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Abstract 

Finnish government has set an ambitious goal of reaching 50 % share of renewable energies by year 2030. To reach 

this goal several structural changes and new strategies are required. One possible solution is the initiation of 

bioeconomy program. This thesis work focuses on the implementation of bioeconomy in the North of Finland by 

reviewing the challenges and opportunities involved in it. The goal is to perform a preliminary technological and 

economic assessment of a co-digestion plant located in Sodankylä, thus contributing to its bioeconomy strategy. 

 

The RECENT project is introduced in the introduction, as this work is closely connected to it. In the theoretical part, 

the North of Finland, its natural resources and critical infrastructure are introduced. Issues related to bioeconomy 

realization, climate change’s effect on water services, and municipality’s challenges in northern conditions, are 

reviewed. Three different biomass utilization methods that are possible in northern conditions are discussed in depth. 

It was found out that there is great potential for bioeconomy utilization in Northern Finland. There is a lot of biomass 

available and organic waste unused. At the same time, there are difficulties on their implementation. Few difficulties 

to overcome are long distances, lack of employees, diminishing population, and doubts regarded to economic 

sustainability of bioeconomy. One way to speed up the implementation of a new energy system is to use energy 

assessment tools. Three different tools were reviewed and it was found out that the best tool to use was RETScreen. 

It is designed to assess single energy systems and was used also to assess the co-digestion plant in Sodankylä.  

 

In the experimental part, the municipality of Sodankylä is introduced and the preliminary assessment for the co-

digester is performed. All the data for assessing the co-digestion plant were obtained from the municipality itself and 

from literature. Upgrading the wastewater treatment plant to biogas plant would be profitable if the biomethane 

generated sold at a price of 1,22 €/kg. Gate fee for bio-waste should be 50 €/m3. The payback period varied between 

8 years to 29 years, depending on method and biomethane price used. The amount of biomethane that could be 

theoretically produced with 4 different feedstocks was 203 250 m3. Based on its energy content, it is sufficient to 

replace the petrol consumption of 150 cars. RETScreen assessment gave 15 000 m3 lower result. A dry, mesophilic 

reactor with a capacity of 500 m3 was regarded as a possible solution. Establishing the separate bio-waste collection 

in the municipality’s center area and practical issues related to the whole biogas plant were discussed also.  

 

According to the results, co-digester in Sodankylä is technologically and economically possible to realize. However, 

several assumptions had to be made. For example, an investment support of 25 % is assumed in every calculation 

and the investment cost for the digester and biogas refinery is based on literature. Also, it is technically challenging 

to handle feedstocks that are not available throughout the year. The purpose is to produce biogas at a steady rate, but 

it is challenging, if the reactor is fed with different kinds of raw materials seasonally. The load and the process 

conditions should be kept stable as possible to ensure high biogas gain. Although the results are positive, more 

research is recommended to be done to ensure the profitability of the investment. Special attention should be given 

to the reactor model. 

 

This thesis work demonstrates that it is technologically and economically sustainable to realize the bioeconomy in 

North of Finland. The biogas plant system introduced in the work could be duplicated to other similar territories. The 

work was done as a part of RECENT (Renewable Community Empowerment in Northern Territories) project.  
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Tiivistelmä 

Suomen hallitus on asettanut kunnianhimoisen tavoitteen nostaa uusiutuvan energian osuus 50 %:in vuoteen 2030 

mennessä. Tämän tavoitteen saavuttamiseksi tarvitaan uusia strategioita ja rakenteellisia uudistuksia. Eräs 

mahdollinen ratkaisu on käynnissä oleva biotalousohjelma. Tämä diplomityö keskittyy biotalouden toteuttamiseen 

Pohjois-Suomessa sen haasteita ja mahdollisuuksia arvioiden. Tavoitteena on selvittää Sodankylään suunniteltavan 

yhteismädätyslaitoksen teknis-taloudellinen potentiaali edistäen siten paikallisen biotalousohjelman toteutumista. 

 

RECENT -projekti esitellään johdannossa, sillä tämä työ liittyy vahvasti kyseiseen projektiin. Pohjois-Suomen alue, 

sen luonnonvarat ja kriittinen infrastruktuuri ovat esitelty teoriaosuudessa. Lisäksi tarkastellaan asioita liittyen 

biotalouden toteutumiseen, ilmastonmuutoksen vaikutukseen vesihuollossa ja kuntien haasteisiin pohjoisissa 

olosuhteissa. Työssä on kuvattu tarkemmin kolme eri tapaa hyödyntää biomassoja kyseisellä alueella. 

Teoriaosuudesta käy ilmi, että Pohjois-Suomessa on suuri potentiaali biotalouden hyödyntämiselle, koska biomassaa 

ja orgaanista jätettä on saatavilla paljon. Ongelmina ovat kuitenkin pitkät välimatkat, pula työntekijöistä, vähenevä 

väestömäärä ja epäilyt liittyen biotalouden kannattavuuteen. Energiapotentiaalin arvioimiseen käytetyt työkalut ovat 

yksi tapa nopeuttaa uusien energiasysteemien käyttöönottoa. Työssä käytiin kolme eri työkalua läpi ja saatiin selville, 

että tarkastelluista työkaluista RETScreen oli potentiaalisin. Se on kehitetty arvioimaan yksittäisiä energiasysteemejä 

ja sitä käytetään myös Sodankylän yhteismädättämön arvioinnissa.  

 

Kokeellinen osuus käsittelee Sodankylän kuntaa ja yhteismädätyslaitoksen kannattavuutta. Laitoksen arvioimiseen 

tarvittu data saatiin kunnalta ja kirjallisuudesta. Jätevesilaitoksen päivittäminen yhteismädättämöksi on kannattavaa, 

mikäli tuotettu biokaasu myytäisiin hintaan 1,22 €/kg. Porttimaksu olisi 50 €/m3 biojätteelle. Takaisinmaksuaika, 

riippuen laskutavasta ja biokaasun hinnoittelusta, vaihteli 8 ja 29 vuoden välillä. Laskennallisesti, neljästä eri 

syötemateriaalista voitaisiin saada 203 250 m3 metaanikaasua. Energiasisällöltään se riittäisi korvaamaan noin 150 

auton bensiinin kulutuksen. RETScreen arviointi antoi noin 15 000 m3 pienemmän arvion metaanikaasun määrästä. 

Mahdollinen reaktorityyppi olisi tilavuudeltaan 500 m3 ja prosessina mesofiilinen kuivaprosessi. Myös biojätteen 

erilliskeräyksen järjestämistä kunnan taajama-alueella ja käytännön asioiden järjestämistä biokaasulaitoksella 

pohdittiin. 

 

Tulosten mukaan yhteismädättämön rakentaminen Sodankylään on teknis-taloudellisesti mahdollista. Kuitenkin 

useita oletuksia täytyi tehdä, esimerkiksi investointitueksi oletetaan 25 % ja reaktorin sekä biokaasun 

puhdistuslaitteiston hinnat perustuvat kirjallisuuden keskiarvoihin. On myös teknisesti haastavaa käsitellä jätteitä, 

jotka ovat kausittaisesti saatavilla. Tarkoituksena olisi tuottaa tasaisesti biokaasua, mutta se on haasteellista, jos 

reaktoriin syötetään erilaista materiaalia riippuen vuodenajasta. Prosessiolosuhteiden ja kuormituksen pitäisi pysyä 

tasaisena, jotta biokaasulle saataisiin suuri saanti. Vaikka saadut tulokset ovat positiivisia, enemmän tutkimusta 

kaivattaisiin investoinnin kannattavuuden varmistamiseksi. Erityistä huomiota tulisi antaa reaktorimallille. 

 

Tämä diplomityö osoittaa, että biotalous on teknis-taloudellisesti kestävä toteuttaa Suomen pohjoisissa osissa. Työssä 

esitelty biokaasulaitoskonsepti olisi monistettavissa samankaltaisille alueille. Työ tehtiin osana RECENT 

(Renewable Community Empowerment in Northern Territories) –projektia.  

Muita tietoja 
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1 INTRODUCTION 

Primary energy demand in the next 15 years is projected to be increased by about 20 % 

(IEA 2015). Europe has its goals set for year 2030 concerning climate change and energy 

sustainability. Two of them are 1) GHG emissions at least 40 % lower than in 1990, and 

2) at least 27 % of primary energy from renewable energies (EC 2016). Finnish 

government has set even more ambitious goals (TEM 2015): 

 share of emission-free, renewable energy is to become over 50 % and energy 

self-sufficiency over 55 %, 

 abandon the use of coal in energy production, 

 halve the usage of imported oil, and 

 raise the share of renewables in the transport sector up to 40 %, by year 2030. 

Answering the growing energy demand and achieving the national goals, a lot of actions 

and structural changes are being done. One solution is the initiation of bioeconomy 

program (TEM 2016). In bioeconomy, natural renewable resources are used and 

recycled efficiently to generate energy, services, products and food. This thesis work will 

concentrate on finding the potential sources and uses of bioenergy in Northern Finland 

and thus, contributing to reaching the year 2030 goals. 

The focus area of this work are two counties in Northern Finland: Northern 

Ostrobothnia and Lapland. Chapter 2 will give an introduction to the northern area’s 

critical infrastructure, natural resources, and challenges that have to be dealt with. 

Different biomass-to-energy technologies that are possible to implement in the area, are 

reviewed in Chapter 3. Chapter 4 reviews different energy assessment tools and one of 

them, RETScreen tool, will be used in the experimental part.  

Experimental part is primarily about assessing the pilot case in Sodankylä municipality. 

Sodankylä municipality and its bioeconomy program will be introduced in Chapter 5. 

The method for choosing the pilot case, in which the RETScreen energy assessment tool 

is to be used, is explained also in Chapter 5. In Chapter 6 the pilot chosen will be 

assessed from its technical and economic point of view. The results will be based on the 

data collected in the area, and on data obtained from literature.  

1.1 The RECENT project 

This work is done as a part of the Renewable Community Empowerment in Northern 

Territories (RECENT) project that was funded by Northern Periphery and Arctic 2014-

2020 Programme (NPA). The programme’s aim is to generate sustainable and 
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competitive communities by increasing their capacity development. One of the four 

programme’s priority is “fostering energy-secure communities through promotion of 

renewable energy and energy efficiency” (NPA 2015). 

1.1.1 Project partners 

RECENT is an international project done across 5 NPA countries and with 6 project 

partners. Figure 1 shows the NPA area and the location of the project partners. The 

project partners are Action Renewables (Northern Ireland), Clar I.C.H (Ireland), 

International Resources and Recycling Institute (IRRI) (Scotland), Jokkmokk Municipality 

(Sweden), Mayo Country Council (Ireland) and University of Oulu (Finland). IRRI is the 

project lead partner. 

 

Figure 1. Location of RECENT project partners and the NPA programme area. 

1.1.2 Project objectives 

Purpose of the 3-year project (2015-2018) is to increase energy knowledge in remote 

northern communities. Project develops 24 pilot projects, which will deal with 

renewable energy and energy efficiency. 6 of these pilots demonstrates synergistic 

solutions of energy and by-product use. The focus is in the utilization of community-

owned water assets. Target communities are small, remote and they face challenges 

handling climate change related risks. RECENT will increase and support the 

communities to become more self-sufficient in energy related issues and help them to 
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have more resilient infrastructure capable of handling climate change related risks. This 

is done by developing small-scale pilots, thus building synergy between public 

infrastructures. Project will also ensure sustainable development of the communities, 

providing them with knowledge, best practice guidelines and other. 

1.1.3 Project content 

The whole project is divided into five work packages (WP). Table 1 shows all the WPs 

and their responsible leaders. In WP1, the task is to set up management protocols, 

reporting systems and financial management. The coordinator of WP1 ensures the 

collection of certain documents from every partner. It is also responsible for organizing 

the project partner meetings, delivery of meeting agendas and circulation of the minutes 

from every meeting to partners.  

Table 1. List of project’s work packages. 

Work 

Package 
Title Leader 

1 Project management IRRI 

2 Communication activities Action Renewables 

3 Capacity building Clar I.C.H 

4 Monitoring, assessment & testing University of Oulu 

5 
Knowledge exchange, brand & support 

mechanism 
Jokkmokk 

municipality 

 

WP2 includes all the activities regarding communication. The aim of the WP2 is to make 

sure that necessary information is available for target communities and partners. It will 

raise the awareness of the project both domestically and internationally and ensure that 

RECENT is presented as a professional and interesting project. WP2 creates standards 

for the project, like logo and templates, and it also opens the project’s blog, Facebook 

page, LinkedIn and Twitter account. All these tools are used to increase the visibility of 

the project.  

WP3 is the central work package of the project. In WP3, the communities to work with 

are identified and assessed. It involves providing them with knowledge and appropriate 

tools for participating. WP3 will try and seek, if there are any concerns that may block 

the participation of a community; it will try to identify them and encourage the 
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communities to participate by using different tools. This work package will work closely 

with WP4.  

WP4 will monitor and assess the results obtained from WP3. WP4 will provide 

evaluation methodology, as well as tools for assessing the sustainability of the pilot sites. 

Evaluation methodology will be shared to every partner and different tools, such as 

RETScreen, will be used for assessing the pilots. Later, WP4 will assess the pilot sites 

for their social and environmental impact and prepare a long term sustainability report 

for each pilot. 

