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Abstract 

The development of sustainable and decentralized energy systems to support energy insecurities in the rural communities is the 

pathway to the future.  

This thesis work was conducted within the framework of Renewable Community Empowerment in Northern Territories (RECENT), 

funded by the Northern Periphery and the Arctic Programme (NPA). The ultimate objective of the RECENT project has been to 

increase energy awareness in rural communities by utilizing the locally abundant energy materials. The thesis aimed to analyze and 

quantify the energy potentials from agricultural biomass and to determine the sustainability of the proposed solutions. Triangel resort 

is a yet to be established silence retreat center located at the suburb of Oulu, Finland, to which this thesis work sized  the energy need 

of the cottages. The thesis work also carried out a financial feasibility in order to determine the viability of the biogas plant. As far 

as decentralized energy systems are concerned, the biogas plant would help to improve local energy self-sufficiency due to the  

absence of transmission losses. 

As part of the thesis work, a couple of research questions were formulated and critically examined during the experimental phase. 

These research questions were closely linked to the project core values: What are the sustainability-related issues on social, economic, 

and environmental factors of the biogas plant?  Is the plant realistically capable of fulfilling the maximum energy demands of Triangel 

resort? In a quest to find the appropriate solutions to the questions, the thesis work was put in two main categories, the theoretical 

and experimental part. These two main chapters explained the critical issues related to the project. In the course of the theoretical 

part, a sustainable rural tourism experience was explored. The trends of renewable energy potentials in the Finnish energy sector was 

considered. Local energy situations including resources abundance in the Northern Ostrobothnia region was assessed. A general 

review of the anaerobic digestion process was done and compared with the Triangel biogas plant. The policy directives on bioenergy 

production, financial grants such as feed-in-tariffs, and environmental permits for biogas plants in Finland were reviewed. 

The experimental part began with a description of the pilot community thus, the existing and future situation at the studied location. 

Biomass availability at the Triangel resort was analyzed, and the biogas potentials were ascertained. The bioreactors were sized based 

on the feedstock availability and properties. The feedstocks to be used for the biogas plant in this thesis work were cow slurry 

expected from 50 cattle, energy crops to be harvested from 60 ha of farmland, and food waste from a hotel and the cottages. The 

overall feedstock quantity was estimated to be around 1000 ton/a, and a volume of about 3 800 m3/a. There are twenty cottages at 

the Triangel resort that comprise of ten smaller and ten larger ones, which are estimated to cover a total land space of about 1 350 

m2. The energy demand for heating the cottages to 50 % and 100 % occupancy were estimated to be 89 MWh/a, and 179 MWh/a 

respectively. The total electricity consumption of the cottages has been evaluated to be 36 MWh/a. The theoretical biomethane 

quantity of the feedstock was estimated to be 38 094 m3 annually, and the energy equivalence was evaluated to be approximately 

380 MWh/a, for both heat and electricity. The energy production capacity of the biogas plant was expected to cover about 100 % 

needs of the Triangel cottages. The sustainability assessment of the project showed an indication of environmental success. The 

investment payback period of the biogas plant was estimated to be around 8.4 years. The project was estimated to contribute to CO2 

savings potential of about 87.3 tons/a, and a total of 1 700 tons reduction during the 20 years life cycle of the project.  
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Tiivistelmä 

Kestävien ja hajautettujen energiajärjestelmien kehittäminen maaseutuyhteisöille energiavarmuuden tukemiseksi on polku 

tulevaisuuteen.Tämä opinnäytetyö tehtiin osana Renewable Community Empowerment in Northern Territories (RECENT) –

hanketta, joka oli rahoitettu Northern Periphery and the Arctic Programme (NPA) - ohjelmasta. RECENT-hankkeen perimmäinen 

tavoite on ollut lisätä maaseutuyhteisöjen energiatietoisuutta hyödyntämällä paikallisesti runsaita energialähteitä. Opinnäytetyön 

tarkoituksena oli analysoida ja mitata maatalouden biomassan energiapotentiaalia ja selvittää työssä ehdotettujen ratkaisujen 

kestävyyttä. Triangel-lomakeskus on Oulun maaseudulle perusteilla oleva hiljaisuuden keskus, jonka mökkien energiankulutusta 

tämä diplomityö mitoitti. Opinnäytetyö selvitti myös biokaasulaitoksen taloudellista toteutettavuutta sen elinkykyisyyden 

määrittämiseksi. Hajautettujen energiaratkaisujen osalta biokaasulaitos auttaisi parantamaan paikallista energiaomavaraisuutta 

siirtohäviöiden puuttumisen vuoksi. 

 

Kahta tutkimuskysymystä tutkittiin kriittisesti kokeellisessa osassa osana opinnäytetyötä. Nämä tutkimuskysymykset liittyivät 

läheisesti hankkeen ydinarvoihin: Mitkä ovat biokaasulaitoksen sosiaalisten, taloudellisten ja ympäristötekijöiden kestävyyteen 

liittyvät asiat? Onko laitos realistisesti kykenevä kattamaan Triangel-lomakeskuksen maksimienergiantarpeet? Opinnäytetyö koostuu 

kahdesta osasta, teoreettisesta ja kokeellisesta, jotta saatiin tarkoituksenmukaisia ratkaisuja esitettyihin kysymyksiin. Nämä kaksi 

osaa selvittivät hankkeelle kriittisiä asioita. Teoreettisessa osassa kartoitettiin kestävää maaseutumatkailumatkailua. Uusiutuvien 

energiamuotojen suuntauksia Suomen energiasektorilla tarkasteltiin, ja paikallista energiatilannetta arvioitiin, mukaan lukien 

energiavarojen runsaus Pohjois-Pohjanmaalla. Työssä tehtiin yleiskatsaus anaerobisen mädättämön toimintaan ja verrattiin sitä 

Triangelin biokaasulaitokseen. Lisäksi tarkasteltiin bioenergian tuotantoa koskevia poliittisia säädöksiä, taloudellisia avustuksia 

(kuten syöttötariffeja) sekä biokaasulaitosten ympäristölupia Suomessa. 

 

Kokeellinen osa alkoi pilottiyhteisön kuvauksella eli tutkittavan alueen nykyisen ja tulevan tilanteen selvittämisellä. Biomassan 

saatavuus Triangel-matkailukeskuksessa analysoitiin ja sen biokaasupotentiaali arvioitiin. Bioreaktorit mitoitettiin lähtöaineiden 

saatavuuden ja ominaisuuksien perusteella. Tämän opinnäytetyön biokaasulaitoksen käyttämiä raaka-aineita olivat lehmän liete, joka 

on odotettavissa 50 naudasta, energiakasvit 60 hehtaarin viljelyalueelta sekä ruokajätteet hotellista ja mökeistä. Raaka-aineen 

kokonaismäärän arvioitiin olevan noin 1000 tonnia vuodessa ja kokonaistilavuuden noin 3 800 m3 vuodessa. Triangel-

lomakeskuksessa on kaksikymmentä mökkiä, kymmenen pientä ja kymmenen suurta, joiden arvioitiin olevan pinta-alaltaan yhteensä 

noin 1 350 m2. Mökkien lämmitysenergian tarve 50% ja 100% käyttöastella olisi 89 MWh vuodessa ja 179 MWh vuodessa, 

vastaavasti. Mökkien kokonaissähkönkulutuksen arvioitiin olevan 36 MWh vuodessa. Raaka-aineen teoreettisen biometaanimäärän 

arvioitiin olevan vuosittain 38 094 m3 ja energiaekvivalentin noin 380 MWh vuodessa sekä lämmön että sähkön osalta. 

Biokaasulaitoksen energiantuotantokapasiteetin odotettiin kattavan noin 100 prosenttia Triangelin mökkien energiantarpeista. 

Hankkeen kestävyysarviointi osoitti hankkeen olevan ympäristön kannalta kestävä. Biokaasulaitoksen investointien 

takaisinmaksuaika oli arviolta noin 8,4 vuotta. Hankkeen hiilidioksidipäästöjen vähentämispotentiaalin arvioitiin olevan noin 87,3 

tonnia vuodessa ja 1 700 tonnia hankkeen 20 vuoden elinkaaren aikana. 
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1 INTRODUCTION 

 

The rapid population growth and massive industrialization have imposed a high demand for energy 

globally. According to IEA (2017), worldwide total energy consumption reached 3 635 Mtoe as of 

2015, and the world primary energy consumption grew by 2.2 % as of 2017 (Petroleum 2018). The 

role that energy plays in our modern society is imperative, since it contribute to national development 

both socially and economically. The demand for energy continues to rise and the manner of it 

exploitation affects environmental sustainability globally (Surendra et al., 2014). The public interests 

on climate change have grown largely in recent times hence the need to implement efficient and 

sustainable renewable energy has become of utmost importance. 

The growing passion for mitigating climate change has compelled Europe at large under the European 

Commission Renewable Energy Directive to implement policies and strategies to meet climate 

change goals for 2020, 2030, and 2050 through renewable energies (Gissén et al., 2014). The 

relevance of bioenergy production as part of the methods adapted to fulfill the environmental 

obligations by the EU member states are in a right direction. The EU remains ever willing to invest 

resources including feed-in-tariffs subsidies to support sustainable energy technologies to achieve 

emission reduction. The increasing interest by the EU to combat climate change is by far through 

sustainable energy generation approach. The International Energy Agency (IEA) Finland, has 

broadened its scope to achieve an overall share of renewable energy consumption by 38 %, 47%, 

33%, and 20% on heating, cooling, electricity, and transport respectively in 2020 (IEA Finland,  

2010). 

