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This thesis work studies the possibilities of utilization and further processing for digestate. The study 

is done concerning the new biogas plant being built at Kukkuroinmäki. The goal of this study is to 

find out what possibilities exist for utilization of the digestate, what kind of products can be processed 

out of it and what sort of trends are affecting these markets currently. 

A strong will to encourage circular economy was seen as a significant trend. This can be seen in 

national strategies and EU legislation. Other significant trends are buyers of cereal forbidding the use 

of WWTPS originated sludge in their contracts with farmers and conversation building around the 

harmful substances in the digestate. 

The products from seven differing scenarios of processing choices were studied. These scenarios 

included unprocessed digestate as well as products from mechanical separation, ammonium stripping, 

evaporation, reverse osmosis and thermal drying. The potential demand for the products in agriculture 

and forest industry wastewater treatment was sufficient for the products from all the scenarios. The 

maximum area required by nitrate regulation for agricultural application of the digestate was 

estimated to be around 10 % of the arable area within 10 km radius from the biogas plant. 
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Tämä diplomityö tutkii mädätteen hyötykäytön ja jatkoprosessoinnin mahdollisuuksia. Työ liittyyy 

uuteen Kukkuroinmäelle rakennettavaan biokaasulaitokseen. Tämän työn tavoite on selvittää mitä 

mahdollisuuksia mädätteen hyötykäytölle on, millaisia tuotteita siitä voidaan jalostaa ja minkälaiset 

trendit tällä hetkellä ohjaavat alaa.  

Merkittäviä trendejä tunnistettiin vahva halu vahvistaa kiertotaloutta, joka näkyy mm. valtion 

strategioissa ja EU:n lainsäädännössä. Toinen merkittävä trendi on viljanostajien asettamat kiellot 

puhdistamolieteperäisten orgaanisten lannoitteiden käytölle sopimusviljelijöilleen.  

Tuotteita tarkasteltiin seitsemästä skenaariosta, joissa mädätettä käsiteltiin eri tavoin. Näihin 

skenaarioihin lukeutui prosessoimaton mädäte, sekä tuotteita mekaanisesta erottelusta, ammoniakin 

strippauksesta, haihdutuksesta, käänteisosmoosista sekä termisestä kuivauksesta. Potentiaalinen 

kysyntä maataloudessa sekä metsäteollisuuden jäteveden puhdistamoilla on riittävä kaikkien 

skenaarioiden kaikkien tuotteiden vastaanottamiseen. Nitraattiasetuksen vaatiman vähimmäispinta-

alan arvioitiin olevan enimmillään noin 10 % luokkaa siitä peltopinta-alasta, joka on 10 km säteellä 

biokaasulaitoksesta. 
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1 INTRODUCTION 

According to Statistics Finland, above 2.8 Mt of municipal solid waste (MSW) was collected 

in Finland in 2017. Only about 1 % of this waste was landfilled and the rest was utilized as 

energy or as materials. 390 000 t of the MSW was separately collected organic waste, of 

which around 370 000 t was either composted or digested. (Statistics Finland 2019) Also 

around 150 000 tdry matter/a of sludge was formed at the wastewater treatment plants in Finland 

in the years 2015 and 2016. Most of this sludge was utilized in landscaping or agriculture 

(Finnish Water Utilities Association 2017, p. 3). 

The general goals of Finnish waste legislation include preventing waste related hazards for 

health and environment, advancing the sustainable use of natural resources, ensuring a 

functional waste disposal system and advancing the applying of waste hierarchy. (Ministry 

of the Environment 2018 B, p.13) Waste hierarchy means the prioritizing of how the waste 

is dealt with – primarily preventing the formation of waste, secondarily preparing for re-use, 

thirdly recycling, then other recovery and disposal (European Commission 2010, p. 5).  

Hence the landfilling of organic waste has been restricted in Finland via government decree 

since 2016. (Ministry of the Environment 2018 B, p.9) The Finnish ministry of the 

environment (Ympäristöministeriö) has also formed a national waste plan stating the 

agencies goals for the state of the waste system in Finland for 2023. Concerning 

biodegradable waste, the plan states three goals: reduction of food loss by 50 %, recycling 

of at least 60 % of all household bio-waste and increasing the usage of recycled fertilizers 

and thus reducing the usage of virgin fertilizers. (Ministry of the Environment 2018 A, p. 

12)  

A biogas plant is a solution that positively contributes to the targets of Finnish waste 

legislation and strategy. It provides a way for cleaner and safer treatment for the treated 

waste fractions. It also has opportunities for both energy recovery and material recycling – 

both significant in following the waste hierarchy.  Municipal organic waste and wastewater 

treatment plant sludge (WWTPS) are relatively moist, which is a disadvantage considering 

incineration. The energy yield via biogas plant is estimated to be even 60 % higher than 

gained in incineration. In addition to the biogas, also digestate is formed in anaerobic 



6 

 

digestion. Digestate is formed of the non-degraded matter and micro-organisms formed in 

the anaerobic process and it contains the nutrients of the waste feed. These nutrients can be 

recycled by producing fertilizer products from the digestate. (Kymäläinen & Pakarinen 2015, 

p. 7–8, 12, 18) Fertilizer products according to Finnish waste act are fertilizers, liming 

materials, soil improvers, seedbeds, microbe products and byproducts which are used as 

fertilizer products without processing. Fertilizers are substances or products that are 

purposed to enhance plant growth or crop quality via nutrients or other substances that are 

useful to the plants, people or animals. Soil improvers are substances that are applied to soil 

to improve or maintain its physical properties or to increase the microbe activity in the soil. 

Seedbeds are technically processed solid or liquid substances that are purposed for growing 

plants. Additional nutrients or minerals may or may not have been added to the seedbed. (L 

01.07.2006/539 4 §) 

Etelä-Karjalan jätehuolto Oy (EKJH) is a waste treatment company owned by nine 

municipalities in south-eastern Finland and it is in charge of treating the household waste of 

132 000 inhabitants. EKJH operates the waste treatment centre at Kukkuroinmäki 

Lappeenranta which started to receive waste in 2002. (Regional State Administrative 

Agencies 2017, p. 4) EKJH has had a demand for the separate collection of bio-waste since 

2002 and organic waste at Kukkuroinmäki is currently treated by the composting facility of 

Kekkilä Oy with a capacity of 34 500 t/a. The current composting facility produces various 

compost products such as products for field use, garden use and incineration fuel. (EKJH 

2014, p. 2; Kaakkois-Suomen Ympäristökeskus 2009, p. 3). Though composting also allows 

the recycling of nutrients, it is notable that biogas plant is an energy producer when 

composting facility is an energy consumer. There also are considerable nitrogen losses in 

composting processes. (Kymäläinen & Pakarinen 2015, p. 12, 87; Chang et al. 2018, p. 1) 

Recycling of the nutrients is significant, since producing nitrogen fertilizers from the 

atmospheric nitrogen is very energy intensive and phosphorus is unrenewable and scarce 

element (Kymäläinen & Pakarinen 2015, p.18; Kuokkanen 2017, p.11).  

Building of a new biogas plant has begun at Kukkuroinmäki. The new biogas plant is a dry 

digestion plant and it functions as a plug-flow reactor. Its capacity is planned to be 19 900 

t/a of which 12 700 t/a would be WWTPS and 7 200 t/a municipal organic waste. The biogas 

plant will increase the degree of added value of the products since it enables production of 

biomethane for traffic. The plant is estimated to produce 10-15 GWh worth of fuel per 



7 

 

annum. This is also good for aerial energy independence and economy. The biogas will 

reduce the emissions of CO2, fine particles, SO2 and NOx from the traffic. (Regional State 

Administrative Agencies 2017, p. 8–12). 

In the new biogas plant it is estimated that 15 500 t/a of digestate is formed (Regional State 

Administrative Agencies 2017, p. 9). The digestate from a plug flow reactor -based process 

might have challenges in application. There are several options for further processing of the 

digestate, but in the case of plug-flow reactor there is not a lot of experience in this field. A 

significant need for improvement in technologies to apply the digestate from continuous dry 

digestion plants is recognized. (Kymäläinen & Pakarinen 2015, p. 86) Finding the best 

solution will improve the viability of the biogas plant project by the maximized profit or 

savings gained. This work is also important in the view of assessing the solutions that would 

most line up with the environmental agency’s goals of circular economy and material 

efficiency.  

This work is carried out as a master’s thesis for EKJH at Lappeenranta-Lahti University of 

Technology.  The aim of this work is to find the best ways to utilize the by-products of the 

Kukkuroinmäki biogas plant – from techno economical perspective. For this purpose, the 

existing methods for treating such material flows must be studied, as well as the trends – 

commercial and legal – that might affect the viability of the outcome. Also, the literature 

concerning new and advancing technologies for the utilization of these material flows will 

be studied. However, the focus of this work is not to study all possibilities that exist for the 

by-products, but to find the best solution that could be implemented in Lappeenranta. The 

focus of this study is to estimate the quantities, properties and demand of the possible by-

products.  
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2 ANAEROBIC DIGESTION 

To understand the potential for utilization of the by-products of dry anaerobic digestion, it 

is useful to look at the process where the byproducts come from. There are different 

technologies for digestion. These technologies can be classified according to the number of 

reactors, process temperature, feeding process or dry matter content of the feed. (Behrendt 

et al. 2013, p. 302). Perhaps most significant classification and most frequently used in the 

literature is the division into dry and wet technologies. Also terms low-solids for wet process 

and high-solids for dry process are used in literature, but terms dry and wet process are used 

in this study.  

2.1 Pretreatment 

Often the degradation of the substrate can be improved with proper pretreatment. The need 

for these pretreatments however depend on the raw material. Most common pretreatments 

are shredding and crushing. The purpose is often to reduce the particle size to maximize the 

contact between microbes and the organic material in the substrate. Also other pretreatment 

methods are known to literature such as enzymatic, ultrasound etc. When selecting a 

pretreatment method, the purpose of it should be kept in mind. The relationships between 

the energy consumption and increase in methane yield as well as pretreatment costs and 

increase in profits should be taken into consideration. (Kymäläinen & Pakarinen 2015, p. 

48-50) 

Some waste fractions – such as municipal organic waste – may have a significant amount of 

impurities. These impurities must be removed as well as possible before feeding the waste 

to the reactor. Some appliances exist to remove packaging waste from the waste feed. Metals 

are often separated via magnets. The amount of trash in the digestate affects the quality of 

the fertilizer products and is also regulated with limit values. The waste should also be fed 

into the process as soon as possible to minimize the occurring digestion of the waste before 

feeding it into the reactor. Delays here reduce the methane yield from the process. 

(Kymäläinen & Pakarinen 2015, p.50–53; Marttinen et al. 2013, p.40; MMM 1.9.2011/24). 

2.2 Moisture content 

The anaerobic digestion technologies are often divided into dry and wet digestion 

technologies – which have significant differences. This is a major issue in the selection of 
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the digestion technology – which is greatly dependent on the features of the raw material. 

(Tchobanoglous et al. 1993, p. 700; Kymäläinen & Pakarinen 2015, p. 82) A typical dry 

matter content for the substrate of a dry digestion process would be 22-28 % and for wet 

digestion process it would be 4-15 %. The moisture of the raw material is significant here, 

but often the process requires addition of water into the process to keep the dry matter content 

low enough. A dry process would need less of the added water, if any. Also, a dry digestion 

process doesn’t pose similar risks of leaching as the wet process. Since part of the dry matter 

of the substrate is converted to biogas and water remains as water, reduction in mass, dry 

matter content and organic matter occurs. Therefore, the discharged substrate is more humid 

and homogenous than the feed. (Kymäläinen & Pakarinen 2015, p.94–95; Tchobanoglous et 

al. 1993, p. 701–704; Watrec Oy 2016, p. 28). It is notable that whether the sources have 

used the term term total solids (TS) or dry matter content (DM), they are both viewed as DM 

in this study. 

The wet process has a longer history of experience than the dry process. However, the dry 

process has many considerable advantages and the technology has been further developed 

in the recent years. Dry digestion has three times higher gas yield per active reactor volume 

than in the wet process. Also, the dewatering of the digestate is less expensive for dry 

digestion process. One reason why the dry digestion plants haven’t become more common 

yet, is that they are harder to operate than the wet digestion plants. This is partially caused 

by the substrate being more dilute in the wet process which means that it can be moved by 

pumping. As the dry matter content in dry process is higher, so is the content of substances 

that are harmful for the microbiological activity. (Tchobanoglous et al. 1993, p. 704; 

Kymäläinen & Pakarinen 2015, p. 82–83) 

Since the Kukkuroinmäki biogas plant will have a dry digestion process, this study will focus 

on technologies of dry digestion. However, many of the aspects discussed in this chapter 

apply to both wet and dry digestion. 

2.3 Microbiological phases 

Anaerobic digestion is a process of biological degradation of organic matter in a reactor with 

oxygen free conditions. The process is based on microbiological activity and can be divided 

into four different phases: Hydrolysis, fermentation, acetogenesis and methanogenesis. 

These phases consist of different microbes which are partially dependent on each other, since 
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the microbes of one phase consume the products of the previous. As a result of the microbial 

activities some of the organic content in the substrate is degraded, and thus biogas – CH4, 

CO2 and H2S – is formed. In addition to the biogas, also digestate is produced. Digestate 

consists of water, non-degraded organic matter and inorganic materials from the raw 

material, as well as the microbe biomass formed within the process. Therefore to understand 

the properties of the digestate, it is fundamental to understand the properties of the feed – 

such as nutrient content and possible harmful substances. (Kymäläinen & Pakarinen 2015, 

p. 18, 59–63, 94–95) 

Usually all the four phases are carried out in one reactor and the process is called 1-staged. 

However in 1-stage process the conditions inside the reactor must be suitable for all different 

types of microbes to maintain a proper balance for the process. Since the conditions can’t be 

optimized simultaneously for all different types of microbes, this means that the conditions 

must be compromised in 1-stage process. In multistage processes some of these phases are 

carried out in separate reactors. However the multistage processes are more difficult to 

operate and require more expensive investments. The benefits of multistage processes 

haven’t yet been significant enough for this technology to grow more popular. (Kymäläinen 

& Pakarinen 2015, p. 88–89) 

2.4 Process conditions and chemical composition 

Many conditions affect the effectiveness of the microbial activity Such as the pH, 

temperature and chemical composition. Not all microbes function optimally in same pH, 

thus the pH in 1-stage process is often kept fairly neutral as a compromise. The microbes of 

hydrolysis and acetogenesis work optimally in lower pH (pH 4,5–6,5) than those of 

methanogenesis (pH 6,7–8,5). The digestion process itself affects the pH so that the digestate 

has higher pH than the feed. The temperature of the process affects the solubility of CO2 so 

that the pH is typically higher with processes with higher temperature. (Kymäläinen & 

Pakarinen, 2015 p. 61–65, 95) 

Different microbes – even within a same phase – function optimally in different 

temperatures. Practically the processes are planned for either thermophilic or mesophilic 

microbes. The temperatures for mesophilic processes can range from 32-43 oC and for 

thermophilic from 42-55 oC. These limits however can float depending on various 

phenomenon. Even though the appropriate range for temperature is quite wide, it is important 
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to keep the temperature stable. The temperature shouldn’t vary more than ±2 oC. 