The last work package, WP5, is mostly about creating an online support mechanism. It 

is strongly linked to WP2. For example, it will give guidelines for every partner in making 

videos of the pilot sites and also contribute to WP2 in other ways. The work package is 

more of a result of all WPs combined, thus it ensures that the project has a long-term 

life by creating training programs, webinars and workshops. 

1.2 Purpose of the thesis 

This work is closely connected to RECENT project’s work packages 3 and 4. As the goal 

of project is to develop and assess 24 small-scale pilot cases, 6 of them representing 

synergistic solutions, the main purpose of this thesis is to find and evaluate a pilot case 

within the municipality of Sodankylä. Pilot to be assessed in this work is a co-digester 

and the evaluation of it will be done from technological and economic point of view. The 

ultimate goal of the thesis is to find a way to realize bioeconomy in North of Finland. 

This thesis gives an overview of the critical energy and water infrastructure, as the goal 

of the project is to build synergy between public infrastructures and also the main focus 

is community-owned water assets. In the project’s WP4 the task is to provide most 

appropriate tools for assessing the pilots from technical point of view. Therefore, in this 

work RETScreen assessment tool is used as an alternative method to evaluate the co-

digester. Thus, the results from RETScreen and from manual calculations are compared. 

Few ways to realize the bioeconomy in the North of Finland are introduced and the 

three different technologies were chosen because the municipality of Sodankylä was 

interested towards them.  
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THEORETICAL PART 
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2 NATURAL RESOURCES, INFRASTRUCTURE AND 

CHALLENGES IN THE NORTH OF FINLAND  

The programme area of NPA in Finland is relatively large as shown in Figure 1. In the 

RECENT project and thus, in this work, the area is limited to Lapland and Northern 

Ostrobothnia for practical reasons. They are located between the northern latitudes of 

65° and 70° and eastern longitudes of 20° and 30° (Maps of world 2015). Average 

temperature during the time period 1981-2010 measured in the middle of Lapland in 

Sodankylä was -0,4 °C, whereas in Helsinki it was 5,9 °C (Ilmatieteen laitos 2014).  

Northern Ostrobothnia and Lapland account 42.2 % of the whole surface area but only 

10.7 % of the whole population of Finland (Tilastokeskus 2015a). Figure 2 shows the map 

of Finland.  

 

Figure 2. Map of Finland. Area of Lapland and Northern Ostrobothnia marked in purple. 

(Based on Tilastokeskus 2015b) 
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In Figure 1, the borders of counties are separated by black line and the borders of 

municipalities by white line. There are 21 municipalities in Lapland and only three of 

them have more than 10 000 inhabitants (Regional Council of Lapland 2015). Northern 

Ostrobothnia has 30 municipalities and seven of them have more than 10 000 inhabitants 

(Council of Oulu Region 2015). Table 2 shows the population, surface area and 

population density of Lapland and Northern Ostrobothnia.  

Table 2. Basic statistics about the two regions. (Based on Tilastokeskus 2015a)  

  Population Area [km2] Density [ppl/km2] 

Lapland 181 748 92 660 1,96 

N-Ostrobothnia 405 397 35 508 11,42 

 

The population density in Northern Finland is one of its key features, as the average 

population density combined in the area is 6,69 ppl/km2, while the whole country’s 

density is 18 ppl/km2 on average (Pohjois Suomi 2014). Especially Lapland’s population 

density of 1,96 ppl/km2 creates its own challenges.  

2.1 Natural resources and industrial activity 

Despite low population, Northern Finland practically lives off its natural resources. 

There are large forest areas, plenty of mineral deposits, many trenched swamps and vast 

cultivated fields within the area. Main economic activity is based on mining, manufacturing 

of metals, and forestry. Tourism is also a very important source of livelihood, especially 

in Lapland. Figure 3 shows the operational mining and steel facilities in the area and 

Figure 4 shows the forestry area. Amount of agricultural land is shown in Table 3 where 

so-called fallow area accounts for fallow, nature management fields (e.g. grass and 

meadow) and green manure. The reason why reed canary grass is mentioned in the table 

is because it is commonly utilized as an energy crop of which more information is given 

on later chapters. There are many, under different stages of development, mining 

facilities are in the area of Lapland and the goal is to utilize the mineral potential 

efficiently. (Pohjois-Suomi 2014) 
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Figure 3. Operational mining and steel facilities in Northern Finland. (Based on GTK 

2013) 

 

Figure 4. Amount of forests and operational forestry industry in Northern Finland. 

(Based on Luke 2010 and Ohtonen 2015) 
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Table 3. Agricultural land that is used in Lapland and Northern Ostrobothnia. (Based on 

Luke 2015) 

  Lapland [ha] N-Ostrobothnia [ha] 

Total agricultural area 44300 228300 

Fallow 2500 22100 

Reed canary grass 200 900 

 

There are several ongoing energy projects in the area. Finland’s largest energy project, 

Hanhikivi 1, is in Northern Ostrobothnia, in Pyhäjoki municipality. Hanhikivi 1 is a 

nuclear power plant, which is ought to be completed by 2024 and it will have the capacity 

of 1200 MW (Fennovoima 2015). There are also biorefinery and offshore windpark 

projects, which will promote bioeconomy and renewable energies. There might even be 

new pulp and paper industries coming to the area because of the large forest areas. 

(Pohjois-Suomi 2014) 

2.2 Critical infrastructure  

Critical infrastructure is an asset that is needed for society to function properly. For 

example, energy and water are assets, which are regarded as critical for the 

infrastructure. If water supply suddenly stopped, it would affect every sector in the 

society, from consumers to producers. This is also a common feature for critical 

infrastructure; if one system fails, then usually others will too. Critical infrastructure is 

defined a bit differently in every country or region; some region’s critical infrastructure 

could be chemical industry or even reindeer herding. Table 4 presents a list of critical 

infrastructure that is specific for Finland. (NESA 2005 and Puolustusvoimat 2013) 
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Table 4. Some examples of critical infrastructures in Finland. (Based on NESA 2005) 

Basic function Example 

Basic structures 
Electricity network, telecommunications 

network, water network 

Logistics 
Sea transports, icebreakers, transportation 

of fuel and food 

Food supply Water, grains, seeds 

Energy management 
Combined heat and power (CHP), fuel, 

pipelines, imported fuel 

Social welfare and health 

care 
Medicines, vaccines, medical equipment 

National defence 
Equipment, ammunition, international 

integration 

 

It can been from the Table 4 that the critical infrastructures are quite basic, yet very 

important matters in society. Many of the examples given in the table are the same in 

almost every country, but for Finland icebreakers for example are unique. Imported fuel, 

such as transportation fuel, is very important and the aim is to raise the local production 

of them. 

Energy and water are critical services that can have more synergistic solutions, but at 

the same time they have to be able provide their basic functions.  In the next chapters, 

energy security and water services are explained more in depth. Energy security is 

reviewed from the supply of electricity point of view as it has substantial effect on water 

services. 

2.2.1 Energy security 

Availability of energy is essential for today’s society to function properly. Practically 

every action needs power at some point. Along with electricity, information technology 

and data transfer form the critical unity for industries and services. If supply of electricity 

suddenly stopped, it would affect other critical infrastructures like: water and 

wastewater treatment, food supply, banks, traffic, heating, hospitals and agriculture. On 
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the other hand, authorities are prepared beforehand for blackout situations, but major 

blackouts are extremely challenging to handle. (NESA 2015a) 

During the last years, Finland has had the same level of electricity security as Sweden. 

There has been few more blackouts compared to Middle-Europe, but less than Eastern- 

and Southern-Europe. What is characteristic for Northern Finland, is the dark period, 

polar nights, and cold temperatures during winter. Power failure in that period might be 

life-threatening. In fact, the longest blackouts are usually in the rural areas, where power 

lines are not under the ground. Blackout does not last a long period of time and 

according to the law, it should not last more than 36 hours outside the city’s town plan 

zone (FINLEX 2013a). However, it does not take account islands or very sparsely 

populated areas. (NESA 2015a) 

Generally, blackouts are caused by hard weather conditions for example, high wind 

speeds, substantial snowing, freezing rain and lightning strikes. High wind speeds knock 

over trees, which then fall to the power lines. Sleet and substantial snowing have the 

similar effect; they accumulate on the trees surface that bends to the direction of the 

power line. If the temperature gets very cold, like -40 °C, it might even snap the power 

line. Although, there has been a lot of talk about storms and blackouts nowadays, the 

actual quantity of them has not increased lately. It is expected that high winds in the 

coastal areas and thunders will increase in the future. (NESA 2015a) 

2.2.2 Water services 

As mentioned earlier, water and energy companies have to co-operate closely in order 

to secure the supply of water. There are many critical targets related to energy security 

in water services: automation, processing of sludge, temperature control during winter, 

raw water pumping, pressure elevation points, etc. Primarily, water supplier is 

responsible for letting electricity supplier to know, what the critical targets are in the 

system. Then, the electricity supplier can take into account the critical points in its 

actions. However, the safest solution to secure electricity supply, is to have an auxiliary 

power system with an adequate sized fuel tank. If the auxiliary system is mobile, it is a 

good solution for rural areas as well. This kind of system is independent from electricity 

supplier but it is not a cheap option as it requires monthly testing and annual peak load 

testing. (NESA 2012) 
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The most common reason why the supply of water would stop, is the malfunction caused 

by a blackout. Water services have prepared well for this: today, around 60 % of the 

waterworks’ own a mobile auxiliary power system and 40 % have a fixed auxiliary power 

system. For certain industries, hospitals and others, the supply of water is critical and 

they often have their own back-up water tank for emergency situations. In case, if the 

water supply is stopped for over 24 hours, then according to the Finnish Water Act, the 

waterworks has to provide water by mobile containers or such, for individual’s personal 

use. (NESA 2015a) 

2.3 Challenges in the area 

Long distances, low accessibility, centralized infrastructure, and diminishing and ageing 

population is common for the Northern Periphery and Arctic Programme area. There 

are abundant natural resources in the area that create opportunities, but might attract 

multinational companies, resulting in land ownership issues and other disputes (NPA 

2015). The North of Finland fits perfectly to this description as the area shares the same 

challenges as the whole NPA region shown in Figure 1, Chapter 1 (TEM 2014a). The low 

population density affects directly the development of every sector in the society. It 

makes it difficult to utilize the available potential of the area in an economically 

sustainable manner. Long distances is another obstacle for the development of the area. 

For example, long distances create high transportation costs which makes the area 

unattractive for new companies to start business there. This is also one of the reasons 

why unemployment in Northern Finland is higher compared to other parts in the 

country. (Rakennerahastot 2014) 

Large industries, like mining and paper industries, are very vulnerable towards the 

fluctuations of global economy (Rakennerahastot 2014). They can be regarded as 

cornerstones of the local economy as they increase employment in the area directly and 

indirectly. Major challenges for the large industries is to have skillful employees and, 

especially for mining industry, to have the social acceptance from the public. (Lappi 2012)  

Almost every location has faced challenges regarding climate change – such challenges 

are increased stormwater, longer dry periods and power failures (Silfverberg 2007). 

Climate change may give benefit to agriculture by extending the growth season but, on 

the other hand, extreme weather conditions increase and new types of pests may spread 

even to the northernmost parts. Technical infrastructure is likely to face more challenges 
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concerning weather conditions and floods, and therefore, it is vital to have a proactive 

maintenance for this. (MMM 2012) 

2.3.1 Water services  

Climate change will have greater effect on water services in future. According to a survey 

done by Vienonen et al. (2012), the major challenges will be longer dry periods, floods, 

increased stormwater and the rest such as storms and higher wind speeds. For example, 

longer dry periods, which were considered to be the major challenge, will decrease the 

amount of raw water. The iron and manganese concentrations and the amount of 

bacteria might increase, which leads to increased water treatment. In the wastewater 

side, the sewers might be blocked because there is less water available, and after long 

dry period, heavy rain might increase the amount of organic material in mixed sewers. 

Table 5 shows the full list of climate change effects. (Vienonen et al. 2012) 

Table 5. Effects of climate change on domestic water and wastewater treatment. (Based 

on Vienonen et al. 2012) 

Climate change effect 
Effect on domestic 

water 

Effect on wastewater and 

sewers 

Heavy rain and floods 
Quality of raw water 

decreased 
Overflow 

Longer dry periods 

Insufficiency of raw 

water 
Blocks in sewers 

Increased 

concentrations of iron 

and manganese 
Increased organic material after 

dry period 
Increase in bacteria 

forming 

Changes in 

temperature 

Decrease in oxygen 

levels 
Diminished nitrogen removal 

Increase in algae Diminished final sedimentation 

Increase in frost depth 

Bursts in pipelines 

Storms Power failures 

 



22 

 

Aside from climate change, there are other issues related to water services. The 

pipelines, both in drinking water and wastewater sector, are getting old and are in need 

of renovation. The rate of renovation should be almost tripled in both sectors to ensure 

water availability and minimize the risks of contamination. There are still pipelines, in 

which both wastewater and stormwater are collected and it causes unnecessary load in 

the treatment plant. Already about 30 % of water flowing in the wastewater pipelines is 

drainage water. (Vienonen et al. 2012) 

Largest amount of electricity in water services is consumed by pumps. The pumps need 

to be operational 24 hours a day to keep the water system pressurized.  Therefore, 

there should be co-operation between the local energy provider and water provider. 