In connections with core environmental values to be achieved through renewable energy sources, the 

Northern Periphery and Arctic (NPA) programme has provided funding to support the Renewable 

Community Empowerment of Northern Territories (RECENT) project to carry out its activities. The 

RECENT project is focused on promoting energy self-sufficiency in sparsely populated and deprived 

areas. The RECENT aims at the northern peripheries to bridge the energy demand gap and also to 

find the best possible means of converting those underutilized energy potentials into more valuable 

end products. 

As part of the RECENT core targets, adapting to environmentally friendly energy solutions, and 

improving energy efficiency is imperative to climate interventions. The overwhelming demand for 

renewable energy has reechoed the fundamental values of sustainable environment and depletion of 

natural resources. One of the RECENT project objectives is to leave behind a sustainable and efficient 

renewable energy legacy at rural communities that are faced with severe climate and infrastructure 

challenges.  
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RECENT is a pilot project in Triangel resort which is yet to be established as a silence retreat center 

located at the suburb of Oulu, Finland. The resort seeks to provide accommodations consisting of 

cottages and hotel complex in a decent realm of nature for its visitors. As part of the Triangel resort 

energy demands, the RECENT pilot project was implemented as the primary energy plan tool for the 

facility.  

Anaerobic digestion (AD) remains one of the few promising sustainable technologies within the 

renewable energy cycles that stand to combat climate and environmental issues. The bioenergy 

concept transforms agricultural, municipal, industrial, and domestic digestible residues in a biological 

form to produce energy for consumption. In spite of, the many environmental successes that biogas 

production has accomplished in recent times, more is still expected to be benefitted from the 

technology. The issue of climate change mitigation remains a critical challenge that needs to be 

addressed, and anaerobic digestion technology is one of the solutions.  

This thesis work is a part of the RECENT pilot’s project that will focus mainly on utilizing 

agricultural feedstock such as energy crops, food waste, and animal manure for the energy generation 

in Triangel resort. Anaerobic digestion process will be implemented to convert the input substrates 

into biogas. The final biogas has the possibility of generating electricity and heat through a combined 

heat and power (CHP) unit or be upgraded into biofuel for running engines (Juárez-Hernández & 

Castro-González, 2016). The long-term sustainability of the biogas plant would be expected to cover 

three vital areas such as environmental, economic, and social factors. The biogas plant will create an 

avenue for job creations, greenhouse gas mitigation, and improve energy securities in the community. 

 

1.1 Description of RECENT project 

 

This thesis work was one among the 25 pilot's project of the Renewable Community Empowerment 

in Northern Territories (RECENT) constituted by a five-member country within the NPA programme 

illustrated in figure 1. RECENT is a three-year project associated with the Northern Periphery and 

Arctic (NPA) programme from 2015 to 2018. The RECENT project has a key agenda to promote 

energy independence and awareness in rural communities and presents energy friendly solutions to 

them. RECENT has committed to achieving a sustainable energy generation in the northern 

communities by strategizing the 25 pilot projects. The idea has been that rural communities with low 

population size, low accessibility, low economic diversity, and abundance of natural resource are 

given much concentration to find lasting energy solutions to the challenges (NPA 2018). 
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Notwithstanding, the broader energy intervention of RECENT, one key vision is to counteract with 

the seemingly challenges faced by those communities and implement innovative energy solutions in 

a resourceful and efficient manner. RECENT aims at satisfying the needs of all the small NPA 

communities and leaving behind a legacy through tangible energy solutions. The RECENT project 

remains optimistic and will continue to encourage and support communities to become energy self-

sufficient through renewable and resilient energy production. 

 

 
Figure 1. NPA programme area with locations of RECENT project partners presented in logos. 

1.2 Objectives of the thesis 

 

The fundamental objective of this thesis work was to perform a feasibility studies on biogas potentials 

from agricultural biomass (energy crops, cow slurry and food waste) and to analyze the energy 

impacts on Triangel energy needs. The underlying objectives encompass the following areas. 

1. Describing  the energy aspects of sustainable rural tourism 

2. To design and size energy solutions for the Triangel concept: Thus, focusing on heating and 

electricity needs of a summer cottages in Triangel resort 

3. To evaluate the sustainability factors of the proposed solution  
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1.3 Research questions. 

The following questions will deeply be studied in the course of this thesis work. 

1. What are the social, economic, and environmental sustainability of the Triangel biogas plant? 

2. Is the biogas plant capable of producing the optimum energy demand for Triangel cottages? 

1.4 Thesis structure  

 

The main issues to be discussed in this thesis work have been outlined in figure 2. The thesis work 

began with introductory remarks, which covers a few general energy issues and some key information 

of the RECENT project. It consequently followed by a general description of the RECENT project 

partners and Northern Periphery and Arctic (NPA) programme. Attention was also drawn to the thesis 

work main objectives in providing sustainable energy solutions to rural areas. Research questions for 

the thesis work were also presented.   

 
Figure 2. The thesis work structure with a brief summary of all chapters. 
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THEORETICAL PART 
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2  SUSTAINABLE TRAVEL RESORT 
 
The sustainable travel resort of Triangel will be a concept basically designed to provide sustainable 

services to its visitors in the suburb of Oulu area. The idea behind is to advance the course of scenery 

environment and support biodiversity in the community. The context of sustainable travel resorts 

encompasses the following key areas; energy self-sufficiency, rural experience on tourism, and 

sustainable technologies for energy generation as can be seen in figure 3. The Triangel travel resort 

is a planned silence retreat zone meant for a complete mindfulness concentration and reflection of 

inner happiness. The site will be a promised venue for providing an absolute silence for a profound 

meditation and relaxation. The Triangel resort is centered on art and spirituality, where visitors can 

get to interact and feel closer to what they believe in without any distraction. Triangel travel resort 

also plans to build cottages and hotel rooms to accommodate its visitors, therefore provision of 

amenities are very paramount. Moreover, about 150 inhabitants would be expected at a time in the 

said location. There will also be provision of electricity, heat, and hot water to keep the comfort of 

the visitors at the place.  

 
 

Figure 3. A sustainable rural tourism concept of Triangel resort (Pongrácz, 2018) 
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Currently, Eerola farm occupies a considerable land area which contains a lot of natural assets. The 

area comprises of agricultural land for feed and energy crop cultivation, and also have over 150 herds 

of cattle in the facility. Considering the activities proposed to be executed at Triangel travel resort, 

the technology has to be eco-friendly, carbon neutral, non-polluting, and non-invasive to avoid any 

environmental challenges. There are several energy technologies options available to provide the 

energy needs of the facility. However, it is imperative to consider energy tools that have less 

environmental impacts when deciding on energy production. The Triangel vision will be to promote 

sustainable rural tourism through energy self-sufficiency. However, fulfilling the sustainable rural 

tourism objectivity would require a technology that operates in a sustainable manner. Due to these 

reasons the Triangel resort sought to rely on renewable energy sources for its power consumption. 

Nonetheless, there were several renewable energy portfolios available but based on the raw materials 

at the site disposal anaerobic digestion was a perfect choice. Even though mini wind turbines or solar 

systems could have been an alternative source for the Triangel resort, solar and anaerobic digestion 

were both selected to supply the energy needs of the facility (Isohätälä, 2018). 

2.1 Sustainable energy production  

The realization of adopting more sustainable energy production methods remains a European, 

national, and local target. One of the possible ways to achieve that is by employing renewable energy 

sources (RES) approach (Wüstenhagen et al., 2007). In that effect, the Finnish energy policies 

initiative has geared their efforts toward shielding more lights on bioenergy as a futuristic energy tool 

to meet the demand (Huttunen, 2017). Finland as one of the forerunner countries does not seek only 

to become a low-carbon energy generation activist instead has its priorities cut-across renewable 

energy production. In Finland, bioenergy is predominantly recognized as a renewable energy source, 

which account for 26 % of the country's total energy consumption as of 2016 (Statistic Finland, 2017). 

The implementation of a healthy standard of operation procedures for energy generation can be most 

reliably attained in a renewable energy source. Due to the decentralized form of this technology, its 

positive contribution to sparsely populated rural areas cannot be underestimated. Biogas production 

has proven beyond doubts as an emerging technology of renewable energy and perhaps assured of 

being a sustainable accomplishment indicator (Lyytimäki, 2018).  

The concept of energy sustainability encompasses a variety of factors. Being able to produce 

sufficient cleaner energy for self-consumption is one ultimate vision of renewable energy source. 

Execution of distributed energy system is yet another outstanding component toward building energy 

sustainability. Biogas production holds a high profile in creating the necessary conditions to store 
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energy over extended period and can be utilized when needed (Gonzalez-Fernandez et al, 2015). 

