounts of solids. Illustration of the process can be seen 

in Figure 18 
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Figure 18 illustration of processing scenario 4 

Thickener conditions are estimated on a quote from one distributer who suggests a price 

of 3 700 000 SEK per unit. It is estimated that scenario 4 needs two units for desired 

treatment, meaning the total investment cost for equipment is 7 400 000 SEK7. The 

specific heat and electricity consumption is suggested by the distributer and conditions 

are set at: 

 Investment: 7 400 000 SEK  

 Specific electricity consumption: 12 kWh per tonne evaporated water 

 Specific heat consumption: 1000 kWh 

 H2SO4 consumption: 10 kg per tonne digestate input (not optimal) 

 Hall: 0m2 (housing included in investment price)  

Digestate is expected to be thickened from 4% TS to 6% TS, meaning a volume reduction 

by 33%. Treatment is set to operate only during 6 months, treating 50 000 tonne annually. 

A processing capacity is calculated at ca 13m3/h. Assuming 30,5 working days a month at 

24h operation, with 80-90% uptime. Annual outputs are approximately: 

 50 000 Raw digestate at 4% TS (winter months) 

 33 300 Liquid at 6% TS (summer months) 

 16 700 discharged vapour at <0.1%TS (summer months) 

 

                                                      

7 Digestate could be thickened to 12% according to contacted distributor and therefore calculations 

are made from a quote were 100 000 tonne is processed from 4% TS to 12% TS (9 units). With the 

desire to process only to 6% TS the needed capacity was assumed 50% of what was quoted, 

adapted from the number of units needed to process 100 000 tonne digestate to 12 % TS annually. 
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Figure 19 Mass flow for scenario 4, thickening digestate from 4% TS to 6%TS. 
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6.4. Findings – Economic evaluation  
The economic evaluation suggests some processing alternatives are of interest for the 

reference plant. Summarized costs for each scenario is presented below in Table 11 - 

Table 13 . Detailed numbers are available in attached document: Economical analysis. 

The results are compiled prices from literature values, quotes from suppliers and 

information from experts in the area. Several prices are variable and subject to special 

agreements, quote designs or market changes etc. The overall results are subject to the 

conditions of the reference plant and may change with other circumstances. 

The investment costs for each scenario is presented in Table 11. Investment 1 includes 

hall, solid storage and intermediary tank with 25 years economic life expectancy. 

Investment 2 consist of equipment and installation costs at 10 years expected economic 

lifetime. Scenario 3 clearly has the higher investment cost, explained by the relatively 

expensive processing equipment. Scenario 1A+B requires the simplest processing 

equipment and as a consequence has the lowest suggested investment cost. Important to 

note is that both scenario 2 and 3 includes the investment of 1B. 

Table 11. A summary of the investment costs used for each scenario. Investment 1 includes hall, solid storage 

and intermediary tank. The annuity for invest. 1 is calculated with an economic life of 25 years and an 

interest of 5 %. Investment 2 includes equipment and installation costs. The annuity for invest. 2 is calculated 

with an economic life of 10 years and an interest of 5 %.  

 Unit 0 1 A 1B 2 3 4 

Invest. 1 MSEK 0 1.459 2.367 6.700 2.717 0 

Invest. 2 MSEK 0 1.645 2.080 7.330 19.383 9.085 

Total 

invest. 

MSEK 0 3.104 4.447 14.030 22.099 9.085 

Total 

invest. 

annuity 

MSEK 

/year 

0 0.317 0.437 1.425 2.703 1.177 

 

Table 12 show operating costs, transportation costs and net fertilizer value, (summarized 

in Table 13). Scenario 2-4 has significantly higher operating costs explained by the 

increased specific energy demand and requirement of acid. Scenario 1A and 1B is 

considerably lower due to these expenses. Because scenario 1A and 1B does not 

effectively reduce any extra volume (except for recirculation) the transportation costs are 

slightly increased against scenario 2 and 3. Because scenario 4 does not allow for the 

recirculation/replacement of process water, the volume reduction is exclusively 

evaporated water. The result of the conditions for scenario 4 is that operating costs are 

similar to scenario 3 but transportation costs similar to scenario 1, making it the worst of 

both, resulting in a very high running cost compared to other alternatives. The net 

fertilizing value is highest for scenario 3, explained by the biggest volume reduction (i.e. 

most concentration of nutrients). Respectively the net fertilizer value is lowest for 

scenario 4, explained by the smallest volume reduction (i.e. least concentration of 

nutrients) and an included ammonia loss.  
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Table 12. A Summary of the operating costs, transportation costs and net fertilizer value. Operating costs 

include energy, heat, sulfuric acid and repair costs. Transportation includes mean distance and cost per km 

and volume. Net fertilizer value includes nutrient value, water replacement when recirculate, ammonia loss 

and spreading costs.  

 Unit 0 1A 1B 2 3 4 

Total operating 

costs 

MSEK

/ 

year 

0 0.283 0.425 1.220 2.328 2.199 

Total 

transportation  

costs 

MSEK

/ 

year 

5.2 4.125 4.004 3.749 2.293 4.316 

Net fertilizer 

revenue  

MSEK

/ 

year 

0 0.6 0.6 0.810 1.560 0.510 

 

In order to avoid that potential errors in investment costs hide a potentially interesting 

alternative, both running costs and total net costs are presented in Table 13. Running cost 

include operating costs, transportation and potential digestate revenues, excluding 

investment. Total net cost include both running costs and investment annuity costs. 

Running costs and net costs in Table 13 suggests that processing scenario 1A and 1B are 

economically viable, with scenario 1A being the best suitable option for the reference 

plant. Also payoff suggests scenario 1A and 1B is within the economic lifetime of 10 

years, supporting the viability of both scenarios.  

Table 13. A summary of running costs, net costs and pay off time. Running costs include all costs with the 

investment costs excluded. The net costs includes both running costs and investment. Values are presented as 

MSEK / year or yearly cost (SEK) per tonne created digestate. 

 Unit 0 1A 1B 2 3 4 

Running 

costs  

(no invest.) 

MSEK/ 

year 

5.2 3.809 3.829 4.160 3.061 6.005 

Running 

costs 

 (no invest.) 

SEK/ 

(t output year) 

52 38 38 42 31 60 

Net costs MSEK/ 

year 

5.2 4.125 4.266 5.584 5.764 7.182 

Net costs SEK/ 

(t output year) 

52 41 43 56 58 72 

Payoff Year - 3 5 -37 -39 -5 
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Running costs appear promising for scenario 1-3 with 3 being the lowest. Having the 

lowest running cost, scenario 3 could be an interesting alternative if investment costs 

would change. The low running cost for scenario 3 and the high running costs for 

scenario 4 is explained by the relative large respectively small volume of water that is not 

transported compared to other alternatives. However, both scenario 2, 3 and 4 show 

negative results for the savings against no treatment, meaning the investment will never 

payoff. The negative numbers are explained by the considerably higher investment costs 

for the slightly more advanced processing for dryer, evaporation and thickener compared 

to the centrifuge. What could promote alternatives 2, 3 and also 1B is a calculation 

considering additional benefits from having higher concentration or two separate 

products, such as a reduced mean transportation for a fraction with higher TS.  

It was acknowledged that data used in the economical evaluation could vary greatly and 

Table 11-13 cannot be taken as absolute for providing further recommendations. To 

further support the results a sensitivity analysis is presented below.   
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Sensitivity analysis 
From several critical parameters identified in the economic analysis a few were chosen 

and analysed for sensitivity. Choice was made on the expected variability of a figure or 

uncertainty on its precise value. The parameters are presented in Figure 20 - Figure 

24.Variation in costs are either presented as net cost or running costs marked in title as 

(net cost) or (running cost). Only one parameter is varied in each analysis.  

Figure 20 illustrate variations in investment cost to evaluate the robustness of the 

assumptions made from distributors and experts on investment. Investment cost is varied 

between 50-150 % of the original estimated investment8 due to uncertainty in the figures. 

The result show that scenario 1 A+B could handle an investment cost of 150% without 

being affected greatly. Scenario 2 and 3 would only require a slight reduction (ca 20%) in 

investment cost to be economically viable, indicating investment cost is an important 

factor in the result of scenario 2 and 3. The higher gradient of scenario 3 suggests the 

investment cost is most influential on this scenario. Explained by it changing the most 

when varying investment cost. The small change in scenario 4 suggests that a reduction in 

running cost is necessary to qualify as an improvement over today’s situation. An 

uncertain investment cost is not the explanation for its bad result.

 

Figure 20 Varied investment cost between 50% and 150% of the original estimated investment. Reference 

cost per tonne (no treatment) and year is illustrated by black horizontal line without markers. 