(Kymäläinen & Pakarinen 2015, p. 63–64; Behrendt et al. 2013, p. 302) Also a psychrophilic 

process exists, where the process temperature is below 20 oC, but this is only used rarely in 

the treatment of some wastewaters (Partanen 2010, p. 20). Mesophilic process has 

advantages in easiness of implementation and operation. However also thermophilic 

processes have been advanced in this area. Thermophilic process also has advantages in 

potentially better gas yield and volume reduction of the feed. Also, there is a possibility that 

a thermophilic process doesn’t require additional sanitation unit for the use of digestate in 

agriculture. (Garrido-Baserba et al. 2014, p. 413) Unlike aerobic composting, anaerobic 

digestion doesn’t release a lot of heat, because the chemical energy of the feed is bound into 

the methane. Therefore, the process may require additional heating – the more the higher the 

process temperature and the lower the feed temperature. (Kymäläinen & Pakarinen 2015, p. 

64) 

2.4.1 Harmful substances and hygiene 

Some substances that may occur in the raw materials are harmful to the microbes of the 

process. Ammoniac, hydrogen sulphide and fatty acids are common substances which may 

cause inhibition in the process. Some technologies are more vulnerable for inhibition than 

others – such as thermophilic in comparison with mesophilic. According to Mönkäre et al. 

(2015, p. 12) the levels of free ammonia that could cause inhibition of the process vary 

between 220–690 mg/L for thermophilic processes. Also, many metals, heavy metals, 

antibiotics, pesticides etc. can cause trouble for the process. Some substances – for example 

some metals and organic compounds – are also harmful in the digestate in respect of the 

utilization. Some of these substances degrade in the digestion process, but some end up in 

the products. The behaviour of harmful organic compounds during thermophilic digestion 

process is uncertain (Berninger et al. 2017, p. 37; Kymäläinen & Pakarinen, 2015 p. 66–77, 

95–98; Mönkäre et al. 2015, p. 12). The legislation regulating the harmful content in the end 

products is studied later in this work. 

In commercial fertilizer products, the hygiene and safety of use are required. Digestion 

process has a sanitizing effect. It destroys pathogens and unwanted organisms. The two 

major variables affecting the sanitizing potential of the process are temperature and time. 

Longer retention times and higher temperatures lead to more sanitized outcome. Therefore, 

thermophilic processes have more significant potential in sanitation. Also proper mixing 



12 

 

during the process is important for the sake of sanitation. Without proper mixing the 

digestate might be partially poorly degraded and therefore also poorly sanitized. It is notable, 

that the bacterial spores survive in more extreme conditions than the bacteria itself. It is 

common for a biogas plant to have a separate sanitation unit, where the digestate is 

pasteurised. Properly treated digestate from a biogas plant does not pose hygiene risks in 

fertilizer use. (Kymäläinen & Pakarinen, 2015, p. 83, 95–97; Marttinen et al. 2013, p.12, 41)  

2.4.2 Nutrients and minerals in the digestate 

Microbes also require nutrients, so the substrate should have sufficient levels of C, N, P and 

S. Also many minerals are important for the microbiological activity. Practically all the 

nutrients and minerals of the raw materials remain in the digestate, though some loss of 

nitrogen may occur. This is however neglected in the calculations of this study. Still adding 

nutrients when needed can be useful to maximize the effectiveness and stability of the 

process. Even though all the main nutrients and minerals remain in the digestate, some 

changes in the chemical form of these substances occur. Nitrogen is mainly present in the 

raw materials in two forms: organic and mineralized (e.g. ammonia, nitrates, etc.). The 

organic nitrogen in the substrates is mainly contained in proteins which are degraded by the 

microbes in the process and thus converted into ammonium nitrogen – mineralized nitrogen. 

Mineralization of organic nitrogen is very significant considering the possible utilization of 

the digestate in agriculture, because plants use these soluble forms of nitrogen, such as 

ammonium nitrogen and nitrates. Ammonium nitrogen may turn into nitrates in the soil after 

the application of the fertilizer. (Kymäläinen & Pakarinen 2015, p.66–67, 95; Bareha et al. 

2018, p.425–426). This study will mostly use a division into organic and soluble nitrogen, 

and when a source has only NH4-N given, this is assumed equal to soluble nitrogen in this 

study. 

Mönkäre et al. (2015a, p.6) have reviewed characteristics of biowaste from literature. This 

data with a biowaste laboratory analysis from HSY are gathered into table 2–1. Also the 

average values for characteristics are calculated and presented in the same table. The 

properties of the raw-material and process parameters together define the properties of the 

digestate. More thorough analysis of the actual digestate properties, as well as the properties 

of the raw-materials for Kukkuroinmäki biogas plant will be presented in chapter 4. 
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Table 2-2-1 Bio-waste Characteristics (Mönkäre et al. 2015, p.6; MetropoliLab 2015) 

 

* TKN = Total Kjelldahl Nitrogen 

* BMP = Biomethane Pottential 

The mineralization of the organic nitrogen is not complete in anaerobic digestion process 

but has been found to range from 14 % to 82 %. The rate of the mineralization has been 

reported to vary due to hydraulic retention time and the substrate. The bio accessibility of 

the organic nitrogen in the substrate is of importance and understanding this bio accessibility 

can help predicting the mineralization rate during the process. According to the 

measurements carried by Bareha et al. (2018) the apparent nitrogen mineralization potential 

was higher for agroindustrial and municipal organic wastes than for livestock wastes. There 

is not a lot of studies on how to predict the nitrogen mineralization, which could potentially 

be a valuable variable to be determined from the raw materials. (Bareha et al. 2018, p. 425–

426, 430, 434). 

Via mineralization the anaerobic digestion process improves the properties of the substrate 

concerning fertilizer use. However, the digestion process also increases the pH of the 

substrate which increases the evaporation of ammonium nitrogen from the digestate. This 

leads to ammonium emissions and loss of nutrient potential. It should be also considered that 

too much ammoniac in a substrate can cause inhibition for the microbes of the anaerobic 

digestion process. (Kymäläinen & Pakarinen 2015, 67–68, 95). The quantity of soluble 

phosphorus is also of significance, but Marttinen et al. (2013, p. 17–18)  study has resulted 

that the content of soluble phosphorus didn’t change during digestion. 

An important variable considering the biogas process is the organic loading rate (OLR). This 

means the introduction of organic substrate (VS in the calculations of this study) to digester 

pH TS VS/TS TKN P_tot C:N BMP

% w/w % % TS % TS

OFMSW Denmark 27,00 % 86,50 % 2,65 % 0,45 % 18,5 435,5

OFMSW Spain 5,3 28,00 % 78,00 % 2,70 % 503

OFMSW Denmark 35,00 % 88,50 % 1,80 %

OFMSW Italy 7,9 33,00 % 77,00 % 400

OFMSW Spain 6,1 53,00 % 67,00 % 2,20 % 17

OFMSW Sweden 4,9 34,00 % 2,20 % 17

Food Waste USA 31,00 % 85,00 % 3,20 % 0,60 % 15 440

Domestic Food Waste UK 28,00 % 87,00 % 2,50 % 0,50 % 402

Commercial Food Waste UK 28,00 % 87,00 % 2,50 % 0,50 %

HSY Laboratory Analysis 28,70 % 88,90 % 2,30 % 0,36 %

Average 6,05 33 % 83 % 2,5 % 0,48 % 16,9 436,1
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volume per time. (Mönkäre et al. 2015, p.13). Also the organic content in the digestate has 

significance as a soil improver. Decline in soil organic matter is a threat mentioned in the 

European thematic strategy for soil protection. Application of stable organic matter improves 

these soil properties. (Commission Of The European Communities, 2006, p.8) The carbon 

in the soil improver products of biogas plants can be considered pretty stable (Marttinen et 

al. 2013, p.65).  

2.5 The feeding and mixing 

Also the feeding, discharging and mixing technologies make a difference for the process. 

For dry digestion processes, there are both continuous and batch processes. In a batch 

process the whole reactor is filled at once and then the substrate is left to degrade until the 

reactor is emptied. (Kymäläinen & Pakarinen 2015, p. 86–88) This can for example be done 

in a garage reactor – where the feeding and discharging could be done with a tractor. Often 

such a process requires water to be pumped and sprayed on the digestate. The liquid and 

some soluble content with it flow through the substrate before pumping them again on top 

of the substrate. This gives conflicting demands for the substrate. For the liquid to spread 

evenly on the substrate, the particle size of it must be relatively big. However, to ensure the 

contact between microbes and the substrate, the particle size should be small. The retention 

time in dry batch process is quite long. (Motiva 2013, p.17, Zero Waste Energy, 2014) 

Regardless of the long retention time, the substrate is often partially poorly degraded and 

therefore the digestate is inhomogeneous. For digestate from a dry batch process often 

composting is recommended. (Kymäläinen & Pakarinen 2015, p. 86–87) 

Dry digestion facilities with continuous flow are most often based on plug flow reactors. In 

this kind of reactor the substrate is fed from the other end of a horizontal tank. The substrate 

moves towards the other end where it is discharged. Technologies to mix and move the dry 

masses have been one major challenge. Inadequate mixing makes it more difficult to manage 

the conditions inside the reactor and to ensure the contact between microbes and the 

substrate. For continuous dry digestion processes the digestate is also described as 

challenging. It might not suit the application equipment in the markets due to its viscosity. 

Challenges in the mixing of the substrate might reflect in inhomogeneous digestate which 

might not always be well degraded. The digestate would therefore require further processing, 

such as composting or separation of the liquid and solid fractions. However, there are not 
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much experiences from the utilization of these separated fractions. (Kymäläinen & 

Pakarinen 2015, p. 86–87). 

3 TREATMENT AND UTILIZATION OF THE BYPRODUCTS 

For the utilization of by-products, options exist in fertilizer products as well as in industrial 

applications. Different uses require different properties – nutrient content, stability, hygiene 

– from the product and depending of the use, the digestate needs further processing.  

(Kymäläinen & Pakarinen 2015, p. 12, 94, 99) This chapter deals with the potential uses for 

the digestate, the properties of interest in these applications, regulations concerning the 

utilization and occurring trends that affect the utilization of the products. The purpose of this 

chapter is to identify significant features of the markets that pose points of interest for the 

producer in creating the most potential range of products.  

3.1 Uses of the byproducts 

Traditionally a large portion of digestate from biogas plants has been utilized as fertilizer 

products. However also utilization in industrial applications has begun. In this chapter the 

current uses for digestate based byproducts are studied. The purpose is to identify the 

interests towards the byproducts in the markets and especially what do the potential 

customers look for in such products. 

3.1.1 Agriculture 

It is known that to grow, plants require adequate supply of certain elements (N, P, K, Ca, 

Mg, S, Fe, Mn, Zn, Cu, B, Mo, Cl). When the crops are harvested from fields, large quantities 

of especially N, P and K are removed. Since most soils cannot provide enough nutrients in 

the place of the removed nutrients the need for fertilizers is created. (Prasad Rajendra 1999, 

p.38). Since all the main nutrients of the raw-materials in a biogas plant remain in the 

digestate, it poses potential for fertilizer use. Digestate usually includes all the nutrients 

modern farming requires as an advantage in comparison to mineral fertilizers which 

depending on the product include only N, P and/or K. Most of the organic fertilizer products 

are soil improvers. However, since they are rich in nutrients, they are widely utilized as 

fertilizers. Organic fertilizer products also often contain a lot of stabile carbon and this also 

gives a unique advantage in comparison to mineral ones, since this enables increasing of 

humus in the soil. (Tampio et al. 2018, p.66; Kuokkanen 2017, p.49). It is notable, that the 
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application of fertilizer products mostly takes place only 2 months per year, while biogas 

plants produce continuously. This means that rest of the time the product must be stored. 

(Kymäläinen & Pakarinen 2015, p. 120). 

Even though the nutrients remain in the digestate, not all of them are easily available for the 

plants. Plants can easily use soluble forms of these nutrients, but significant amount of the 

nutrients are in such organic forms in the digestate that they aren’t soluble. (Marttinen et al. 

2013, p.3) The quantities of soluble nutrients – especially of N and P – are one of the most 

important parameters concerning the fertilizer products. 

The mineralized nitrogen in a fertilizer enables quick nitrogen uptake for the crops, but 

organic nitrogen will also slowly mineralize in the soil and provides nitrogen for the crops 

later (Bareha et al. 2018, p. 425). When biogas plant residue is applied as a fertilizer, Fouda 

et al. (2013) have tested the performance to be equal to that of mineral nitrogen fertilizers, 

when equal amount of ammonium-N is applied. However in addition to this they concluded 

that the organic nitrogen accumulation in the soil via repeated application of biogas residues 

also contributes to the plant available nitrogen. (Fouda et al. 2013, p.1). 

In addition to the nutrients, also the harmful elements and some compounds remain in the 

digestate. Some raw-materials – of human origin – cause restrictions for the end products 

(Kymäläinen & Pakarinen 2015, p. 112). Legislation to ensure that the use of the fertilizer 

products is safe for humans, animals, plants and the environment exists (L 01.07.2006/539 

5 §). The legislative environment is also under change (Council of the EU 2017, p.1). Both 

the current and soon to come legislation should be considered when deciding over 

investments concerning the fertilizer products. The laws and regulations are dealt in more 

detail later in this study. If the risks of – pathogens, harmful compounds etc. – can’t be 

removed in the process, they must be taken into consideration when planning the utilization 

options (Kymäläinen & Pakarinen 2015, p. 96). Harmful elements are not a challenge that 

only organic fertilizer products have to deal with. Also inorganic phosphorus-fertilizers are 

widely known to struggle with Cd-content, even so that the suggestion for a new EC 

regulation on fertilizers includes a notion to deal with this challenge. (European Commission 

2016a, p.4).  

The fertilizer products come in many forms: solid, mold like, liquid and clear liquids. They 

may vary in both solids content and nutrient content. The range of products is wide. Different 
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products require different means of application. Some products are challenging because they 

might poorly be applicable with the current methods used in agriculture. (Kymäläinen & 

Pakarinen 2015, p. 86, 112) Therefore the desired properties from the perspective of product 

applicability must be considered. As the MTK expert Airi Kulmala stated: “The recycled 

fertilizer products must be so good, that the farmer wants to use it.” (Saarinen 2017). 

 

Most solid organic fertilizer products are applied similarly and with the same equipment as 

dry manure. However, in some cases the equipment isn’t suitable. According to Kymäläinen 

& Pakarinen (2015) digestate from continuous dry digestion might be too sticky and uneven 

for the equipment. Also, it possibly can’t be stored in piles because of too high moisture 

content. Typically, these solid products are applied 20 t/ha. The quantity is often limited by 

regulations on the maximum content of P. Pellet, granulate and powdered products have 

higher concentration of nutrients and smaller quantities are sufficient – less than 5 t/ha – but 

more care needs to be taken in the evenness of application. Granulate and powdered products 

could for example be applied with lime spreaders. Evenly sized pellets are easiest to apply 

evenly, powdered products might spread in the wind. (Kymäläinen & Pakarinen 2015, p. 86, 

115–116).  

Liquid fertilizer products have usually higher content of nutrients than manure products. 

They also have higher pH due to the digestion process which increases the evaporation of 

ammonia. This affects the storing, transporting and application of such products. These 

products could be applied with placement coulters, hose spreaders or plate spreaders. Plate 

spreaders cause high ammonium losses due to high contact with air. Hose spreaders apply 

the product on the ground where it also has contact with air. Placement coulters minimize 

the air contact and thus the ammonium evaporation. In addition to minimizing air contact, 

also reducing the pH with acid treatment can reduce ammonium losses. The nutrient 

concentration in the product defines how much is applied per area. For rates over 10 m3/ha 

manure application equipment could be suitable. For rates less than 1 m3/ha pesticide 

sprayers could be used, if the product doesn’t have too much solids. For the rates in between 

– common for concentrated liquid products – the application equipment in Finland is rare, 

but attainable from abroad. (Kymäläinen & Pakarinen 2015, p. 115–116). 