The energy provider should be aware of the critical needs of water provider; the most 

important sectors where water service needs to have electricity available all time. The 

water provider can also make sure that it has electricity available through back-up 

batteries or auxiliary power, in case there would be a power failure. Nevertheless, it is 

recommended to inform the electricity provider if there are some “weak links” in the 

system. (NESA 2012) 

2.3.2 Municipal level 

One of the challenges that northern municipalities have to seize is to combine scattered 

resources, refining and businesses together in a profitable manner. The role of 

municipality is to work as a support for local villages and make sure that the regional 

strategy is taken into account. In other words, municipality is an empowering 

stakeholder and coordinator between local villages and region. Municipalities in north 

have to create new collaboration between different stakeholders and industries in their 

area, such as water and energy companies. As the world becomes more and more global, 

areas that are far from population centers have to find synergies in order to keep pace 

with the global economy and this is where the municipality has to take actions. (SBP 

2015) 

It is said in the Finnish Water Act that municipalities have the responsibility to develop 

their water services in the area. It has to cooperate with the water companies working 

in the area and also ensure that rural areas are taken into account. Municipality will also 

make it sure that required actions will be taken if there is a lack of water services. 

Although, municipality is not required to be the owner of the water services, it still has 
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the last responsibility to provide water services to the people within their area. 

(Kuntaliitto 2007) 

In general, each municipality owns and runs its water services in Finland. There are about 

400 water utilities owned by municipalities but over 1000 so called co-operatives and 

many other similar companies that take care of the water services. These co-operatives 

are usually located in the rural areas, where the municipality cannot extend its water 

distribution and they are founded by a group of people (Pietilä et al. 2007). The 

stakeholder, who is ultimately in charge of providing water services in a sparsely 

populated area, depends on how the Finnish water act is interpreted. If the population 

of the area is dense and large enough, then usually the municipality takes the charge. 

Primarily, population centers have a joint water service and the water service can refuse 

to expand its service to sparsely populated areas. This is legal and the reason for this 

can be that it might disturb the main operations of the water service. In sparsely 

populated areas, the common solution is to establish a water co-operative. The people 

establishing the water service are not necessarily experts in the water engineering and 

therefore, government and the municipality give support to the co-operative. (Helminen 

et al. 2013) 

2.3.3 Bioeconomy implementation 

Circular economy or bioeconomy could be the solution for today’s energy management 

and climate change (Luke 2012). However, there are many challenges regarding it, 

especially in the sparsely populated areas. According to a survey done by Sitra (2010), 

the economic sustainability of bioeconomy is regarded as the largest stumbling block. 

There should be more actions than planning; there are more good ideas than actual 

capacity to implement them. The ideas should be developed to actual pilots, but there 

are doubts about small-scale pilots from an economic point of view. This kind of thinking 

leads to large scale biorefineries and the potential experience and knowledge from small 

pilots is lost. (Savolainen 2013)  

On the other hand, large investments in biorefinery plants bring welfare, new working 

places and are more economically viable. They seem to be both socially and economically 

accepted, but ecologically not. Main raw material in biorefineries is wood and the 

consumption is measured in million cubic meters per year. This will, however, affect 

negatively to the biodiversity of the forests and, without any compensating actions, is 

not sustainable. (HS 2015) 



24 

 

From energy security point of view, it is vital that Finland has a secure supply of energy 

available. Over half of the energy used in Finland is imported and most of it comes from 

the Russian Federation. Bioeconomy has, and will have, a key role in domestic energy 

production, e.g. through transportation fuel manufacturing (FINLEX 2013b). Although, 

increasing domestic energy production is one of the major challenges, other products 

from bioeconomy has to be taken into account. Utilizing the full potential of biomass is 

important for a country like Finland. (NESA 2015b) 

There is a variety of different raw materials and products available for decentralized 

bioeconomy and they are introduced in Figure 5. The majority of products are 

transportation fuels, compost and energy. Utilization of bio-based raw materials in 

sparsely populated areas is important concerning critical infrastructure. It will empower 

people living in the rural areas, it is more flexible towards fault situations than large 

biorefineries and it is repeatable in similar areas. (NESA 2015b) 

 

Figure 5. Decentralized bioeconomy’s raw materials and products. (Based on NESA 

2015b) 

Nevertheless, there are still major challenges concerning the circular economy in North 

of Finland. The material flows are hard to combine sustainably and the volume of each 

flow alone is low. Also, what is characteristic for unused material flow, is that the 

composition is unknown and the desired product’s concentration might be low. In 
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addition, the sector needs more research and new companies to create solid foundations 

and nexuses. (VTT 2013) 
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3 BIOECONOMY REALIZATION IN NORTHERN 

MUNICIPALITIES 

The North of Finland, for example Lapland, has a lot of renewable natural resources. 

The most obvious and important of them are forests shown in Figure 4 on Chapter 2.1. 

There are also other biomass sources, like fields, and unutilized or hidden biomass flows, 

like wastewater sludge. As already mentioned, the utilization of these resources can be 

difficult, e.g. because of low population density and long distances. Bioeconomy aims to 

utilize all the available resources in a sustainable manner shown in Figure 5 on Chapter 

2.3.3. It is also said, that bioeconomy will be the “new wave” in national economy. Figure 

6 shows an illustrative forecast of the welfare that bioeconomy could bring. (TEM 2014b) 

 

Figure 6. Bioeconomy is the next step in economy. (Based on TEM 2014b) 

Municipalities organize basic services to the people that are living in the municipality. 

Services are for example social, health, educational and technical services. Duties that 

belong to these services are eldercare, dental care, basic teaching and waste 

management. The government is in charge of the legislation of these services and 

municipalities are in charge for providing them. In addition to statutory services, 

municipality can have self-governing services, like energy management or support of civic 

activity, if it is necessary. Nevertheless, municipality cannot practice anything that is 

purely commercial or industrial activity, it has to provide public goods only. (Kuntaliitto 

2015) 

The reason, why municipality is often the energy provider in the area, is based on 

Municipality Act 1§ that states that the municipality has to provide services to its 

inhabitants in an economically, socially and environmentally sustainable way (FINLEX 

2015). So it can be interpreted that the municipality will improve its inhabitants and 
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companies critical needs through energy delivery. Nonetheless, energy production 

investments are high and the payback periods often long. Municipalities already struggle 

in providing other basic services, like health care. Therefore, using local raw materials 

and designing the energy plant to be upgradeable minimizes the potential future costs. 

(Lankinen & Puhakka 2013) 

Municipalities have large impact on their energy sector and they will make decisions 

based on the goals set by the climate policy (Puhakka 2005). In that sense, municipalities 

have the responsibility to follow sustainable development through “climate friendly” 

solutions. Energy security in the decentralized areas can be ensured by distributed 

energy systems and through bioenergy as these solutions will often increase working 

places and give value to the local infrastructure (Lehtonen & Okkonen 2012). However, 

these systems will most likely be implemented only, if the municipality is active and 

coordinating the actions. (Lankinen & Puhakka 2013)  

In the following chapters, 3 different bioenergy technologies are presented and they 

were chosen because the municipality of Sodankylä was interested in them. All the three 

technologies can be realized in Sodankylä area and special attention is given to anaerobic 

digestion. This is because it can have larger impact on the municipality and it fits to the 

RECENT project objectives better than the other two. 

3.1 Anaerobic digestion 

Anaerobic digestion (AD) is a biochemical process where anaerobic microorganisms 

decompose organic material into two end products; biogas and digestate. The 

composition of biogas depends on the feedstock used but typical composition of biogas 

is shown in Table 6. Digestate has high concentration of nitrogen and phosphorus, thus 

making it a good fertilizer (Bioste 2014). The process can take place in different utilities 

such as digesters, wastewater treatment plants and landfills (Rasi 2009). It is also a natural 

phenomenon happening in swamps, stomach of ruminants and water sediments. 

Commonly, more than one type of organic feedstock (sewage sludge, agricultural 

residues, etc.) is used in the digestion process and it is then referred as “co-digestion”. 

(Biosantech et al. 2008) 
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Table 6. Typical composition of biogas generated by anaerobic digestion. (Based on EC 

2006) 

Component Biogas composition (vol-%) 

CO2 25 - 50 

CH4 50 - 75 

H2O 6 - 6,5 

O2 1 

N2 4 

H2S < 1 

NH3 < 1 

 

Digestion takes place in a bioreactor and there are basically two types of bioreactors 

for it: wet and dry reactor (EUBIA 2012). Figure 7 shows a typical wet reactor. When 

the total solids content (TS) of the feedstock is lower than 15 %, the process is wet 

digestion, and when the TS is above 15 %, it is dry digestion (TS usually 20-40 % for dry 

digestion).  

 

Figure 7. Typical wet reactor. 

Sewage sludge and manure feedstocks are common for wet digestion while solid organic 

waste with high straw content such as agricultural waste, is common for dry digestion. 

Process equipment for wet and dry digestions are different as wet digestion feedstock 

is moved by pumps but dry digestion feedstock is moved by screw pipe system (Latvala 

2009). Also, dry digestion does not need an additional mixer of the feedstock during 
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digestion. Table 7 shows the complete overview of different types of digestion processes. 

(Biosantech et al. 2008)  

Table 7. Overview of dry and wet anaerobic digesters. (Based on Latvala 2009) 

Criteria 
Dry process 

(continuous) 

Dry process 

(batch) 
Wet process 

Total solids 20-40 % Maximum 50 % 5-15 % 

Treatment 

of feed 
Homogenization 

Premixing, 

percolation 
Homogenization 

Possible 

failures 
Crusher's clogging 

Clogging of the 

percolation system 

Foaming, sinking and 

floating layer 

Type 
Continuous, 

expandable 

Batch, consisting 

of modules 

Continuous, single- or 

multistep 

Required 

energy 
High Low High 

Emissions Low Low High 

Typical feed 

input 

Bio-waste, dry 

manure, energy crop 

High TS content 

organic waste 

Wastewater sludge, 

industrial residues 

Hygiene No problem No problem Problematic 

 

3.1.1 Main process steps 

Anaerobic digestion occurs in the absence of oxygen, at a temperature of 35 °C 

(mesophilic) or 55 °C (thermophilic). Microbial activity between these temperatures is 

weak, therefore the temperature should be kept clearly on either of these temperatures 

(Jääskeläinen & Juvonen 2010). Heat energy is not generated substantially since most of 

the energy produced is contained in the biogas (Biosantech et al. 2008). Therefore, the 

process needs to be heated in order it to function and temperature should be kept 

constant. Mesophilic temperature is not as vulnerable to temperature and pH changes 

as thermophilic temperature, but thermophilic has faster reaction rate and the digestate 

produced is more hygienic. (Latvala 2009) 

AD consists of four different steps: hydrolysis, acidogenesis, acetogenesis and 

methanogenesis. Each step involves different bacteria types and in order the digestion 

to be complete, the feedstock has to go through every step. Nevertheless, each step 
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happens at the same time in the bioreactor (Biosantech et al. 2008). See Figure 8 for the 

AD process flowsheet. (Ostrem et al. 2014) 

 

Figure 8. Anaerobic digestion flowsheet. (Based on Latvala 2009) 

Hydrolysis is the first step in anaerobic digestion. In the process, organic materials, 

polymers, are broken down into smaller units, monomers. These are then available for 

the next step’s bacteria to utilize. Woody waste such as woodchips, are not suitable for 

AD, because lignin takes time to break down in hydrolysis. The next step is acidogenesis. 

Acidogenesis convert monomers, like glucose and amino acids, through fermentation to 

volatile fatty acids. Other minor products include carbon dioxide, hydrogen and acetic 

acid. (Jain et al. 2015 and Ostrem et al. 2014) 

Acetogenesis convert acids and alcohols into acetate, carbon dioxide and hydrogen. 

Product composition at this step depends on the bacteria type but also on the 

temperature and pH. In acetogenesis, pH of the system will drop because of organic 

acids. Acetogenesis runs parallel with the last step, methanogenesis (Biosantech et al. 

2008). Hydrogen formed in acetogenesis is converted into methane and over half of the 

methane comes from acetate conversion. Methanogenesis controls the rate of AD, as it 

is the slowest part of the process. It is also very sensitive to changes in pH and 

temperature. (Ostrem etl al. 2014) 
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3.1.2 Process conditions 

Temperature determinates whether the process is mesophilic or thermophilic. There is 

also a third temperature regime, called psychrophilic process, where the temperature is 

kept around 25 °C. All in all, an increase in temperature results in faster methane 

producing rate, but the downside is that the process is harder to control (Chen et al. 

2008). Mesophilic process is most common in Finland and this might be because the 

mesophilic process is not substantially vulnerable to temperature changes and need for 

heating is lower. Therefore, mesophilic process is easier to control, especially in winter 

times. Other parameters that have an effect on the process are: load, pH, water content, 

and retention time. (Kwietniewska & Tys 2014 and Latvala 2009) 

Load refers to the amount of organic material fed to the reactor in relation to reactor 

volume and time. Typically, load varies between 3-9 kg of volatile solids per liquid cubic 

meter per day (Latvala 2009). It must be taken into account that if the loading is too 

high, then the pH will drop substantially and process will stop. The pH of the digester 

should be kept between 6.5 and 7.5 because this is the range where bacteria are most 

active. (Jain et al. 2015) 

Water content and moisture are key elements in AD. According to Khalid et al. (2011), 

humidity level of 60-80 % has the highest methane production rate. Degradable organic 

material dissolves easier when the water content is high in the process. For example, 

when the moisture was 70 %, the methane yield was 17 % less when compared to a 

moisture level of 80 % (Fernandez et al. 2008). Nevertheless, methane production rate 

can be higher at 70 % moisture level than 80 % moisture level and this depends on other 

factors such as, type of reactor, type of feedstock, etc. (Khalid et al. 2011) 

Retention time refers to the period of time of how long the feedstock is in the reactor. 