Nevertheless, producing carbon-free energy content using renewable energy is the best way forward 

for tackling climate issues (Safari et al., 2018). It supports the energy security of the customer in the 

form of constant and reliable energy supply. Further, the ability to utilize energy most efficiently 

promotes energy sustainability. Adopting innovative and efficient methods of energy production 

within renewable energies cycles guarantees energy sustainability. The feedstock available for 

operating the biogas plant is devoid of depletion of natural resource hence regard as an objective for 

sustainable energy production (Neves et al., 2010). The safety of uncompromising the stability and 

reliability of energy content for present day's consumption and future demand can only be applicable 

within the renewable energy source.  

2.2 Renewable energies contribution in Finland  

The persisting growing impacts of climate change has brought a worldwide conscientious to fade out 

fossil fuel consumption. Due to this reason, the interest in renewable energies has emerged as one of 

the tools to overcome the emissions situation. The European Union was not an exception to the fight 

against cutting down its energy emissions through consumption and production. The EU has since set 

stringent environmental policies to all its member states and required them to reduce fossil fuel in 

their power generation. The EU aims at increasing its renewable energy consumption by 20 percent 

from 2014 to 2020 (European Union, 2009). The obligation given by the EU has forced its members 

to meet the targets within the said time frame. Finland is one of the EU's countries that strived 

tremendously in building its renewable energy sector. Nonetheless, Finland has a national 

environmental target and has taken the challenge to meet it aside from the objectives set by the 

European states. Finland was placed at the second position after Sweden and has remained one of the 

successful EU states to meet the 2020's renewable energy targets (Cross et al., 2013). 

According to Statistic Finland, (2017) the Finnish share in renewable energy was 38 % of the final 

energy consumption in 2020. However, the target has been met since 2014. The renewable energy 

sector has recognized a significant growth in recent times, contributing to 36 % of the total energy 

consumption and a 6 % rise in 2017. Furthermore, fossil fuels have seen a marginal declined by 6 % 

of the total energy consumption. Finland’s energy demand sometimes surpassed the production 

capacity due to the long wintertimes for district heat and electricity demand. The compelling energy 

needs have pushed Finland to import energy from its neighboring countries. In fact, as of 2017, the 

electricity imports amounted to 20.4 TWh, which translate to 24 percent of the total electricity 
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consumption. Figure 4 represents the share of electricity consumption to the Finnish energy sector 

which shows an increase by 6 % from 2014. 

 

Figure 4. An electricity mix consumption including RES in Finland (Energiateollisuus ry, 2017) 

 

It is evident that the use of renewable energy sources (RES) in Finland for the energy production has 

risen rapidly as compared to previous years. The instrumental renewable energy sources for electricity 

production has been hydropower, wind, biomass, and solar. There are several policies and strategies 

in place to support the growth of the renewable energy sources in the nearby future. The RES plays 

a pivotal role in reducing GHG emissions, and it is the only way through which Finland can reach the 

European environmental targets. The contributions of individual RES will be elaborated further. 

 

Bioenergy 

Finland is one of the leading countries that use biomass for energy production. According to Statistic 

Finland (2017), the bioenergy sector grew by 3.5 % with an overall share of renewable energy of 27 

percent. Biomass remains one of the promising raw materials for the Finnish energy sector that stands 

to support energy production. The use of biomass has increased in Finland, and biofuel is commonly 

used in road transport nowadays. Moreover, most of the Finnish homes are connected with district 

heating system from a combined heat and power (CHP) plants that uses biomass. Biogas production 

from municipal bio-waste and agro-biomass are growing lately which could contribute to the RES of 
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the total energy consumption. The bioenergy sector continues to grow with multiple application 

advantage as compared to the previous years.   

 

Hydropower 

 

Hydropower is the second most widely utilized renewable energy source after bioenergy. Finland has 

over 200 installed hydropower plants currently contributing to the energy sector. About 23 percent of 

Finland's total energy production comes from hydropower (Statistic Finland, 2017). Nevertheless, the 

production of energy from hydropower declined by 6 % in 2017. The potentials for hydropower are 

currently overly-utilized, and the yet new sites are under environmental regulation (Zakeri et al., 

2015). Nonetheless, the Finnish government is willing to support smaller hydropower plants since 

there will not be any major expansion on the larger hydropower plants (Puheloinen & Ekroos, 2011). 

 

Wind Energy 

The climate conditions for windmills performance in Finland are reasonably good considering the 

average wind speed of 5 to 7 meter per seconds. In Finland, the majority of the wind farms are sited 

along the coastal zones whereas the few ones are built onshore. Wind power contribution to the final 

energy consumption is currently insufficient. According to Statistic Finland, wind energy contributed 

7.4 % as in 2017 to the total energy consumption. However, the wind power production grew by 57 

%, and its share of electricity generation went up by 7 % last year. Wind power is a tremendous 

renewable potential resource that continues to grow on a yearly basis, according to Suomen 

Tuulivoimayhdistys, (2017) the total installed wind turbines were 552 as at the end of 2016. In 

Finland, wind power was considered the third promising renewable technology that is expected to 

contribute to final energy consumption. 

 

Solar Power 

 

The solar potential in Finland is still new and do not support significantly to the energy sector at the 

moment. Finland has practically challenging weather conditions that do not turn to favour the solar 

systems requirement entirely. Finland has longer winter seasons than summer, therefore only a 

relatively small amount of heat and sunshine could be harnessed between those periods. These 

weather variations make it unlikely for solar business, however, the energy generated during 

summertime meets low energy demand, hence does not contribute significantly to the total energy 
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needs. Notwithstanding, the high investment cost with longer payback times does not render solar 

systems economically feasible. 

The PV solar system is projected to grow shortly if the investment cost would decrease considerably 

to support investors in the sector. According to preliminary data of statistic Finland, the solar power 

generation went up by 49 percent, however, its share of the total energy production recorded half per 

mille in 2017. Technologically, the solar system will only succeed if there are energy storage options 

available to contain the produced power over an extended period. Table 1 summarizes the actual 

installed capacity and gross energy contribution from the renewable energy technology as of 2016. 

Table 1. Is illustration of the renewable energy contribution in Finnish electricity sector (Statistic 

Finland, 2017a) 

Technologies (2016)  GWh 

Hydro 15 634 

Biomass 11 012 

Wind 3 068 

Solar 18 

Total  29 732 

 

2.3 Local energy resources in Northern Ostrobothnia  

The energy scenario in Northern Ostrobothnia, especially in the Oulu region, is produced from a 

variety of raw materials. The region has endowed with a lot of natural resources, comprising of peat, 

wood, and many lakes and rivers. Traditionally, due to the sparsely populated nature of the region, 

firewood and peat were served as one of the primary sources of heating for households through locally 

means by burning. The direct combustion contributes to global warming, which does not only affect 

the environment at the national or regional level but extensively. Due to this reason, the Northern 

Ostrobothnia has been participating in sustainable energy solutions and implementing policies such 

as climate and energy strategy. The focus was to improve technologies that can safely utilize the 

abundant natural resources without causing excessive environmental harm (Council of Oulu region, 

2010). However, the centralized power plants that contribute to electricity and heat demands will 

continue to operate on local fuels like peat and wood but expected to eliminate peat in the future. 

Wood products are projected to grow and support the energy sector due to their low carbon content 

during energy production. It is essential to take into account the social and environmental impacts 

when operating plants for energy consumption to reduce emissions. 
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Nonetheless, the rural areas which are far from the grid are putting measures in place to ensure that 

both decentralized energy concept and hybrid methods will be implemented to support energy 

dependency. Oulun Energia is the leading energy producer in northern Finland. The energy value 

chain entirety is managed by the company, from the production of raw materials to heat and electricity 

distribution to the end user. In the Oulun region, the majority of households, industries, and 

institutions rely on Oulun Energia for power. The company transformed the local natural resources 

of the north to heat and electricity. According to Oulun Energia, (2018) data on the use of fuel indicate 

that, as of 2017, peat accounted for 50 percent, wood recorded 33 percent, waste was 15 percent, and 

the remaining 2 percent was share among oil and biogas for the total energy produced. It is safe to 

conclude that, the most dominant local energy resources in the Oulu region are peat and wood 

materials. 
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3 BIOGAS PRODUCTION 

Biomass for anaerobic digestion (AD) is an ancient form of energy extraction method which 

continues to support domestic activities (Guo et al., 2015). The use of AD technology has been 

expanded in recent times following the widespread concerns of researchers for the use of sustainable 

renewable energies. Due to several effects of greenhouse gas (GHG) on climate change as a result of 

fossil fuel consumption has led to the growing interest in biogas production to curb the situation. The 

renewable energy sources have been an energy alternative method to fulfill human energy demands 

without causing any adverse impacts to the environment (Ngô & Natowitz, 2016). 

Based on the underlined factors, the AD technology fits the purpose of mitigating the environmental 

impacts on a global scale. Anaerobic digestion operates as a renewable energy source and has proven, 

both technologically and sustainably attractive to produce efficient energy (Twidell & Weir, 2015). 

The technology has sequence of operational principles with a lot of mounted components and 

parameters. Figure 5 outlined the operational stages of the anaerobic digestion technology. 

 

Figure 5. A schematic layout of anaerobic digestion process 

3.1 The biological process of anaerobic digestion 

Anaerobic digestion is a microbial process where the biodegradable material is converted into 

methane in the absence of oxygen. The process takes place in a gas-tight cylinder called a digester 

with the support of biological actions (Gonzalez-Fernandez et al, 2015). The constituents involved in 

the anaerobic digestion process predominantly comprise of carbon dioxide (CO2) and methane (CH4). 
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There are other fractions of gas elements, which are ammonia (NH3), hydrogen sulfide (H2H), and 

hydrogen (H) (Gerardi, 2003). Anaerobic digestion is a complex system that involves a variety of 

biological activities in the process of gas production. The microorganism is a part of the controlling 

factors that influence the optimal performance for biogas realization. 