The right N/P ratio is important. Even liquid fertilizers, which are often higher in N content 

than solid digestion products or manure, require usually supplementary fertilizing with or 
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addition of mineral nitrogen, because the N/P ratio is so low. Also concentrated liquid 

products can be used to increase the N content in for example manure. Organic fertilizer 

products often vary more in the contents of soluble nutrients than mineral fertilizers. 

(Kymäläinen & Pakarinen 2015, p. 112–116). 

3.1.2 Forest Fertilizing 

In addition to agriculture, also forestry has a demand for fertilizer products. The goals in 

Finnish forest program was to apply fertilizers for 80 ha, twice the amount that took place in 

2013. Peatlands lack P and K while moorlands typically lack N. (Rautio & Hökkä 2015, p. 

2, 3, 14). Digestate based fertilizer product have showed promising results having 

demonstrated to give up to 40 % increase in forest growth. Also combining digestate with 

ash for producing fertilizer products have been studied and results indicate that the result is 

better than if using either of the raw-materials alone. These products often are suitable 

especially for N-poor soils. (Kuokkanen 2017, p. 35, 36, 40; Dahl & Peltonen 2018, p. 5; 

Huotari 2012, p. 12). The Finnish legislation however currently doesn’t allow using organic 

fertilizers or soil improvers for forest fertilizing. (A 1.9.2011/24, p.10, 14). 

Lakeuden Etappi Oy produces granulate fertilizer product called RANU which used to be 

utilized as forest fertilizer. The usage in forestry was however forbidden by MMM. The ban 

was explained to be because of berry picking. (Kuokkanen 2017, p. 41–43). Forest fertilizers 

are often produced from combining ash and organic material. These products would use a 

lot of digestate in relation to the ash if the use was permitted. (Finnish Biogas Association 

2017, p. 19). Even though the demand for digestate exists, the legality issues require solving. 

Situation in 2012 was that there was no type name for such products in Finland and 

apparently the situation is still the same (Huotari 2012, p. 9).  Huotari (2012, p. 12) stated 

that the fertilizer products for forestry produced from combination of ash and organic 

material require more study. This still seems to be the case, but the studies are progressing. 

Aalto –University, Luke (Natural Resources Institute Finland) and LADEC Oy have 

received a funding from European Regional Development Fund for developing new bio 

based organic forest fertilizer. The intention is to use i.a. wood ash and WWTPS as raw 

materials for the product. (ePressi 2019). In relation to harmful content it is notable to state, 

that it has been studied for a digestate based fertilizer product, that usage of < 20 t/ha doesn’t 

pose a risk to the micro-organisms in the soil. Also, the content of some harmful metals – 
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Pb, Cd ad Cu – was lower than with wood ash based fertilizer products. (Kuokkanen 2015, 

p. 0). 

3.1.3 Landscaping 

Landscaping usually refers to establishing seedbeds to the target of landscaping or covering. 

The desired properties are different than in utilization for plant nutrition. The product in 

landscaping is not used to improve soil properties for plants, but to actually provide a 

seedbed for the plants to grow in. As a matter of fact, too much nutrients in the landscaping 

product may cause leaching and thus environmental harm. The significance of this challenge 

is due to the often large quantities of these products used at once. In addition to nutrients, 

also some harmful content may pose a risk of leaching. Common uses for landscaping 

products include roadsides, golf courses, restoration of contaminated land areas, landfills 

and noise barriers. The physical properties such as weight and compaction are of importance. 

For example, if trees are planted in the seedbed, it must be heavy enough. Also, the amount 

of organic matter is of significance, too much of it may cause the seedbed to be too cold and 

wet for some plants to grow. The products also should be well degraded, stabile and they 

shouldn’t be smelly. Landscaping requires more stable products than agriculture (Marttinen 

et al. 2014, p. 10). There are differing recommendations for seedbed properties depending 

on the use. These recommendations concern conductivity, pH, specific weight, content of 

organic matter, nutrient content and coarseness. (Kymäläinen & Pakarinen 2015, p. 110; 

Partanen 2010, p. 67–68, 112). The Finnish Association of Landscape Industries 

(Viherympäristöliitto) has published recommendations for the properties of seedbeds, which 

are available online (The Finnish Association of Landscape Industries 2019). 

3.1.4 Products for industry and other uses 

There are also some other possibilities for utilization of digestate, or digestate based 

products. These possibilities include ones with focus on the energy content of the digestate 

– such as incineration – and ones focusing on the nutrient content of the digestate – such as 

utilization in forest industry WWTPs or cleaning exhaust gases. Not all of these can be 

summarized in this study, but few of them are. 

Wastewaters from forest industry have typically a high organic loading rate but scarcely 

nutrients. Thus addition of nitrogen and phosphorus is required for sustaining the operation 

of the WWTP. Reject water from a biogas plant is used for this purpose for example in 
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Rauma, where UPM utilizes municipal wastewaters and biogas plant reject waters to 

increase the nutrient content of the treated water. (Koukku 2016). Some nutrient rich 

fractions are suitable for such process without processing, but some fractions require 

processing (Ahvenainen 2017). Determining whether the reject water from Kukkuroinmäki 

biogas plant requires processing before utilization at a forest industry wastewater treatment 

process could be done by testing.  

The digestate can also be incinerated. Partanen (2010, p. 119) study concerning utilization 

of a digestate in Kymenlaakso resulted in incineration being the economically most viable 

solution. However, ash from incinerating WWTPS can’t be utilized as fertilizer product 

since it doesn’t have an approved type name (Berninger et al. 2017, p. 37). This means that 

the nutrient content in the digestate would thus be lost. 

3.2 Trends And Regulations Affecting Digestate Utilization 

The purpose of this chapter is to cover some important aspects concerning the utilization of 

digestate. The focus of this chapter is in the use of digestate in plant production, even though 

recently it has also been utilized in industrial applications (Kymäläinen & Pakarinen 2015, 

p.94). The purpose is to cover main aspects of legislation and significant trends that have 

been identified that might pose a point of interest for the producer of the fertilizer products. 

3.2.1 Current Laws And Regulations Concerning Use Of Digestate In Fertilizer 

Products 

The legislation concerning fertilizer products in Finland is strict in the European scale (Pöyry 

Finland Oy 2018, p. 3). The Finnish Law on Fertilizer Products states, that a fertilizer product 

must be safe, homogeneous and fitting for application. Only fertilizers complying to the 

definitions of type names given in the regulations of the Finnish Ministry of Agriculture and 

Forestry (MMM) can be introduced to the markets. It is also possible to apply for 

establishment of a new type name. When fertilizer products are brought to market, they must 

have product specifications, which specify e.g. the properties, use and composition of the 

product. (L 01.07.2006/539 5, 6, 8 §; Finnish Food Authority 2017, p. 2). The permissible 

uses for organic fertilizer products are listed in a regulation (24/11) of the Finnish Ministry 

of Agriculture and Forestry. These uses for organic fertilizers include field and garden use, 

landscaping and building. For soil improvers the uses include field and garden use, 

landscaping, prevention of erosion and building. It’s possible that the uses for a certain type 
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name could be separately ordained. (A 1.9.2011/24, p. 10, 14). It’s notable that the use as a 

fertilizer for forest industry isn’t included in the permissible uses. Changes in the legislation 

can be expected, since new EU regulation is being negotiated – which will be studied in 

chapter 3.2.3: trends in the markets.  

The national implementation of EU’s directive on nitrates – Government decree 1250/2014 

– states regulations on the storage and application of fertilizers products with nitrogen. The 

regulations on storage relate to obligations in informing authorities, prevention of 

ammonium evaporation and prevention of leakages. The regulation allows storing of 

fertilizer products with a solid content above 30 % in piles on the fields for four weeks 

without noting the authorities. The regulations on application set limits for the maximum 

content of soluble nitrogen, the permissible time of application. The application limits for 

soluble nitrogen vary based on the soil type and the cultivated plant between 30–250 

kgNsol/ha. It is notable that the application is only allowed in Finland between 1.4 and 31.10. 

Also weather may cause wetting or frosting of the soil – which also means the application 

of fertilizer products would be forbidden. (Ida Kekäläinen 2016, p.17–24; A 

18.12.2014/1250 §11). It’s also notable that usage of organic fertilizer products causes a 

waiting period for grazing of farm animals to control the risks for human and animal health. 

(A 21.10.2009/1069). The restrictions in application increase the demand for proper storing.  

Farmers in Finland can apply for environmental compensation, which requires fulfilling 

stricter demands than what the law requires. Two categories of these compensations are of 

interest concerning fertilizer products. The farm can apply for compensation, 54 €/hafield or 

200 €/hagarden, based on balanced fertilizer use. This sets stricter limits for the applying of 

soluble nitrogen and of phosphorus. The amount of phosphorus taken into consideration 

depends on the highest content raw-material. The annual limits set for soluble nitrogen 

concerning this compensation vary based on the soil type, plant and harvest quantity between 

20–240 kgNsol/ha and for phosphorus between 0–110 kgP/ha. Also the harvest rates, soil types 

and plants affect the nutrient addition limits. Farmers can also be compensated 40 €/ha, for 

recycling nutrients and organic matter. This compensation requires addition of organic 

fertilizer products with over 20 % solids content. To apply for any environmental 

compensation, the minimum requirements for environmental compensation must be met. For 

nitrogen, there are no limit values in addition to the one set by the national implementation 
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of the EU’s directive on nitrates. For phosphorus, the limit values for minimum requirements 

vary between 325–560 kgP/ha. (Finnish Food Authority 2019b, p. 9–19, 36, 53–54).  

The raw materials of the anaerobic digestion process may contain substances that affect the 

utilization possibilities of the digestate e.g. unwanted organisms, harmful metals and medical 

residues. Selling the digestate for fertilizing purposes requires that a certain standard must 

be met. (Kymäläinen & Pakarinen 2015, p. 95) MMM has given regulations of the harmful 

content in fertilizer products. These regulations include limit values for harmful metals, 

pathogens, harmful organisms and indicator organisms. These values are presented in table 

1. (A 1.9.2011/24). MMM has also set regulations restricting the application of WWTPS in 

agriculture. If a part of a plant is commonly used for human or livestock food, which grows 

under the soil surface, WWTPS cannot be applied. (A 27.3.2013/7 11 a §). All fertilizer 

products with over 10 % content of the raw materials being WWTPS, are soil improvers, not 

organic fertilizers. Their usage also causes a responsibility to track the content of harmful 

metals and the pH in the soil.  (Kymäläinen & Pakarinen 2015, p.114). 

Table 3-1   (MMM 1.9.2011/24). 

 

Harmful Metal Max. Content [mg/kg dm.] 

As 25 

Hg 1 

Cd 1,5 

Cr 300 

Cu 600 

Pb 100 

Ni 100 

Zn 1500 

Pathogen/indicator/organism Max. Content [cfu/g] 

Salmonella 0 

Eschrichia coli 1000 or 100 

Seedling Root Rot 0 

Weed Seed [sprouts/l] 

in fertilizers 0 

in liming products 0 

in packed soil improvers and 
seedbeds 

2 

in unpacked soil improvers 
and seedbeds 

5 

Impurities [% of the fresh weight] 

Trash in packed products 0,2 

Trash in unpacked products 0,5 
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3.2.2 Harmful Compounds That Are Not Yet Considered In Legislation 

All possible harmful components that could occur in the fertilizer products are not 

considered in the current legislation.  There are around 100 000 chemicals in the world, of 

which 37 000 are registered by European Chemicals Agency. The health and environmental 

impacts of these chemicals are rarely known, and their combined effects, even less. This 

chapter deals with harmful organic compounds, medical residues, antibiotics resistance and 

microplastics – which are not regulated in the current legislation of fertilizer products. 

However, conversation has been building up around them and studies have been composed 

on the subject. The new regulations from EC are expected to give focus to a wider range of 

harmful content. It is important to note that organic fertilizer products are not the only source 

of these compounds. When the loading of harmful organic compounds from fertilizer 

products was compared to atmospheric loading, they often have been found to be of a same 

magnitude. However, with some compounds the loading has also been found significantly 

higher. (Marttinen et al. 2014, p. 3, 8-11). Understanding recent studies in this field is 

therefore significant and therefore the aim of this chapter.  

Harmful organic compounds are carbon containing chemicals, which are either manmade or 

born through human actions and have a harmful impact on people or environment. Harmful 

organic compounds can be found from different raw-materials for organic fertilizer products 

– WWTPS, bio-waste, food industry side products and manure. According to Marttinen et 

al. (2014) content of harmful organic compounds was not found to have any clear correlation 

with different types of raw materials. These compounds in WWTPS come from the 

wastewaters. In bio waste these compounds can originate for example from other waste 

fractions or inadequate source separation. (Marttinen et al. 2014, p. 12–13, 38). 

Harmful organic compounds may act in different ways in a biogas plant. They may be carried 

through the process in the water, they may be bound into the solids, evaporate into the biogas, 

be transformed chemically, be transformed biologically or degrade. The degradation of these 

compounds depends on the compound and process parameters. Different compounds are 

differently divided in the liquid and solid phase if the digestate is separated. Most chemicals 

are bound to the solids, which means that the amount of chemicals in reject waters is greatly 

dependent on its solids content. Those compounds that degrade aerobically can be treated in 

pre- or post-treatment. In the environment, some compounds are degraded by sunlight, but 

some pose a risk of influencing the food chain. (Marttinen et al. 2014, p. 14; Kymäläinen & 
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Pakarinen 2015, p. 98) Vieno et al. (2018) studied the risks of applying WWTPS based 

fertilizer products on fields for harmful organic compounds. The risks were studied for 

organisms in the soil, organisms in groundwater, drinkability of the groundwater, edibility 

of the crops and for children if they would eat the soil. Risks were found to be significant 

for soil and groundwater organisms, but safe for the other aspects. In their review of studies 

on risk evaluation of the harmful compounds, Vieno et al. (2018) have found that there are 

several harmful compounds that can in some occasions pose risks. Some studies included in 

their review noted that field use of organic fertilizer products causes no risk for humans – 

but potential risk if used for forest fertilizing.  (Vieno et al. 2018, p. 52–54, 71–84). 

As is true for harmful organic compounds, also most of the medical residues end up in the 

solid fraction of the digestate after separation. Thus Marttinen et al. (2014) have concluded 

in their study, that usage of reject water from mechanical separation of the digestate poses 

no greater risk for safety of food industry in comparison with usage of digestate or the solid 

fraction. In case of many medical residues, a correlation has been found indicating that 

WWTPS as a raw material leads to higher occurrence in the digestate. Many of the medical 

residues – e.g. ibuprofen and antibiotics – were found to exceed the eco-toxic risk values. 

(Marttinen et al. 2014, p. 50–51, 57). It’s notable that in the literature medical residues are 

sometimes simply included in the harmful organic compounds. 

It’s an important notion, that most of the results from studies on WWTPS safety for food 

industry have showed no significant negative impacts. Also, the results of Marttinen et al. 

(2014) showed, that the content of harmful organic compounds mostly were below the limit 

values that are in use in some European countries. However, more info is still needed on the 

impacts of many compounds. PBDE –compounds have been shown to have 400–1000 times 

higher loading in organic fertilizer products in comparison to atmospheric fallout. A case 

has been documented, where decades of applying sludge led to a rise of dioxin content to 18 

times higher. (Marttinen et al. 2014, p. 3, 9, 42, 56). 