Figure 21 illustrate a variable running cost (n.b. showing net cost) to demonstrate how 

robust a process is or how running cost must be reduced in order to qualify as an 

improvement from today’s alternative. Similar to Figure 20, the running costs are varied 

between 50 % and 150 % of the original costs. With the set conditions of the reference 

plant, scenario 1 A+B illustrate robustness against changes in running costs as both would 

still be below 52 SEK/t at a 25% increase from the original costs. Scenarios 2 and 3 

would require a running cost reduction around 10 % and 13 % reduction respectively, 

while scenario 4 would require approximately 45% reduction in running costs to improve 

from today’s situation. The large increase and decrease in cost by varying running cost 

(Figure 20Figure 21) suggests running cost is sensitive to uncertainties. Meaning 

uncertainties in running costs could affect the result. The high running cost for Scenario 4 

is partially explained by having the least volume reduction (being unable to recirculate 

                                                      

8 Reparation cost based on investment was kept constant. 
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liquid in the process) but also from being subject to large uncertainties. Another identified 

factor, contributing to high running costs for scenario 4, is the dosage of sulphuric acid. 

Choosing a dosage based on feed results in very high costs for the thickener compared to 

other alternatives (since its volume reduction relative feed is low). Having the dosage 

based on evaporated amount of water would greatly affect the price tag for sulphuric acid 

for the thickener. Therefore an error of 30% in running cost is not unreasonable.  

 

 

Figure 21 Sensitivity on running costs varying all included running costs from 50% to 150% of the original 

estimated running costs. Reference cost per tonne (no treatment) and year is illustrated by black horizontal 

line without markers. 

A sensitivity analysis on running costs (n.b. showing running cost) with varying heat cost, 

Figure 22, could identify that scenario 2-4 is only attractive to run during warmer months 

compared to processing all year. The heat cost range take account of expected price 

during colder months (0.3 SEK/kWh) and reveal that running costs would exceed the no 

treatment scenario due to increased operating costs. In other words, it would only be 

economic to run thermal treatment processes during warmer months when heat is cheap.  

The reason why cost for scenario 1A+B (38 SEK/t) is constant is because no thermal heat 

energy was required. As can be seen in the figure, scenario 4 will always be more 

expensive than the reference scenario, independent on the price for heat. For scenario 2 

and 3 the running costs is lower than the reference scenario until around the breaking 

point, marked I (ca. 0.212 SEK/kWh). Since the evaporation and thickening require 

higher amount of heat compared to the dryer, the slope (i.e. relative increase in running 

costs) will be greater for scenario 3 and 4 than scenario 2.  
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Figure 22 sensitivity analysis on thermal heat cost. Price ranges within reasonable costs for summer and 

winter months. Reference cost per tonne (no treatment) and year is illustrated by black horizontal line 

without markers. 

In Figure 23 the net costs is compared with change in amount recirculated process liquid. 

Ability to recirculate process liquid was identified as highly variable dependent on 

feedstock. Substrates such as energy crops require much higher amounts of process water 

for dilution (Benjaminsson and Linné, 2007) while other products (e.g. dairy products of 

low TS) might effectively reduce the required amount of dilute liquid . Cost for scenario 

4 is constant because no liquid can be recirculated. Rationally Scenario 1-3 will all have 

parallel decreasing net cost. Increasing the recirculated water volume will reduce total 

volume to manage and concentrate nutrients in the remaining volume. The breaking point 

is identified at recirculating 5700 tonnes of liquid were both scenario 1A and 1B will 

become attractive options compared to the no treatment option. For scenario 2 and 3 the 

recirculated volume must be over 25400 tonnes in order to become viable options for the 

reference plant. The result however is only because the centrifuge process (preceding the 

drying or evaporation) is covering the economic loss of a dryer or evaporator.  

I 
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Figure 23 sensitivity analysis on recirculated liquid. N.b. Centrifuge (1A) (orange) is behind Centrifuge (1B) 

(purple) Reference cost per tonne (no treatment) and year is illustrated by black horizontal line without 

markers. 

Figure 24 illustrate the net costs with increasing mean distance. Mean distance was 

identified as an important factor to vary because the transportation distance is very case 

specific/variable depending on the location of the biogas plant. Logically, all scenarios 

have an increase in net costs with increasing transportation distance and processing is 

more motivated by higher transportation distances. The inclination differences illustrate 

how a volume reduction or solid transport alternative is increasingly valued with 

transportation distance. While evaporation is the least economical alternative at low 

distances (high processing cost per tonne) it has the best potential for long distances 

(most volume reduced). Although a zero distance is illogical it illustrates the trend 

between shorter and longer distances. 

Scenario 1A will have a lower net costs than the reference scenario independent on 

distance, explained by the concentrated product increasing digestate revenues. Scenario 

1B will be beneficial after 10 km while scenario 2 and 3 needs a distance of almost 50 km 

to become viable options. Scenario 4 will not have decreasing net costs compared to the 

reference scenario due to high running costs.  
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Figure 24 sensitivity analysis on mean transportation distance. Reference cost per tonne (no treatment) and 

year is illustrated by black line without markers. 

6.5. Summary - Economic evaluation 
From the conditions of the reference plant it is clear that scenario 1A and 1B are the most 

viable options for the reference plant. Both 1A and 1B can tolerate an investment increase 

of 50 % and still be economically viable. In addition, the running costs could similarly be 

increased by 25 %, for both 1A and 1B, showing a good robustness. Additionally, these 

scenarios have a high tolerance for changes in transportation distance and volume 

recirculated water. Because no benefit is rewarded for separating the product, scenario 1A 

is slightly better in all sensitivity analysis. A slight reduction in mean transportation 

distance could be expected from separating the product easily promoting scenario 1B 

over the 1A alternative. Further studies on the potential reduction are needed in order to 

form a certain opinion.  

Compared to 1A and 1B, scenario 2 and 3 have less robustness in all analyses presented. 

Both 2 and 3 need a reduction in either investment cost (20%) or running costs, 10 % and 

13 % respectively, to become attractive options. While running costs are only viable in 

summer months the investment for either scenario is too big for only utilizing it 50% of 

the year. However, with increasing mean distance the volume reduction is increasingly 

valued and beyond ca 50 km mean distance (one way) these scenarios could become 

attractive options.  

 

Scenario 4 is proven to be the most insufficient option for the reference plant. The 

running costs alone exceed the no treatment alternative meaning they have to be reduced 

substantially (by ca 45 %) to support an investment. Several assumptions and 

uncertainties regarding conditions of the thickener might have downgraded the 

alternative. Recirculation of liquid is identified as a major part in the benefits from 

processing at the reference plant. Without the considerable need for substrate dilution and 

lowered running costs thickener could still be considered a viable alternative.   
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The simplified transportation distance, set equal for all scenarios is most likely affecting 

all processing alternatives negatively, but scenario 1A to lesser extent. The main 

economic gain is reduced volume to be transported and spread and not the distance it has 

to be transported. These assumptions especially promote recirculation of a liquid fraction 

in form of process liquid (Scenario 1A and 1B).  Even if it is hard to quantify, it could 

still be expected that mean transportation distance would decrease with a more 

concentrated product or a separated product with lower metal content. This could improve 

the situation for all processing scenarios against the no treatment option. However, 

factors could also decrease the attractiveness of digestate processing, such as effects of 

recirculation, discussed in Chapter 4.  

Another important factor for the economical evaluation is the assumed unchanged costs 

for e.g. storage. In the long term, savings for reduced storage needed could have 

significant economic impact. Besides transportation and application, storage is identified 

as substantial cost factor in digestate management (Berglund, 2010). Although, reduced 

storage savings would be substantially higher if assuming no storage existed. Such 

savings would especially promote scenario 3 and 4. If establishing a new plant potential 

benefits are expected larger as investments in storage would be significantly higher. 

Additional costs associated to digestate management and ensuring utilization could be 

helped by digestate processing, creating a more attractive product. Even less attractive 

options could function as temporary solution while establishing connections for farmland 

disposal.   
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Chapter 7 - Discussion summary 

This study aimed to find resource efficient alternatives compared to direct land 

application of raw digestate (applied today at Linköping biogas plant). Several areas 

where identified as important for investigation in order to provide the comprehensive 

approach needed for digestate processing. Despite presenting several consideration to 

facilitate handling for both biogas producers and farmers several factors remain to be 

discussed.  