The process steps in anaerobic digestion are sequentially connected to one another. Each phase has 

different symbiotic bacteria reaction. Therefore, one end process marks a beginning phase for another. 

Generally, anaerobic digestion process comprises of four biochemical groups; hydrolysis, 

acidogenesis, acetogenesis, and methanogenesis (Baweja et al., 2018). Each method has different 

functions to perform, notwithstanding, the ultimate goal remains the same purpose for biogas 

generation. In most cases hydrolysis is subjected to fermentation whereas acetogenesis and 

methanogenesis are closely related. The hydrolysis process consists of hydrolytic bacteria that break 

down the irregular substrate into smaller units. These pieces are integrated to fermentation stage for 

further microbial catalization. The fermented products containing CO2, H2S, and acetate are moved 

to the final stage of methanogenic. The purified methane content is collected as the useful final 

product while other fractions of gases are treated before expulsion (Gaby et al., 2017). Figure 6 

presents microbial operational steps of anaerobic digestion process.  

 

Figure 6. A flow diagram of AD biological process (Modified from Gujer & Zehnder, 1983) 
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 Hydrolysis 
 
Hydrolysis is the first stage in the anaerobic digestion process, where the considerable molecular 

weight of complex organic materials is broken down into soluble particles. These soluble units consist 

of amino acids, fatty acids, and sugar molecules (Ralph & Dong, 2010). The enzymes responsible for 

degrading the organic materials are amylase. The amylase breaks down carbohydrate into sugars, 

lipase is broken down into glycerol whereas long-chain fatty acids, and protease protein are both 

broken down into amino acids. (Kaseng et al., 1992; Parawira et al., 2005). This stage plays an 

imperative role in ensuring that enough chemical reaction is taken place to prepare the soluble 

contents to the next chemical stage. The hydrolysis steps consist of unique procedures such as 

enzymes reaction, adsorption, and diffusion (Cirne et al., 2007). Substantially, all these chemical 

enhancements assist for smooth and higher methane production. However, the seeming challenge 

associated with hydrolysis is commonly found in organic waste but has short been answered by 

reagent chemical application (Vavilin et al., 1997).  

 

 Acidogenesis 
 
The acidogenesis step is operationalized by a microbial process known as acid forming fermentation. 

It is the second step in bacterial consortia of the anaerobic digestion process. The microorganisms in 

acidogenesis stage further transform the hydrolyzed content into smaller organic acids. The nutrients 

ratio of carbon dioxide and hydrogen is categorized into 70 % volatile fatty acids (VFA) and 30 % of 

alcohols (Al Seadi et al., 2012). The organic acids are subsequently converted to acetic acid and 

hydrogen through acetogenic bacteria. The reflective conversion factors present in acidogenic phase 

are mostly glucose to ethanol and glucose to propionate (Ostrem & Themelis, 2004). 

 Acetogenesis 
 
In this stage, the fermentable products such as alcohols and organic acids are digested by acetogenic 

bacteria to produce acetic acids alongside with hydrogen and carbon dioxide. The critical element in 

acetogenesis is hydrogen, and this is because without the presence of H2 concentration no chemical 

reaction could take place (Ray et al., 2013). The temperature in acetogenesis is quite an important 

parameter since it affects the thermodynamics of acetogenic reactions. According to De Bok et al. 

(2004), the interspecies electron transfer in methanogenic propionate degrading consortia is 

influenced by the chemical reactions at the previous steps. The formation of hydrogen from organic 

acids becomes stronger at higher temperatures whereas, in methanogens phase, H2 consumption 

becomes less energetic.  
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 Methanogenesis 
 
Methanogenesis is the final step and the most crucial stage in the anaerobic digestion process. This 

stage is regarded as the slowest regarding biochemical reaction process when compared to others. Its 

dependence on process conditions such as feedstock composition, pH, temperature, and retention time 

cannot be underemphasized. Methanogenesis is a sensitive and critical step in anaerobic digestion 

during methane production with less substrate content (Al Seadi et al., 2008). During this process, 

the already formed acetate, hydrogen, and carbon dioxide from the previous stages are further 

transformed into CO2 and CH4 through methanogenic archaea. It is estimated that two-thirds of the 

total produced methane from acetic acid (alcohol) comes from acidogenesis stage. The remaining 

one-third comes from carbon dioxide reduction by hydrogen (Ostrem & Themelis, 2004).  

 
3.2 Environmental factors affecting anaerobic digestion. 
 
During biogas production in the anaerobic digestion process lot of essential parameters are considered 

to assist for optimal gas production. These process conditions play a pivotal role in the entire 

anaerobic digestion process. However, due to the sensitive nature of these conditions, proper scrutiny 

and planning need to be put in place to ensure stability and efficient methane generation. The factors 

are mostly environmental and feedstock related issues, which consist of reactor temperatures, 

substrate pH, moisture content, and others (Khalid et al., 2011).  

 
Temperature 

 
The operational temperature in biogas production is an important factor since it influences the 

microorganisms in the reactor. Therefore, unstable temperatures in the digester will authorize 

poor/low biogas yield. The relationship between temperature and microbial organisms are intimately 

connected during AD process. Temperature creates the enabling environment to support the growth 

and functionality of the microorganism (Khalid et al., 2011). There are three main temperatures in 

AD process, such as psychrophilic, mesophilic, and thermophilic. Each temperature is selected based 

on the process conditions in the digester including external environmental factors. The predominantly 

used ones are mesophilic and thermophilic, due to their flexibility to adapt to sudden changes (Kim 

et al., 2002). The temperatures are classified as follows:  

mesophilic conditions 30-45 ºC, thermophilic 45-60 ºC, and psychrophilic 15-25 ºC (Chae et al., 

2008; Cioablă & Ionel, 2011) presented in table 2. Each of these temperatures has their advantages 

and disadvantages about microbial performance. In thermophilic conditions, high methane yield can 
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be produced at high loading rate, it’s also possible to achieve shorter retention time at high 

temperatures, and this increases the reactions of the degradable materials in the reactor. The drawback 

with the thermophilic is the fact that, it becomes more difficult to control when there is a sudden 

change in temperatures, and it is also energy intensive. For this reason, it becomes unattractive for 

commercial purposes (El-Mashad et al., 2004; Navickas et al., 2013). On the other hand, mesophilic 

conditions are widely recognized in biogas production due to its reliability and energy efficiency, 

hence being preferred over thermophilic. The best operational temperatures are considered within 35-

37 °C and any changes made slightly below or above that figure will render reduction in biogas 

production (Khalid et al., 2011). The demerit of mesophilic digestion is the fact that, longer retention 

time is needed for this process which often leads to low biogas yield. Commercial applications are 

most suitable for this type. 

Table 2. A typical operation temperature of AD system (Cheng, 2017). 

Anaerobic process Process temperatures 

(°C) 

Hydraulic retention (days) 

Thermophilic 50-60 15-15 

Mesophilic 30-37 25-30 

Psychrophilic 10-25 >50 

pH values  

 

This process condition is very crucial in anaerobic digestion and can affect the yield of the biogas 

plant. The operational principle of pH in AD process affects the products and a digestive system 

largely. The microbial organisms in the digestion system which facilitate the degrading of the 

feedstock require different optimal pH condition for productive growth. Therefore, it is vital to take 

into account the necessary steps to ensure a sufficient balance of pH for suitable microorganism 

process. Studies have shown that the optimum pH condition for methanogenesis is between 6.5 and 

7.2 (Skeete, 2016). The sensitive nature of the microorganisms in methane production during acidic 

conditions requires optimal pH values. Nevertheless, the pH value could be maintained at 5-7 in 

hydrolytic microorganism process (Veeken et al., 2000). Disproportion of pH at the reactors level 

creates hindrance in the final biogas production. According to Hwang et al. (2004), the fermentative 

microorganisms are described as less sensitive which has high resistance to function well even at 

large range of pH conditions from 4 to 8.5. The relevance to keep constant pH values for successful 

bacteria growth is to achieve higher methane production. Furthermore, pH in an AD process is 
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unpredictable especially during the initial stages when it undergo through several changes depending 

on the substrate type and the digester design (Liu et al., 2008). 

 

Moisture 

 

The amount of water in anaerobic digestion is imperative thus facilitate the process condition of the 

AD. The challenge is how to maintain a constant water level throughout the process cycles 

(Hernández-Berriel et al., 2008). The moisture ratio in the system has much influence in the final 

yield properties. However, too much or little water could affect the process performance hence 

leading to a relatively quicker or slower dissolution of the organic material. Research has shown that 

maintaining the stability of the moisture becomes exceedingly tricky and uncontrollable. It further 

suggested that methane yield can be best obtained at the range of 60-80 % humidity (Bouallagui et 

al., 2003). A study on methanogenesis process comparing two different moisture contents has 

revealed that at 70% moisture level, higher methane yield is produced as compared to 80%. The 

average moisture content in the substrate should be at least 50% to activate the methane process 

(Khalid et al., 2011). 