Antibiotic resistance is a feature of bacteria protecting them from the harmful effects of 

antibiotics. Wherever bacteria co-exist with antibiotics, there is a risk for the antibiotic 

resistance to increase, because bacteria with antibiotic resistance genes gain competitive 

advantage. This could occur in human body, animal body or in a WWTP. WWTPs, manure 

and fish farming are known significant channels for the spreading of antibiotic resistance 

into the environment. Some studies indicate that antibiotic resistance genes are reduced by 
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99 % in WWTP, however this seems to depend on the gene. Some genes are even enriched 

to the sludge. Not much is known about how antibiotic resistance is spread or how does it 

last in the soil. In China a study had demonstrated significant rise in the antibiotic resistance 

genes in the soil even 10 months after application. This result however might not apply to 

Finnish condition. In a study composed in Finland, no antibiotic resistance genes could be 

detected from the soil after one winter. One a notable result of a study in Finland is that 

storing manure over winter caused enriching of antibiotic resistance genes in the manure. 

(Vieno et al. 2018, p. 29–30, 61–62) 

Microplastics are small plastic particles. No common definition for the size of microplastics 

exists, but a range from 1 nm to 5 mm has been suggested. Studying microplastics is difficult 

due to the small particle size. Most common particle size from tire wear is under 20 µm and 

a manta-net often used in environmental studies can only detect particles above 300 µm. 

Microplastics end up in WWTP from multiple sources. Household waters contain 

microplastics from for example synthetic fiber textiles, runoff waters from tire wear etc. In 

WWTP bigger plastics are removed in screening, but it doesn’t efficiently remove 

microplastics. Separation of sand and grease reduces the microplastics significantly – even 

45 %. These waste fractions would not be used as a raw material for digestion. The rest of 

the microplastics either goes through the WWTP with the water or ends up into the sludge. 

There are some technologies, like MBR technology, that are more efficient in removing 

microplastics from the wastewater, but at the same time it means that there are more 

microplastics in the sludge. Anaerobic digestion possibly causes degradation of 

microplastics to a certain level. High temperature and mechanical mixing are believed to 

contribute to the degradation, but not much information exists about the precise effects of 

anaerobic digestion to microplastics. (Vieno et al. 2018, p. 30–35) 

There isn’t much information about the behavior of microplastics in soil. It’s known that 

applying WWTPS based fertilizer products is only one source of microplastics and even 

without it there would be a background concentration. Also in the surface of the soil the 

microplastics are under the influence of UV-radiation which causes degradation. Some 

plastics have also been shown to degrade in the digestion of worms. The microplastics could 

potentially accumulate in the food chain and be leached to ground waters – however there 

isn’t enough evidence of that. One of the most significant factors affecting the harmfulness 
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of microplastics is the harmful content adsorbed to the surface of the microplastics. The 

quality and quantity of these varies depending on the case. (Vieno et al. 2018, p. 63–66).  

3.2.3 Trends In The Markets 

The definition of a trend in the Cambridge Dictionary is “a general development or change 

in a situation or in the way that people are behaving” (Cambridge Dictionary, 2019). The 

purpose of this chapter is to describe the significant trends that affect the markets of biogas 

plant by-products. 

The push for circular economy is a real trend forwarding the markets of recycled products. 

In circular economy, the value of products and materials is maintained as long as possible, 

by minimizing resource use and waste and creating value from products which have reached 

the end of their lifes. (European Commission 2019). EU demonstrates will to shift towards 

circular economy and has made several legislative proposals – four of them concerning 

waste-management – as a part of this shift (European Parliament 2017, p.1). The strategy of 

the Finnish Environmental Agency concerning waste, is to have the waste treatment system 

become a part of a sustainable circular economy. Therefore, reuse of products and recycling 

must increase. (Ministry of the Environment 2018 A, p.3). Also, the government program in 

Finland pursues for Finland to be a pioneer in both bio- and circular economy (Dahl & 

Peltonen 2018, p. 25). 

The Finnish strategy concerning waste states as one of its goals to increase the use of 

fertilizer products produced from recycled raw materials to replace virgin fertilizers. It also 

lists five means to achieve this goal. First of the means is to increase funding of research on 

the following topics: improving the quality of fertilizer products from recycled materials, 

identification and evaluation of risks, removal of harmful compounds and capture of P and 

N. Second mean is to develop control mechanisms to encourage the use of fertilizer products 

from recycled raw materials in agriculture. Third is to develop a voluntary quality system 

for these products – which is studied in greater detail in the next paragraph – to encourage 

demand. Fourth is creating customized models of utilization of the nutrients. Fifth is to 

include recycling goals to the principles of acquisition for the public operators. (Ministry of 

the Environment 2018 A, p. 37–38).  

Also, the proposal for the new EU regulation on fertilizer products recognizes the need for 

producing fertilizer products from recycled raw-materials and encourages their entry to the 
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EU markets. It also states as its goals to remove hindrances from investments and to 

encourage production of fertilizer products that align with the principles of circular 

economy. It also communicates interest for recycling of the P in WWTPS to prevent the 

depletion of mineral P. Virgin P has been given a status of a critical resource. Over 90 % of 

P-fertilizers in Europe are imported from outside of EU -area.  The P in wastes of the nation’s 

inside EU however could potentially provide for 20–30 % of the consumption and Bio-Based 

Industries Joint Undertaking has stated that P recycling for fertilizer use is economically 

promising chain of value for organic waste. Production of mineral P-fertilizers has various 

environmental impacts and struggle with Cd-content. Producing N-fertilizers from 

atmospheric N is very energy consuming. The GHG-emissions from organic fertilizers are 

generally significantly lower than those of mineral fertilizers. (European Commission 2016a, 

p. 2–4, 6, 11; Kuokkanen 2017, p. 49). All these environmental impacts speak in favor of 

increasing the use of recycled fertilizers. For CE-marked fertilizer products, source 

segregated municipal bio waste is acceptable, but organic fraction of mechanically, 

physiochemically, biologically or manually separated municipal waste isn’t. Also WWTPS 

is excluded from the permissible raw materials for CE-marked fertilizer products. (European 

Commission 2016b, p. 25). 

The Finnish Food Authority has presented that the current type names of national legislation 

will be replaced with the product categories of the new regulation. The regulation will 

regulate the permissible raw-materials and treatment methods for the product categories. For 

now – due to lack of information – WWTPS is not included in the permissible raw-materials 

and products using it as such are thus outside the scope of the regulation. (Suoniitty 2017, p. 

12). The proposal for the new regulation states that harmonization of national legislation 

with the new regulation is voluntary for member states and the requirements of the new 

regulation only apply to CE-marking. (European Commission 2016a, p. 12). 

When a fertilizer product complies with the demands of the European Comissions regulation 

on fertilizers (2003/2003), the product may be marketed as EC-fertilizer. (Kymäläinen & 

Pakarinen 2015, p.186). Negotiations on renewing regulation on fertilizers in the European 

Comission have started in 2018. The old regulation doesn’t cover organic fertilizer products 

and is thus creating advantage for conventional fertilizer products that are produced 

according to linear economy. The new replacing regulation would enable CE-marking for 

wider range of fertilizer products – including organic. (European Commission 2016a, p. 3–
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5). These regulations are dealing with the mobility of fertilizers within EU markets. The CE-

marked products must fulfill certain standards but can then be sold across nation borders in 

EU markets. The new regulation is a part of the European strategy for circular economy and 

one of the most significant goals of the regulation is to encourage wide production of 

fertilizer products from organic raw-materials and turning waste into plant nutrition. 

(Council of the EU 2017, p.1) 

To be introduced to markets, a fertilizer product must comply with the legislation, but a 

product might have significantly better performance than the minimum requirements of the 

law. However, without a common quality system in the industry, it is difficult for producers 

to communicate the performance and benefit from it in the marketing of the product. The 

goal of the quality system that is under development in Finland – LARA – is to ensure that 

consumers get the information of where, how and of what raw-materials have the products 

been produced. The emphasis of the quality system is in the quality of the end product. The 

system would simultaneously function as a database of the state of fertilizer products and 

the development of it – since it collects a record of a variety of parameters due to the 

products. Enabling the communication of a performance above the minimum requirements 

is believed to concentrically advance circular economy in the field. (Pöyry Finland Oy 2018, 

p. 3–4, 15). 

The utilization of WWTPS in agriculture has experienced hindrances. Many buyers of cereal 

have forbidden the use of WWTPS based fertilizer products in their contracts with farmers 

and some countries have banned the direct agricultural use of WWTPS completely. (Vieno 

et al. 2018, p. 3; Repo 2016, p. 18). The operators in the food industry are concerned about 

the effect that application of WWTPS based fertilizer products might have on the image of 

their products and about the possibly harmful content in the fertilizer products. The leading 

specialist in the Association of ProAgria Centres, Sari Peltonen, mentions that the 

acceptability of fertilizer products from recycled raw-materials is an issue. One company, 

that has forbidden WWTPS based fertilizer products in its contracts is Fazer Mylly. Their 

supply chain manager Jarkko Arrajoki said that there isn’t enough information on the 

harmful content, and the cereal acquisition manager Tero Hirvi has been concerned about 

ruining the reputation of Finnish food. However, as most companies with restrictions on 

WWTPS based fertilizer products, Fazer Mylly also recommends usage of other fertilizer 

products from recycled material. (Keränen 2018; Saarinen 2017; Fazer Mylly 2019, p. 2). 
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Some farmers have on the contrary expressed regret due to what has happened to WWTPS 

based fertilizer products since their experiences have been positive. The decrease in the 

markets was big and happened very quickly according to the CEO of Soilfood, Eljas Jokinen. 

(Niittymaa 2017). As the national and international strategies and legislation encourage the 

use of recycled nutrients, they also call for it to be done in safety (Ministry of the 

Environment 2018 A, p. 3; European Commission 2016a, p. 19). 

The concern for harmful content, that aren’t currently regulated in legislation – studied in 

chapter 3.2.2 – might affect the future markets of organic fertilizer products. The progress 

in that field of study is thus significant for utilization of organic fertilizer products. 

Landscaping as a part of community building is growing its significance and is a common 

use for bio-waste and WWTPS based products. However the rich nutrients of the digestate 

largely go to waste in landscaping and utilization for plant nutrition is more recommendable. 

The nutrient leachates can even cause environmental harm. Still, the hindrances of the 

agricultural use of WWTPS based products will probably result in more of these material 

flows ending up in landscaping. (Partanen 2010, p. 8–9, 67; Niittymaa 2017). 

3.3 Processing and the end products from digestate 

As is evident from the previous chapters, there are multiple uses for digestate. Different uses 

require different properties and thus a variety of processing technologies have developed. 

When selecting a processing method, the producer must consider what will be the use for 

the product. This chapter aims to give a description of the processes required for the making 

of end products. 

3.3.1 Digestate 

Sanitized digestate can be utilized as a soil improver without further treatment (Finnish Food 

Authority 2017, p.31). The product can be applied for example via dry manure spreader 

(Kalmari 2016, p. 12). Sometimes the digestate isn’t or is poorly suitable for the application 

equipment as such and further processing is therefore required. Processing could also 

improve the quality of the product in regard of usability, storage and transportation. The 

need for further processing – to control the mass and nutrient flows – increases with the plant 

scale. Methods to minimize the evaporation of nitrogen in storage, transportation and 

application should be considered due to the risen ammonium nitrogen content. These 
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methods may include covering while storage or transportation and using coulters or 

acidification during application. (Kymäläinen & Pakarinen 2015, p. 86, 94–99, 117; 

Marttinen et al. 2013, p.12; Kekäläinen 2016, p. 10). 

3.3.2 Composting 

The digestate or the separated dry fraction of the digestate can be composted. In composting 

process, the digestate is degraded in aerobic conditions, often with some bulking agent. The 

composting process may take place in a windrow or in various kinds of reactors. All of these 

processes require some sort of aeration or turning of the piles to provide oxygen for the 

maintenance of aerobic conditions. The end product is a solid, sanitized and stabile product 

with a positive effect for plant growth and they can be used as a soil improver or a seed bed. 

It can also be used for landscaping. According to Partanen 2010 the premise for 

productization of compost products is landscaping, since agricultural use doesn’t require 

composting of the digestate. However some scientists consider composting inevitable also 

for agricultural use. Compost products provide nutrients and improve the physical quality of 

the soil preventing its compaction. Minerals, sand etc. can be added to the products 

depending on the use to add nutrients, dilute nutrient content, reduce share of organic matter 

etc. For fertilizer use, composting may lead to loss of valuable nitrogen – on the other hand 

high nitrogen concentration in landscaping products may cause environmental harm. The 

phosphorus content or its solubility doesn’t go through significant changes in the process. 

Composting destroys more harmful organic compounds than anaerobic digestion. (Berninger 

et al. 2017, p. 36; Pöyry Finland Oy 2018, p. 14–15; Partanen 2010, p. 2, 41, 67; Kymäläinen 

& Pakarinen 2015, p. 86). Since there is an composting facility of Kekkilä Oy in 

Kukkuroinmäki, and EKJH can make a deal with Kekkilä OY about composting, there will 

be less focus on composting in this study. 

3.3.3 Separation 

Usually the processing of the digestate begins with separation of solid and liquid fractions. 

The goal for the solid fraction is usually to produce as dry product as possible that would 

stay in a pile. For the liquid fraction – reject water – as clear liquid as possible is desirable. 

Another significant factor of separation is the distribution of N and P into different fractions. 

Often it is desirable to get as much of nitrogen into the other fraction as possible, and 

phosphorus to the other. Practically this means production of nitrogen rich reject water and 
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phosphorus rich solid fraction. Both fractions will still include both N and P. The selection 

of method affects the distribution of the nutrients between the two fractions. The separation 

methods follow one of the three principles: separation by the difference in particle density, 

separation by the difference in particle size or evaporation. Most common methods are 

centrifuge, belt filter and screw press. Of these common methods, centrifuge is the most 

efficient in separating N and P into different fractions. It is also efficient for separating solids 

from liquids even if the digestate is very fine. Screw press produces very dry solid fraction, 

but a lot of the fine particles wind up in the reject water. High fiber content in the digestate 

reduces this challenge. Belt filter doesn’t produce as dry solids fraction and it’s a challenge 

to get it to stay in piles. Also raw-materials affect the distribution of nutrients. The more 

soluble nutrients in the digestate, the more of them end up in reject water. For example 

WWTPS has very little soluble phosphorus, so the reject water would have very little of it 

also. The separation efficiency may also be improved via adding chemicals. (Kymäläinen & 

Pakarinen 2015, p. 99–102). 

The solid fraction of the digestate fills in with the same type name as digestate before 

separation and is thus applicable as soil improver (Finnish Food Authority 2017, p. 31). The 

solid fraction has high phosphorus content in relation to the amount of nitrogen in it. The 

application for solid products is usually restricted by the phosphorus content and application 

of liquid products by the soluble nitrogen content (Tampio et al. 2018, p. 66). The conditions 

for environmental compensation set limits for phosphorus application for five year periods 

(Agency for Rural Affairs 2018, p. 12–13). Thus it is common that the solid fraction is 

applied for fields once in five years (Marttinen et al. 2014, p. 57). The solid fraction can also 

be composted and used as a raw-material for soil products and landscaping products. By 

itself the material doesn’t compost, but requires bulking material to enable aeration. 

(Kymäläinen & Pakarinen 2015, p. 110). 

The national list of type names also includes reject water which can thus be applied as a soil 

improver. To qualify, the reject water has to have a total N, P and K content of at least 1 % 

of the fresh weight. (Finnish Food Authority 2017, p. 14). The nutrient concentration is also 

important considering the storage and transportation. The higher the concentration, the more 

feasible the product is. The nitrogen content of reject water is often less than 0.5 %. Nitrogen 

in liquid products is more quickly available for plants, than the nitrogen in the solid fraction. 

The evaporation of ammonia should be prevented during storage, especially considering that 
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fertilizer products are mainly utilized in Finland two months per year. Though reject waters 

are low in phosphorus content compared to the solid fraction, a lot of their phosphorus is in 

soluble form. The pH of the reject water is quite high, 7.5–8, which increases the evaporation 

of ammonia. Due to the issues of transportation and storage, big scale plants often require 

further processing of the reject water. WWTPS originated reject waters are classified as 

wastewaters and may not be utilized for plant nutrition. (Kymäläinen & Pakarinen 2015, p. 