Although results aim to be provided with a solid foundation, the results cannot be 

assumed as generic or absolute. Several site specific conditions relate to all the 

investigated areas showing that results might vary greatly and similar to what is suggested 

in literature the final conclusions must be taken at plant level (Drosg et al., 2015; 

Frischmann and Wrap, 2012; Rehl and Müller, 2011). Techniques can vary greatly in 

what purpose the processing is aiming to achieve and the different operating conditions 

need to be tailored in order to suit each biogas plant. This demonstrate the need for 

distributors providing pilot or lab trials on the specific conditions requested by the plant.  

The results from the economic evaluation presented in this report indicate that dewatering 

digestate with a decanter centrifuge could be profitable, without adding polymers or 

acidification agents, preserving the certificates. However, as discussed in Chapter 6, there 

were several assumptions taken to end up with the results and the sensitivity analysis is 

considered crucial for the evaluation. Without adequate sensitivity analysis there is a risk 

of making hasty decisions based on uncertain assumptions. For example, a key 

assumption for the final result is taken in Chapter 4 were a liquid fraction is assumed to 

be able to be recirculated. In reality a separate investigation focusing on the potential 

effects on AD would have to be performed. Furthermore to identify exact separation 

outputs and characteristics, several pilot trials would be required. This study can simply 

reduce the amount of in depth trials necessary. 

Even if the technical aspect is important when performing a study like this, it was found 

that the today’s unprofitable handling of digestate cannot be considered as a problem for 

the biogas sector only. The problem emerged in a wider perspective and even if the value 

of digestate would be increased considerably, the farmers need to have the ability to pay 

for such a product. The increased demand of bio-fertilizer is recognized as associated to 

the increase in ecological farming. In turn, the ecological farming is a result of the public 

awareness of the environmental challenges we are facing. Even if efficient digestate 

management increase profitability for biogas producers, distributors and farmers, they all 

depends on the demand of ecological food by the public consumer. In an ideal situation 

everybody would eat ecological food, securing the ecological farming, and thereby the 

demand and utilization of digestate.  

It seems clear that although digestate processing may contribute to improved digestate 

handling, several other factors could be necessary to raise the importance of digestate 

utilization and its role in nutrient recirculation. The project identified that digestate as a 

product is in many cases mistaken for waste water sludge and Dahlin et al (2015) support 

that the limited knowledge about the bio-fertilizer beneficial properties is believed to 

affect the overall perception of bio-fertilizer and its value. It is therefore important to 

highlight the quality and importance of bio-fertilizer on a political level and market the 

product as a resource rather than waste. 

The market analysis became an important part of this discussion in the project. Although 

identifying potential economic gain within new markets, this can be weighed against the 

important social benefits within agriculture. If Linköping biogas plant for example would 
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stop distributing bio-fertilizer to agriculture, the amount of ecological farming would 

most likely decrease significantly. It is recognized that the overall market situation of 

digestate is affected by the entire business and succeeding benefits in market 

communications from an environmentally friendly solution may quickly dwarf small 

economic benefits. The biogas sector, especially larger plants, could have the ability to 

increase the awareness of digestate benefits, but the question whether they have the 

responsibility for such commitment is uncertain.   

The project has had a life cycle perspective on the benefits from bio-fertilizer and impact 

of processing methods. However, the result of this project is mainly focused on economic 

resources. Although the economic value of transportation or processing may represent an 

economic impact the difference might be greater or lesser than what is shown in the 

economic numbers. This simplification and limitation of the evaluation is acknowledged 

and it would be interesting to also compare potential environmental benefits from each 

scenario. If considering the different environmental impact between a transport reduction 

and the amount of electricity/thermal energy required for processing the results may be 

greatly affected. Considering the biogas production and digestate role in an 

environmentally sustainable society it could be argued that such factors may be valued in 

favour of economic figures.  

Future prospects  
This projects broad approach allow for further work to be done in several identified areas 

which were limited by a deadline. One example being thorough laboratory trials to 

estimate the effects on the biogas process by the recirculated liquid as well as pilot trials 

with the techniques of interest.  

For the market analysis it would be interesting to contact different biogas plants in other 

countries that distributing a digestate product in other markets than agriculture. Study 

visits have been a valuable complement in this project and visits to other countries, where 

there is more common to dewater digestate, could be a great way in expanding the 

practical experience of different dewatering techniques. Germany is a country that has 

both established alternative markets for digestate as well as several biogas plants that 

processing digestate, which makes it an attractive destination.  

7.1. Conclusion 
The aim of this thesis was to identify and evaluate digestate processing options for 

Swedish wet co-digestion biogas plants, similar to Linköping biogas plant. The approach 

was to evaluate different feasible and resource efficient alternatives and come up with 

recommendations for further work. The following conclusions summarize the key 

findings of this report:  

 Digestate processing with centrifuge and recirculation of liquid fraction can 

reduce the expensive handling costs e.g. transportation, storage and handling, at 

wet-co digestion biogas plants 

 

 Digestate processing alternatives for biogas plants are case specific and 

dependent on several factors, which should be considered when performing 

similar analysis as in this thesis  

 

 Several markets could be available, presenting potential economic value of 

digestate as a product when disposal on agriculture is limited  
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 The economic problem of digestate management is connected to a greater 

perspective, spanning from site specific agreements to political decisions and 

public opinions 

For any wet co-digestion plant, this thesis provides a broad base of material for further 

work and insight in different areas. The opportunity to develop methods and results from 

this project to other biogas plants and industries will hopefully aid significantly to their 

development. Finally this master thesis intend to highlight both the societal and 

environmental benefits of digestate and also contribute to increasing its value as a 

product. 
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Appendix I - Tekniska verken biogas production cycle 

TvAB run one of the largest biogas plants for co-digestion in Sweden. In 2015, Linköping 

biogas plant produced 130 GWh biogas and distributed 107500 tons of bio-fertilizer (REF 

Miljörapport 2015). TvAB have more than 900 employees and is owned by the 

municipality of Linköping. The vision of TvAB is to build the world’s most resource 

efficient region. TvAB aim to develop long-term sustainable solutions for the society with 

minimum impact on the environment. TvAB offer several services such as outdoor 

lightning of the municipality, upgraded biogas as a vehicle fuel, electricity and district 

heating. The different facilities include; incineration plants for different fuels like waste 

(MSW and industrial waste), wood chips coal and oil, wastewater and water treatment 

plant, biogas plants, combined power and heating plant and waterpower station. TvAB, 

with subsidiaries included, has a quality management system that fulfil the standards SS-

EN ISO 9001:2008, SS-EN ISO 14001:2004 and OHASA 18001:2007.   

The production cycle for biogas at the Co-digestion plant 

The biogas producing plant, owned by TvAB, is located in Linköping, were biogas is 

produced by anaerobic digestion of organic material, in a mesophilic environment. A 

process description is compiled from TvAB environmental report (Tekniska Verken, 

2016) and internal documents.  

The plant has a permit for processing up to 125 000 tons of substrate each year, mainly 

consisting of food waste, waste from food processing industry and slaughterhouse waste. 

Additional substrates are residues from food industry, fat, ethanol and glycerine. The 

proportions of feedstock treated during 2015 is presented in Table 14.  

Table 14. Distribution of substrate treated 2015 by Linköping biogas plant. 

Substrate Amount % 

Food waste (OFMSW) 43 

Industrial food processing spillage 28 

Slaughterhouse waste 23 

Other vegetable substrate  6 

 

Linköping biogas plant receive both liquid and solid substrate and handle these 

differently. The liquid substrate is transported to the plant by a tanker truck and received 

in different tanks at the plant depending on substrate material. All substrates, except from 

alcoholic liquid waste, which require no hygienisation, are put in a hygienisation tank, 

substrate with high TS is placed in a fat tank and the food slurry is sited in the 

homogenizing tank. Organic material is then sent to the biogas plant for digestion. 

Approximately seven transports of solid substrate arrive daily to the plant. 

Solid waste needs to be pre-treated before entering the digester. Substrate can be stored 

for two days at a reloading site if irregularities occur. When arriving, substrate is 

transported by a screw conveyor, to a grinder where the bags are opened and a rough 

break down of the material is achieved. Metals are separated by a magnet which the 

material passes. The substrate is further transported to bio-separators where plastic, glass 
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and other contaminants are separated. Sorted food waste has a TS of around 30 % and to 

make it pumpable the TS-content has to be less than approximately 20 %, so substrate is 

diluted with fresh water and liquid substrates from a local diary (Arla Foods AB). After 

passing the bio-separators, the diluted and liquid substrate is hygenisated (heated to at 

least 70 ˚C) to eliminate pathogenic bacteria. Chemicals such as iron chloride and 

micronutrients are added to the substrate in the sanitisation tanks or in the homogenizing 

tank, this improves AD process, facilitate the methane production and decreasing the 

amounts of sulphide in the digester. Smaller heavy particles like glass, sand and 

aluminium are removed by a cyclone and the substrate is then ready for entering the 

digester. Lastly, before entering the digester, the substrate is cooled to a temperature of 42 

˚C, a suitable temperature for mesophilic digester microorganisms. Thereafter, the 

substrate is divided between three identical digesters. 