This is affected by numerous factors such as, the amount of total solids (TS), 

temperature, and reactor volume. The longer the retention time, the higher degradation 

of organic material and thus, higher methane yield. The downside is increased need for 

heating and investment on a larger reactor size. To achieve the highest methane 

production rate, the reactor should have lowest possible retention time with highest 

loading rate (Gonzalez-Fernandez et al. 2015). Retention time of 12-30 days is typical for 

Finnish bioreactors. Mesophilic process takes around 21 days and thermophilic can 

lower the time by few days. Levels of 50-60 % organic material reduction at least, are 

recommended to reach. Laboratory-scale pilots have usually shorter retention times due 
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to optimal conditions. All in all, retention time cannot be calculated precisely – it is 

usually figured out by multiple laboratory tests and test runs. (Latvala 2009)  

3.1.3 Raw materials 

The raw materials, or feedstock for AD, comprise of different kinds of organic materials. 

Forestry, agriculture, industrial, and municipal organic wastes are the traditional types of 

organic materials used for energy production. Common for every feedstock used in 

anaerobic digestion is that they have high concentration of sugar, proteins and fats and 

starch. Also, the feedstock tends to be easily decomposed. They can be classified 

according to their origin into three sectors: agricultural, industrial and municipal. Table 

8 shows examples of different feedstock types. (Biosantech et al. 2013) 

Table 8. Different types of feedstock for the AD process. (Based on Biosantech et al. 

2013) 

Agricultural Industrial Municipal 

Cattle manure Slaughterhouse wastes Food waste 

Crop residues Meat-containing wastes Garden waste 

Energy crops Silage fraction Sewage sludge 

 

Of all the organic wastes, agricultural waste is the most important and abundant 

resource for anaerobic digestion (Li et al. 2015). Manure and slurry coming from farms 

are mostly used but different kinds of feedstocks, like energy crops, are now being 

researched. When plant residues and energy crops are utilized, they need to be 

pretreated carefully. This kind of feedstock contains lignin, which does not decompose 

easily in AD process. In cold environment, it must be taken into account that all of the 

energy plants are not able to grow in this kind of environments. Nevertheless, reed 

canary grass for example, grows naturally in the region and it also has good methane 

potential (Braun et al. 2011 and Lampinen et al. 2015). Though in future, increase in 

human population might result in more land use for food production than non-food 

production. (Biosantech et al. 2013) 

Industrial feedstock is originated from agriculture raw materials. They are called 

industrial, because they come from processes that process for example biochemicals or 

food and beverages. What is characteristic for industrial feedstock, is that they are 

homogeneous and have high methane potential. Also, organic waste derived from 

animals is better for digestion than waste derived from plants because of high fat and 
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protein concentration. The drawback is that industrial organic waste might include 

pollutants: pathogens, persistent organic compounds or heavy metals. Therefore, they 

need to be pretreated well and special wastes like offal must be sanitized before 

digestion. (Biosantech et al. 2013 and Municipality of Salla 2014) 

Organic waste derived from animals is categorized into three different groups according 

to Finnish Food Safety Authority, Evira. For example, category 1 includes material that 

has a risk of containing toxins or diseases. In the North of Finland, reindeer offal can be 

used as one of the feedstocks for co-digestion. Table 9 shows the general pretreatment 

for offal before digestion. It is worth to mention, that reindeer offal has no parts that 

belong to category 1. (Evira 2015) 

Table 9. Pretreatment methods for offal before anaerobic digestion, composting or other 

utilization. (Based on Evira 2014) 

 Category 1 Category 2 Category 3 

Mesophilic 

digestion 
Not for AD 

Particle size < 50 mm, 

pressure sterilized in 

133 °C and 3 bar for 20 

minutes before AD 

Particle size < 12 mm, 

heat treatment in 70 °C 

for one hour before AD 

Thermophi-

lic digestion 
Not for AD 

Particle size 50 mm, 

pressure sterilized in 

133 °C and 3 bar for 20 

minutes before AD 

No pretreatment needed 

 

One of the reasons why slaughterhouse wastes, especially solid wastes, must be 

pretreated, is that they often include lots of lipids and long-chain fatty acids. They are 

insoluble and some of them inhibit the reactions happening in AD. Pretreatment can 

improve their anaerobic degradation, thus increasing methane yield. (Battimelli et al. 

2010 and Salminen & Rintala 2002) 

Municipal organic waste consists mainly of sewage sludge and organic household bio-

waste, such as kitchen waste. In order to be suitable for AD, household waste must be 

source separated and collected separately, otherwise the treatment costs will be higher 

(Appels et al. 2011). Also, the composition is different when compared rural and 

urbanized areas. Nevertheless, sewage sludge has a very high capacity for biogas 

production. Anaerobic digestion is a good method to process the sludge, since it 

drastically reduces the volume of it and eliminate pathogens, making the final disposal 
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easier (Appels et al. 2008). There are other techniques as well for treating sludge than 

AD, and depending on the process, it accounts 25-50 % of the total costs of wastewater 

treatment process. (Biosantech et al. 2013 and Neyens et al. 2004) 

3.1.4 Products 

The end-products of AD are biogas and digestate. In addition to these products, there 

are also reject water and dry particles. The composition and end-use of these products 

depend on the raw materials used (Marttinen et al. 2013). Usually, digestate is used as a 

fertilizer or as a material for soil improvement. Nevertheless, biogas is the main product 

of AD, and it can be used in heat and electricity generation, in natural gas network, and 

as a transportation fuel. Before utilizing the biogas, it has to be purified. (Piippo et al. 

2014) 

Biogas has to be purified from hydrogen sulphide in order to be used in CHP. Otherwise, 

when burning hydrogen sulfide, it oxidizes into sulfur oxides which corrodes and 

damages the process equipment (Deublein & Steinhauser 2008). When used as a 

transportation fuel, the biogas has to be refined to be more pure. In addition to hydrogen 

sulfide, carbon dioxide, moisture and other trace gases has to be removed. They are 

removed because they lower the heating value of biogas. There are many different 

technologies for this, and one of the most common method is to use a water scrubber 

(Hytönen 2013). In Finland, the water scrubber technology is actively used in most of 

the biogas refineries (Biokaasuauto 2016).  The method is described in Figure 9.  

 

Figure 9. Flowsheet of water scrubbing system for biogas upgrading. (Based on Motiva 

2013) 
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In this method, the carbon dioxide and hydrogen sulfide are dissolved into the water 

and it is based on the fact that they dissolve easier to water than methane. The water is 

regenerated in another column by releasing the pressure which causes the gases to 

evaporate. Moisture is dried from the biogas and as a result contains around 95 % of 

methane. (Motiva 2013) 

The digestate contains soluble nutrients and some amount of organic compounds that 

have not degraded in the AD process. Digestate improves the carbon balance and 

provides nutrients when inserted on land. It may even reduce erosion and herbicide 

usage by retaining water and improving soil quality. The digestate should not contain any 

substantial amount of pathogens when utilized and therefore, it is pre-treated in some 

cases. When the digestate is dewatered, the liquid formed can be used as a fertilizer, but 

the feedstock has to originate from animals or plants. Usually, thermophilic process 

eliminates the majority of impurities and sometimes mesophilic process alone is 

sufficient. (Piippo et al. 2014) 

3.2 Biochar utilization 

Biochar is a charcoal-like material that is composed mainly of carbon and it is a by-

product of pyrolysis of biomass (Granatstein et al. 2009). In the pyrolysis process, the 

biomass is thermally decomposed in low-oxygen environment. Biochar is utilized in soil 

remediation and it can also be used for energy production in coal-based power plants 

(Europaeus 2014). The quality and type of biochar depends on the biomass (waste, 

wood, crop residues, etc.) and temperature used in the production. In general, the 

temperature ranges between 300 °C to 1000 °C.  For example, high temperature 

pyrolysis of biomass results in higher surface area and carbon content. (Tang et al. 2013) 

3.2.1 Fast and slow pyrolysis 

In pyrolysis, the organic material is converted into three different products (Kung et al. 

2015):  

 liquid product called bio-oil or pyrolysis oil, containing water, 

 solid product that is called biochar, and 

 gas mixture of carbon monoxide, carbon dioxide, hydrogen, methane and other 

hydrocarbons (syngas). 

There are mainly two types of pyrolysis: fast and slow pyrolysis. In fast pyrolysis the 

heating rate is high and vapor residence time short, around few seconds. Typical product 

composition in mass percentage is 10-25 % biochar, 50-70 % bio-oil and 10-30 % syngas. 
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The objective in fast pyrolysis is to produce liquid bio-oil as much as possible. Slow 

pyrolysis has longer residence times from hours to days, slower heating rates and lower 

temperature than fast pyrolysis. The product composition is typically 25-35 % biochar, 

20-50 % bio-oil and 20-50% syngas. Therefore, slow pyrolysis is used for biochar 

production, as it favors the most biochar formation (Tripathi et al. 2016). In addition to 

residence time, heating rate and temperature, the type of biomass, moisture content, 

reactor design and particle size have an effect on the product composition (Thangalazhy-

Gopakumar et al. 2015). Figure 10 shows an example of a commercially available slow 

pyrolysis process. (Brownsort 2009)  

 

Figure 10. Continuous biochar production through rotating screw reactor (Based on 

Ronsse 2013). 

The biomass is fed into the rotating screw that transports it through the reactor. At the 

same time, the reactor is heated indirectly from below. The gases are taken out of the 

rotating screw reactor at the end and possibly treated to have syngas. The desired 

product in this method is biochar and it is recovered also at the end of the reactor. The 

biochar can be then dried to raise the total solids content of it.  

3.2.2 Biochar end-use 

Biochar is a good replacement for coal. It has almost the same characteristics, its 

structure is brittle, easy to grind and burn. To make logistics and handling easier, biochar 
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is usually pelletized.  In a pellet form it is hydrophobic and can be stored without getting 

wet. According to Europeaus (2014), biochar can also be a viable replacement for peat 

because it has better burning quality. Especially in winter times, peat extraction has its 

difficulties. (Flyktman et al. 2011) 

Another use for biochar is the use as a soil conditioner. This has been an interesting 

research target recently because biochar has a potential in carbon sequestration. The 

application of biochar as soil amendment stretches far to the past. In Amazon basin, 

certain soils are very dark and fertile, and it is now agreed that farmers in the past, even 

7000 years ago, improved the soil by utilizing charred material of various sort (Marris 

2006). The retention times of biochar is clearly long. According to Lehmann (2007), the 

retention time of biochar in soil can be even thousands of years. In other words, the 

carbon in biochar will be released to atmosphere after a very long period of time. This 

technology has the potential to turn certain agricultural sectors into carbon-negative 

industry. (Brandstaka et al. 2010) 

There are numerous benefits to soil and atmosphere that biochar application on land 

has (Brandstaka et al. 2010 and IBI 2016): 

 carbon sequestration through photosynthesis, 

 increase in soil fertility, 

 increase in crop yield, 

 improved water and nutrient retention, and 

 decreased fertilization need. 

Several studies have shown that adding biochar to agricultural crops, has increased crop 

yields up by tens of percentages (Bhattacharjya et al. 2015). On the other hand, some 

studies show that the crop yield has decreased. There is no specific limit for the addition 

of biochar on land but it is estimated that for Finnish environment, the application rate 

would be about 15 tonnes of biochar per hectare. Biochar from wood has great water 

retention capacity and it also has the ability to retain nutrients, which means it could 

have potential use in Finnish environments. (Brandstaka et al. 2010) 

Although biochar application on land seems promising, there are still some barriers and 

uncertainties in it. The question is, whether the emission reduction achieved by biochar 

application is more valuable than just burning it. Another question would be that if the 

use of biochar in land application is resource-wise. There are other industries using 

forestry, agricultural, and other wastes already for energy production, so the 
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competition can be rough. Research is also needed to investigate the long-term effects 

of biochar on soil as the action is practically irreversible (Brandstaka et al. 2010). 

However, biochar can be produced relatively easily and it does not require advanced 

technology which makes it a feasible option in northern territories. Nevertheless, it still 

needs some optimization and small-scale pilots to see the costs and benefits. (Lehmann 

2007) 

3.3 Energy crop utilization 

Energy crop is a raw material that is specifically grown for energy production. It does 

not require much inputs and it has high growth per hectare (BEC 2011). Energy crops 

have now been used widely all over the world. The first energy crops were derived from 

crops that can be used as a food as well. Use of first generation biofuels resulted in a 

controversy between food and energy use of arable land. Second generation biofuels 

utilize the non-food part of crops: co-products from food crops and dedicated energy 

crops, such as straw and reed canary grass, respectively. (Wilson et al. 2014) 

This Chapter will concentrate on dedicated energy crops. Commonly used energy crop 

species that are cultivable in northern territories will be reviewed. Highest attention will 

be given to reed canary grass as it seems to be the most promising. See Table 3 in 

Chapter 2 that shows the amount of agricultural land, fallow and reed canary grass 

cultivated in North of Finland.  