102, 120, 177; Marttinen et al. 2013, p. 3, 17–18). 

If the reject water can’t be utilized, it can be aerobically treated before discharging it to the 

WWTP. (Kymäläinen & Pakarinen 2015, p. 105). Finnish government decision 365/1994 

sets regulations on the quality of industrial wastewaters discharged into sewage. These 

regulations are presented in table 3.1. Costs of liquid digestate disposal are high (Ford 2018, 

p. 17). 

Table 3-2 Regulations for the quality of industrial wastewaters  

discharged into sewage (Kuokkanen 2017, p. 22). 

   

As an example of reject water quality the reject water from a Biovakka facility has DM of 

1-1,5 %, COD 20 000 – 30 000 mg/l, BOD 10 000 – 12 000 mg/l, Ntot 4,5-7 g/l, Ptot 0,4-0,5 

g/l and pH 8,2 – 8,4 (Regional State Administrative Agencies 2010, p.2) 

3.3.4 Nutrient Concentration of Reject Water 

Transportation and storage of dilute liquids isn’t as feasible as that of concentrated products. 

Several methods exist for concentration: ammonium stripping, evaporation, film 

technologies and chemical flocculation. The most effective method – in the sense of how 

high nitrogen content product can be produced – found in this study is ammonia stripping 

which can capture up to 95 % of the ammonium nitrogen in the reject water. The technology 

is based on the differing evaporation properties of water and ammonia. Ammonia (NH3) is 

evaporated – usually into air – while water remains mainly as liquid. Ammonium nitrogen 

(NH4
+-N) doesn’t evaporate but remains in the stripping residue. To speed up the 

Variable
Maximum 

Content

Minimum 

Removal 

Efficiency (%)

BOD 30 mg/l O2 70

COD 125 mg/l O2 75

DM 35 mg/l O2 90
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transformation of ammonium nitrogen to ammonia, pH and temperature can be increased.  

Also, small amounts of organic acids evaporate. To capture the ammonia, a collection unit 

is required, which can be a condenser or a scrubber. In a scrubber the ammonia is bound into 

the scrubber fluid – usually H2SO4 or HNO3 – in a low pH. The properties of the product 

depend on the acid used. Nitrogen content can theoretically be almost 10 % with H2SO4 and 

even higher with HNO3. However, the real concentration is usually a bit lower. When 

condenser is used instead of scrubber, the concentration of nitrogen is lower, usually below 

5 %. Gasum has reported (Mykkänen 2016, p. 19) that in their combination of ammonium 

stripping and condensation, the nitrogen content of the product was seven times higher than 

that of the reject water. Two products come out of the process: liquid nitrogen fertilizer and 

stripping residue. Technological challenges with ammonia stripping are the dirtying of 

equipment, clogging, corrosion, foaming, high energy consumption, and chemical costs 

including scrubber fluid and pH adjusting. (Marttinen et al. 2013, p. 12; Kymäläinen & 

Pakarinen 2015, p. 103–105). 

In this study, two products from ammonium stripping processes with product specifications 

were found: ammonium sulfate from Envor Biotech and nitrogen water from Gasum. The 

collection unit process has been different for these products. Ammonium sulfate comes from 

scrubbing with sulfuric acid (Kymäläinen & Pakarinen 2015, p. 104). Nitrogen water comes 

from condensing (Mykkänen 2016, p. 18). Both of these products are by their type name 

inorganic fertilizers and thus the composition of the raw materials doesn’t restrict their use 

(Gasum 2017; Envor Biotech 2014). At least the Gasum product is produced out of WWTPS 

(Regional State Administrative Agencies 2016, p. 2). 

 

Table 3-3 Properties of two products from ammonium stripping process (Gasum 2017; Envor Biotech 2014). 

 

 

Ammonium 

Sulphide

Nitrogen 

Water

Density 

[kg/m3]
1200 1000

Nitrogen 

Content [%]
9 3

Sulphur 

Content [%]
10,2 0
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The limit value for soluble nitrogen in applied fertilizer products for spring wheat is 170 kg/a 

(Kekäläinen 2016, p. 24). With the nutrient content presented in table 3-3, this would mean 

application quantities of 1.9 t/ha of ammonium sulfate and 5.7 t/ha of nitrogen water. Both 

of these quantities fall into the category of poorly available application equipment in Finland. 

Envor Biotech states that they have provided their product for the following uses: fertilizing 

during sowing, enhancer in glyphosate spraying, the budding phase of plants, during 

pesticide spraying and for increasing wheat protein. The stripping products can also be 

customized for the needs of the customer by adding nutrients and minerals into the product. 

(Envor Biotech 2018). 

As most of the phosphorus winds up into the solid fraction and most of the nitrogen to the 

stripping product, the stripping residue is a product of low nutrient concentration. According 

to the study of Tampio et al. (2016, p. 30), to reach nitrogen application of 170 kgN/ha more 

than 100 t of stripping residue would be needed. While the use of the stripping residue seems 

worthless, it’s also possible that it doesn’t qualify for discharging into sewage without 

pretreatment. 

Evaporation is another process used for improving the nutrient concentration of the liquids 

from biogas plant. It could be used for reject water or for stripping residue. The pH in the 

process is low to prevent ammonium nitrogen from transforming to ammonia. Also, the 

process is done in underpressure so that the water would boil in lower temperatures – again, 

to prevent the formation of ammonia. The desired product from the process is the 

concentrate. Unlike in stripping, where the nitrogen is evaporated from the rest of the flow, 

in evaporation all the solids are concentrated into the product as water is evaporated out of 

the product. Thus, the utilization of concentrate might be more heavily regulated depending 

on the raw-materials (Regional State Administrative Agencies 2016, p. 2). Bai et al. (2017) 

reported of a concentrate with 78.5 % nitrogen recovery and only 25 % of the total volume. 

Ammonium nitrate, phosphorus and potassium remain in the liquid in the evaporator. The 

dry matter content of the concentrate depends on the viscosity. Depending on the raw-

materials, the limiting viscosity is reached in dry matter content of 10–30 %. Water, some 

organic acids and little ammonia are evaporated and end up in the condensate. The 

condensate can be recycled in the digestion process, or it can possibly be discharged to the 

WWTP. Also the condensate can be processed via membrane technology to enable 

discharging the water to the environment. Membrane technologies produce processed water 
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and retentate which can be recycled back in to the process (Tampio et al. 2016, p. 24). 

(Kymäläinen & Pakarinen 2015, p. 106–108). 

Tampio et al. (2016) studied the processing of reject water based on literature values. In the 

study, five scenarios of different combinations of processing technologies – ammonia 

stripping, evaporation and reverse osmosis (membrane technology) – were considered. The 

scenarios are presented in figure 3-1 and some results of the study are presented in table 3-

4. In the view of the ratio of recovered nitrogen and mass, the combination of evaporation 

and reverse osmosis was the most efficient solution. However, the ammonium sulfate from 

ammonia stripping was clearly the most concentrated product: 45 % of total nitrogen in 5 % 

of total mass. However the stripping residue, which contains 25 % of the total nitrogen in 74 

% of the total mass, could prove to be challenging. (Tampio et al. 2016, p. 24, 27–28). 

 

Figure 3-1 The Tampio et al. (2016, p. 24) scenarios. 
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Table 3-4 Nitrogen concentrations of the Tampio et al. (2016, p. 27–28) scenarios. 

 

 

According to the results of Tampio et al. (2016) nitrogen recovery from reject water 

consumes less than 10 % of the biogas produced in the plant. The processes for producing 

mineral nitrogen fertilizers are energy intensive but producing concentrated fertilizer 

products from reject waters were according to Tampio et al. (2016) over 15 times more 

energy consuming. The energy consumption however could be significantly lower, for 

example by reducing the stripper temperature. The values used in Tampio et al. (2016) study 

were literature values and the stripping process was assumed to be done in 80 oC. Chemicals 

can also be used to reduce the need for high temperatures. Stripping process could be done 

even in temperatures as low as 35–50 oC and still the recovery efficiency could be about 80 

%. Also it is notable that the nutrient contents of the products in Tampio et al. (2016) study, 

ammonium sulfate from Envor Biotech and nitrogen water from Gasum Oy all are very low 

in comparison to that of solid mineral fertilizers. (Tampio et al. 2016, p. 29–31). A 

comparison of nutrient contents is presented in table 3-5. 

N-concentration 

[kg_N/t_FM]

N-Recovery 

[% -of N_tot]

Mass [% -

of m_tot]

N-Recovery 

/Mass

N-Recovery /Mass for all the 

products of a scenario

S0 Reject Water 4 70 79 0,9 0,9

Ammonium Sulfate 40 45 5 9

Stripping Residue 1,5 25 74 0,3

Ammonium Sulfate 40 45 5 9

Retentate 5,4 25 21 1,2

S3 Concentrate 17,9 63 16 3,9 3,9

Ammonium Sulfate 40 45 5 9

Concentrate 6,8 22 15 1,5

S1

S2

S4

0,9

2,7

3,4

Product
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Table 3-5 Nutrient contents of some fertilizer products. (Tampio et al. 2016, p. 26, 31; Gasum 2017; Envor 

Biotech 2014) 

 

 

3.3.5 Thermal Drying 

Thermal drying means the evaporation of water from the digestate by heating (Berninger et 

al. 2017, p. 37). These technologies can be used to produce very dry fertilizer products – 

even above 90 % dry matter content – from the solid fraction of the digestate. Such 

technologies are used in Finland at least in Lakeuden Etappi, Joensuu Kuhasalo WWTP and 

at Haapavesi. The technology can be divided into full drying and partial drying technologies 

– full drying increasing the dry matter content above 85 % and partial leaves it below 85 %. 

The drying is based on heat and air flow. The dry digestate can be granulated into granulate 

products during the drying, it can be pelletized by compressing it through a matrix after the 

drying or the product can be powdered. These products may be utilized as fertilizer products 

or in landscaping (Partanen 2010, p. 38).  

With powdered products explosion and fire safety issues must be taken into consideration. 

Granulate and pelletized end products are safer. Pelletized products are easiest considering 

the application, since the pellets are homogeneous in comparison to granulate products and 

denser than the powdered. Thermal drying reduces the volume of the substrate and the end 

product is easier to transport and store. However thermal drying requires a lot of energy and 

is thus expensive. Due to the drying and high temperatures, thermal drying has a sanitizing 

Product
Total Nitrogen 

[kg/t_FM]

Total Phosphor 

[kg/t_FM]

Total  Potassium 

[kg/t_FM]

Tampio et al. Solid Mineral 

Fertilizer
266 - 303 13 - 114 43 - 245

Envor Biotech Ammonium 

Sulfate
90 0 0

Gasum Turku Nitrogen Water 30 0 0

Tampio et al. S0 Reject Water 4 0,1 1,8

Tampio et al. S1 Ammonium 

Sulfate
40 0 0

Tampio et al. S2 Retentate 5,4 0,2 6,9

Tampio et al. S3 Concentrate 17,9 0,3 9



38 

 

effect. Some ammonium is lost via evaporation in thermal drying, but the remaining nitrogen 

is often more soluble than before the process. (Vieno et al. 2018, p. 16; Kymäläinen & 

Pakarinen 2015, p. 111, 116). According to Marttinen et al. (2013, p. 17–18) and Berninger 

et al. (2017, p. 37) the rate of soluble phosphorus was decreased in granulation. Nutrients 

can be added to the product to improve its quality (Pöyry Finland Oy 2018, p. 14–15). 

Thermal drying has no effect on the harmful organic compounds (Berninger et al. 2017, p. 

37). 

3.3.6 Phosphorus Capturing 

Phosphorus capturing is a technology that could provide a solution around the problem of 

applying of WWTPS. European Commission calls the technology promising and the 

Environmental Agency of Finland in its strategy has said to increase the funding of research 

in this field. (European Commission 2016a, p. 55; Ministry of the Environment 2018 A, p. 

37–38). Obligations to capture P are already in use in some countries, such as Switzerland 

and Germany. Also obligations to set a minimum content of recycled nutrients for fertilizer 

products has been discussed in Finland. (Berninger et al. 2017, p. 2).  

P capturing means the separation of P and harmful content into different fractions. The 

technologies for capturing P are of special interest because of the conversation revolving 

around WWTPS. If the P in the WWTPS can’t be utilized in the digestate, it could be 

captured. WWTPS has less P (2–4 % of the dm) in comparison with some other raw-

materials, but as a material flow it is centralized and has particular potential as a P source. 

Phosphorus capturing could be done at the WWTP, but can also be done after digestion, 

either right after the digestion reactor or after drying. Some of the capturing technologies 

might be applicable in Finland with reasonable adjusting, but none of the technologies are 

competitive at the moment. (Berninger et al. 2017, p. 2, 35, 38; European Commission 

2016a, p. 3). 

In Mephrec technology, the digestate would be dried and compressed into briquettes, which 

are then heated. The temperature during heating is so high, that the heavy metals in the 

briquette evaporate or melt and the harmful organic compounds are destroyed. These 

briquettes have a P2O5 -content of 10–25 % - a form of mineralized P. The Mephrec 

technology is being experimented in a WWTP in Germany. In pyrolysis method the sludge 

is heated without oxygen supply. The end products from this process are biochar, gas and 
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oil. The P winds up into the biochar. The P content in biochar is high, but poorly available 

for plants. The harmful organic compounds are destroyed in the process, but metals also 

wind up into the biochar. Also many technologies – which have full scale reference plants 

in operation around the globe – exist for removing P from reject waters. (Berninger et al. 

2017, p. 38). 

4 BY-PRODUCTS FROM KUKKUROINMÄKI BIOGAS PLANT 

At the time of this study, a new biogas plant is under construction at Kukkuroinmäki. The 

plant functions as dry plug-flow reactor with two separate lines with separate reactors, one 

for source separated bio waste and the other for WWTPS. The Kukkuroinmäki biogas plant 

is planned to receive annual amounts of 12 700 t of WWTPS and 7 200 t of municipal source 

separated bio-waste (Regional State Administrative Agencies 2017, p.10). 

The environmental permit of the biogas plant mentions some plans for the digestate, but no 

precise plan yet exists. The mentioned options include utilization of digestate in reed canary 

grass cultivation and as soil improvers after composting the digestate. If a mechanical 

separation is to be done, the liquid fraction could be processed into a liquid fertilizer, 

recycled back into the digestion process or it must be disposed of. (Regional State 

Administrative Agencies 2017, p.9). The purpose of this chapter is to provide a more 

thorough insight into what kind of products can be produced from the digestate of the 

Kukkuroinmäki biogas plant by calculating the properties and the changes of properties 

during the unit processes that affect the substrate. The product properties and the calculation 

of them are presented in this chapter. The products viewed in this chapter include digestate, 

solid fraction and reject water from mechanical separation, products from ammonium 

stripping combined with reverse osmosis, products from evaporation combined with reverse 

osmosis and thermally dried solid fraction. 

Tampio et al. (2016) study calculated mass and nutrient balances for different scenarios of 

processing reject water from a theoretical anaerobic digestion plant. The calculations keep 

track of mass, TS, VS, Ntot, NH4-N, Ptot and Ktot in different stages of the processing. The 

calculations in this chapter have the same goal, but the focus is only in N and P content. 