 

Organic loading rate (OLR) 

 

The organic loading rate is the amount of volatile solids fed to the reactor per day. Also, OLR is a 

measure of time with respect to dry organic matter per a cubic meter. A continuous operation of the 

reactor, will depend on the rate load of a specific feedstock (Gou et al., 2014). The volatile solids in 

the reactor are essential since too much or little would result in an operational challenge. For example, 

when the reactor is overfed, its biogas production often becomes low, as result of the accumulation 

of inhibitors such as slurries and fatty acids. In this instance, it would only be appropriate to have a 

systematic feed pattern to ensure smooth and efficient operation of the digesters (Bolzonella et al, 

2003). However, failure of the reactor could be attributable to overfeeding. 

 

Hydraulic retention time (HRT) 

 

The retention time often refers to the required amount of time needed for the substrate to stay in the 

digester. It can also be expressed in an equation form such as RT = V/Q Where RT implies retention 

time (Nos of days), V= operating volume m3, and Q = volumetric flowrate m3/day (Haug, 2018). The 

required retention time for biogas production is dependent on the following factors: process 
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temperature, feedstock composition, and digester volume among others. The retention time affects 

the growth of the bacteria in the reactor. Therefore, the longer the residence time, the quicker the 

degradation process thereby resulting in useful methane output, and vice versa produces less methane. 

According to Gonzalez-Fernandez et al (2015), maximum methane yield can only be possible if the 

retention time is reduced while an increase in the loading rate of the reactor. Moreover, environmental 

conditions mainly influence the choice of the temperature ranges, either mesophilic or thermophilic.  

 

Particle size in the reactor 

 

Size reduction of organic matter in digesters plays a significant role in decomposition of the substrate 

materials for AD process. The size has to be maintained at a certain level that does not affect the 

operation of the plant. Particle sizing is classified as pretreatment process for biogas production by 

simply breaking down the complex organic materials (Kaparaju et al., 2002). The process is carried 

out to make the feedstock efficiently operational in the digester during AD process. The requirements 

for pretreating energy crops are quite stressful and time-consuming practice. There are several stages 

required for treating energy crops before their usage, they must first, all be harvested, stored, crushed, 

shredded, grinded, etc. (Sharma et al., 1988). These are done to preserve and reduce the size to an 

acceptable level. From ensilment to the biogas facility, the bale is released and fed into the bunker. 

With the aid of the conveyors, the grass is passed through the cutters which are of different grades. 

The first grade reduces the grass to about five centimeters, after which its pass over to the second 

grade, here the size is further reduced to twelve millimeters (Paadar, 2018). The 12 mm grade is 

widely recognized and used at various biogas outlets across the globe. Nevertheless, pretreatment is 

not only carried out to reduce size but also to enhance the performance of the microbial organism in 

the reactor (Mir et al., 2016). One major advantage of size reduction in anaerobic digestion is to 

overcome the feedstock tendency to clog in the pipelines.  

 

Mixing of substrate 

 

Mixing is another crucial physical process toward biogas generation in anaerobic digestion. The 

ultimate aim of this process is to set a uniformity of all individual input materials. Critical attention 

is shifted to temperature, material concentration, and some environmental conditions. The mixing is 

done to prevent substantial deposition of organic matter in the reactors (Weiland, 2010). The stirring 

mechanisms put in place to unify the microorganisms with the new substrate to promote upflow of 

gases are mechanical, hydraulic, gas recirculation or pneumatic mixing technique. These are the most 
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commonly used technologies for optimizing the substrate nutrients. However, closely to 90 % of 

biogas operation facilities adapt to mechanical stirrer technology due to adjustable rotational speed 

design features (Weiland, 2010). The blending is done carefully in order not to disrupt the microbial 

ability to function. In a preferable instance, low mixing is selected over the excessive form of a 

mixture (Khalid et at., 2011).  

 

Carbon and nitrogen (C/N) ratio 

 

The carbon and nitrogen ratio in anaerobic digestion plays an influential role in methane production. 

The C/N ratio are essential elements that contribute effectively to the microbial growth in the reactor. 

The unproportioned ratio of these nutrients value will yield low gas production. According to Weiland 

(2006), the optimal ratio for C/N are 20 and 30, respectively. Anything different from these 

considerable ranges would render the results negative such as ammonia accumulation or high 

consumption of nitrogen. Nevertheless, the balancing of C/N ratio can be done through a substantial 

low mixing of different substrate nutrients (Khalid et al., 2011). Moreover, the conversion factor for 

carbon and nitrogen is established as 30-35 times faster. Therefore, the C/N ratio is 30:1 in the raw 

substrate. The C/N ratio varies predominately based on the substrate properties in the reactor, for 

instance between 22 and 25 is considered as best option for anaerobic digestion of fruits and vegetable 

waste (Ghosh & Pohland, 1974). 

3.3 Key components of anaerobic digestion 

 

Reactor plays a crucial role in biogas production, and it’s the main component where all the digestion 

processes happen. This unit eventually receives the input substrates and degrades the organic matter 

into biogas in the absence of oxygen to produce methane. The reactor is a cylindrical vessel that has 

an air-tight seal and capable of maintaining the in-built pressure produced by the fermentable 

materials. The reactor behaves familiarly to human digestive system where it digest the feedstock to 

produce biogas. The functionality of the reactor unit is far too complicated due to the variation of 

different activities in the digestion process. The biogas yield is mainly dependent on the reactor design 

and feedstock properties, however, the reactor design needs a critical evaluation. There are several 

reactor types used for biogas production but the most common ones are categorized into three main 

groups depending on the process conditions. 

Batch process: In batch process the digester is intermittently fed with the substrates and it allows the 

digestion process to begin. The production of biogas, therefore, increases steadily until it reaches the 
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maximum point (Weiland, 2006). The disadvantage part is when the production rate declined 

marginally to a level below 95 percent, the already formed digestate is sent to the storage tank. The 

process, therefore, is transferred to next stage of the feeding process (Deutsche Gesellschaft für 

Sonnenenergie & ECOFYS Firm, 2005). The best way to maintain an optimized continuous biogas 

generation is to have more digesters in place to operate effectively. In a batch process, one-stage and 

multi-stage reactor systems are often used together for generating biogas (Haug, 2018). During one-

stage digester system, the feed is continuously fed into a single reactor per time for gas production. 

However, in the case of a multi-stage system, two or more reactors operating in sequence/parallel at 

a time depending on the loading schedule (Kafle & Kim, 2013). Batch reactors are mostly applicable 

for industrial large-scale anaerobic digestion plants, and perhaps also available on farm scale with 

two-tank batch digestion (Deutsche Gesellschaft für Sonnenenergie & ECOFYS Firm, 2005). 

Continuous process is another process design stage for biogas production. The system consists of a 

digester and a separate post-digestion tank (Haug, 2018). The continuous process operate in a way 

that when the input feedstocks are fed into the digester similar quantity of digestate is transferred to 

the post-digestion plant through the overflow pipe (Mata-Alvarez et al., 2000). Therefore, the 

difference in the reactor volume remains almost same. The efficiency of this process can be improved 

through a methane-rich air from the post-digestion tank as the digestate stays longer inside the 

digester. Nevertheless, this particular design suites accurately for farmers who generate enough 

residues and probably have the option to store them over a certain period before its final utilization 

(Kafle & Kim, 2013). Moreover, a small-scale AD system is as well possible with this design 

including those that handle a high total solids content. 

Semi-continuous process: plays an intermediate function for batch and continuous operation in the 

anaerobic digestion process. Both process operations can be switched interchangeably depending on 

the stage of digestion (Janke et al., 2018). It’s an interesting process since full optimization is highly 

achievable. Moreover, this combined system allows for a smooth transition of substrate, hence 

considered most flexible and friendly to operate (Tišma et al., 2018). It is important to note that, a 

semi-continuous process also accommodate both storage and digestion at the same time. However, 

feedstock supply to the digesters adapts a continuous approach until it reaches the equilibrium. The 

digesters are synchronized such a way that allows for continues switching from one process operation 

to another, such as batch and a continuous type until the digesters are full (Deutsche Gesellschaft für 

Sonnenenergie & ECOFYS Firm, 2005). A setback with the semi-continuous type is the tendency of 

having an incomplete digestion process which could lead to lower biogas generation (Bauer et al., 

2018). Notwithstanding the single weakness, a semi-continuous process has faster retention time 
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which makes it environmentally reliable as compared to others. The figure 7 consists of different 

operation methods used for anaerobic digestion. 