The production of biogas occurs in a total of four Continuously Stirred Tank Reactors 

(CSTR). Three digesters, with a volume of 3700 m3, are working in parallel and 

degradation of substrate starts here. The fourth digester is a post-digester with a volume 

of 6000 m3. In all digesters the biomass is stirred with a top mounted propeller stirrer and 

a pumping system. The hydraulic retention time in the first three digesters are roughly 40 

days and in the fourth digester it is approximately 20 days. Organic matter which is not 

decomposed to biogas is discharged along with inorganic elements as digestate. Before 

storing the digestate it passes a rotary screen, removing visible contaminants such as 

plastic. The reason for further processing in a fourth digester is to decrease the methane 

emission from the digestate well as well as maximizing the methane potential of the 

substrate. The produced biogas contains mainly methane (65 %) and CO2 (35 %) but also 

smaller amounts of hydrogen sulphide and other gases. The gas is collected in the top of 

the digester and transported to the purification step where the gas is upgraded to around 

97 % methane content and then be used as vehicle fuel. The digestate is stored at the 

biogas plant and distribution is outsourced and returned farmers in the county of 

Östergötland. The upgraded biogas is sold and distributed by Svensk Biogas which is a 

subsidiary of TvAB.  
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Appendix II – Anaerobic digestion process 

The complex process of AD, converting organic material into biogas by micro-organic 

enzymatic activity, can be divided into four stages; hydrolysis, acidogenesis, acetogenesis 

and methanogenesis. (Gerardi, 2003). Because each enzyme only digests a specific 

substrate, which vary in composition, several different microorganisms are needed for an 

effective digestion (Gerardi, 2003). Important bacterial groups work in symbiosis and are 

represented by the different steps in the AD process, see Figure 25. The basics of 

biological and chemical metabolism in the AD process are well known, but the 

knowledge about the different microbes involved in the process is limited (Weiland, 

2010). 

 

Figure 25.  The AD chain (Appels et al., 2008) 

Hydrolysis 

The digestion of complex, insoluble substrates into monomers and oligomers is carried 

out by hydrolysis. Hydrolysis uses water to degrade chemical bonds and break down 

polymeric substances to smaller parts. Because complex polymers can be tough to digest 

the hydrolysis can be rate limiting in the AD chain (Gerardi, 2003). This is however not 

common in co-digestion were methanogenesis is often rate limiting. 

Acidogenesis 

Less complex substrates such as monomers and oligomers are digested by acidogenesis 

into VFA, carbon dioxide (CO2), hydrogen gas (H2) and acetate. Acidogenesis is the 

quickest step of the AD conversions and therefore smaller changes does not affect the 
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overall speed of AD (Vavilin et al., 1996). Acetate or propionate (i.e. VFA) producing 

acidogens are examples of bacteria.   

Acetogenesis 

Acetogenesis is carried out by acetate-forming bacteria which grow in symbiotic 

relationship with methanogens. Acetate-forming bacteria digest VFA by fermentation 

into acetate, hydrogen gas and carbon dioxide. (Gerardi, 2003)  

Methanogenesis 

Lastly, methanogens convert acetate, carbon dioxide (CO2) and hydrogen gas (H2) into 

methane (CH4) by a process called methanogenesis (Gerardi, 2003). 

All steps of the AD chain work in symbiosis while at the same time competing for 

different intermediate substances. The interactions and possible pathways (All not shown 

in Figure 25) of the AD process is what makes it complex. If the different steps do no 

work in synchronization, there can be accumulation of inhibitory intermediates such as 

VFA causing an unstable process and possible termination.  

Inhibitors 
In order for the AD process to function properly several environmental conditions and 

levels of inhibitory substances must be satisfied. Even essential elements are toxic at 

certain levels, some more commonly than others. Heavy metals, ammonia, hydrogen 

sulphide and volatile acids are examples of toxic to the AD process (Gerardi, 2003). 

Ammonia  
Ammonia toxicity is common due to the formation from methylotrophic degradation of 

methylamine and degradation of proteins or amino acids (Gerardi, 2003). According to 

(Appels et al., 2008) concentrations of ammonia below 200 mg/L are facilitating the AD 

process but a concentration of 560-568 mg/l can inhibit the process with 50 %.  Ammonia 

can be presented in two forms; free ammonia (NH3) and ammonium (NH4+) where the 

free ammonia is the most toxic (Appels et al., 2008). The temperature, pH and the total 

amount of nitrogen are factors which effects the NH3 concentration and an increase in pH 

and temperature will result in higher NH3 concentrations (Appels et al., 2008). Other 

inhibitors commonly present are sulphide, light metal ions, heavy metals and organics 

(Chen et al., 2008).  

Heavy metals  

The description of the heavy metal impact on anaerobic digestion is based on (Gerardi, 

2003). In municipal sewage and sludge the heavy metal concentration is in general higher 

than in the feedstock of biogas reactors. Some metals are considered as causing more 

toxicity than others, such metals include iron (Fe), cobalt (Co), copper (Cu), zinc (Zn), 

cadmium (Cd) and nickel (Ni). Heavy metals at low concentrations are actually 

facilitating the AD process due to their ability to increase enzymatic activity of the 

methane-forming bacteria. However, concentrations at even moderate level can cause 

toxicity in the AD process. Which exact concentration of heavy metals that are toxic 

depends on the input feedstock to the digester and are therefore process specific.  
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Appendix III – Overviewed Techniques  

Screw Press  
Screw press is a common mechanical solid-liquid separation technique, used for partial 

processing of digestate (Drosg et al., 2015). A typical screw press, illustrated in Figure 

26, can be found by several suppliers. The method uses pressurized filtration were 

digestate is pumped into the centre of the press and forced against a surrounding, 

cylindrical sieve. A screw rotates within this sieve, slowly transporting digestate along 

the cylinder while liquid can filtrate through, collected by a surrounding container. By 

thickening the central shaft of the screw, pressure against the sieve is increased and water 

is discharging. A plate at the discharge end allow fibres and particles to build up a 

resistance, forming a “cake”. Pressuring material against this cake formation further 

increase pressure, allowing more water to be discharged. The solid fibre fraction exits at 

the plate opening. Resistance and thereby degree of dewatering is adjusted mechanically 

by increasing or decreasing the flaps opening at the discharge end of the screw. 

Rotational screw movement clean the sieve during operation and additional cleaning can 

be achieved by periodic flushing from the outside. Bernhard Drosg et al. (2015), Fuchs 

and Drosg (2010) or Hjorth et al (2010) further describes design and function of the screw 

press separation technique. 

 

Figure 26 Illustration of a common screw press system.  

A solid fraction of screw press is typically around 20-30% TS and screw press dewatering 

require a relatively low energy consumption of around 0.4-0.5 kWh / m3 digestate (Fuchs 

and Drosg, 2010). However, screw press is more suited for high fibre material and 

polymer dosage were small particles (< 0.5-1mm) are present in the filtrate (Drosg et al., 

2015). The performance is of course case specific and very dependent on digestate 

characteristics. Screw press performance can be compared to solid fraction of TS 19.3% 

(Bauer et al., 2009), 12.9% (Lü et al., 2015), 25-40% (Williams and Esteves, 2011) and 

others. Displacement of dry matter to the solid fraction ranges from 20-65% (Burton and 

Turner, 2003) meaning separation performance is varying a lot depending on feed 

composition. Screw presses are used both with and without polymer addition but are, as 
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mentioned above, more suitable for digestate rich in fibre and high TS. It is suggested as 

a good mechanical separation for biogas slurry from manure, energy crops and organic 

waste (Bauer et al., 2009). Dewatering in Sweden was more common by centrifuge than 

screw press according to Norin (2008b) but screw press seems to replace centrifuges due 

to its low power consumption and lower investment (Bauer et al., 2009). Quotations 

ranges from 550 000 to 950 000 SEK with variating capacity around 12m3/h.  

The sieve press is a similar technique suggested by one distributor were a pump 

pressurize the raw digestate contained within the cylinder for enhanced filtration through 

the sieve. A conveyor screw is used to discharge the solid fraction and clean the sieve 

surface. The sieve press could be an interesting option for Linköping biogas plant with 

further investigation. However, it was not encountered in the literature and an installation 

is available for testing at TvAB, therefore not investigated further. 