Unlike the Tampio et al. study, also solid products are included in this study. 
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4.1 Raw-Materials 

Laboratory analysis have been made of the raw materials for the biogas plant (Häme 

University Of Applied Sciences – HAMK 2019). For WWTPS from Toikansuo WWTP, 

there is a lot of data, but for the bio-waste, there are only one laboratory results. The 

calculations in this study will use the bio-waste results as such, and the average values from 

the larger set of data on Toikansuo WWTPS, though the biogas plant will also receive 

WWTPS from other WWTPs. The biowaste characteristics are presented in table 4-1 and of 

the WWTPS in table 4-2. 

Table 4-1 Characteristics of the EKJH bio waste (Häme University Of Applied Sciences – HAMK 2019). 

 

DM % 31,7

Organic Matter % 27,7

Specific Weight g/l 437

pH 5,8

Ntot/DM g/kg 21

Nsol/DM g/kg 7

Ptot/DM g/kg 2,5
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Table 4-2 Toikansuo WWTPS analysis 

 

The properties of the digestion raw materials presented in tables 4-1 and 4-2 are used to 

calculate the quantities of DM, VS and nutrients in the raw materials. Quantities and 

properties required for further calculations are summarized in table 4-3. The annual mass 

flows of the raw materials are based on the values given in the environmental permit of the 

biogas plant (Regional State Administrative Agencies 2017, p.10). The larger set of data on 

WWTPS doesn’t have results about the soluble nitrogen content, so the ratio of Nsol and Ntot, 

11 %, is assumed to be the same as in the single result from HAMK. Since the sources of 

this chapter have differing ways to display the quantity of soluble nitrogen, in some cases 

NH4-N is considered equal to soluble nitrogen in this study. 

Date N_DM N_tot pH Ash DM P

% g/kg 0 weight % % mg/kg

15.2.2006 5,1 51 6,4 4,2 21,4 24000

17.5.2006 5 50 6,4 3 13 25000

22.11.2006 4,5 45 6,2 6,9 24,2 24000

27.11.2007 4,77 47,7 6,4 6,65 24,1 22900

25.8.2009 4,2 42 6,3 6,36 25,12 19000

11.11.2009 4,6 46 5,9 5,514 24,922 20000

27.2.2012 5,2 52 5,7 4,3 24 20900

25.2. 4,4 44 6,3 3,491208 23,09 17800

25.2.2015 4,7 47 6,5 4,31 21,1 19000

27.8.2015 4,5 45 6,1 5,0688 25,6 20000

26.11.2015 3,5 35 6,7 7,7311 24,7 18000

25.2.2016 3,7 37 8,2 5,3 20,8 19000

18.5.2016 3,3 33 7,8 7,4425 22,9 21000

10.8.2016 3,8 38 6,7 5,8734 23,4 17000

29.11.2016 4,3 43 6,8 4,5828 20,1 20000

7.2.2017 4,8 48 6,3 3,3293 19,7 21000

9.5.2017 4,6 46 5,9 3,5854 18,2 20000

31.8.2017 4,1 41 5,6 4,3188 23,6 18000

7.11.2017 3,9 39 6 4,2074 21,8 15000

27.2.2018 3,6 36 8,2 6,49 22 19000

16.5.2018 2,9 29 6,6 5,24 20 22000

27.8.2018 3,1 31 5,8 4,1968 24,4 22000

19.11.2018 5 50 6,3 2,6058 25,8 20000

Average 4,24 42,42 6,48 4,99 22,34 20200
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Table 4-3 The process feed characteristics and quantities used for calculation. 

 

The further calculations in this chapter also require an estimation of the VS content for the 

WWTPS, which has not been defined in the laboratory. The estimated VS content is 

calculated by subtracting the ash from the DM since the ash content has been defined in the 

laboratory. This estimation ignores the significance of the fixed carbon content. With this 

method, the annual mass of VS in the WWTPS is estimated to be 2204 t/a. 

4.2  Dry Anaerobic Digestion 

The purpose of this chapter is to calculate the properties of the digestate coming out from 

the reactor. Following is the explanation of the conclusions and assumptions used in the 

calculations of this work. The process technology at Kukkuroinmäki biogas plant is a 1-

staged dry digestion via continuous plug-flow reactors in thermophilic temperature (Ford 

2018, p. 14–16). 

In the theoretical digestion process of the Tampio et al. (2016) the mass reduction of the 

substrate in the process is the mass of VS reduction, which is the same as the mass of formed 

biogas. (Tampio et al. 2016, p. 27). This assumption is applied for the calculations in this 

study. Thus, VS reduction rate is the first value that needs to be defined for the calculations. 

Based on the VS contents of the Tampio et al. (2016, p. 27) raw-material and digestate, the 

VS removal rate of its theoretical process is 91 %. 

HSY and Tampere University of Technology have co-operatively produced an model – 

KOMBI model – which models the mass and nutrient flows in the bio-waste treatment 

system of HSY. Dry digestion is a part of this system. The Mönkäre et al. (2015a) report on 

this model states that the most important process parameters concerning dry digestion are 

Hydraulic Retention Time (HRT), Organic Loading Rate (OLR) and temperature. Of these 

parameters, the temperature (53–55 oC) and retention time (21 d) are given in the technical 

description from the plant providers Envor Protech and Martin Gmbh. The model also asks 

Biowaste WWTPS

m [t/a] 7200 12700

DM [t/a] 2282 2837

DM [%] 0,32 0,22

VS [t/a] 1994 -

Ntot [t/a] 48 120

Nsol [t/a] 16 13

Ptot [t/a] 5,7 57
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for pH which is given to be 6 in the technical description from the plant providers. Also the 

average pH in table 4-1 is very close to 6. With these values, the KOMBI model calculates 

a VS-removal rate of 69 %. (Mönkäre et al. 2015a, p. 9; Ford 2018, p 14; Mönkäre et al. 

2015b). 

The Mönkäre et al. (2015a, p.11) report presents a table of methane yields and VS removals 

in anaerobic digestion of bio-wastes with varying OLR, HRT and temperature. For 

thermophilic processes, the table gives an average VS removal rate of 70 %. Of the table, it 

should be noted that all but one of the values represent wet digestion technology. The Only 

dry digestion technology was a laboratory scale plug flow reactor with VS removal rate of 

65 %. 

The technical description from the biogas plant providers also gives some information 

concerning the mass balances of the process. When assuming the raw-material 

characteristics as previously described and using literature values for calculation of the mass 

of the biogas, an estimation of VS reduction rate can be given: 54 % for bio-waste and 64 % 

for WWTPS. The mass of the biogas is assumed to be equal to the mass reduction of the 

substrate. These calculations are presented in table 4-4. 

Table 4-4 VS reduction rate based on Ford et al. (2018, p. 18 & 37). Specific gravities and air density from 

The Engineering ToolBox 2019. 

 

The reviewed VS reduction rates range from 54 % to 91 %.  Four of the values were related 

to dry digestion: 69 %, 65 %, 54 % and 64 %. Of which all but one (64 %) were specifically 

related to bio-waste and the remaining one to WWTPS. Average of all these four VS 

reduction rates is 63 %, which is chosen for the further calculation in this study, for both bio-

mass_raw material [t/a] 6300 13300

Biogas production [Nm3/a] 818000 1232000

Biogas methane content [%] 60 % 55 %

CO2 content [%] 40 % 45 %

Specific Gravity_CH4 0,55 0,55

Specific Gravity_CO2 1,5 1,5

Density_air [kg/m3] 1,2 1,205

Density CH4 [kg/m3] 0,67 0,67

Density_CO2 [kg/m3] 1,8 1,8

m_biogas [t/a] 926 1467

Mass Reduction [%] 15 % 11 %

m_VS in raw material [t/a] 1705 2309

VS Reduction Rate [%] 54 % 64 %
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waste and WWTPS – though the results of table 4-4 could indicate a possibility of lower VS 

reduction for bio-waste. Differences in VS reduction for the raw-materials could be 

supported e.g. by the notions in chapter two concerning the effects of the particle size to the 

contact between microbes and degradable matter. 

As stated in chapter 2.3.2 and supported by Tampio et al. 2016 (p. 27), all the nutrients 

remain in the digestate. However, the mineralization of the nitrogen is important, not only 

as a property of an end product, but also to define the behavior of nitrogen in further 

processing steps. In the Tampio et al. 2016 (p. 27) 56,3 % of the unmineralized nitrogen is 

mineralized during digestion. The N-mineralization could also be expressed via 

mineralization rate: NH4-Ndigestate/Ntot. Mineralization rate in the Tampio et al. theoretical 

process is 58,6 %. The Kombi-model gives an N-mineralization rate of 53 % (Mönkäre et 

al. 2015b). The mineralization rate may vary a lot. In chapter two, the range for nitrogen 

mineralization in anaerobic digestion was given to be 14–82 %. The calculations of this 

study use the 56,3 % mineralization of unmineralized nitrogen, as according to the Tampio 

et al. study. The digestate properties are given in table 4-5. 

Table 4-5 The digestate properties calculated with VS-reduction rate of 63 % and N-mineralization of 56,3 

% of the unmineralized nitrogen. 

 

 

4.3 Solid-liquid separation 

Mechanical separation of the digestate produces two fractions, solid fraction and reject 

water. These fractions differ in mass, TS-content and nutrient contents. There are several 

technologies which produce differing outcomes. The equipment provider of Kukkuroinmäki 

plant has sent a plan for a separation system. The system for bio-waste line consists of a 

screen and a screw press. The system for WWTPS line consists of a screw press and a 

Biowaste WWTPS

m [t/a] 5943,5 11311,6

DM [t/a] 1025,9 1448,8

DM [%] 17 % 13 %

VS [t/a] 737,9 815,4

Ntot [t/a] 47,9 120,3

Nsol [t/a] 34,0 73,6

Ptot [t/a] 5,7 57,3
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centrifuge. (Lohilahti, e-mail 15.4.2019). The limited amount of data related to this 

separation system is presented in table 4-6. 

Table 4-6 DM content of the solid fraction and reject water for both BW and WWTPS lines. The Ntot, Nsol 

and separation rate of N for reject waters. (Suomalainen, e-mail 17.4.2019). 

 

   * N_dig = nitrogen in the digestate 

The DM and N contents are not used as such, since the feed nitrogen content doesn’t match 

the laboratory analysis presented in chapter 4.1. Knowledge of the properties of the digestate 

– such as chemical composition – are important when looking at the performance of the 

separators. There are also other significant properties, of which there isn’t currently data 

available, that affect the performance – such as particle size distribution etc. (Moller et al. 

2001, p. 189). Also, there is no data on the feed mass and feed DM content used for the 

calculations of the equipment supplier. To calculate the estimated mass flows of the 

separation outputs, equation 4-1 is used, where m stands for, mass, dm stands for the relative 

dry matter content, D for digestate, SF for solid fraction and RW for reject water. 

 

     (4-1) 

                                                           

The properties of the separation outputs – reject water and solid fraction from both bio-waste 

and WWTPS lines – are presented in table 4-7. For the calculations of this study, the DM 

contents of the separated fractions are assumed as in the data from the equipment supplier. 

Also the distribution of total nitrogen and ratio of soluble nitrogen and total nitrogen in the 

reject water are assumed to match the data from the equipment supplier. Since there is no 

data of the phosphorus separation from the equipment provider, the phosphorus is assumed 

to separate as in Tampio et al. (2016) study, 91 % of the phosphorus to the solid fraction. 

The separation method in Tampio et al. (2016) study was just a decanter centrifuge, thus the 

Reject 

Water

Solid 

Fraction

Reject 

Water

Solid 

Fraction

DM [%]   8-10 35 0,5-1 30

Ntot [g/kg] 16-17  9-10

Nsol [g/kg] 15-16  8-9

N/N_dig [%] 49 68

Biowaste WWTPS
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real phosphorus separation at Kukkuroinmäki facility might differ. This should be noted to 

cause inaccuracy in these calculations. Based on the calculations of this study, the separation 

efficiencies are 64 % for the bio waste line and 97 % for the WWTPS line. 

Table 4-7 Properties of the separation outputs. 

 

 

 

4.4 Processing Of The Reject Water 

Tampio et al. (2016, p. 30) concluded that evaporation combined with reverse osmosis is the 

most effective way for recovering nutrients. Also ammonium stripping and reverse osmosis 

system will be considered in this chapter, because ammonium stripping as a technology is in 

full scale use at least in two facilities in Finland – as noted in chapter 3.3.4. The calculations 

in this chapter are fully based on the notions made from Tampio et al. study. 

In Tampio et al. (2016, p. 27) the liquids of the reject water are divided into the ammonium 

sulfate and stripping residue in a rate of 6,5/93,5. 95 % of the NH4-N goes to ammonium 

sulfate and all of the non-soluble nitrogen goes to the residue. NaOH is added to rise the pH 

of the reject water before stripping. The amount of NaOH is estimated to be 2 % of the reject 

water mass. H2SO4 is added for the scrubbing of evaporated nitrogen. The amount of H2SO4 

added is estimated to be 123,9 % of the evaporated mass. (Tampio et al. 2016, p. 25, 27). 

With these assumptions, the properties of the ammonium sulfate and the stripping residue 

can be calculated. The results are presented in table 4-8. 

SF BW SF WWTPS RW BW RW WWTPS

m [t/a] 1888,5 4663,0 4055,0 6648,6

DM [t/a] 661,0 1398,9 365,0 49,9

DM [%] 35 % 30 % 9 % 1 %

VS [t/a] 475,4 787,4 262,5 28,1

Ntot [t/a]
24,2 39,0 23,7 81,3

Nsol [t/a]
11,7 0,9 22,3 72,7

Ptot [t/a] 5,2 52,2 0,5 5,2
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Table 4-8 The properties of ammonium sulfate and stripping residue. 

 

The assumptions for the calculation of reverse osmosis outputs – retentate and processed 

water – are following. 27,5 % of the liquids in the stripping residue end up in the retentate 

and the rest into the processed water. All of P, DM and VS go into the retentate. All N but 9 

% of NH4-N go to retentate. 1 % of K goes to processed water. (Tampio et al. 2016, p. 27). 

The values presented in table 4-9 are calculated based on these assumptions. 

 

Table 4-9 Properties of retentate and processed water. 

 

 

In the calculations concerning evaporation, it is assumed that all DM and 20 % of liquids 

goes to concentrate. Nitrogen is divided to concentrate and condensate in a ratio of 9/1. All 

P and K remain in the concentrate. To prevent the evaporation of NH4 during evaporation, 

addition of H2SO4 is required. The addition is equal to 0,11 % of the mass of the reject water. 

These assumptions are drawn as conclusions from Tampio et al (2016, p. 27). The results 

are presented in table 4-10. Condensate is not considered as a useable product in this study, 

Ammonium 

Sulfate

Stripping 

Residue

Ammonium 

Sulfate

Stripping 

Residue

m [t/a] 537,0 3896,3 960,3 6352,6

DM [t/a] 0,0 365,0 0,0 49,9

DM [%] 0,0 % 9,4 % 0,0 % 0,8 %

VS [t/a] 0 262,5 0,0 28,1

Ntot [t/a] 21,2 2,6 69,1 12,2

Nsol [t/a] 21,2 1,1 69,1 3,6
Ptot [t/a] 0 0,5 0,0 5,2

Biowaste WWTPS

Retentate
Processed 

Water
Retentate

Processed 

Water

m [t/a] 1336,1 2560,2 1783,1 4569,5

DM [t/a] 365,0 0,0 49,9 0,0

DM [%] 27 % 0,0 % 2,8 % 0,0 %

VS [t/a] 262,5 0,0 28,1 0,0

Ntot [t/a] 2,5 0,1 11,9 0,3

Nsol [t/a] 1,0 0,1 3,3 0,3

Ptot [t/a] 0,5 0,0 5,2 0,0

WWTPSBiowaste
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but it is to be treated with reverse osmosis, where the retentate can be recycled in the process 

and the processed water could be discharged into the environment. For reverse osmosis, the 

same assumptions apply as if it’s used for treating stripping residue. 