 
 
 

 
 
 
Figure 7. Schematic layout of AD processes: (Deutsche Gesellschaft für Sonnenenergie & ECOFYS 
Firm, 2005) 
 
 
3.4 Anaerobic process technology (dry & wet systems) 
 
Anaerobic digestion design is primarily categorized into two main groups such as wet and dry 

fermentation in the bioreactor process. This classification indicates the amount of dry matter 

concentration of the input materials in the reactor. The feedstock properties mainly influence the 

decision to select a particular digestion process. The dry fermentation consists of high amount of total 

solids >15 % presence in the feedstock (Ahn et al., 2010). However, the wet digestion has overall 

total solids between 2-12 % of the entire substrate (Murphy et al., 2004). These two digestion systems 

need process optimization to improve final biogas production. The best possible ways to harness the 

full potential of each method is by implementing them into their respective areas. Dry fermentation 

is widely used for energy crops and other agricultural residues whereas wet digesters are highly 

recommended for wastewater and sludge materials. Poor or low biogas production can be recorded if 

the right method is not utilized (Weiland, 2006). The pros and cons of each operation methods are 

presented in the next paragraph: 

The dry digestion has a potential of reducing flotation of fibrous materials on liquid, which is always 

an issue with the wet type. The dry process is less energy intensive and reduces mass wastewater, low 

transport capacity, shorter retention time, and could operate with smaller reactor volume (Schäfer et 

al., 2006). On the other hand, wet digestion has the advantage of handling large volume of organic 
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waste as compared to dry digestion for biogas generation. More than half of the modern biogas 

facilities in recent times use wet digester type (Gemmeke et al., 2009). However, there seems to be 

some operational difficulties with it, such as inability to handle all organic waste, and perhaps 

generate a lot of impurities as compared to the dry digestion type. Figures 8 and 9 illustrate a 

schematic overview of wet and dry AD systems. With the dry system, water is sprayed through the 

nozzles into the feedstock to increase the moisture content for effective fermentation toward biogas 

production. The wastewater is extracted from the system through the downward percolates output 

port for pretreatment and disposal. The wet system is self-sufficient hence no further moisture is 

required to assist for biogas production, the substrate is fed upright into the reactors, biogas and co-

products in the end. 

 

Figure 8. A typical wet anaerobic digestion system (modified from americanbiogascouncil.org, 

2018) 

 

 

Figure 9. A dry anaerobic digestion system (modified from americanbiogascouncil.org, 2018) 



33 
 

 Methane production potential 
 
Table 3 contains a list of potential feedstocks for the anaerobic digestion process. The biomass 

characteristic has been demonstrated in turn of specific methane quantity with regards to the organic 

materials (Achinas & Euverink, 2016). It is essential to analyze the energy and biogas potentials of 

the available feedstock beforehand when planning a biogas plant. The approach well informs whether 

or not, its energy worth establishing the facility. The evaluation of methane production potential is a 

pre-initial decision phase of venturing into biogas business. Agricultural biomass is a suitable 

resource for biogas application hence has contributed significantly to the bioenergy industry (Li et 

al., 2016). The key drivers that influence an effective methane production have been considered in 

table 3. These elements are provided to serve as a guideline toward the implementation of anaerobic 

digestion plant.  

Table 3. Biomass properties of anaerobic digestion process (Biosantech et al., 2013).  

Feedstock DM 
(%) 

VS 
(%) 

C: N 
ratio 

VS % of 
DM 

Methane yield (m3 
CH4/kgVS 

Cattle slurry 8 6.4 13 80 0.20 

Pig slurry 5 4 7 80 0.30 

Garden waste 60-70  125 90 0.20-0.50 

Poultry manure 20 16  80 0.30 

Grass 20-25  18 90 0.30-0.55 

Animal 
stomach/intestine  

12 9.6 4 80 0.40 

Food remains 10   80 0.5-0.60 

Wastewater 5 3.75  75 0.4 

Fruit Wastes 15-20  35 75 0.25-0.50 

Maize stalk 10   85-91 0.12-0.35 

Potatoes 16-18  12.1 88 0.276-0.4 
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 Biogas properties 
 
Biogas is a concentration of many gases generated during the anaerobic digestion process. The 

composition of these gases varies widely depending on the particular substrate type, hydraulic 

retention time, and the digestion systems. The predominant gases are methane and carbon dioxide. 

The other lesser gas properties have some amount of influence on the final product (Bharathiraja et 

al., 2018). The density of biogas is considered to be 1.22 kg/mNm3 and its calorific heat value or 

energy equivalence is 21 MJ/Nm3 assuming methane content of 50% (Al Seadi et al, 2008). Biogas 

has the tendency to ignite at a methane concentration of about 5-20 percentage presence in air. 

Nevertheless, the energy value from pure methane is about 9.81 kWh/Nm3, and biogas varies between 

4.5 and 8.5 kWh/Nm3 depending on the presence of other gases (Eriksson, 2010). Table 4 contains 

biogas compositions. 

Table 4. Biogas composition (Pullen, 2015). 

Components Symbols Volume concentration 

Methane  CH4 50-75 % 

Carbon dioxide  CO2 25-45 

Nitrogen  N2 ˂2% 

Ammonia  NH3 ˂1% 

Hydrogen  H2 ˂1% 

Hydrogen sulphide  H2S 20-20,000ppm 

Water vapor  H2O 2-7% 

 Oxygen O2 ˂2% 

3.5 Biogas storage 

 
Another essential aspect of biogas production is the storage facility. It is essential to ensure that 

adequate initial storage space is created to store the produced biogas before its final utilization. When 

dealing with biogas plants with smaller capacities, the storage space could easily be created above 

the digester volume, with a gas-tight membrane (Hahn et al., 2014). The approach helps to save a lot 

of money and makes the design less complicated. However, plants with the largest volume of gas 

production would require a separate storage place for a convenience purpose (Kapdi et al., 2005). 

According to Al Seadi et al, (2008) the best possible practice of storing biogas should be within two 

days maximum. It is, however, suggested that the storage facility must be about one-fifth capacity of 

the daily gas production (Wellinger et al., 2013). The storage tanks are always equipped with safety 

regulation valves to control the flow of the gas substance. The storage method recommended for this 
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thesis work would be to create additional space within the digester since the daily production is 

minimal.  

3.6 Utilization of biogas 

 

Biogas is a viable energy alternative source that could replace fossil fuels for multiple purposes. 

Biogas is produced from digestible biomass through the anaerobic digestion process in the absence 

of oxygen. Energy produced from biogas is considered to be clean and environmentally friendly 

(Yentekakis & Goula, 2017). Generally, the estimated methane content from raw biogas is considered 

to be somewhere 35 to 75 percent. According to Eriksson (2010), methane contains a lot of energy 

due to the high octane ratings and calorific heat value. However, using methane as biofuel for internal 

combustion engines would require further refinery to avoid engine problems during operation. 

 

According Holm-Nielsen et al. (2009), engine knocking could occur as a results of unpurified fuel 

quality. Apart from the direct approach of burning biogas for heat and steam, methane could also be 

used in two different ways such as biofuel for transport fuel and electricity generation through grid 

connection. Other transformational end use of biogas could be for agricultural activities, industrial 

processes, or space heating (Hosseini & Wahid, 2013). The industrial demand for heat is a constant 

process throughout the year, therefore, utilizing biogas as heat content will be the most efficient 

practice (Pöschl et al., 2010). Household heating is a common phenomenon with biogas utilization 

either through district heating systems or mini-grid connections and used much during the winter 

season. The use of power-heat-cooling-coupling-system plays a significant role in refrigerators, for 

preserving food products and air conditioning (Chen et al., 2012). Other uses of biogas is show in 

figure 10. 

 

Figure 10. End uses of biogas product (Modified from Weiland 2010; Pöschl et al., 2010). 

https://www.sciencedirect.com/science/article/pii/S0306261910001790#!
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In this thesis work, the intended purpose of the biogas would be use for electricity and heat generation. 

The biogas plant in the nearby future could be expanded to fit for other purposes when needed. Aside 

from the numerous biogas advantages, other key benefits would include reduction of CO2 emission, 

cleaner environment, and fit for decentralized energy production.  

 

3.7 Biogas upgrading technology 

 

Biogas mainly consists of methane (CH4), and carbon dioxide (CO2), among other traces of gases. 

There are quite many purification methods used for removing the unwanted gases present in the 

methane content (Kougias et al., 2017). To obtain a clean biomethane that could be used for both 

CHP plants and other combustion engines, the raw biogas content has to be refined into pure 

biomethane by gas cleaning techniques. The main purpose of upgrading biogas is to enhance the 

quantity to about 97% and as well as the quality (Sun et al., 2015). The CO2 content which represents 

a significant amount of the biogas needs to be eliminated in the process. According to research, biogas 

composition for both methane and carbon dioxide are between the ranges of 50-70% and 30-50% 

respectively (Angelidaki et al., 2018). The upgrading technologies have gone through stages of 

developments. In Europe, the most common types of upgrading technique are physical organic 

scrubber, water scrubber, pressure swing adsorption (PSA), and membrane separation (Baccioli et 

al., 2018). These technologies have their unique difference regarding functions. In terms of 

technological and economic advancement, both can be seen in the various types. Notwithstanding, 

the overlapping objective each of the techniques seeks to achieve, the choice for a particular design 

depends on many factors. In this thesis work, water scrubber is chosen for upgrading the biogas 

content. 

The water scrubbing technology remains reliable and most efficient way of upgrading biogas into 

biomethane. The water scrubber has the potential of trapping CO2 since it’s less dense to settle than 

methane and could easily be washed out by the process (Luostarinen et al., 2011). The operational 

principle of this design works such that the raw biogas enters into the lower part of the adsorption 

column through the compressors at the range of 9-12 pressure bars (Beil & Beyrich, 2013). The 

pressurized water splashed from the top part of the scrubber in a counter-flow direction to the gases. 