The rotary press is a solid liquid separation technique similar to screw press or sieve press 

introduced by the company Fournier (Fournier, 2010). Sludge is fed into a channel were it 

passes between two parallel revolving screens. The screens slowly rotate against the 

moving sludge, providing a resistance while liquid can drain through the screens. Much 

like the screw press, sludge is further dewatered as it travels towards the outlet forming a 

cake were resistance, and dewatering is regulated by restriction at the discharge end. The 

use e of rotary press for digestate treatment is not found in any studied literature. It is 

unknown whether this technique is suitable for the processing of digestate but further 

evaluation is hindered by the limited literature.  

Decanter centrifuge  
Decanter centrifuge is a commonly applied technique for dewatering digestate with 

several suppliers are available across the globe.  

A decanter centrifuge, illustrated in Figure 27, has a cylindrical shape and is constructed 

with a rapidly rotating drum, subjecting the material for centrifugal force. Digestate is 

added to the decanter centrifuge continuously, through an inlet pipe and is moved to the 

middle of the centrifuge. The centrifugal force separates the digestate and the solid 

fraction becomes deposited on the lateral surface. Inside the drum there is a conveyor 

screw that rotates against the outer jacket and transports the solid fraction away from the 

liquid, to the discharge end of the centrifuge. The liquid fraction flows between the screw 

blades in the opposite direction of the solid fraction and leaves the centrifuge through an 

outlet pipe. Further system description is described in (Drosg et al., 2015) and (Fuchs and 

Drosg, 2010). 
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Figure 27 Illustration of a common decanter centrifuge technology. 

There are several technical factors that influence the separation in the decanter centrifuge 

such as drum speed, the speed of the conveyor screw and the material throughput. 

Suggested outputs of 18-30% TS in the solid fraction are suggested (Williams and 

Esteves, 2011) and supported by measurements on Västerås biogas plant. Energy 

consumption is in the range of 3-5 kWh/m3 (Fuchs and Drosg, 2010) but can be as low as 

0,5 kWh/m3 according to suppliers (“Thickening Decanter for Sludge Treatment,” 2016). 

Relatively high energy consumption, investment costs and increased wear (Fuchs and 

Drosg, 2010) makes it more costly than screw press but compared to a screw press a 

centrifuge can separate smaller particles from the liquid fraction (Drosg et al., 2015; 

Fuchs and Drosg, 2010; Lukehurst et al., 2010). The choice is a determination between 

separation performance and price.  

An option of centrifuge is a discontinuous centrifuge, similar to the decanter centrifuge 

but operated batch wise. It can however be processed automatically by cycling several 

units. The batch process is similar in energy demand and can provide a slightly higher TS 

of the solid fraction compared to decanter centrifuge (Drosg et al., 2015). However, the 

batch wise operation may also cause higher risks of process failure (Drosg et al., 2015). 

Further system description is described in (Drosg et al., 2015) and (Fuchs and Drosg, 

2010). 

Belt filter press 
Belt filter press is a continuous, pressurized filtration between fabric filters. Illustrated in 

Figure 28, the digestate is initially applied onto the filter belt and dewatered by gravity. 

Digestate is further transported and pressed between two filters, which passes several 

cylinders. The cylinders provide extra force at the pressure zone. The liquid fraction, 

which passes through the belt filter pores, is collected and the solid fraction is discharged 

when belts separate.  
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Figure 28Illustration of a belt press technology. 

As an alternative to belt press mentioned above, a vacuum belt filter can be used. Similar 

to belt press the digestate is applied at a belt, but a vacuum is applied in order to draw 

more liquid through the belt.  

The advantage with belt filter press is a relatively high separation efficiency and low 

energy demand (1,5-2 kWh/m3) (Fuchs and Drosg, 2010). However, the belt filter 

technique requires a considerable amount of flocculants or precipitation agents for a 

sufficient result and the amount is two to three times higher than for a decanter centrifuge 

(Fuchs and Drosg, 2010). Furthermore it requires a stackable input as liquid would run of 

the belt before the pressure zone. The belt filter press is less common, compared to 

screw press or decanter centrifuge for digestate solid-liquid separation (Drosg et al., 

2015) but still available from several suppliers. Investment costs is 1 700 000 SEK for a 

capacity of 30 m3/h, quote from a supplier.  

Sedimentation 
Sedimentation could be an attractive option for separation, due to the low cost and simple 

technology. The technique is similar to centrifuge but operates at natural atmospheric 

pressure of 1g instead of thousands. Slower sedimentation rate can be weighed against 

low force and low energy consumption. Sedimentation means, as the name suggests that 

material is allowed to sediment in a container. A solid fraction will settle at the bottom 

and a liquid fraction can be removed at the top, depending on how material is added and 

removed sedimentation can be operated in batch or continuous process. Separation 

efficiency is determined by terminal velocity of particles and difference in density 

between liquid and solids (Hjorth et al., 2010), meaning bigger particles may sediment 

quickly while others may take years in order to sediment. Sedimentation basins or tanks 

can be easily constructed if enough room is available and is commonly applied to all 

types of wastewater treatment all over the world.  

Reed bed 
A reed bed is a natural, long term treatment applied to wastewater sludge in several areas 

of Denmark (around 110 sites as of 2004 (Jørgensen and Fath, 2008)), but also in other 

countries. A reed bed is a constructed wet-land were raw digestate or WWTP-sludge is 
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spread on a bed surface and filtered through reed plants and soil. Reed bed treatment is a 

form of direct land application, resulting in a combination of composting and 

evaporation. The roots absorb water which evaporate from the plant, but also aerate the 

soil forming compost conditions. Studies suggest treatment can dewater digestate to 30-

40% TS (Frischmann and Wrap, 2012). However, treatment takes several years 

(Jørgensen and Fath, 2008) and a lot of parallel basins are needed for continuous 

treatment. Typical loading rates are between 20-60 kg TS/m2/year (Frischmann and 

Wrap, 2012) would mean huge areas of land to be reserved for treatment. This would not 

only affect investment cost but halt the nutrient recirculation for several years. Still, 

significant power and operating-cost savings are expected due to low maintenance and 

energy input with no chemicals. For sludge treatment in Denmark, studies show 

significant savings in the overall cost of the plant over a 20–30 years period with reed 

beds (Nielsen, 2015). Reed bed treatment appear to be more suitable for sludge, where 

direct application is much more costly than digestate. 

Reed bed treatment in Sweden could  however prove problematic due to the cold winters 

were beds may freeze triggering no sanitation of wastewater (“Reed Bed Sewage 

Systems, Reed Bed Filtration, Waste Water Treatment,” 2016), although others claim 

reed beds are unable to freeze. 

Rotary screen 
The rotary screen, or drum filter, is a relatively simple technique consisting of a rotating 

drum were material is fed in one end and is drained as it passes along a cylindrical sieve. 

Solid, liquid fractions of around 10 % TS and 3 % TS respectively was achieved when 

applied to swine manure (Norin, 2008b). A rotary screen is used at Linköping biogas 

plant today with a 3mm sieve to separate plastics and unwanted solids from the digestate 

but the separation is minimal. There is no measurable decrease of TS in the liquid fraction 

and the solid fraction is mainly big fibres and plastic.  

Thickener 
A thickener is a technique supplied by Dorset were heat is used to thicken the substrate 

(Dorset, 2016). Similar to the drum dryer a thin film is dried by heat but instead using a 

laminated plates which carry small amounts of digestate. A conveyor band with laminated 

plates is moisturized in a buffer tank and elevated towards a warm airstream. When 

material is thickened to satisfactory levels it is pumped out and new material can be 

added to the tank. 

Frame Filter press 
The frame filter press, plate press, or chamber filter press, is a solid-liquid separation 

technique with several varieties; from manual separation to fully automatic solutions. The 

concept of a chamber filter press is that filter element, covered by cloth are tightened in a 

frame by hydraulic pressure. Each frame holds a set amount material and liquid drains 

through the filter when compressed, while solids stay in the chamber for later release. The 

process cycle can roughly be divided into three steps; filling, compression and emptying 

solids. Unlike decanter centrifuge, belt press or screw press etc. the filter press is 

discontinuous where the filtration chamber can only hold a set amount of solids that need 

to be discharged between batches. However, filter press offers benefits such as a high 

filtration area and high dewatering capability(Cheremisinoff, 2002).  

Similar to a filter press is the hydraulic press or piston press. The hydraulic press uses 

batch wise, pressurized filtration but instead of using frames with cloth or membrane, a 

cylinder is hydraulically compressed by a piston. Material is pumped into the cylinder 

were the piston exerts pressure and liquid is forced through perforated filter tubes. The 
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process cycle is the same as filter press, described above. “Käppalaverket” has 

implemented hydraulic presses for sludge dewatering with good results (Thunberg, 2010). 