3.3.1 Reed canary grass 

Reed canary grass (RCG), Phalaris arundinacea, is the most important energy crop in 

Finland at the moment (Motiva 2014). It can withstand winter and has good crop yield. 

It is also very durable, because one sown area can last even 15 years, until it is needed 

to sow again. It also grows on various land types, but the highest yield is on peatlands 

and earthy soil. Figure 11 shows the plant. (Lötjönen & Knuuttila 2009 and Pahkala et al. 

2005) 
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Figure 11. Reed canary grass (copyright Jouko Rikkinen). 

The very first harvest is usually done during the third summer, as the plant grows its 

roots during the first two summers. In the case of burning RCG for energy, the harvest 

time is during April or May, when the ground withstands the weight of harvesters. RCG 

is usually harvested as bales, when it can be transported more efficiently, or as chaff, 

when it is utilized nearby. After the harvesting, the field is fertilized. (Lötjönen & 

Knuuttila 2009) 

RCG is often used together with the main fuel in power plants. Most of the power plants, 

where RCG is applicable, use peat, wood chips, coal or their mixture as a main fuel. 

Therefore, the amount of RCG in the mixture can be 10-20 % of the total energy content 

maximum. It can be brought to the power plant area either as bales, ready fuel mixture 

or as chaff. Before burning, the straw should be less than 5 cm long, because in other 

case it might block the supply equipment. (Lötjönen & Knuuttila 2009)   

However, there are still a few challenges when burning RCG for energy and those are: 

(Lötjönen & Knuuttila 2009 and Sauranen 2007): 

 segregation of RCG in fuel mixture, 

 shredding of bales to desired lengths, 

 RCG contains chlorine which causes corrosion, 

 when burning with wood chips, the RCG’s silicate reacts with potassium to form 

sticky glass, and 

 formation of powdery ash. 
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RCG that is harvested during spring is for burning purposes, but RCG that is used for 

anaerobic digestion is harvested when it is still green. This is done 2-3 times during 

summer which is similar to forage crops harvesting, and it decomposes much easier in 

AD reactor because lignin content is low. In Lehtomäki’s (2006) research, RCG was 

harvested two times a summer, at the end of June and at the beginning of August. Later 

harvesting had higher methane potentials. Fertilizing is done similarly as in other grasses. 

If the RCG crop is not collected early enough, then the lignin content rises too much. 

RCG needs to have time to harden before winter. Therefore, there should be at least 

one month period of time between the last harvest and the end of growing season.  

(Laitinen et al. 2006 and Lehtomäki et al. 2007) 

When the RCG is harvested, it can be stored in the same method as forage crops. 

However, RCG does not need to be dried for AD. Storing RCG together with formic 

acid can even improve the methane generation ability (Lehtomäki et al. 2007). Also, RCG 

is good for anaerobic digestion for the following reasons (Pahkala et al. 2005 and Laitinen 

et al.  2006): 

 it does not need a lot of effort to grow, 

 it does not necessarily need effective fertilizing, and 

 same harvest, cultivation and storing technique as for forage crops. 

3.3.2 Timothy grass 

Timothy grass, Phleum pratense, is the most cultivated grass plant in Finland because it 

can be cultivated in the whole country. It can withstand winter well, grows fast and, 

therefore, is usually harvested twice a summer. Growing timothy grass does not require 

a lot of effort but it is vulnerable to dryness due to its short roots. It is usually cultivated 

together with another grass plant, e.g. tall fescue or red clover. Timothy grass is mainly 

used as a silage (Farmit 2016 and Ruokatieto 2016). Figure 12 shows timothy grass.  



41 

 

 

Figure 12. Timothy grass (copyright Jouko Rikkinen). 

Timothy grass could be a suitable feedstock material for anaerobic digestion. According 

to a research done by Hannukkala (2008), timothy grass could be a promising feedstock 

for AD in northern conditions. As main portion of timothy goes into silage, the portion 

of timothy silage that is left could be used for AD. According to Watrec (2011), timothy 

grass together with clover would be a suitable feedstock for AD, although its gross 

energy gain per hectare was almost half of RCG’s gross energy gain. In general, timothy 

grass is considered as a grass plant and therefore, it does not have any use as power 

plant’s fuel. The reason is because it has low gross energy gain and it contains more 

moisture than RCG.  (Hannukkala 2008) 

3.3.3 Brown knapweed 

Brown knapweed, Centaurea jacea, is a novel energy crop, with high crop yield and 

durability. It can be cultivated in Northern Finland and it can produce fair amount of 

crop even if it is a dry year. The plant is able to grow its height over one meter (Nissinen 

et al. 2010). Brown knapweed is an impressive plant, shown in Figure 13, and therefore, 

it is used for landscaping. Nowadays, it has been researched mainly for biogas 

production. (Nissinen & Kukkonen 2006)  
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Figure 13. Brown knapweed (copyright Jouko Rikkinen). 

According to Seppälä (2013), brown knapweed is one of the most promising novel 

energy crop. In her research, it was pointed out that brown knapweed could be better 

than reed canary grass for AD in northern conditions because it can reach even 6000 

m3CH4  ha-1 a-1. However, not all the factors affecting brown knapweed’s yield are known 

and, thus more tests are required. It is also uncertain that how the plant would withstand 

the stress from effective cultivation. (Nissinen et al. 2010) 
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4 ENERGY ASSESSMENT TOOLS 

Designing a regional energy system or a small-scale renewable energy system is a difficult 

task and often requires a lot of time. Therefore, various energy modelling tools have 

been developed for this. Energy modelling tools help decision-makers to allocate energy 

production better, especially in the case of sustainable energies, as the tools are cost-

effective for local energy (decentralized) production modelling. There are many types of 

energy modelling tools, such as renewable energy models, optimization models and 

energy supply-demand models. (Jebaraj & Iniyan 2006) 

Table 10 shows the most popular energy assessment tools, their availability, and how 

many times they have been downloaded so far. It is worth to notice, that the ones that 

are used most are free to download – in some cases they require only a registration. 

Compared to others, RETScreen software is by far the most used one. This is maybe 

because RETScreen can be used for any size of system, while the others are limited to 

national- or microscale for example. Some of the tools concentrate on one technology 

or on a certain geographical area. For example, BCHP Screening tool assesses combined 

heat and power in buildings while Invert focuses on the heat sector on a national scale. 

(Connolly et al. 2010) 

In the next chapters, 3 different energy assessment tools will be presented and examples 

of their usage will be given: LEAP, energyPLAN and RETScreen. The reason why these 

three were chosen, is because they differ from each other and were easily accessible. 

The maximum scenario timeframe for energyPLAN is one year, whereas RETScreen has 

50 years and LEAP has no limit. EnergyPLAN, RETScreen and LEAP, all have different 

time-steps when calculating: hourly, monthly and yearly steps, respectively. The chosen 

tools are free to download, kept up-to-date and have training material and community 

support available. (Connolly et al. 2010; EnergyPLAN 2015; Heaps 2012 and RETScreen 

International 2015) 
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Table 10. Information about the availability of the tool and number of downloads. (Based 

on Connolly et al. 2010) 

TOOL Availability Downloads 

Very high number of users 

RETScreen Free to download > 200 000 

HOMER Free to download > 28 000 

LEAP Free for students and developing countries > 5000 

BCHP Screening Tool Free to download > 2000 

energyPRO Commercial > 1000 

High number of users 

energyPLAN Free to download 100-1000 

Invert Free to download 100-1000 

MARKAL/TIMES Commercial 100-1000 

MESSAGE Not available at the moment 100-1000 

ORCED Free to download 100-1000 

TRNSYS16 Commercial 100-1000 

WASP Free for IAEA members states 100-1000 

Medium number of users 

EMCAS Commercial 20-50 

EMPS Commercial 20-50 

ENPEP-BALANCE Free to download 20-50 

GTMax Commercial 20-50 

Low number of users 

AEOLIUS Commercial 1-20 

COMPOSE Free to download 1-20 

IKARUS Commercial 1-20 

INFORSE Only available for NGO’s 1-20 

Mesap PlaNet Commercial 1-20 

Not specified 

BALMOREL Free to download Not specified 

E4cast Commercial Not specified 

H2RES Not available Not specified 

HYDROGEMS Commercial Not specified 

MiniCAM Free, once contacted Not specified 
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4.1 RETScreen tool 

RETScreen ‘Clean Energy Project Analysis Software’ is a free-of-charge tool for clean 

energy assessment. Software is provided by the Government of Canada and it is one of 

the most used tool for analyzing energy systems (Connolly et al. 2010). It can evaluate 

for example energy production, costs and financial viability for many types of renewable 

energy and energy efficient technologies. It is designed to speed-up the implementation 

of renewable energy by making it simpler to know the pros and cons of a certain system. 

Software is downloaded by a thousand people weekly and there are over 200 000 

downloads so far. It is also available in 35 different languages, which makes it even more 

popular. (RETScreen International 2015) 

RETScreen (Renewable Energy Technology Screen) helps decision making by answering 

questions such as “should I use wind or solar energy?” and, based on the data it gets, it 

determines which solution fits better (NASA 2010). The software model consists of five 

steps: energy model, cost analysis, greenhouse gas analysis, financial summary, and 

sensitivity and risk analysis. It also holds meteorological data of various areas and product 

data of specific equipment. Areas, where there are no meteorological data or such ready, 

the software uses data obtained from NASA Surface Meteorology and Solar Energy 

(SSE). (RETScreen International 2004) 

The first step, energy model, consists of specifying parameters concerning location, type 

of the system, technology that is going to be utilized, loads if possible, and the resources 

of renewable energy. Given the data, RETScreen can calculate energy production or 

energy savings for one year. In the second step, cost analysis, user enters different costs 

for the suggested system and also avoided costs. In this step, it can be determined 

whether to use less detailed or more detailed analysis; less detailed requires less data 

than the more accurate one. Third step, greenhouse gas (GHG) analysis, is optional. It 

is used to calculate the reduction of GHG emissions when using the proposed 

technology in the place of the existing or base case system. The fourth step, financial 

summary, can be considered to be the last obligatory step because fifth step is optional 

as well. In the fourth step, user specifies financial parameters concerning avoided cost of 

energy, production credits and taxes and so on. Based on these parameters, RETScreen 

calculates whether or not, the project is financially viable. Last step, sensitivity and risk 

analysis, is to determine the uncertainty of the model. It shows how the given parameters 

have effect on the project outcome. (RETScreen International 2005) 
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RETScreen has been used in many energy projects worldwide (RETScreen International 

2004). For example in Algeria, the software was used to assess the energy potential of 

wind farm. The tool calculated economics of 30 wind turbines based on wind speed data 

collected from the area. It also calculated the reduction of GHG emissions when wind 

was used as a source of energy, payback period, return on investment and more. (Himri 

et al. 2009) 

4.2 LEAP tool 

LEAP tool, ‘Long range Energy Alternatives Planning system’, is used for energy policy 

analysis and mitigation of climate change. Its scale is nationwide and it can be used to 

analyze energy consumption, production, and resource extraction in every sector 

(Connolly et al. 2010). LEAP is used in hundreds of organizations in over 190 countries. 

It is not used to model a particular energy system but rather, to model multiple energy 

systems and it has been used from city-scale to global-scale. The main purpose in the 

software is to locate GHG emission sources and sinks as well as analyze emissions of 

local air pollutants. LEAP is free for students and users in certain countries. (Heaps 2012) 

The time frame of the software is flexible. Most of the calculations are done on an annual 

step and it can be extended without limits. Most of the studies done by LEAP are periods 

between 20 to 50 years. However, the software allows the user to split a year into 

different slices, for example to seasons, or even a certain time of a certain day can be 

simulated. All in all, LEAP is not designed for short period of time; it is best used when 

simulating long-range scenarios. The scenarios, what the software produces, are 

storylines of how a certain energy system might develop in a specified time frame. One 

essential benefit when using LEAP is the low data requirements. Many of the data fields 

are optional and the data can be added later for more detailed simulation. (Heaps 2012) 

LEAP has been used and is used among many government agencies, NGOs, consulting 

companies and academic organizations and so on. It is used in many different tasks 

including: energy forecasting, GHG mitigation analysis and energy scenario studies. For 

example, LEAP was used to analyze how China’s energy sector should be changed in the 

next 40 years to meet the set up goals for GHG emission reduction. Software developed 

two scenarios: baseline scenario, where there are no substantial policy changes designed 

for CO2 reduction, and a deep carbon reduction scenario (DCRS), where the CO2 

emissions are to be reduced dramatically until year 2050. (SEI 2015) 
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Another similar project was called ‘Long-term energy and development pathways for 

India’. Three scenarios were developed for forecasting how greenhouse gas emissions 

will change in India by year 2030. First scenario, baseline scenario, assumes that there 

will be no major changes to the energy sector, so GHG emissions keep growing. In 

second scenario, low carbon (LC) scenario, GHG emissions will match the goals set up 

in 2005 until year 2030. The third scenario, low carbon inclusive growth, had the same 

goal as the LC scenario, but it focused more on the energy use of the poor and rural 

population. From all of the projects, it can be seen that LEAP is a tool used for large 

scale and therefore, it is not designed to model single energy utilities. (SEI 2015) 

4.3 EnergyPLAN tool 

EnergyPLAN tool was developed in 1999 in Denmark. It has been continuously updated 

since, and it is downloaded by more than 1200 people. The purpose of the tool is to 

simulate an entire energy-system which takes into account heat and electricity supply as 

well as transportation and others. EnergyPLAN can model all renewable, thermal, 

storage, transport and costs of a system. It is free to download and there is plenty of 

training material available. (Connolly et al. 2010) 

Tool is not designed to come up with a ‘best’ solution, but rather many solutions that 

can be compared with each other. In this sense, the tool’s output will be a variety of 

options for a certain energy system. Nevertheless, the model is quite simple 

deterministic input/output model. Inputs can be demands, renewable energy sources, 

costs, imports or excess electricity production, and outputs fuel consumption, energy 

balances, production of energy and total costs, for example. (EnergyPLAN 2015) 

What makes energyPLAN a bit different than other energy tools is that it is an hour-

simulation tool. It can simulate the variances in renewable energy production on the 

system for one year in total, consisting of different seasons, peak loads of energy use, 

always hour by hour. However, a longer scenario can be made, if necessary, by 

connecting the year-long scenarios into one aggregated scenario. Also, the aim of the 

program is to model the future situation rather than the situation today. With that in 

mind, energyPLAN has quite detailed data about future energy technologies but also 

some basic models of today’s technology. (EnergyPLAN 2015) 

Many publications that have used energyPLAN as a simulation tool are about making a 

certain area more renewable or 100% renewable by implementing different technologies. 