This flow reaction extracts CO2 and H2S to the bottom part of the column. The adsorbed CO2 and H2S 

are collected at the bottom part of the column whereas about 97% of the concentrated methane settles 

at the uppermost part of the column. The product gas which leaves the part is sent for adsorption 
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drying. According to Yang et al. (2014), methane is recovered from carbon dioxide at flask tank. The 

advantages associated with water scrubber are the fact, that it’s economically less expensive due to 

no chemicals requirements (Patterson et al., 2011). The design is simple and can be operated with 

less skilled personnel. The CO2 and H2S removal are highly achievable (Sun et al., 2015). The 

disadvantage with this technology is the fact that, the process has high water consumption and 

generates colossal amount of wastewater. The figure 11 shows a biogas purification method using a 

water scrubber. 

Figure 11. Water scrubber technique for biogas purification (Liangcheng & Yebo, 2014) 

 

 
 Comparison of biogas upgrading technologies 

 

A brief comparison is established for other upgrading techniques as to how they function, operate, 

their efficiencies and cost-related issues (Patterson et al., 2011). Moreover, the interest is not to deal 

deeper into individual specificities but to give general information about each design. Technical 

details are provided in the table to support decision considerations. The five notable upgrading 

technologies in Europe are contrasted and compared with each other in table 5. 
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Table 5. A general comparison between five upgrading techniques in Europe. 

Parameter Chemical 
scrubber 

PSA Organic 
physical 
scrubber 

Water 
scrubber 

Membran
e 

separation 

CH4
[a] 

efficiency (%) 
 

96-99 
 

96-98 
 

96-98 
 

96-98 
 

96-98 

H2S & CO2
[a] External External External Yes External 

Pressure 
(bar)[b] 

 

None 4-7 4-7 9-12 N/A 

Heat[c, a & b] 

consumption 
(kWh/Nm3) 
 

 
0.5-0.6 

 
None 

 
Internal 

 
None 

 
None 

Electricity[c] 
consumption 
(kWh/Nm3 raw 
biogas) 
 

 
    0.12-
0.14 

 
0.2-0.3 

 
0.2-0.28 

 
0.23-0.3 

 
0.2-0.3 

Annual[a] 
maintenance 
cost (% of 
investment) 
 

 
2-3 

 
2-3 

 
2-3 

 
2-3 

 
3-4 

Market share in 
Europe (%)[a] 

 
22 

 
21 

 
6 

 
41 

 
10 

(Junginger & Baxter, 2014) a, (Bauer et al., 2013) c, (Petersson  & Wellinger, 2009) b. 
 
 

 Combined heat and power (CHP) plant 
 
The CHP is an electronic cogeneration unit primarily used for the conversion of energy into heat and 

electricity in a most efficient way. The CHP unit most often is couple with biogas production in 

anaerobic digestion. The CHP unit consists of an internal combustion engine which runs on the biogas 

that drives a generator to produce electrical energy (Fachagentur Nachwachsende Rohstoffe, 2009). 

There are various models of engines that are available for this purpose namely spark ignition (SI) and 

compression ignition (CI) Otto-cycle engines. It has been suggested that the methane content of at 

least 45% can be burned efficiently with gas-otto engines. The SI engines, on the other hand, would 

require ignition support of oil, not more than 10% of fuel supply needed to burn the biogas 

(Handreichung Biogas, 2006). Biogas plants with larger capacities can adapt the approach of 

generating excess energy so that heat and electricity would be traded to the national grids for profit 

motives, most especially in countries with higher grants for feed-in tariffs. The efficiency of the CHP 
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unit usually varies in respect to type, capacity, and substrate input. Generally, the overall efficiency 

of a CHP unit vary in a ratio between 30-40 % of electricity and 60-70% of heat (Luostarinen et al., 

2011). The economic factors connected to the utilization of final biogas are of paramount importance. 

Apart from the fact that one-third of the heat produced will be used to heat the digester itself, the 

remaining two-third can be used for external purposes (Al Seadi et al., 2008). The sales of the 

electricity and heat sometimes can promote economic sustainability in running the biogas plant.  

3.8 Digestate production 

 

Anaerobic digestion of agricultural waste in co-digestion process generates different kind of outputs, 

these are digestate, effluents, and biogas. Digestate is a nutrient-rich content produced during biogas 

production (Al Seadi & Lukehurst, 2012). The generation of digestate occurred during the 

fermentation stage of biogas production. These cumulative digested substances contain a high amount 

of nutrient of different compositions (Wellinger et al., 2013). The suitability of digestate largely 

depends on the feedstock composition and quality (Möller & Müller, 2012). The increase of digestate 

production to some extent provides an additional fertilizer to farmers, and the amount of digestate 

produced is tantamount to the input substrate volumes. When the feedstocks are increased the 

digestate volume also increases with respects to the loading rate. To have a properly managed 

digestate, it would require a lot of resources since the regulatory framework is strictly against some 

level of usability of the product. Due to this reason, it’s made the process extremely difficult to handle 

the digestate product. 

According to Persson et al., (2012), fresh digestate has about > 94 % of moisture content, which needs 

to be dewatered to a reasonable level before its applications. Notwithstanding, the strictest rule 

governing the possibilities to put these substances on farmlands, the quality aspect of the product has 

to meet other requirements. The digestate must be free from impurities including pathogens and 

pollutants (Wellinger et al., 2013). Before the utilization of the digestate, the content has to be 

analyzed before applying directly to the farmlands. In some extreme cases, the digestate would have 

to go for further treatment to enhance the quality. 

There are a lot of treatment technologies available for handling digestate content. However, the cost 

of treatment far exceeds the revenues from the nutrient value (Berglund, 2010; Persson et al., 2012). 

Some of the technologies are Epcon MVR evaporator, Biogasplus, Suelzle Klein, etc. Apart from the 

stated reasons, the digestate refinery brings about volume reduction as well as the separation of 

valuable nutrients. The treatments also facilitate flexible handling, storage and reduce transport stress 

due to volume reduction. It consists of extra indigestible material and dead microorganisms - the 
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volume of digestate is estimated to be 90-95% of the input material to the digester. Digestate is not 

directly composted even though they have some similarities, compost is produced by aerobic 

microorganisms, meaning in the presence of oxygen. The figure 12 shows a treatment chain for a 

produced digestate after biogas extraction. As explained earlier, the digestate leaves the reactor to be 

collected in a separate tank, treatment is initiated, and the end digestate is packed as a liquid or solid 

ready for farm application. 

 

Figure 12. A pretreatment process of a digestate prior to storage. 

 

 Digestate storage 
 

Digestate production is a continuing process as long as the biogas plant operates. It's, therefore, 

crucial to take into account measures to ensure that enough space is provided to maintain a decent 

storage and preserve the quality. The digestate will be used as fertilizer and has to be stored until the 

appropriate application period, and adequate stabilization is due. The size of this project is a small-

scale plant which can have an open pool storage system with the support of a cover to prevent 

ammonia and methane emissions. The storage facility wouldn't be such a major issue since the biogas 

plant will be located right at the farm site. According to Wellinger et al. (2013), a plant capacity of 

500 kW would require 4 ha land sizes for digestate storage, which implies that 22.7 kW sizes would 

need about 0.18 ha of land. The design of the storage volume will depend on the daily digestate 

production and type, digestate demand, environmental restriction, etc. To determine the expected 

digestate from the input substrate literature has suggested the following percentages. Input from 

manure yields a mass reduction of 3% silage reduces between 20-30% and cereal grains about 70 to 

80% (Wäger-Baumann, 2011).  

The nature of the digestate either liquid or solid will inform the specific type of storage required to 

be used. There are several storage possibilities for digestate: a tank, lagoon, concrete flood or flexible 
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storage bags. It is essential also to note that, the material properties used for the construction should 

be anti-corrosive and watertight to avoid leakage and pollution. To ensure safe storage of digestate, 

it is recommended to put detectors to check for any potential leakage that will cause emission to the 

environmental. Another safety factor to be considered is the emissions noticed during digestate 

storage. The idea of putting up a biogas plant is to reduce CO2 emission challenge, hence must be 

kept and avoid any form of discharge. According to Rehl and Müller (2011), proper digestate storage 

can save emission by 90% for methane (CH4), nitrogen (N2O), and ammonia (NH3). Summary of 

some advantages related to decent digestate storage are: 

1. General emission reduction is around 65% as compared to open storage (Kaparaju & Rintala, 2011) 

2. Proper storage system enhanced digestate qualities as well as methane and ammonia thus prevents 

emission and odor trade-off (Al Seadi & Lukehurst, 2012).  

One crucial element in digestate business is the cost of putting up the facility. The cost comes with a 

variety of factors such as storage type, size, and locations. Comparatively, the cost of a storage facility 

in Europe will definitely differ from that of Africa due to material cost and weather difference. 

 

 Utilization of digestate 
 
The utilization of digestate is an essential organ in anaerobic digestion. There are several forms of 

utilizing the digestate as biofertilizer. The content could either be applied immediately after the 

digester or has to go through further pre-treatment process before using them. According to Tambone 

et al, (2009) a certain kinds of feedstock do not pose much environmental implications when used as 

biofertilizer. The intended purpose of the digestate is to be applied on farmland for the cultivation of 

energy crops. Also, the digestate could be used as building materials or solid fuels (Kratzeisen et al., 

2010).  