The technique seems costly but may suitable were dewatering properties are poor. 

Filter press seems established in sludge treatment but seldom mentioned in digestate or 

manure treatment. The filter press technique is available from several suppliers and seems 

to be commonly used, however, not for digestate processing in particular. 

Wet air oxidation  
Wet air oxidation (WAO) is a type of combustion system that can be used for whole 

digestate. The WAO process involve oxidation of organic material within the liquid phase 

instead of the gaseous phase and the WAO technique has a greener image than 

incineration techniques. The oxidation occurs at high temperature, typically 150-320 ˚C 

(Prince-Pike et al., 2015), and the pressure need to be increased as well, 20-150 bar 

(Prince-Pike et al., 2015), in order to prevent evaporation. Even if the high temperature 

could be a disadvantage due to energy consumption, it facilitates the killing of pathogens. 

No pre-treatment of the digestate is required for the WAO process and the products after 

oxidation are mineral sludge, liquid effluent and off gasses. Post-treatment of the mineral 

sludge and the liquid effluent could be required. The WAO seems not to be a well-

established method for treatment of digestate but appears to be used for wastewater 

treatment to reduce water and killing pathogens (Frischmann and Wrap, 2012). 

Furthermore, WAO is exemplified as a technique for stabilizing the waste product 

(Wakeman, 2007). 

Membrane filtration 
Membrane filtration can be used for partial or complete processing of digestate by 

physical separation. Despite representing almost 50% of industrial-scale applications of 

further treatment of the liquor (liquid fraction from whole digestate) in Germany, Austria 

and Switzerland, in 2009 the process is not fully established yet (Fuchs and Drosg, 2013). 

The difference from other mechanical separation or filtration methods is primarily the 

pore size and thereby degree of separation. Bernard et al (2015) mention membrane 

filtration as the most expensive technique but also the only technique for direct discharge 

cleaning9. Normally three steps of RO are needed to reach discharge levels of ammonia, 

before that, solid liquid separation and filtering is needed (Drosg et al., 2015). Different 

types of filtration can be divided into microfiltration (MF), ultrafiltration (UF) and 

reverse osmosis (RO), depending on degree of separation, i.e. pore size (Drosg et al., 

2015; Norin, 2008b). MF, UF and RO can typically separate particles down to sizes of 

0.1µm, 0.01µm and dissolved salts respectively (Drosg et al., 2015). The different 

techniques are applicable to the liquid phase from a solid liquid separation and creates a 

liquid water fraction and a concentrate fraction. Particles blocking or clogging the filter is 

a challenge when applied to digestate treatment. Techniques based around high 

temperature (120-130°C) and high pressure (15bar) could avoid the problematic clogging, 

allowing for high capacity and quality separation (Norin, 2008b). Other solutions to cope 

with clogging and build-up of solids are for example VSEP were membranes vibrate at 

high frequency to avoid fouling (New Logic Research inc., 2016). However, initial 

separation of solids by e.g. centrifuge is still needed before filtration. 

Ammonia stripping 
Ammonia stripping or desorption is rarely applied to bio fertilizers but include air, steam 

or chemicals to drive the ammonium ammonia equilibrium towards ammonia (Aarsrud et 

                                                      

9 Evaporation is also identified as a possible method depending on substrate and environmental 

discharge requirements 
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al., 2010; Norin, 2008b). Stripping uses high temperature or alkaline solutions (e.g. lye or 

lime) to shift the ammonium-ammonia equilibrium according to equation (1) in 2.2 

Nutrients. 

When the ammonia is in the stripping gas it can be precipitated by for example sulfuric 

acid, generating ammonium sulphate, a potent fertilizer concentrate (Aarsrud et al., 

2010). The cleaned air can then be recirculated for further desorption from the liquid. 

Ammonia stripping require efficient solid liquid separation of raw digestate prior to 

treatment, which still may require high maintenance and cleaning effort (Drosg et al., 

2015). Furthermore, ammonia stripping can only remove nitrogen and no other limiting 

levels of e.g. TOC or BOD.  

Evaporation 
Thermal evaporation of liquid can be applied to the liquid fraction after solid liquid 

separation and volume reductions of 50% can be obtained (Drosg et al., 2015). It would 

be possible to treat raw digestate similarly but this would cause problems due to clogging 

of the unit. A large amount of the solids are suggested to be removed before treated with 

evaporation (Wellinger et al., 2013). For digestate treatment a closed-circulation 

evaporator can be used (Al Seadi et al., 2008) and forced circulation types are 

predominantly used (with natural circulation as alternative) (Drosg et al., 2015). The 

difference being that force recirculation uses a pump and natural recirculation occurs by 

ascending of evaporate. An evaporator example is illustrated in Figure 29. 

 

Figure 29 illustration of evaporation unit. Different types exists and figure is a simple example 

During the evaporation, ammonia will evaporate due to the high temperatures according 

to the ammonia ammonium equilibrium. The evaporation process can be designed to 

collect these volatile components from the steam (e.g. ammonia stripping) or retain them 

in the concentrate (Burton and Turner, 2003; Frischmann and Wrap, 2012). Reducing pH 

to around 4.5 allow ammonium to remain in the concentrate despite high temperatures 
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(Drosg et al., 2015). This of course require high amounts of chemicals implying high 

operating costs. Furthermore, high energy demands of 300-670 kWh per ton of 

evaporated water (depending on if including temperature increase) makes evaporation 

only interesting where excess heat is available in sufficient amounts (Fuchs and Drosg, 

2013; Hjorth et al., 2010). However, the thermal energy cost could be greatly influenced  

by applying low pressure, allowing low-grade heat below 90oC to be utilized (Drosg et 

al., 2015). Low grade heat is much less valuable and could therefore be used with low 

economic and environmental impact. Investment cost is suggested around 20+ MSEK 

from distributors but as low as 3 in literature (Fuchs and Drosg, 2010), it is however 

unclear what is included in the literature estimated price compared to quotations 

regarding necessary accessories on air cleaning and housing.  

By evaporation, a nutrient-rich concentrate is produced which can be marketed as a 

valuable fertilizer. Condensate does not meet direct discharge levels according to 

Wellinger et al (2013) and would require RO before discharge, however  this is possibly 

dependent on the digestate characteristics as distributors and literature claim discharge 

levels are possible (Frischmann and Wrap, 2012). In Germany it is common to use 

combined heat and power (CHP) facilities due to both availability of excess energy and 

sanctioned economic contributions. Evaporation is one of the most applied techniques in 

Germany, Austria and Switzerland for treatment of liquid fraction (Fuchs and Drosg, 

2013). 

Struvite 
Struvite, also known as magnesiumammoniumphosphate, is a salt with good fertilizer 

features. By adding magnesium and adjusting pH, struvite can be precipitated from the 

liquid fraction of digestate. By removing ammonia and phosphorus the nutrients can be 

concentrated in a separate product from the digestate. The digestate can then possibly be 

more easily managed. However, high operational cost due to chemical consumption 

makes the technique less attractive (Drosg et al., 2015; Norin, 2008b). Addition of both 

magnesium and phosphoric acid can precipitate additional ammonium (Drosg et al., 

2015) (Avfall Sverige, 2011). 

Biological oxidation 
Biological oxidation is a non-chemical treatment, aerating digestate in presence of micro 

bacteria, to reduce biological oxygen demand and ammonia. Biological oxidation is 

commonly applied on liquid, prior to discharge but can be used to treat whole digestate, 

then called wet composting. An example of biological oxidation is the SHARON process 

membrane bioreactor (Frischmann and Wrap, 2012) or sequencing batch reactor SBR 

(Aarsrud et al., 2010). A SHARON process is utilized at Linköping WWTP and a 

previous instalment of SBR was located in Borås biogas plant10. Biological processes are 

suggested a rather unattractive option due to their significant operating expenses and high 

investment costs (Fuchs and Drosg, 2013). 