One example is a scenario, where whole Europe get all of its energy from renewable 
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sources. The result was that it is technically possible to have a 100% ‘smart energy 

Europe” until year 2050, although it was 10-15% more expensive than the base scenario. 

Similar scenarios are made for Ireland, Macedonia, and Croatia and so on. Based on 

these publications, it can be said that energyPLAN tool is strongly concentrated on 

simulating renewable energy technologies. (EnergyPLAN 2015) 

4.4 Selection of the tool 

All of the energy assessment tools have their strengths and weaknesses. One criteria 

when choosing the tool is how user-friendly it is. This is because the tool will be used 

for assessing the pilots in the RECENT project. Some of the energy tools require about 

2-3 week training and are mostly used by professionals. One of the three tools that 

stands out from the others is RETScreen software. It requires about 1-2 days to learn 

the basics of it, and it is straightforward to use. It has the necessary capacity to assess 

different types of small-scale energy projects. National energy systems cannot be 

assessed or simulated, but that is not the objective. With small amount of input, it can 

generate energy potentials, GHG savings and economic potential of the desired system. 

RETScreen is more about concentrating on one energy system, while LEAP and 

EnergyPLAN are more about building scenarios. For these reasons, RETScreen is 

recommended to be utilized in the RECENT project pilots and thus, in assessing the 

Sodankylä pilot case. 
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EXPERIMENTAL PART 
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5 MUNICIPALITY OF SODANKYLÄ  

Sodankylä is a municipality located in the North of Finland in Lapland, shown in Figure 

14.  The municipality area is the second biggest in Finland, covering about 11 700 km2 

but there are only 8800 people living in the area (PRC 2015). The population density is 

about 0.75 ppl/km2 and the amount of people living in population centers is about 60 %. 

As almost half of the population live in sparsely populated areas, it creates challenges for 

the infrastructure and logistics. (Tilastokeskus 2013) 

 

Figure 14. Center of Sodankylä municipality is marked with red dot. (Based on KELA 

2015)  

5.1 Pilot selection 

Sodankylä municipality was one of the pilot communities chosen to work with in the 

RECENT project. Authority of Sodankylä municipality and the Director of Sodankylä 

Vesi Oy were met during the thesis work. They were interested in many different energy 

pilots, but two of them stood out: building of a biogas plant and biochar production. The 

methane produced in the digester would be utilized as transportation fuel, and the 

biochar as a soil improvement material. In this work, only one of them will be evaluated, 

and assessed with RETScreen. To choose which one of the possible pilots will be 

assessed, a tool named “Pilot community assessment” developed during the RECENT 

project, was used.  
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The tool used is introduced in Appendix 1. Although the tool is relatively subjective, it 

can be used as a guiding document for prioritizing, which technology or energy system 

is more valuable or important to assess. According to the tool, it was clear that the 

biogas plant had higher value. It has many synergies between industries and it is in the 

favor of local and governmental policy. Also, the interest of relevant stakeholders is 

higher than compared to producing biochar. 

5.2 Sodankylä bioeconomy programme 

Bioeconomy basically means the local utilization of wood, crops, berries and herbs, meat, 

and other materials, for own use and export. The potential for local energy in Sodankylä 

is estimated to be 40 million euros and for the local food 10 million euros. The aim is to 

raise the locality of energy and food produced by 30 % until year 2025 which would 

translate to 15 million euro rise in local economy. The challenge and goal for Sodankylä 

is to construct a strong nexus between population centers and the sparsely populated 

areas. (SBP 2015) 

The role of the municipality can be seen as a part of a larger complex for the bioeconomy 

program. There are 3 different levels for the program: 1st is the village level (a small 

village inside a municipality), so called operative level. 2nd is the municipality level, so 

called activating level. 3rd is the county level, so called coordinative level. The majority 

of the material flows are generated and recycled in the village level and therefore people 

living in the villages play a vital role. Municipality acts as a guide and creates a strategy 

between the villages’ material flows. The county, Lapland, then guides the municipality in 

legislative issues and helps them to meet the requirements set by the government and 

EU. Nevertheless, the municipality plays the major role for being the activating 

stakeholder. (SBP 2015) 

5.3 Critical services of the municipality 

There are a few key companies working in the critical sector of municipality of Sodankylä 

that will contribute to the bioeconomy program. Lämpö Oy Juurakkotuli, as shown in 

Figure 15, has the largest potential as it is the energy producer within the municipality. 

It sells about 60 GWh of district heat per year and peat is the main raw material for the 

company (Sodankylä municipality 2015). 
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Figure 15. Photo of the heat power plant, Lämpö Oy Juurakkotuli. 

Figure 16 shows the district heating network of Lämpö Oy Juurakkotuli (Sito Oy 2012). 

There will be a renovation of the main boiler at the end of the ongoing decade, and this 

creates opportunities to consider other types of fuels, different combustion methods 

and also to produce heat and electricity together. It is also worth thinking, that should 

the company expand its business idea to develop local or household energy solutions, 

for instance small-scale energy production units. (SBP 2015) 
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Figure 16. District heating network of Lämpö Oy Juurakkotuli in Sodankylä. Red dot 

represents the location of district heating plant. (Based on Sito Oy 2012) 

Sodankylä Vesi Oy is owned by the municipality and its area of responsibility is the center 

of Sodankylä. Figure 17 shows the water network in the population center of Sodankylä. 

The company provides drinking water to the area, and treats the wastewater generated 

within its area. The pipeline length for drinking water is around 190 km and for sewer 

pipeline it is around 90 km (Sodankylä municipality 2015). The company’s main 

contribution to the bioeconomy program would be the addition of an anaerobic digester 

next to its wastewater treatment plant. This digester would also accept other wastes 

than sludge: bio-waste from households, offal and crop residues or energy crops. The 

produced biogas could be utilized e.g. as transportation fuel. (SBP 2015)  
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Figure 17. Water and wastewater network of Sodankylä Vesi Oy (garrison area 

excluded). Area covered with light red is the company’s area of responsibility. Red dot 

represents the location of wastewater treatment plant, blue lines represent drinking 

water network and red lines represent sewers. (Based on Sito Oy 2012) 
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6 CO-DIGESTER PILOT CASE EVALUATION   

The co-digester is planned to treat sludge from wastewater treatment plant, separately 

collected bio-waste from the center of municipality, offal coming from the Sodankylä’s 

slaughterhouse, and energy crops from fallow areas and from fields that are not in use 

at the moment. Location will be most likely next to the wastewater treatment plant for 

convenience. The reason why the municipality is interested in building a biogas plant is 

because there are many unutilized waste streams in the area. The municipality will utilize 

the biogas as a transportation fuel. 

At the moment, the potential feedstock materials for anaerobic digestion are not treated 

in the most efficient and sustainable way. A small amount of dried sludge is utilized as a 

compost material, but the amount is almost negligible compared to the amount that is 

generated. The dried sludge is placed in clamps near the wastewater treatment plant, 

which can be seen from Figure 18. Bio-waste is not collected separately in the population 

center. One truck is collecting 5-6 days a week mixed waste and another truck collects 

occasionally. In the population center, the bins are emptied at least once during a 2-4 

week period of time. The mixed waste is transported to a landfill, but the combustible 

portion is transported to Oulu waste incineration plant. Majority of the reindeer offal is 

transported over 700 km to Honkajoki Oy where it is digested or processed into 

another product. Energy crops are not cultivated in the area for digestion purposes. 

There are about 100 hectares of unused fields, which might need to be restored for 

energy crop cultivation.  

 

Figure 18. Photo of the treated sludge storage near the wastewater treatment facility. 

Table 11 below shows the potential amount of anaerobic digestion feedstock available 

in Sodankylä. The data for wastewater sludge was obtained from a survey done for 
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Sodankylä Vesi Oy in 2013. The data considering the area of fallow and unused fields, 

amount of bio-waste, and offal were obtained through the municipality of Sodankylä. 

According to Lampinen et al. (2015) and Lehtomäki (2006), reed canary grass could be 

a suitable feedstock for the digester because it has great methane potential and it can 

grow in boreal climate. The gain of reed canary grass per hectare varies depending on 

the soil type and harvest time, and in Table 11, it is assumed that the plant has 35 % total 

solid content when harvested (Airaksinen 2012 and Pahkala et al. 2005).  

Table 11. Amount and methane potential of different feedstocks for anaerobic digestion 

in Sodankylä.  

Parameter  Unit 

Sludge 

Amount 1250 t/a 

Total solids (TS) 19 % 

Volatile solids (VS) 13,4 % 

Methane potential 150[1] m3
CH4/tVS 

Bio-waste 

Amount 645 t/a 

Methane potential 100[2] m3
CH4/t 

Reindeer offal 

Amount 97,5 t/a 

Methane potential 150[3] m3
CH4/t 

Energy crop 

Area 100 ha 

Amount 7,5[4] t/ha*a 

Methane potential 132[5] m3
CH4/t 

1Latvala (2009), 2Kiviluoma-Leskelä (2010), 3Municipality of Salla (2014), 4Pahkala et al. 

(2005), and 5Lehtomäki (2006). 

Amount of bio-waste generated in the population center of Sodankylä is based on the 

amount of mixed waste collected there. 65 % is the estimated share of biodegradable 

waste left in mixed waste. It is assumed that 50 % is the amount of kitchen and garden 

waste in biodegradable wastes (Pulkkinen & Sinisalo 2012). Thus, theoretically, the share 

of bio-waste that could be utilized would be 32,5 % of total waste. According to Hynynen 

(2008), the share of bio-waste in mixed waste varied between 19-32 %. Because the 

recycling of bio-waste cannot be assumed to be 100 %, it can be concluded that the 
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amount collected in the Sodankylä area is 25 %. The amount of reindeer offal generated 

to be treated is based on the amount of slaughters per year (7500) and it takes into 

account only the amount of blood, stomachs and intestines (Municipality of Salla 2014). 

6.1 Total methane yield and use in transportation 

Methane yield is calculated based on the data shown in Table 11. The methane potentials 

of bio-waste, reindeer offal and energy crop are based on their fresh weight (fw) or wet 

weight (ww). There is not much available information about the characteristics of these 

feedstocks originating from Sodankylä. Reindeer offal is generated in the area but there 

is only information about the amount of slaughters per year provided.  Therefore, using 

the wet weight potentials obtained from literature makes it more convenient to see how 

much methane could be produced. In the case of wastewater sludge, the potential is 

based on the volatile solid content of sludge, which is 13,4%.  

Methane production for one year, in the case of wastewater sludge, is calculated by a 

simple Equation (1). 

𝑀𝑃 = 𝑆𝐺 ∗ 𝑉𝑆 ∗ 𝑀𝑃𝑡𝑉𝑆 ,               (1)     

where                MP is the amount of methane generated during one year [m3
CH4/a], 

SG is the amount of sludge generated during one year [t/a], 

VS is the volatile solids content in sludge [%] and 

MPtVS is the amount of methane that can be produced from one tonne 

of volatile solids [m3
CH4/tVS]. 

 

Methane production for both bio-waste and reindeer offal is calculated by Equation (2). 

𝑀𝑃 = 𝐴𝐹𝑡 ∗ 𝑀𝑃𝑡,                (2) 

where                AFt is the amount of feedstock produced during one year [t/a] and 

MPt is the amount of methane that can be produced from one tonne 

of fresh feedstock [m3
CH4/t]. 

 

Methane potential of energy crops is calculated similarly with Equation (2) but the result 

is multiplied by the surface area (hectares) of the available field. The total biomethane 

yield is then the sum of all the four feedstocks. 

A typical petrol-driven car consumes 72 kWh/100 km and a diesel car consumes 50 

kWh/100km. According to Finnish Customs, a passenger car drives about 18 800 km a 
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year (Tulli 2016). For a petrol-driven car, the energy consumption per year would be 

13,5 MWh and for diesel car 9,4 MWh. The technique used in petrol-driven cars is 

similar to gas-operated cars: only the fuel storage and fuel injection system is different. 

Also, it is possible to use as fuel both petrol and methane, or diesel and methane. (Motiva 

2015) 

6.2 Bio-waste collection  

As already mentioned, bio-waste is not collected separately in Sodankylä’s population 

center. This work will concentrate on the establishment of a separate collection system 

for the bio-waste for the population center of Sodankylä where about 5500 people live. 