Table 4-10 Properties of products from evaporation process. 

 

 

4.5 Processing the Solid Fraction 

In thermal drying, the solid fraction of the mechanically separated digestate can be dried to 

a very high DM content. In these calculations 90 % DM content of the product is used – the 

same as the dry matter content of Ranu – maanparannusrae, a thermally dried product in use 

in Finland (Lakeuden Etappi 2017, p.1). All DM is assumed to remain in the product as most 

of the liquids are released into the off-gases. Some nitrogen, 27,3–29,9 %, is released into 

the off-gases and could possibly be recovered from the liquid formed when the off-gases are 

condensed. Nearly all of this released nitrogen is NH4-N. (Deviatkin et al. 2018, p. 1016, 

1022). Since in the case of the solid fraction from WWTPS line, there is less than 27,3 % of 

NH4-N, it will be assumed that only the NH4-N will be released. All of phosphorus and 

potassium is assumed to remain in the digestate. With these assumptions and the properties 

of mechanically dried digestate in table 4–7, the properties of the products from thermal 

drying can be calculated. The results are presented in table 4-11. As stated in chapter 3.3.5, 

the product can be powdered, granulate or pelletized. 

 

Concentrate Condensate
Processed 

Water
Concentrate Condensate

Processed 

Water

m [t/a] 1107,4 2952,1 2140,2 1376,9 5279,0 3827,3

DM [t/a] 365,0 0,0 0,0 49,9 0,0 0,0

DM[%] 33 % 0 % 0 % 4 % 0 % 0 %

VS [t/a] 262,5 0,0 0,0 28,1 0,0 0

Ntot [t/a] 21,3 2,4 0,2 73,1 8,1 0,65

Nsol [t/a] 20,0 2,2 0,2 65,4 7,3 0,65

Ptot [t/a] 0,5 0,0 0,0 5,2 0,0 0

Biowaste WWTPS
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Table 4-11 Properties of thermally dried digestate. 

 

5 UTILIZATION OPTIONS IN SOUTH-KARELIA 

This chapter is a study of the possibilities for utilization of the by-products of the biogas 

plant in South-Karelia. The aim of this chapter is to identify the most significant possibilities 

to utilize the by-products and evaluate how much demand could there be for such products. 

Concerning the utilization of the by-products as fertilizer products, the possibilities for 

spreading the nutrients in the fertilizer products on the arable land located within 10 km 

radius from Kukkuroinmäki (approximately  8800 ha) was investigated. The field area is an 

estimate based on maps in paikkatietoikkuna.fi, and the areas considered are presented in 

figure 5-1. 

 

 

 

 

 

 

 

 

Dried Digestate - 

Biowaste

Dried Digestate - 

WWTPS

m [t/a] 734,4 1554,3

DM [t/a] 661,0 1398,9

DM [%] 90 % 90 %

VS [t/a] 475,4 787,4

Ntot [t/a] 17,3 38,2

Nsol [t/a] 4,8 0,0

Ptot [t/a] 5,2 52,2

Figure 5-1 The field areas within 10 km radius from Kukkuroinmäki (Paikkatietoikkuna 2019). 
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5.1 Digestate 

The digestate properties were presented in table 4-5. Both digestates can be applied to fields 

without further processing, if the farmers pose interest for the product. The nutrient 

limitations due to nitrate regulation and conditions of environmental compensation should 

still be taken into consideration. The capacity of the surrounding fields to receive fertilizer 

products is calculated based on the nitrate regulation and conditions of environmental 

compensation. The estimated application quantities and required demand from surrounding 

fields are presented in table 5-1.  

The nitrate regulation states a limit value of 120 kgNsol/ha for barley in organic soil (A 

18.12.2014/1250). The value is seen in this study to represent well a low limit for cereal 

plants and is chosen as a reference value for estimating the capacity of the surrounding fields 

to receive fertilizer products. With the quantities of soluble nitrogen given in chapter four, 

this limit means that 283 ha of field area is needed for application of the bio-waste originated 

digestate. For all the digestate, the required area would be 896,1 ha – equal to 10 % of the 

8800 ha field area within 10 km range from Kukkuroinmäki. This also means that the 

application quantity for bio-waste originated digestate is 21,0 t/ha and for WWTPS 

originated digestate 18,5 t/ha. 

The minimum requirements for environmental compensation limit the phosphorus 

application on fields to 325 kgP/ha/5a (Finnish Food Authority 2019b, p.7). With the 

annually produced digestate quantities and P-contents described in chapter 4, this limit 

means a need for 87,8 ha of field area for application of bio-waste originated digestate – an 

area equivalent to 1 % of the 8800 ha. For all digestate the corresponding values are 969,5 

ha, corresponding to 11 % of the 8800 ha. The application quantities are thus 67,7 t/ha of 

bio-waste originated digestate and 12,8 t/ha of WWTPS originated digestate. 

The conditions for environmental compensation for balanced use of nutrients sets more strict 

limits for both N and P. All soluble nitrogen in the fertilizer products is taken into 

consideration. Since the raw-materials of the digestate are either bio-waste or WWTPS, 60 

% of the P is taken into consideration. (Finnish Food Authority 2019 b, p. 9–13).     

For the calculations a nitrogen application limit of 80 kgNsol/ha is used. This limit 

corresponds to 4000 kg harvest rate of barley in a very rich soil (Finnish Food Authority 

2019b, p. 20). The areas required for application of bio-waste originated digestate and all 
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digestate are thus 424,6 ha and 1344,2 ha. These areas are equivalent to 5 % and 15 % of the 

8800 ha. The application quantities would thus be 14 t/ha of bio-waste originated digestate 

and 12,3 t/ha of WWTPS originated digestate. 

For the calculations a P application limit of 16 kgP/ha is used. This value corresponds to 

cereal farming in a soil of passable fertility class (Finnish Food Authority 2019b, p.20). With 

60 % of the total phosphorus in the digestate being taken into consideration, the required 

area for applying all bio-waste originated digestate is 214 ha and for all digestate 2363,1 ha. 

These areas count for 2 % and 24 % of the surrounding 8800 ha. The application quantities 

would thus be 27,8 t/ha of bio-waste originated digestate and 5,3 t/ha of WWTPS originated 

digestate. 

 

Table 5-1 The digestate application quantities and required demand from surrounding fields. 

 

Digestate can also be composted with a bulking material in the Kekkilä composting facility 

that is also located in the Kukkuroinmäki area. To improve the composting capabilities of 

the digestate, it requires bulking material. The offer from EnvorProtech and Martin GmbH 

describes that rising the DM content of the digestates to 25 % requires 6700 t/a of peat. The 

capacity of the composting facility – 34 500 t/a – is sufficient for all the digestate and bulking 

material, which according to the offer amount to a total of 23 822 t/a. (Ford 2018, p.  37; 

Centre for Economic Development, Transport and the Environment of Southeast Finland 
2009, p. 3). Using the same DM content for peat as in the offer, 55 %, and the digestate 

properties in table 4-5, the peat demand to reach DM content of 25 % can be calculated via 

Nitrate 

Regulation

Environmental 

Compensation: 

Minimum 

Requirements

Environmental 

Compensation: 

Balanced Nutrient 

Application - N

Environmental 

Compensation: 

Balanced Nutrient 

Application - P

BW-digestate 21,0 67,7 14,0 27,8

WWTPS-digestate 18,5 12,8 12,3 5,3

BW-digestate 283,1 87,8 424,6 214,0

WWTPS-digestate 613,1 881,7 919,6 2149,2

BW-digestate 3 % 1 % 5 % 2 %

WWTPS-digestate 7 % 10 % 10 % 24 %

Application Quantities [t/ha] according to:

Required Demand [% of the fields within 10 km radius]

Required area for application [ha]
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equation 5–1, where m1 stands for digestate mass, m2 for peat mass and m3 for the total mass. 

Corresponding x values refer to the DM contents of these materials. 

 

    (5–1) 

 

Thus the amounts for added peat would be 1584,9 t/a for bio-waste line and 4600 t/a for 

WWTPS line. The peat demand here is notably less than in the estimation presented in the 

offer. Also the total mass to composting would only be 23 440 t/a – slightly less than with 

the values given in the offer. 

5.2 Reject Water 

For reject water, similar calculations can be done to estimate the agricultural utilization 

possibilities as was done with digestate. The calculations can be done with the same nutrient 

application limits as for digestate and the reject water properties from table 4–7. The reject 

water application quantities and required demand from surrounding fields are presented in 

table 5–2. 

Table 5-2 The reject water application quantities and required demand from surrounding fields. 

 

As can be seen from the table 5–2, the area needed for applying the reject water would be 

less than of the digestate, due to overall smaller nutrient concentrations. The application 

quantities per hectare are smaller, due to greater concentration of soluble nitrogen. The 

limiting factor is either the soluble nitrogen restrictions from nitrate regulation or 

Nitrate 

Regulation

Environmental 

Compensation: 

Minimum 

Requirements

Environmental 

Compensation: 

Balanced Nutrient 

Application - N

Environmental 

Compensation: 

Balanced Nutrient 

Application - P

BW-Reject Water 21,8 513,3 14,6 210,6

WWTPS-Reject Water 11,0 83,8 7,3 34,4

BW-Reject Water 185,6 7,9 278,4 19,3

WWTPS-Reject Water 605,9 79,4 908,8 193,4

BW-Reject Water 2 % 0 % 3 % 0 %

WWTPS-Reject Water 7 % 1 % 10 % 2 %

Required Demand [% of the fields within 10 km radius]

Application Quantities [t/ha] according to:

Required area for application [ha]
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environmental compensation limits for balanced nutrients, depending on whether the farmer 

is committed to the terms of this environmental compensation. Using WWTPS originated 

reject water is however not permissible according to current legislation. 

There is potential for utilizing the reject water as a nutrient source for the wastewater 

treatment of forest industry. There are two possible facilities, UPM Kaukas and MetsäFibre 

Joutseno, which might be capable of using the reject water. However, whether the reject 

water is suitable for this purpose, it should be determined via testing period. For example, 

UPM – which has an WWTP at Kaukas, within 12 km from Kukkuroinmäki – is aiming to 

replace all the nutrients required in the wastewater treatment with recycled nutrients 

(Koukku 2016). There has also been already a testing period at UPM Kaukas to test a 

suitability of reject waters from a biogas plant for the wastewater treatment (Ahvenainen 

2017).  

According to Suvi Rasa – senior researcher at UPM – UPM facility alone could possibly 

receive above 150 t/a of nitrogen. This would mean that the demand for recycled nitrogen 

exceeds the amount of the reject waters. The concentration of nitrogen mostly is significant 

due to transportation. Phosphorus content isn’t needed, but the quantities in the reject waters 

– under 1 kg/t – do not matter. The DM content should be as low as possible, but the 

settleability of the dry matter is more significant. COD of the reject water should be as low 

as possible, but for BOD values of few thousand are acceptable. There shouldn’t be 

significant amounts of toxic materials, such as heavy metals. The final suitability for the 

facility should be determined via testing period. (Rasa, 2019). 

5.2.1 Ammonium Sulfate and Retentate 

If ammonia stripping is applied, there is a possibility for two kinds of end products – nitrogen 

water and ammonium sulfate, depending on the technology. In these calculations, scrubber 

technology is assumed – which means a higher N-content in the end product, than would be 

the case with the alternative condenser technology. For ammonium sulfate and retentate, 

similar calculations can be done to estimate the agricultural utilization possibilities. The 

calculations can be done with the same nutrient application limits, the ammonium sulfate 

properties and retentate properties from tables 4–8 and 4–9. The ammonium sulfate 

application quantities and required demand from surrounding fields are presented in table 5–

3. Since the product has no phosphorus, only nitrogen limits need to be considered.  
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Table 5-3 The ammonium sulfate application quantities and required demand from surrounding fields. 

 

The application quantities and required arable land area for retentate are presented in table 

5–4. The retentate is very low in nutrient concentration and thus the application quantities 

are high. If compensation for the balanced nutrient application is considered, the limiting 

factor is the P-content. 

Table 5-4 Retentate application quantities and required demand from surrounding fields. 

 

 

Nitrate 

Regulation

Environmental 

Compensation: 

Balanced Nutrient 

Application - N

BW-Ammonium 

Sulphate 3,0 2,0

WWTPS-Ammonium 

Sulphate 1,7 1,1

BW-Ammonium 

Sulphate 176,3 264,5

WWTPS-Ammonium 

Sulphate 575,6 863,4

BW-Ammonium 

Sulphate 2 % 3 %

WWTPS-Ammonium 

Sulphate 7 % 10 %

Required Demand [% of the fields 

within 10 km radius]

Application Quantities [t/ha] 

according to:

Required area for application [ha]

Nitrate 

Regulation

Environmental 

Compensation: 

Minimum 

Requirements

Environmental 

Compensation: 

Balanced Nutrient 

Application - N

Environmental 

Compensation: 

Balanced Nutrient 

Application - P

BW-Retentate 158,2 169,1 105,5 69,4

WWTPS-Retentate 64,7 22,5 43,1 9,2

BW-Retentate 8,4 7,9 12,7 19,3

WWTPS-Retentate 27,6 79,4 41,4 193,4

BW-Retentate 0 % 0 % 0 % 0 %

WWTPS-Retentate 0 % 1 % 0 % 2 %

Required Demand [% of the fields within 10 km radius]

Application Quantities [t/ha] according to:

Required area for application [ha]
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5.2.2 Concentrate 

If evaporation is selected as the processing method, the application quantities and required 

demand from surrounding fields can be calculated similarly as with other fertilizer products. 

The same application limits as previously are used as well as concentrate properties from 

table 4–10. Since the N-content in the concentrate is high, the application is limited by 

nitrogen content. 

Table 5-5 Concentrate application quantities and required demand from surrounding fields. 

 

5.3 Solid Fraction 

The solid fraction from mechanical separation can also be utilized in agriculture. The 

calculations can be done with the same nutrient application limits and the solid fraction 

properties from table 4–7. The solid fraction application quantities and required demand 

from surrounding fields are presented in table 5–6. 

Nitrate 

Regulation

Environmental 

Compensation: 

Minimum 

Requirements

Environmental 

Compensation: 

Balanced Nutrient 

Application - N

Environmental 

Compensation: 

Balanced Nutrient 

Application - P

BW-Concentrate 6,6 140,2 4,4 57,5

WWTPS-Concentrate 2,5 17,4 1,7 7,1

BW-Concentrate 167,1 7,9 250,6 19,3

WWTPS-Concentrate 545,3 79,4 817,9 193,4

BW-Concentrate 2 % 0 % 3 % 0 %

WWTPS-Concentrate 6 % 1 % 9 % 2 %

Required Demand [% of the fields within 10 km radius]

Application Quantities [t/ha] according to:

Required area for application [ha]



56 

 

Table 5-6 The solid fraction application quantities and required demand from surrounding fields. 

 

The limiting factor for application of the solid fraction is phosphorus, if the conditions for 

environmental compensation for balanced nutrient application are applied. If the minimum 

requirements for environmental compensation is applied, the phosphorus will be the limiting 

factor for WWTPS-originated product, but soluble nitrogen for bio-waste originated. 

5.3.1 Thermally dried digestate 

The thermally dried solid fraction can be utilized in agriculture. The calculations can be done 

with the same nutrient application limits and the thermally dried digestate properties from 

table 4–11. The thermally dried digestate application quantities and required demand from 

surrounding fields are presented in table 5–7. 