Belt dryer  
When drying digestate, the most commonly used technique to use is a belt dryer (Dahlin 

et al., 2015; Drosg et al., 2015). The belt dryer technology is mainly developed in 

Germany and Spain and is operational all over Europe (Mills et al., 2014). The digestate 

are firs separated and the solid fraction is distributed on the belt with an extruder, creating 

solid digestate strands (Frischmann and Wrap, 2012). The belt are then passed through 

chambers in series and of increasing temperature(Frischmann and Wrap, 2012). It is 

                                                      

10 Now inactive due to SPCR-120 certification rules and customer demand for a different product 

(Malm, Personal communication) 
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favourable that the digestate has a TS content of at least 20-40 % when entering the belt 

dryer (Mills et al., 2014). Lower TS than 20% would present a problem of not being 

stackable on the belt. Air with a temperature of 60-120 ̊C is blown over the digestate 

inside the dryer and the fraction will be discharged with an TS of 85-90 % (Frischmann 

and Wrap, 2012; Mills et al., 2014; Rehl and Müller, 2011). The end product will have a 

temperature above 40 ̊C (Frischmann and Wrap, 2012). Even though the belt drying 

technique is well-established, it recorded to have high primary energy demand (PED), a 

measurement of environmental impact linked to energy consumption. According to Rehl 

and Müller (2011) the PED is 1,3 MJ/kg digestate which is much higher than all other 

techniques analysed in the study and thereby having higher negative effect on the 

environment. In Frischmann (2012) they highlight high energy requirement and large 

investment costs as challenges with using a belt dryer. Quotations put the investment cost 

at medium/high depending on large variations. Benefits with the belt dryer is the 

improved marketability of the end-product (Frischmann and Wrap, 2012), this benefit is 

however, not expected to differ from other drying methods. 

Rotary drum dryer 
In the drum dryer the solid fraction of the digestate is continuously applied as a thin film 

on the surface of the rotating drum and dried by heat from inside the cylinder (Rehl and 

Müller, 2011). The feed into the dryer need to have a TS of 65 % which is achieved by 

mixing the solid digestate with dried product  (Frischmann and Wrap, 2012). Energy 

requirements are suggested at 3 MJ of heat and 0.31 MJ of electricity per kg removed 

water (Rehl and Müller, 2011). The final product will have a TS of approximately 95 % 

and will have similar properties as for the case with a belt dryer. According to 

Frischmann (2012) however there are more challenges with using a drum dryer compared 

to belt dryer including evaporate treatment and a risk for dust explosions and fires 

(Frischmann and Wrap, 2012) 

Feed and turn dryer   
Feed and turn dryer is a technique that can be operated in both batch and continuous 

mode. The dryer consists of a filling unit, a crossflow drying channel including sieves, 

turn-over installations and transport installation. There is also a heat-exchanger system 

installed in the dryer. After entering the filling unit, the material is fed into to the feed-

and-turn dryer and to the drying channel. Turning tools push the material through the 

drying channel and the heated air is let through the sieve and the material is dried. Further 

description of the feed and turn dryer can be found in (Budde et al., 2011).  

Fluidized bed dryer  
Fluidised bed dryer is another technique to use when drying digestate. The heated air is 

lead from the bottom of the dryer and through the solid fraction. The input air cause 

motion by lifting the digestate from the bed which facilitating the evaporation (Fuchs and 

Drosg, 2010). Studies of plants using fluidised bed dryer have been performed 

(Golkowska et al., 2014) . When drying with fluidized bed dryer, the input mass can 

advantageously have a TS of 56 %, which can be obtained by mixing untreated digestate 

with already dried digestate (Golkowska et al., 2014; Vázquez-Rowe et al., 2015). The 

output from the fluidised bed dryer is measured to have a TS of 90 % (Golkowska et al., 

2014).  

Solar dryer  
Even if it is beneficial, pre-treatment of the digestate is not required for this technique 

(Frischmann and Wrap, 2012). The technology has been studied and applied to sewage 

sludge treatment (Bennamoun et al., 2013). The solar drying occurs in open or closed 

halls, having similar construction as greenhouses. The digestate is placed on the ground in 
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a layer of 40-80 cm height (Bennamoun et al., 2013) and it is mixed by an automatic 

mixing tool (Fuchs and Drosg, 2010). The ventilation is controlled by fans and an inflow 

of air through a controlled ventilation flap (Fuchs and Drosg, 2010). The solar radiation 

will heat up the hall and the evaporated fraction will be discharged from the hall outlet. 

Because of possible odour and ammonia emissions, post-treatment of evaporation 

discharge could be necessary (Fuchs and Drosg, 2010). If excess heat is available it could 

be favourable to install underfloor heating, especially during the winter months since the 

solar radiation is low at this time of the year (Fuchs and Drosg, 2010). Unfortunately this 

is also the period of time were available excess heat is less likely. 

The average evaporation rate varies between 0.6 and 3.5 tonnes water per m2 drying area 

and year (Rehl and Müller, 2011). The wide range of evaporation depends on the 

dewatering system before drying and how much excess heat can be utilised for the drying 

process. The technique require between 30 kWh and 200kWh per evaporated tonne water, 

it can also require up to 1000 kWh when for example chemical deodorization is 

performed (Bennamoun et al., 2013). In Rehl and Müller (2011) a cost of 300 000 euros 

for building a solar drying hall is presented. In addition, a large land area is required and 

the most plants of this type is located in southern Europe in countries with warm climate 

(Frischmann and Wrap, 2012).    

Composting  
As an alternative to thermal drying of the solid part of the digestate, composting is a 

process where microbes degrade the solid organic material of the digestate. According to 

the study performed by Dahlin et al (2015), composting is one of the most commonly 

used treatments of digestate solid fraction. The process occurs in an aerobic environment 

and the composting material need to have a relatively high TS, 25-60 % (Sheets et al., 

2015). Therefore, it is necessary to dewater the digestate before composting. Since the 

digestion continues even outside the reactor, it could be necessary to add bulking material 

to facilitate the composting (Drosg et al., 2015). Suggested bulking agents to use are yard 

trimmings and sawdust, which are carbon rich and dry so it can balance the C/N ratio as 

well as the water content (Sheets et al., 2015). Good results on compost quality have been 

shown by Sheets et al (2015) when investigating  the compost from digested manure and 

agro-industrial wastes combined with manure.  

Compost is described as a good soil improver or bio-fertilizer (Zeng et al., 2016). The 

leachate could be recycled into the AD process, depending on the water composition. 

Additionally, according to Zeng et al (2016), the composting may result in nitrogen loss 

which is not preferable in areas with nitrogen deficiency but could be well suited in areas 

with nitrogen surplus. Another disadvantage when composting digestate is the long 

process time which is 1-2 months (Sheets et al., 2015) . The time for composting depend 

on the season and during the summer composting processes could be driven as short as 

three days, if pathogens are of no concern, since the market demand increases this time of 

the year (Vázquez-Rowe et al., 2015). In addition, the same process can have a 

composting time of six weeks during the winter months.  

The application of composted digestate are to some extent problematic, regarding the 

odour emission (Sheets et al., 2015). To improve the process even further and to decrease 

the odour emission, the process time could be extended and the aeration could be 

improved or the alternative of a composting process in a closed chamber could be 

considered (Sheets et al., 2015). Another disadvantages with composting is the high risk 

of ammonia loss and the lower fertiliser replacement value than digestate. In addition, the 

investment cost for composting is considered high, minimum 10 MSEK (Svenska 

Renhållningsverksföreningen, 2005). The costs is difficult to determine in detail since the 
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technique can vary considerably. However, composting is a more accepted product for 

sale as a soil improver for gardeners or landscapers.  

Others  
Technologies for solid fraction treatment not mentioned above such as incineration, 

gasification and pyrolysis are all methods using combustion for treating the digestate. The 

following presented information of each technique is taken from (Frischmann and Wrap, 

2012). 

Incineration involves destruction of organic matter through combustion and is best 

applicable when land-based application is not financially viable or practicable. The 

incineration methods have high operational costs and are complex operations 

(Frischmann and Wrap, 2012).  

The gasification is a process where digestate are combusted in limited access of oxygen 

in order to produce a synthesis gas which can be burnt to produce energy. The process has 

high operational costs and often requires the digestate to be pelletized before gasification 

(Frischmann and Wrap, 2012). Like incineration, gasification is a method used as an 

alternative for digestate disposal when application on farmland is not possible. 

The pyrolysis process is similar to the gasification and its product can be used as soil 

amendment or peat in growing media. The digestate first need to be pelletized and the 

pyrolysis process reduces 70 % of the digestate mass (Frischmann and Wrap, 2012). 

According to Frischmann (2012) the technique is not well established for dewatering 

digestate.  
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Appendix IV – Contacted biogas plants, distributors and 

experts 

Table 15 present those biogas plant researched and contacted.  

Table 15 researched biogas plants in Sweden 

Site Dewatering Contact 

Helsingborg - NSR AB No No 

Borås - Borås Energi och 

Miljö 

No (dewatered previously) Yes 

Falkenberg - Falkenbergs 

Biogas AB 

No Yes 

Falköping - Falköpings 

municipality 

Yes (screw press) Yes 

Karpalund Kristianstad - 

C4 Energi 

No No 

Södertörn - Scandinavian 

biogas 

Yes Yes 

Skellefteå - Skellefteå 

municipality 

Yes (screw press) Yes/No 

Jordberga – Swedish biogas Yes (screw press) Yes 

Bjuv - Söderåsens 

biogasanläggning 

No No 

Läckeby  - More biogas Planned (Unknown) Yes 

Västerås - Svensk Växtkraft Yes (centrifuge) Yes 

Linköping – TvAB Planned (unknown) Yes 

  

Table 16 presents the contacted distributors, other organisations and experts outside 

TvAB. Also topic discussed is presented  

Table 16 Contacted distributors and other organisations and experts.  