For the bio-waste collection, typical 240 liter bins with maximum capacity of 96 kg is 

used (Meltex 2016). Collection from the whole area would be done once a week, with 

a 10 kilotonnes capacity garbage truck. It is reasonable to use an existing truck, rather 

than to invest to a new one. Weekly, about 12 400 kg of bio-waste is generated in the 

area. During the winter, bio-waste might get frozen and collecting can be difficult if the 

bio-waste sticks to the bins. For pre-treating, the bio-waste must be placed in a warm 

place to melt.  

6.3 Reactor design  

The reactor is the core of a biogas plant. There are many variations of it, depending on 

the amount and type of feedstock used. They are basically large sealed tanks which are 

equipped with a mixer and heating pipes. Reactors are designed to be large enough and 

in some cases the retention time can be as high as hundred days. The retention time for 

biogas plants in Finland is typically 12 – 30 days (Latvala 2009). The retention time for 

the Sodankylä reactor can be set to be 21 days at this stage. Based on the results, the 

retention time can be optimized to have a better understanding of the required reactor’s 

volume. (ENKAT 2013) 

In general, the reactors are designed to be 20-30 % larger than the feedstock’s volume 

inside the reactor (Latvala 2009). Therefore, coefficient factor f of 1,2 is taken into 

account for the produced biogas and possible foaming. In future, the amount of feedstock 

may increase which is another reason to have available space in the reactor. The volume 

of the reactor is calculated by the following Equation (3) (Based on Biosantech et al. 

2008): 

𝑉𝑅 =
𝐴𝐹𝑣

(365
𝑅𝑇⁄ )

∗ 𝑓,                                                           (3) 
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where                VR is the reactor’s volume [m3], 

AFv is the amount of raw material fed to the reactor in one year [m3], 

RT is the retention time of the feedstock in the reactor [d] and  

f is the oversize coefficient factor for the reactor. 

6.3.1 Reactor feed composition 

The annual amount of raw materials in m3 and total solids content is expressed in Table 

12. It must be noted that the numbers expressed in the table are not 100 % definitive, 

thus there can be variation in every feedstock regarding the total solids and amount in 

m3. RCG’s volume is based on its bale volume, and when it is fed to the reactor, the 

actual volume can be higher, or depending on pretreatment, lower. 

Table 12. The volume of raw materials and the final total solids content.  

Feedstock 
Amount 

[t/a] 
TS % TS [t/a] 

Amount 

[m3] 

Sludge 1250 19 % 237,5 1250 

Energy crop 750 35 % 262,5 3750[1] 

Bio-waste 645 25 %[2] 161 2150[3] 

Reindeer offal 97,5 26 %[4] 25,4 97,5 

TOTAL 2742,5 25 % 686,5 7250 
1Lötjönen & Knuuttila (2009), 2Rahikainen (2009) and Vögeli et al. (2014), 3Lahdelma (2002), and 4Pagés-

Díaz et al. (2014) and Bayr (2014). 

Characteristic for anaerobic digesters with multiple feedstocks is that they are more 

difficult to control and design than a digester with only one feedstock. Storing the 

different feedstocks may be a problem because of the seasonality of the feedstocks. Also, 

temperature in Sodankylä sets challenges to raw material handling, e.g. bio-waste may 

freeze inside the bins. Figure 19 shows the seasonality of feedstocks and average 

temperatures per month. 
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Figure 19. Availability of different feedstocks per month and temperature. Temperature 

is based on FMI’s averages in Sodankylä during the year 2015 (FMI 2015). 

From Figure 19, it can be seen that only bio-waste and sludge are always available for 

digestion as they are generated on a daily basis. Bio-waste is brought to the digester 4 

times a week, as the truck cannot collect the whole population center’s bio-waste in 

one day. 4 times a week is good for the digester’s process conditions as well. Amount 

of reindeer offal compared to other feedstocks is very small and it should be utilized 

right after slaughtering. Energy crop will be harvested twice a summer, and its yield is 

divided to 4 months in Figure 19. Right after harvesting, energy crop is soft and easily 

digestible, therefore, it should then be digested as much as possible. All energy crops 

cannot be utilized within 4 months, so it must be stored for later use. Well stored energy 

crop can promote its gain of biogas and reduce the retention time in the reactor. Before 

storing, the crop should be shredded and fed with formic acid. Shredding is to be done 

right after harvesting because then it does not require too much energy. The crop 

preserves its methane potential well even after 5 months of proper storing. (Ympäristö 

2014) 
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Also, different types of feedstocks have to be pretreated differently. Reindeer offal 

belongs to category 2 in the categorization of animal derived by-products, made by 

Finnish Food Safety Authority, Evira. It means that it has to be grinded to < 50 mm 

particle size and sterilized in 133 °C, 3 bar for 20 minutes before digestion. Bio-waste 

has to be crushed, sieved and sterilized in 70 °C for one hour before entering the 

process (Oulu Jätehuolto 2016). Sludge is already precipitated in Sodankylä wastewater 

treatment, and energy crop do not need any specific purification. (Latvala 2009) 

As mentioned in Chapter 3.1.2, the organic loading rate is usually 3-9 kgVS/(l)m3/d. It 

can be calculated by dividing the total VS (kg/d) content of feedstock by the volume of 

the reactor, excluding the coefficient factor for the over sizing. Table 13 shows the 

volatile solids content of the feedstocks and their theoretical value of the total volatile 

solids in the feed. The VS content of reindeer offal shown in the table is the VS content 

of solid cattle slaughterhouse waste but they can be assumed to be almost the same.  

Table 13. Amount of volatile solids in each feedstock in percentages, kilos per day and 

the share of the total volatile solids. 

Feedstock VS % VS [kg/d] % of total VS 

Sludge 13,4 459 30,2 

Energy crop 33,5[1] 688 45,2 

Bio-waste 17,5[2] 309 20,3 

Reindeer offal 24,7[3] 66 4,3 

TOTAL  1522 100 
1Lehtomäki (2006), 2Vögeli et al. (2014) and 3Pagés-Díaz et al. (2014). 

To know the optimal feed composition, laboratory tests and test runs are recommended 

to be done with the available raw materials. Therefore, the feed composition at this 

stage cannot be determined to have the maximum methane generation.  

6.3.2 Biogas upgrading and use of digestate 

The methane composition in the biogas varies between 50-75 %. According to Huttunen 

& Kuittinen (2015), it can be assumed that the biogas in Sodankylä will contain 

approximately 60-70 % of methane, and most of the remaining 40 % will be carbon 

dioxide, small amount of water and traces of hydrogen sulfide. Biogas has to be refined 

up to 95 % methane containing gas in order to be used as transportation fuel. A suitable 

refining process would be water scrubbing, see Chapter 3.1.4 Figure 9 for the technique. 

The scrubber would be placed next to the biogas plant, and the biogas station itself 
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should be placed in the radius of 1-2 km from the refinery. This is to avoid unnecessary 

expenses from constructing the pipeline system.  

The digestate could be used to fertilize the field of energy crops. In this work, selling or 

pelletizing the digestate is not considered. According to Marttinen et al. (2013), 25 

tonnes of digestate that contains bio-waste and wastewater sludge can be spread to an 

area of one hectare. In the Sodankylä case, the amount of digestate generated annually 

is approximately 2500 tonnes. 

6.4 Economic assessment 

Biomethane is sold as kilos, and one kilo contains energy as much as 1,56 liters of petrol 

or 1,39 liters diesel (Gasum 2014). The average price for petrol is about 1,325 €/l, 

including taxes (Polttoaine 2016). Without VAT, the cost is 1,07 €/l. Amount of 

biomethane, which possesses the same energy content as one liter of petrol, costs about 

0,9 €, including VAT (FBA 2013).  According to Gasum (2014), the price for biomethane 

is 1,45 €/kg, including VAT, and this is 0,93 €/l as equivalent cost of petrol. Without 

VAT the price is 1,17 €/kg. Biogas is cheaper to use as fuel and it can be assumed that 

the price of petrol will eventually go higher. To make a biogas plant profitable, the sold 

biomethane should cover, together with gate fees, the expenses in a relatively short 

time. Meanwhile, the cost of petrol or diesel should be higher than sold biomethane.  

It is possible to have investment support from the government when the project (Based 

on TEM 2012): 

1) promotes the production or use of renewable energy, 

2) promotes energy efficiency, or 

3) reduces the environmental impact of energy production or use. 

This regulation is valid until the end of year 2017 and according to it, biogas plant is able 

to have up to 30 % of investment support (TEM 2012).  

6.4.1 Investment cost for reactor and reed canary grass cultivation 

The investment costs of a bioreactor depend on many factors. The major factor is the 

size of the reactor. Other factors are location, technology used, characteristics of raw 

materials and end-product treatment. According to Latvala (2005), the investment cost 

is around 210-310 €/m3 of the reactor. However, according to Latvala et al. (2007), the 

investment for the reactor can be more than 1000 €/m3. The gas upgrading into 
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biomethane for a small biogas plant is between 0,34-0,45 €/m3 of produced gas (Latvala 

2005).  

The cultivation of reed canary grass is based on the foundation work, fertilizing, 

harvesting, and transportation. According to Pahkala et al. (2005) the total cost is around 

560 €/ha. This assumes that the transportation is not more than 60 km and they are 

transported as bales. Also, the price assumes that fertilizing, sowing and foundation 

works are done every year. In future, fertilizing material could be replaced by using 

digestate coming from the digester. Sowing might not be necessary to be done every 

year as the plant is very durable. The need to maintain the underdrainage is not required 

to be done every year, and some parts of the field might not even need to be 

underdrained. Therefore, the actual price will be lower than 560 €/ha. 

6.4.2 Methods used for assessing profitability 

For calculating the profitability of the biogas plant in Sodankylä, the following methods 

are used: 

 net present value (NPV), 

 payback period (PP), and 

 RETScreen assessment tool. 

Net present value tells what the difference between cash inflows and cash outflows is. If 

the NPV is positive, then the investment is profitable. NPV is calculated with the 

following Equation (4) (Based on Vedenjuoksu 2009): 

𝑁𝑃𝑉 = 𝐶𝑡 ∗
(1+𝑟)𝑡−1

𝑟(1+𝑟)𝑡 − 𝐶𝑜 ∗
(1+𝑟)𝑡−1

𝑟(1+𝑟)𝑡 − 𝐶𝑖                          (4) 

where                Ct is the annual net cash inflow 

Ci is the total investment cost of the biogas plant 

Co is the annual net cash outflow 

r is the discount rate  

t is the lifetime of the biogas plant  

 

Payback period is simply calculated by the following Equation (5) (Vierros 2009): 

𝑃𝑃 =  
𝐶𝑖

(𝐶𝑡−𝐶𝑜)
                            (5) 

The payback period calculation does not take discount rate into account and it is very 

approximate estimation. Therefore, it is reasonable to use at least two methods when 



64 

 

calculating profitability. RETScreen software is used as a third method and it will calculate 

the payback period of the plant, taking various parameters into account. The results of 

it can be found on Appendix 2. 

6.4.3 Assumptions 

In the calculations, following assumptions are made: 

 biomethane prices (VAT 0 %) are 1,05 €/kg , 1,13 €/kg and 1,22 €/kg for 

comparison, 

 when petrol’s price is 1,07 €/l (VAT 0 %), to have the equivalent energy content 

of one kg of biomethane, the petrol would cost 1,67 €, 

 gate fee of 50 €/t from collected bio-waste, 

 investment cost of reactor is 600 €/m3, 

 investment cost of the refinery is 33 % of the reactor’s cost (Based on 

Luostarinen 2011), 

 investment cost for bio-waste bins is not taken into account, 

 reed canary grass cultivation costs 350 €/ha annually, 

 investment support of 25 % is obtained, 

 biogas upgrading costs 0,45 €/m3, 

 operation and maintenance costs are around 25 000 euros (Based on 

Luostarinen 2011), 

 value-added tax (VAT) 0 %, 

 lifetime of the plant is 20 years, 

 methane’s density 0,72 kg/m3, 

 no methane losses and digestion is complete, 

 selling of digestate not considered, 

 the collection of bio-waste costs nothing, 

 discount rate 5 %, and 

 residual value for the plant is zero. 

  



65 

 

6.5 Results 

All the results are compiled to the Table 14 below and the breakdown of these are 

discussed in the following chapters. Figure 20 shows the biogas plant’s flowsheet. 

Table 14. Results obtained from the assessment. 

Process type 

Parameter Value Unit 

Temperature 35 °C 

Retention time 16-30 d 

Total solids 22,5 - 26 % 

Technical assessment 

Parameter Value Unit 

Biomethane 203 250 m3 

Biomethane RETScreen 187 912 m3 

Reactor volume 500 m3 

Bio-waste bins 130 pcs 

Economic assessment 

Price for biogas NPV PP PP RETScreen 

1,05 €/kg -170 736 € 28,9 years 22 years 

1,13 €/kg -24 838 € 13,6 years 12,3 years 

1,22 €/kg 139 296 € 8,5 years 8,2 years 
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Figure 20. Biogas process flowsheet from collection to the digestion. 

The feedstocks have to be kept separate until the mixing tank. This is because the 

pretreatment is different for every feedstock, and if they mixed before entering the 

mixing tank, then the volume of feedstock to be pre-treated would increase. The sludge 

can also go to the reactor through the mixing tank, but it might be reasonable to put it 

straight to the reactor if the process is continuous. Energy crop can be stored next to 

the reactor and they can be stored outside, but there has to be some sort of protection 

from snow and rain. 