Nitrate 

Regulation

Environmental 

Compensation: 

Minimum 

Requirements

Environmental 

Compensation: 

Balanced Nutrient 

Application - N

Environmental 

Compensation: 

Balanced Nutrient 

Application - P

BW-Solid Fraction 19,4 23,6 12,9 9,7

WWTPS-Solid 

Fraction 649,3 5,8 432,9 2,4

BW-Solid Fraction 97,4 79,9 146,1 194,7

WWTPS-Solid 

Fraction 7,2 802,4 10,8 1955,7

BW-Solid Fraction 1 % 1 % 2 % 2 %

WWTPS-Solid 

Fraction 0 % 9 % 0 % 22 %

Required Demand [% of the fields within 10 km radius]

Application Quantities [t/ha] according to:

Required area for application [ha]
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Table 5-7 The thermally dried digestate application quantities and required demand from surrounding fields. 

 

5.4 The Minimum Area of Arable Land 

As a summary of this chapter, the minimum areas of arable land for application of the 

fertilizer products according to the nitrate regulation are gathered into table 5-8. The 

scenarios corresponding to the table are 1. no processing, 2. mechanical separation, 3. 

mechanical separation, ammonium stripping and reverse osmosis 4. mechanical separation 

and evaporation, 5. mechanical separation and thermal drying, 6. mechanical separation, 

thermal drying and ammonium stripping and 7. mechanical separation, thermal drying, and 

evaporation. The area is highest for digestate, since it is unaffected by the nutrient losses of 

the further processing. Lowest areas are for scenarios 2 and 5 because the reject water from 

WWTPS line is not taken into consideration, since it cannot be applied on fields. Other 

solutions should be considered for these fractions, such as forest industry WWTP. 

Nitrate 

Regulation

Environmental 

Compensation: 

Minimum 

Requirements

Environmental 

Compensation: 

Balanced Nutrient 

Application - N

Environmental 

Compensation: 

Balanced Nutrient 

Application - P

BW-Thermally Dried 

Digestate 18,5 9,2 12,3 3,8

WWTPS-Thermally 

Dried Digestate - 1,9 - 0,8

BW-Thermally Dried 

Digestate 39,7 79,9 59,6 194,7

WWTPS-Thermally 

Dried Digestate 0,0 802,4 0,0 1955,7

BW-Thermally Dried 

Digestate 0 % 1 % 1 % 2 %

WWTPS-Thermally 

Dried Digestate 0 % 9 % 0 % 22 %

Required Demand [% of the fields within 10 km radius]

Application Quantities [t/ha] according to:

Required area for application [ha]
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5-8 The minimum areas of arable land required according to the nitrate regulation calculations. 

 

* SF =Solid Fraction * RW = Reject Water * AS = Ammonium Sulphate 

* TD = Thermally Dried Digestate 

  

Scenario

Minimum area for 

application according 

to the nitrate 

regulation 

calculations [ha]

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

Products

1. Digestate 896

2.

SF

4.

SF

817

Concentrate

5.

TD

225

RW

290

RW

3.

SF

893AS

Retentate

6.

TD

828AS

Retentate

7.

TD

752

Concentrate
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6 ECONOMICAL VALUE OF THE PRODUCTS 

The aim of this chapter is to estimate the value of the different products based on the N and 

P contents. Estimating all costs related to processing, transportation, storing etc. would 

exceed the scope of this study. 

The method in this study for estimating the product value is to calculate the worth of 

comparable amount of inorganic fertilizers. Since nitrogen regulation takes into 

consideration 100 % of the soluble nitrogen (A 18.12.2014/1250 §11) and the conditions for 

environmental compensation 60 % of total phosphorus (Agency For Rural Affairs 2018, p. 

12), that is also how much of the nutrients are considered when calculating the income 

potential. The prices used for the calculations are 1,08 €/kgN and 2 €/kgP (Kässi et al. 2013, 

p.12). 

The calculation  and results of estimating the value of the fertilizer products are presented in 

table 6-1. The prices are estimated for P and N content. The price per ton of product is 

calculated, as well as the price per ton of digestate being received. The latter value is more 

useful for comparing the different options.  
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Table 6-1 The prices for fertilizer products based on the N and P content. 

 

* BW = bio-waste originated product 

* WWTPS = WWTPS originated product 

In table 6-2 is presented the estimated value of different scenarios of processing choices. 

This table is most useful for estimating the value of lost nutrients in by-products that are too 

dilute for utilization or that have evaporated during for example thermal drying. 

 

Product

Price of the nutrient 

per ton of product 

[€/t]

Total price per ton of 

product [€/t]

Price per ton of 

digestate received 

[€/t]

Total price of 

the product per 

ton of digestate 

received [€/t]

kgP/t 1,0 1,2 1,2

kgNsol/t 5,7 6,2 6,2

kgP/t 5,1 6,1 6,1

kgNsol/t 6,5 7,0 7,0

kgP/t 2,7 3,3 1,0

kgNsol/t 6,2 6,7 2,1

kgP/t 11,2 13,4 5,5

kgNsol/t 0,2 0,2 0,1

kgP/t 0,1 0,2 0,1

kgNsol/t 5,5 5,9 4,0

kgP/t 0,8 0,9 0,5

kgNsol/t 10,9 11,8 6,9

kgP/t 0,0 0,0 0,0

kgNsol/t 39,4 42,6 3,8

kgP/t 0,0 0,0 0,0

kgNsol/t 71,9 77,7 6,6

kgP/t 0,4 0,5 0,1

kgNsol/t 0,8 0,8 0,2

kgP/t 2,9 3,5 0,5

kgNsol/t 1,9 2,0 0,3

kgP/t 0,5 0,6 0,1

kgNsol/t 18,1 19,6 3,6

kgP/t 3,7 4,5 0,5

kgNsol/t 47,5 51,3 6,2

kgP/t 7,1 8,5 1,0

kgNsol/t 6,5 7,0 0,9

kgP/t 33,6 40,3 5,5

kgNsol/t 0,0 0,0 0,0

4,15

7,49

3,85

6,59

0,29

3,75

6,79

1,91

5,53

0,86
5,5

20,1

55,8

15,5

40,3

Solid Fraction WWTPS

Concentrate BW

Thermally dried 

digestate BW

Thermally dried 

digestate WWTPS

Concentrate WWTPS

Reject Water BW

Reject Water WWTPS

Ammonium Sulfate 

BW

Ammonium Sulfate 

WWTPS

Retentate BW

Retentate WWTPS

digestate BW

digestate WWTPS

Solid Fraction BW

Nutrient content in 

the product

13,1

10,0

13,6

7,32

13,10

3,17

5,61

7,3

6,1

12,7

42,6

77,7

1,3
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6-2 The estimated value of nutrients per scenario of processing choices. 

 

* AS = ammonium sulfate 

* TD = Thermally dried solid fraction 

  

Scenario
total value per scenario 

[t€]

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

7.

TD

Concentrate

192

192

191

181

183

183

173

5.

TD

RW

6.

TD

AS

Retentate

3.

SF

AS

Retentate

4.

SF

Concentrate

Products

1. Digestate

2.

SF

RW
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7 SUMMARY AND  CONCLUSIONS 

The purpose of this study was to investigate the possibilities of utilizing by-products from 

Kukkuroinmäki biogas plant. The plant – currently under construction – is planned to have 

a capacity for 19 900 t/a of organic waste. 12 700 t/a would be WWTPS and 7 200 t/a source 

separated municipal organic waste. For the study of the utilization of the by-products, this 

study investigated the dry anaerobic digestion process where the digestate comes from, the 

raw-materials, processing of the by-products, laws and regulations concerning the utilization 

and trends in the markets of the by-products. 

The digestion technology of the Kukkuroinmäki biogas plant is a thermophilic dry plug-flow 

reactor and there are separate reactors for both raw-materials. Because the feed for the 

process has a high DM content the digestate also has relatively high DM. The DM of the 

digestate is lower, because the volatile solids in the substrate are partially degraded in the 

process – producing biogas. The pH of the digestate is slightly higher than that of the raw 

materials. The digestate from dry digestion has been challenging from the perspective of 

utilization, due to its viscosity and inhomogeneity. Though the digestate from plug-flow 

reactor is to some extent more degraded and more homogenous than that of a batch process, 

further processing is recommended for the digestate – of which there is little experience. As 

an outcome of a thermophilic process, the digestate potentially doesn’t need additional 

sanitizing – though EKJH is prepared for sanitation if needed. 

Conventionally, digestate – whether as such or processed into more easily applicable, 

transportable and storable product – is utilized as a fertilizer product. This is reasonable 

recycling of the nutrients, since all the nutrients of the raw materials remain in the digestate. 

Also mineralization of nitrogen occurs, which significantly improves the plant availability 

of the nitrogen. Organic fertilizer products include all nutrients needed in modern farming, 

but the ratio of these nutrients varies and the content is significantly smaller than in mineral 

fertilizers. It should be noted that fertilizer products are applied two months out of the year 

in Finland, and as the biogas plant runs around the year, the storing of the products must be 

resolved. In addition to agricultural use, also demand for forest fertilizers exists. However 

this isn’t currently permissible according to the law. 

Usage of organic fertilizer products is regulated with the Finnish Law on Fertilizer Products, 

regulations from the Finnish Ministry of Agriculture and Forestry, national implementation 
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of EU’s nitrate directive and voluntary conditions for environmental compensation. These 

regulate what types of products are permissible, for what can the products be used, maximum 

levels of harmful content and application limits for nutrients. Some harmful compounds are 

not restricted in current legislation – such as harmful organic compounds, medical residues 

and microplastics. Some compounds, organic and medical residues, have been shown to 

exceed eco-toxic risk values, though current studies seem to agree that field use of organic 

fertilizer products pose no risk for humans. Microplastics are hard to measure or even detect 

and thus there isn’t much information about the behaviour of microplastics in digestion or 

in soil. 

There is a trend in EU to shift towards circular economy. This trend concretizes in legislative 

proposals and strategies in EU and national level. The proposal for the new EU regulation 

on fertilizer products would include organic fertilizer products, strengthening their market 

position. This however doesn’t include WWTPS originated products, since it is excluded 

from the permissible raw materials for CE marked fertilizer products in the current proposal. 

The strategy of the last Finnish government included becoming a pioneer in bio- and circular 

economy. Also there is an ongoing project – LARA quality system – to enable 

communication of the quality of the fertilizer products beyond the minimum requirements 

of the law. Also there has been many buyers of cereal who have forbidden usage of WWTPS 

originated fertilizer products in their contracts with their farmers. 

This study viewed at several methods for processing the digestate, such as composting, 

mechanical separation of solids and liquids, ammonium stripping, evaporation, thermal 

drying and P-concentration. Some of these were excluded from more thorough studies. 

Composting was excluded, since if the digestate would be composted, it would most likely 

be done in the existing facilities of Kekkilä OY at Kukkuroinmäki. Also technologies for P-

concentration were excluded since there isn’t currently any competitive technologies for it. 

For purposes of transportation, fertilizer application and storage, it is good to have products 

of as high nutrient concentration as possible. This is more so important the bigger the scale 

of production is. The products from ammonium stripping according to the calculation of this 

study can be compared to the other ammonium stripping products introduced in this study. 

The nitrogen content of the ammonium sulphate from both bio waste and WWTPS are in 

between of the Envor and Gasum products – ammonium sulphate and ammonium water. The 

nitrogen concentration of ammonium sulphate from WWTPS higher than the one from bio 
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waste. The nitrogen contents of the concentrates can be compared to the values from Tampio 

et al. (2016) study, which is lower than that of the potential Kukkuroinmäki products. 

Thermally dried products have also relatively high nitrogen content. Of the products 

presented in the calculations of this study, they are second only to the nitrogen content of 

ammonium sulphate. Also thermally dried products have the highest content of phosphorus. 

The required arable area for the application of the products according to nitrate regulation, 

calculated with a Nsol limit for barley in organic soil, and according to the conditions for 

environmental compensation are presented in table 7-1. Also whether the product due to its 

DM content is suitable for environmental compensation for nutrient recycling and organic 

matter and the product values are presented in the same table. 

Table 7-1 The areas for application, suitability for environmental compensation and nutrient value of the 

products. 

 

*) not permissible for agriculture 

Some processing choices exclude other options. Thus, seven scenarios of differing 

processing choices are described in table 7-2. The scenarios presented in the table are 1. no 

processing of the digestate, 2. mechanical separation, 3. mechanical separation, ammonium 

stripping and reverse osmosis 4. mechanical separation and evaporation, 5. mechanical 

separation and thermal drying, 6. mechanical separation, thermal drying and ammonium 

stripping and 7. mechanical separation, thermal drying, and evaporation. The products 

resulting from each scenario are listed in table 7-2 with the total estimated monetary value 

Nitrate regulation

Environmental Compensation For 

Balanced Nutrient Application

Digestate 283,1 424,6 No 7,3

Solid Fraction 97,4 194,7 Yes 10

Reject Water 185,6 278,4 No 6,1

Ammonium Sulfate 176,3 264,5 No 42,6

Retentate 8,4 19,3 Yes 1,3

Concentrate 167,1 250,6 Yes 20,1

Thermally Dried 39,7 194,7 Yes 15,5

Digestate 613,1 2149,2 No 13,1

Solid Fraction 7,2 1955,7 Yes 13,6

Reject Water (*  -  - No 12,7

Ammonium Sulfate 575,6 863,4 No 77,7

Retentate 27,6 193,4 No 5,5

Concentrate 545,3 817,9 No 55,8

Thermally Dried 0 1955,7 Yes 40,3

Nutrient Value 

per ton of 

product [€]

Bio waste

WWTPS

Need for field area [ha] according to:
Suitable For Environmental 

Compensation For Nutrient 

Recycling And Organic Matter 

(DM > 20 %)
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of the nutrients in the products and the total required arable area for the suitable fertilizer 

products of a scenario. 

Table 7-2 The total values and required arable area for application for seven different scenarios. 

 

*SF = Solid Fraction  *RW = Reject Water *AS = Ammonium Sulphate

  

*TD   = Thermally Dried Digestate 

There are different advantages and disadvantages related to the scenarios. The more dilute 

products such as unprocessed digestate, solid fraction, reject water and retentate require 

Scenario
total value per scenario 

[€]

Minimum area for 

application according 

to the nitrate 

regulation calculations 

[ha]

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

BW

WWTPS

896

290

893

817

225

828

752

192000

192000

191000

181000

183000

183000

173000

5.

TD

RW

6.

TD

AS

Retentate

7.

TD

Concentrate

2.

SF

RW

3.

SF

AS

Retentate

4.

SF

Concentrate

Products

1. Digestate
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more effort in application, storage and transportation. The transportation distances also 

become unviable sooner than with products that have higher nutrient concentration. The 

products with higher nutrient concentration are also likely to have more demand. In the 

scenarios with unprocessed reject water, it must be taken into consideration that the reject 

water from WWTPS line cannot be utilized as a fertilizer product. Because WWTPS 

originated reject water cannot be utilized as a fertilizer product, it is also not counted for the 

required arable area in table 7-2. In scenarios 3, 4, 6 and 7 there is also some products that 

are too dilute to be considered to be used as fertilizer products. Processed water, which 

occurs in all of these four scenarios, can be either discharged into environment or to a 

WWTP. Condensate, occurring in scenarios 4 and 7, can possibly be recycled in the process.  

The preference of these scenarios could be determined by more thorough economic analysis 

as well as studying the demand for the products. However, with around 8800 ha of arable 

area within 10 km radius from the biogas plant, there is potential demand enough for the 

products of any of these scenarios. When the required area is calculated according to the 

nitrate regulations limit for barley in organic soil, the required arable area to apply all the 

digestate is only around 10 % of the nearby arable area. Also the forest industry wastewater 

treatment poses potential demand sufficient to receive all reject waters, if they can’t be 

applied in agriculture.  
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