Company/organisation  Topic  

Alfa Laval  Dewatering Techniques  

Huber Technology  Dewatering Techniques  
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Swisscombi / Rudnick & 

Enners 

Dewatering techniques  

Suelzle klein  Dewatering techniques  

Aprotech OY/Andritz 

Separation  

Dewatering techniques 

Viflow/HRS heat 

exchangers 

Dewatering techniques 

Epcon MVR evaporator Dewatering techniques 

Dorset Dewatering techniques 

Biogasplus Dewatering techniques 

GEA Dewatering techniques 

JTI  Certification  

KRAV  Certification 

Avfall Sverige  Polymers 

CleanTech  Digestate market  

Vreta Kluster  Digestate market  

Mewab  Spreading  

Maskinring Spreading 

Neova  Peat  

Biototal  Farming  

Peter Borring   Farming  

Lantmännen Mineral nutrient price 

Kemira  Additive price 
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Appendix V – Laboratory Trials 

Centrifugal trails – pre-test  

Contextual background: Initially, there was an interest to investigate which centrifugal 

speed and time were needed to imitate operational conditions of a full scale operation in 

Västerås.  

Practice: Different relative centrifugal force (rcf) and time were tested with measurement 

on TS, see Table 17. Each fraction was sampled and measured in triplets and were 

compared with the results of the samples from Västerås. 

1. Collected material: Linköping digestate 

2. Centrifuged in triplets (3x50ml) according to Table 17 

3. Measured VS & TS of each fraction from each trial 

3 samples each ca 10 g (only TS presented).  

Table 17 TS measurements of Linköping Digestate at different rcf. Raw data presented in Appendix. * 2 min 

required for spinning up. 

 TS Solid 

fraction 

TS Liquid 

fraction 

1000 g 1 min 2,3% 10,2% 

2000 g 1 min 1,9% 10,1% 

4000 g 1 min 1,8% 9,8% 

10 000 g 2 min* 1,7% 11,6% 

Västerås 1,7% 24,1% 

 

Results: Combinations of high speed and longer time are not presented because results 

did not get more comparable to full scale results and the resemblance to a decanter 

centrifuge decreased. 1 min was the lowest possible setting on the centrifuge to resemble 

a probable retention time in a decanter centrifuge. 2000-4000 g are reasonable numbers 

for a decanter centrifuge (Alfa Laval, 2015; Centri-Force Engineering, 2016) with 

Västerås centrifuge at a rcf of 2600. A speed and time of 4000 g and 1 min was believed 

reasonable for comparison with Västerås. However, the results indicate that the available 

laboratory equipment could not resemble a decanter centrifuge performance. While the 

liquid fraction has a low TS, comparable to the decanter centrifuge the solid fraction is 

not dewatered enough to be comparable. If increasing time and rcf the solid fraction gets 

closer but the liquid fraction further from the full scale values.  

The conclusion is simply that operational conditions for a full scale decanter centrifuge is 

difficult to imitate with a lab centrifuge and pilot trials are necessary for studying this 

type of processing. 

Centrifugal trials - additives in digestate  
Contextual background: Laboratory centrifugal trials aimed to investigate the effects of 

polymer addition and analyse differences in separation of mass and ammonia. WWTP 

sludge was conditioned with Zetag®8167 polymers (effects were previously observed at 
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WWTP). By using this a reference for polymer effect it eliminated several sources of 

error.  

Practice: Sludge samples were collected from Linköping WWTP and digestate samples 

were collected from Linköping biogas plant. Samples, seen in Table 18, were centrifuged 

in 1 min at 4000g. To compensate for the dilution of polymer solution the same amount 

of water was added to all tubes not treated with polymer. 

Table 18 Samples tested for polymer effect on separation.  

1. Polymer digestate 

2. Polymer sludge 

5. Digestate 

6. Sludge 

 

1. Collected material: Linköping biogas plant digestate and Linköping WWTP 

sludge 

2. Polymer solution dosage of ca 10mg/g TS (same amount at Linköping WWTP) 

was added to tube 1 & 2 and stirred with spoon. Solution at 0,1% gave ca 40ml 

solution to 100 ml at 4%  

3. Water added, compensating for polymer dilution to tube 3-6. Ca 40ml per 100 ml 

at 4% TS. 

4. Samples centrifuged at 4000 g for 1 min 

 digestate with polymer solution 3x50ml 

 digestate with water  3x50ml 

 sludge with polymer solution 3x50ml 

 sludge with water 3x50ml 

 VS TS of each fraction  were measured 

 Total nitrogen and ammonia of digestate samples were measured 

Result: The result showed no difference in TS/VS between samples treated with polymer 

or those with water. The theory is that the polymer solution, being only 0.1%, was too 

diluted and the dilution in all tubes led to that the top fraction (i.e. liquid) became too 

clean. With all samples having a clean liquid fraction there was no measurable difference. 

Also ammonium was measured in each sample with no measurable difference between 

samples.  

Sedimentation  
As an additional test on additive effects a sedimentation trial was performed with sludge 

from the WWTP in Linköping. Two samples were put into two different measuring 

cylinders á 200 ml. One cylinder contained sludge plus polymer and the other one 

contained sludge plus water (same amount and concentration of additives and water as the 

centrifuged samples). The cylinders were put in room temperature for about 24 hours and 

differences in separation were determined by visual observation.   
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Result: No difference in separation could be observed, see Figure 30. Possible sources of 

error could be several and it is clear that the complex function and mechanism of 

polymers require more time and resources to be studied in detail. 

 

Figure 30 Sedimentation trial with polymer addition (to the left) and only corresponding amount of water 

added (to the right). As can be seen most material is floating rather than sinking but the primary result is that 

there is no clear observable difference between the two. 

  



94 

Appendix VI – Effects from recirculation on reference plant  

The effects on digestate characteristics by recirculating liquid is presented in Table 8. 

Recirculating 20% separated liquid is expected to increase all values by 25% (after 

recirculation is stabilized) relative to what fraction is separated to the liquid.  

𝐹𝑛 = 1 + (𝐹𝑛−1 ∗ 0,2) 

𝐹0 = 1, 𝑛 →  ∞ 𝑤𝑖𝑙𝑙 𝑔𝑖𝑣𝑒 𝐹 = 1,25 

100%𝑖𝑛𝑝𝑢𝑡 + (100 ∗ 0.2)𝑟𝑒𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑡𝑒𝑑 = 120𝑂𝑢𝑡𝑝𝑢𝑡 

100%𝑖𝑛𝑝𝑢𝑡 + (120 ∗ 0.2)𝑟𝑒𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑡𝑒𝑑 = 124𝑂𝑢𝑡𝑝𝑢𝑡 

100%𝑖𝑛𝑝𝑢𝑡 + (125 ∗ 0.2)𝑟𝑒𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑡𝑒𝑑 = 125𝑜𝑢𝑡𝑝𝑢𝑡 

In explanation, an element separating 100% to the liquid fraction would increase with 

25% in the raw digestate and an element separating 20% to the liquid fraction would 

increase 5% (20%*25%). 

Table 19 show calculated amount of tonne that can be distributed for each product 

depending on their respective limiting amount of heavy metals or nutrients to supply to 

arable land, calculated from Table 2 and Table 8 

Table 19. Tonne that can be distributed for each product depending on their respective limiting amount of 

heavy metals or nutrients to supply to arable land 

Element Limiting 

among 

[g/ha/year] 

(from 

Table 2) 

Raw Raw (after 
recirculation) 

Liquid (after 
recirculation) 

Solid (after 
recirculation) 

Dried Evaporation 
Concentrate 

Thickened 

Ca. 
amount 

- 100 
000 

80 000  10 000    

Tot N 170000 34 29 34 12 4 3 23 

P 22000 37 33 79 5 2 6 24 

Pb 25 125 116 318 17 5 23 83 

Cd 0,75 47 42 80 8 2 6 31 

Cu 300 125 111 205 22 7 15 83 

Cr 40 125 121 838 14 4 58 83 

Hg 1,5 682 610 1168 115 35 87 455 

Ni 25 21 20 89 2 1 6 14 

Zn 600 94 81 120 21 6 9 63 

Limiting 
element 

 Ni Ni Tot N Ni Ni Tot N Ni 

 