6.5.1 Biomethane potential 

The potential amount of methane that could be produced annually in Sodankylä, is 

203 250 m3. Per hour, this is 23 m3. In addition, the amount of methane generated 

includes other gases as well, so the actual amount of biogas is higher. The specific energy 

content of biomethane is 9,97 kWh/m3
CH4 (Rutz et al. 2015). Therefore, the energy 

potential in this case is 2026 MWh a year and the power is then 230 kW. The potential 

amount of energy contained in methane produced in Sodankylä would be sufficient to 

replace the fuel consumption of 150 petrol-driven cars, or 215 diesel cars. This assumes 

that the digestion is complete, all of the produced biogas is upgraded to transportation 

fuel, and no methane is lost during the refining process. Biogas potential with RETScreen 

is 223 705 m3, but the methane content was 81 %. The methane amount acquired with 

RETScreen was 188 000 m3, containing 97 % methane. RETScreen assessment is shown 

in Appendix 2. 
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6.5.2 Bio-waste collection establishment 

For the establishment of the separate bio-waste collection system in Sodankylä center, 

130 bins of 240 liter are needed. They will be emptied once a week, and one bin will be 

sufficient for about 40 person. The same truck that collects the mixed waste can be 

used. The bio-waste bins should be emptied once a week and the collection can be 

divided into 4 days a week, which results in 3100 kg (around 10 m3) of bio-waste to the 

digester per one day of collection. During winter the bio-waste might freeze, resulting 

in difficulties in the collection and in the pre-treatment. The collection during winter 

might require longer time if the bio-waste is stuck on the bin. Nevertheless, it has to be 

melted in the digester area for it to be pretreated. According to Meltex Oy Plastics 

(2016) the investment cost for the bins is 8060 euros including taxes. However, the 

investment cost is not taken into account in the calculations, because it is assumed that 

each household pays the bin themselves. 

6.5.3 Reactor and process design 

Availability of the raw materials differs, as shown in Figure 19. Treatment of bio-waste, 

sludge, and reindeer offal is suggested to be done right after their acquisition. Most of 

the energy crop is used right after harvesting and the rest is stored for later use. Figure 

21 shows two different scenarios of the required reactor volume with different retention 

times. Figure is based on daily load of the reactor.  

 

Figure 21. Required reactor volume, according to the daily flow of raw materials. 

Coefficient for over sizing is 1,2. 
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According to the Figure 21, a reactor size of 500 m3 with different retention times could 

be possible. Approximately from February to the end of June the retention time is 

longer, and from July to November the retention time is shorter, when looking at the 

red curve. Mesophilic process is suggested to be used, although thermophilic would 

reduce the retention time and thus, reduce the needed reactor volume. For a co-

digestion plant like this, mesophilic is a better option because it can withstand more 

changes in the process. Also, flow of raw materials is not constant, which might be a 

problem for a thermophilic process. From an economic point of view, using a single-

stage reactor is reasonable. The amount of raw materials available is already small, 

therefore, investing to a two-stage or multi-stage reactor would add too much 

investment costs. Single-stage reactor can be difficult to operate because of changing 

raw material feed but it is more sustainable option to choose.  

The lowest TS content (22,5 %) of raw materials, based on daily feed, is achieved during 

April and May. The highest is achieved from July to September, 26 %. According to this, 

a dry process seems to be suitable. Dry digestion is also reasonable in the case of a 

process failure in the biogas plant. The dewatering of sludge can be continued normally 

while the biogas plant is under maintenance. The dewatering would be left out in the 

case of wet digestion and then a process failure could cause problems because of the 

amount of wet sludge generated.  

Biogas would be refined into 97 % methane containing gas in a water scrubber near the 

biogas reactor. All the digestate could be spread to the area of energy crops. The 

capacity of 100 hectare field is 2500 tonnes of digestate annually. The total feedstock 

flow into the reactor is about 2700 tonnes. At least 230 tonnes will decompose in the 

reactor into biogas, when biogas’s density is 1,15 kg/m3 (Sura 2008). Therefore the final 

amount of digestate coming from the reactor is less than 2500 tonnes, so the field has 

enough capacity. If the capacity of the field is not enough for some reason, then the 

remaining digestate could be used for landscaping. 

6.5.4 Profitability and RETScreen assessment 

The net present value and payback period for the biogas plant with different selling prices 

of biogas is shown in Table 15. Investment support of 25 % is assumed in every case. 

The investment cost for the reactor and the refinery is 400 000 euros. The profit comes 

from selling the biomethane and from bio-waste gate fees. The expenses come from 
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operation and maintenance costs, debt payments, RCG cultivation, and biogas upgrading 

to transportation fuel.  

Table 15. Net present value and payback period with different selling prices of 

biomethane. 

Biomethane price NPV PP PP RETScreen 

1,05 €/kg -170 736 € 28,9 years 22 years 

1,13 €/kg -24 838 € 13,6 years 12,3 years 

1,22 €/kg 139 296 € 8,5 years 8,2 years 

 

According to Table 15, when biomethane is sold at a price of 1,22 €/kg, it is profitable. 

The differences regarding the payback period (PP) method and RETScreen comes from 

the fact that the amount of raw biogas produced is different. Therefore, the cost of 

biogas upgrading is also lower. When the selling price of biomethane gets higher, the 

differences are not that substantial. Nevertheless, the only profitable option based on 

the three methods used seems to be the selling price of 1,22 €/kg. It is still cheaper than 

the petrol equivalent 1,67 € for the same energy content. The average price used for 

petrol is 1,07 €/l. The prices used for calculating and comparing the profitability do not 

include value-added tax. 
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7 SUMMARY  

The North of Finland has vast natural resources and potential to utilize them. Although, 

Finnish government started the bioeconomy program, there are a lot of challenges in 

utilizing it in the northern parts of Finland. The whole NPA region shares the same 

challenges, for example, the lack of supporting infrastructure and long distances together 

with diminishing population. Therefore, critical infrastructures in North of Finland were 

reviewed, along with all the challenges to be dealt with.  

Bioeconomy is mostly about creating beneficial nexuses between different stakeholders 

to achieve high material efficiency, therefore reliable collaboration and knowing each 

other’s needs is essential. This is where the municipality has to be active in bringing 

relevant stakeholders together and create a foundation in which the stakeholders can 

cooperate. Already, some organizations and municipalities in North of Finland have 

created their own strategy regarding the bioeconomy implementation.  

There are many different ways to utilize the local biomass for the community’s benefit. 

Anaerobic digestion is a reasonable technology to treat biomass, because it will reduce 

the volume of it, and produce biogas and fertilizing material. The pyrolysis of biomass 

will generate various products, depending on the process conditions. Biochar production 

has the opportunity to turn certain industrial sectors into carbon-negative sectors. 

Energy crop growing is a promising and relatively conventional method to utilize fallow 

areas and other unused field areas. The crops can either be used for bio-product 

manufacturing, biogas production or for generating energy. Table 16 shows the overview 

of different technologies and methods mentioned. 
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Table 16. Overview of technologies that could be utilized in northern territories.  

Parameters 
Anaerobic 

digestion 
Biochar utilization Energy crop utilization 

Technology 
Anaerobic 

digestion 
Fast pyrolysis 

Slow 

pyrolysis 
Burning Digestion 

Raw material 

Sludge, bio-

waste, energy 

crop, other 

organic wastes 

Wood, crop 

residues, 

organic 

material  

Wood, crop 

residues, 

organic 

wastes 

Fast 

growing, 

high TS 

content 

Fast growing, 

low lignin 

content 

Pretreatment 

Sterilization, 

crushing, 

sieving, 

depending on 

raw material 

Crushing 

Crushing, 

depends on 

the scale 

Shredding, 

mixing 

with 

other fuel 

Shredding, 

addition of 

preservative 

Process 

condition 

35 C, 55 C, TS 

5-50 %, 

anaerobic 

Short 

residence time, 

high heating 

rate, anaerobic 

Long 

residence 

time, low 

heating rate, 

anaerobic 

Low 

moisture, 

excess 

oxygen 

TS 15-40 %, 

anaerobic 

Main product Biogas Liquid bio-oil Biochar Heat Biogas 

Finishing 
Dewatering, 

H2S removal 

Oxygen 

removal 

Pelletizing, no 

treatment 

No 

finishing 

Dewatering, 

H2S removal 

By-product Digestate Syngas, char 
Syngas, bio-

oil 
Ash Digestate 

Use 

Transportation 

fuel, CHP, 

fertilizer, soil 

conditioner 

Transportation 

fuel 

Soil 

improvement 

material, coal 

replacement 

Heat 

power 

plants, 

CHP 

Transportation 

fuel, CHP, 

fertilizer, soil 

conditioner 

 

It often requires a lot of knowledge and time to assess different energy systems. To 

speed up the implementation of renewable energies and energy projects itself, numerous 

software tools have been developed for it. Some of the tools are commercial and require 

few weeks of training, while some are free and require couple of days to learn. In this 

work, three different energy assessment tools were reviewed and one of them was used 

to assess a co-digestion plant in Sodankylä. It was observed that RETScreen software 

was the most appropriate tool to use in this work because of its user-friendliness and 
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its capability of assessing single energy systems. Based on this, RETScreen was chosen to 

be used in assessing the other pilot cases in the RECENT project. 

This work was done as a part of RECENT project funded by the NPA programme. The 

co-digestion plant in Sodankylä municipality was chosen to be assessed in this work based 

on the pilot community assessment tool developed during the RECENT project. 

Sodankylä has a bioeconomy program where it is mentioned that upgrading its 

wastewater treatment plant into biogas plant should be investigated, thus making the 

assessment more interesting. As the RECENT project’s goal is to create synergies 

between public infrastructures and the focus was on community-owned water assets, 

the assessment of the co-digestion plant was very reasonable. It demonstrated the 

synergy between two public infrastructures: water and energy. 

Nevertheless, it was challenging to design a reactor that had four different feedstocks 

and the availability of them varied throughout the year. Also, the harsh and cold climate 

during winter could cause some issues in storing the feedstock materials. However, it 

was found out that a dry, mesophilic reactor of 500 m3 with different retention times 

could be profitable and technically possible, if investment support of 25 % is gained and 

the biomethane is sold at a price of 1,22 €/kg. Referring to the availability of raw 

materials and their characteristics, it is suggested to use a continuous process, however 

there are not many dry continuous digesters in Finland. Batch reactor with even longer 

retention times is possible, but there might be issues in storing the materials. 
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8 CONCLUSIONS 

Several assumptions were made when assessing the biogas plant and it is technically 

challenging to make a small-scale system profitable. There are not any straightforward 

guidelines on the investment cost of the reactor or biogas refinery, and most of the 

costs mentioned are based on literature averages. The payback time assumes that when 

the biogas plant is built, it will start to produce profit immediately. In reality the payback 

period is maybe 2-3 years longer due to testing and finding the right process conditions.  

This kind of co-digestion plant requires a lot of collaboration to acquire the needed 

feedstock materials. The pricing of gate fees must be done with care, not only to make 

the plant profitable, but also to have more stakeholders joining the supply chain. As some 

of the feedstock materials are already transported and handled somewhere else, gate 

fees should not be higher than the original handling price. The bio-waste is not collected 

separately in the Sodankylä population center area, and therefore it cannot be assumed 

that everyone will start to recycle when they have the chance for it. The people living in 

the municipality have to be informed clearly to start their bio-waste recycling. The 

cultivation, harvesting and storing of reed canary grass must be done in an appropriate 

manner, because the moisture is to be kept at relatively low levels. It is obvious that the 

municipality has a key role in bringing the relevant stakeholders together and finding a 

solution that benefits everyone. 

Although the designed system for the biogas plant in Sodankylä seems profitable at this 

stage, it might be too technically challenging. Therefore, further research is required. It 

is recommended to investigate the potential of digesting only the sludge from 

wastewater treatment plant and bio-waste from the population center. In this system, 

the volume of the reactor will be lower and the availability of the raw materials is not a 

substantial issue anymore. The investment costs for the reactor will be lower, however 

the amount of raw materials might be too low. Some sort of container-solution could 

be viable for this system, as the investment costs are then reduced. It could also be 

easier to implement or sell this kind of straightforward system to other similar areas. 

The value of digestate should be taken into account as well. It could be granulated to 

reduce its volume and sold as such, although it might contain some contaminants.  

It can be asserted that producing biogas from unused resources in North of Finland has 

many positive outcomes. The cost of treating or transporting every waste stream 

separately is avoided and profit is made in the form of selling biomethane as 
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transportation fuel and digestate as fertilizer. In addition, the benefits of biogas 

production include improved local image and increased job opportunities. Finally, for 

people living in the municipality, biomethane is a reasonable refueling option to consider. 

It has lower price compared to petrol, and at the same time it saves the environment.  

Referring to the RECENT project objectives and goals, this work indicates that there 

can be synergy between public infrastructures in the NPA region, regardless of the 

challenges that the area has. This work also demonstrated that bioeconomy is possible 

to realize in the North of Finland, although it requires the local stakeholders to be 

cooperative and active.  
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Appendix 1. Pilot community assessment. 
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Appendix 2. RETScreen assessment of the biogas plant with 1,22 €/kg biogas price. 
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