However, there are strict regulations regarding the application of fertilizer on farms in most European 

countries. Within the EU standards, the required storage period lasts between 6 to 9 months period. 

The case in Finland is no exception. In Finland, the only time applicable for fertilizer is 5 months 

period. The section 5 of the manure application stipulates that in autumn, the quantity of manure 

possible to be used is 30 tons/ha of solid manure, 20 tons/ha of cow slurry, 10 tons/ha of poultry, and 

25 tons/ha of pig slurry (Environmental Protection Act Finland, 86/2000). The best application period 

for fertilizer in Finland begins from autumn up to November 15, and also in spring not earlier than 

April 1.  
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4 ENERGY POLICY FOR BIOENERGY IN FINLAND  

 

Energy policies are directives that are put in place by government or an organization to strengthen 

the operation capability of energy generation. Policies are enforced to ensure that the most efficient 

and reliable ways for extraction and utilization of energy is met (Pilpola & Lund, 2018). Renewable 

energy source has been in a risen need globally, this compelling nature has called for policy-makers 

across the world to put laws to support the RES production. Bioenergy is notably expressed as a 

renewable energy source such as biomass sources, fisheries, food, forests, etc (Lyytimäki, 2018). 

Bioenergy in the EU level as well as in Finland particularly has proven to have contributed immensely 

in recent times in the energy sector both economically and sustainable manner (Zabaniotou, 2018).  

In Finland, the use of RES is expected to grow by 27% in 2030, and also improving energy efficiency 

by 27 % in 2030 (Scarlat et al., 2018). According to European Union, greenhouse gas emissions will 

be reduce by 20% in 2020, 40 % in 2030 and 80-95 % by 2050 as projected by the EU State. The 

Finnish Climate and Energy Strategy (CES), encourage biogas utilization. The CES believe that one 

of the best ways possible of becoming self-sufficient and avoid doubts of energy insecurities is by 

endorsing biogas production. The 2020 targets have not isolated the significant contributions of 

biogas in the sector, it's, however, expected that colossal increment of 0.7 TWh would be experienced 

in the biogas sector (Jossart, 2012).  

The biogas production trend in Finland according to Lyytimäki et al, (2018) contributed only 0.5 % 

of the total renewable energy production as of 2016. Notwithstanding, the small impact biogas plants 

is providing, the good news is that the firms are committed to increase their production. The growth 

is expected to make a significant impact in the nearby future due to technological advancement. The 

total bioenergy production as of 2015 amounted to 152.9 million cubic meters, this includes landfill 

gas collection, sewage facilities, and cogeneration. According to Statistic Finland (2018), the 2020 

renewable energy production target was met for the first time in 2014 when the share of renewable 

energy in 2016 was barely at 39 percent. The figure 13 shows the amount of renewable energy 

production in Finnish energy sector of the past decades. 
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Figure 13. Previous energy production and consumption of Finland (Statistic Finland, 2017). 

 

 

4.1  Financial support systems and feed-in tariffs for energy generation 

 

In a quest by the EU member states to overturn its pattern of energy consumption from fossil fuel to 

reliable environmentally friendly renewable energy, the EU has pledged some financial grants to 

support renewable energy production technologies (Lyytimäki, 2018). Due to the high initial 

investment cost of renewable technologies, financial grants are given to investors by the government 

to reduce the cost burdens. The approach is to encourage and motivate individuals, institutions, and 

companies to invest in the idea to support EU to achieve the environmental mitigation vision 

(Huttunen, 2017). The funding is of different category depending on size, capacity and technology 

type. Moreover, the support package varies from member state to member state due to financial 

capabilities and level of national commitment. 

In Finland, the government allocated 300 million euros in 2015 to support the bioenergy sector 

(Mutikainen et al., 2016). For a biogas plant to receive these funds, they have to meet the required 

generational capacity of at least 100 kilovolt and amps kVA. The government offers about 30% of 

the entire investment cost to the producer (Persson et al., 2015). In the case of biogas production, the 

feed-in tariff (FIT) was activated in 2011 to support the operational and running cost of the biogas 



44 
 

facilities. The feed-in tariffs explain the benefit gained by individual renewable energy producer who 

supplies its energy content to the national grid. In Finland, the feed-in tariff scheme awards the biogas 

producer with 83.50 euros per megawatt hours for three months average on the market price 

(Connolly et al., 2014). Nevertheless, plants whose generational capacity is below required size 

recommended by the government can only attract discretionary fundings. 

In the case of this thesis work, which is more like a farm-size biogas plant it can get a subsidy from 

the national funds. However, there are about 4.20 € per MWh allocated to support biogas plants that 

produce electricity yet are not qualified to receive the FIT package. It has been speculated that as of 

2011, 120 million euros was set aside to support biogas electricity production (Jossart, 2012). The 

trend is expected to rise to 10 million euros in 2020. It is interesting also to note that, biogas plants 

that are installed with combined heat and power (CHP) would benefit from the heat premium of 50 

€/MWh on condition that the efficiency ratio of the plant exceeds 50% (Persson & Baxter, 2015). 

 
4.2 Environmental permit for biogas plants in Finland 

 
Environmental regulations/policies are subjected to almost all plants that have the possibility of 

causing any potential negative impacts to the environment. Building permits are always assessed and 

granted under the national state directive agencies within the specific area of operation. Building a 

biogas plant in Finland will not be an exception to environmental scrutinizing. However, all the 

laydown procedures must dully be followed and certified (Pubule & Blumberga, 2014).  

 
 Environmental Act 

 
In Finland, any project that has the likelihood to cause environmental damage is subjected to the 

Environmental Protection Act (YSL 86/2000), which is the general environmental law. There are 

several provisions embedded in the Environmental Protection Act (EPA) that safeguard water, soil, 

and air. The EPA also regulates general environmental impacts of waste substance. The EPA law 

stipulates that any activity or action that has the potential to cause severe environmental degradation 

must get an environmental license before operating. The Environmental Protection Regulation (YSA 

169/2000) gives adequate information on licensed operations. All lists of permits for operation are 

available in the Environmental Protection Regulation Section 1. Some of the permits cover energy 

production, animal protection, waste management, etc. Another critical point with the Environmental 

Protection Regulation also lists all the competent licensing authorities and defines the nature and 

content of the permit procedure. 

A project causing an environmental pollution shall apply for an environmental permit 
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• Prevention and harm minimization: Measure must be put in place to prevent or reduce any 

adverse environmental impact during or after the operation. 

• Caution and precautionary principles: During operation, extra attention must be taken not to 

cause pollution, a risk of perturbation, and accidents. 

The Environmental Protection Act (527/2014) constituents the EU directive on industrial 

emissions (integrated pollution prevention and control, IED), that constraint all EU member states 

to incorporate the control of emission caused by industries. The environmental protection is 

combined in the Environmental Protection Act. The Act mainly emphasized pollution prevention 

including projects whose activities could cause adverse environmental damages. The National 

Environmental Protection Act (527/2014) on industrial emissions has compelled all projects with 

detrimental effects to acquire environmental and building permits before they are allowed to 

operate. The Act also emphasizes that any project that operates without legally obtaining a license 

should be sanctioned and the due process must be applied appropriately.  

Also, there are some official legal entities that form part of the permitting process. These are the 

Ministry of Environment, local environmental authorities, the four Regional State Administrative 

Agencies, and Finnish Environmental Institute (SYKE). The SYKE, in particular, is responsible 

for promoting sustainable development through carbon-neutral projects, reducing harmful effects 

on water systems, and supporting non-polluting technologies. Also, SYKE must monitor the 

activities of projects using the BAT approach and report to the appropriate authorities. As part of 

the requirements process before permitting application, operators have demonstrated their 

willingness to BAT commitment for environmental protection (Pelkonen, 2013). 

The Ministry of Environment 2012 has enforced the following Acts to safeguard environmental 

performance. 

• Best Available Technique (BAT): Must be applied to all projects 

• Best Practice Principle: Must comprise of actions that are environmentally acceptable such as 

the selection of raw materials or fuels that complied with environmental regulations. 

• Principle of Contamination: Caution must be taken to ensure that no spillage of oil or 

substance gets in touch with any consumables to prevent or minimize environmental impacts. 
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 The Waste Act 
 
The Act (646/2011) is the new Waste Act supplemented by Government Decree on Waste (Waste 

Decree 179/2012) came to force on 1 May 2012. The reason why the Waste Act was implemented is 

primarily to support the sustainable use of natural resource, control waste generation and reduce 

environmental harm, and avoid littering. According to the Waste Act, waste and waste management 

shall not cause any damage to the environment or litter around it (Section 13 of the Waste Act). The 

Waste Act state that, all activities related to waste from the collection, to transport, and disposal 

among others shall not engage in any action that would result in emissions or cause unreasonable 

noise, odor, and tampered the landscape of the environment.  

The operator must at times be liable to any adverse impact caused to the environment and shall be 

made to face the full rigorous of the Waste Act law. The producer responsibility must be brought to 

bear the sequences of its actions, and this will promote cleaner and sustainable operation at all times. 

Waste management should apply innovative technologies with the cost-efficient approach to combat 

the health of our environment. The Waste Regulation stipulates position of the Waste Act, concerning 

general waste management issue. On the other hand, providing specific waste information, Section 

18 and 21 of the new waste regulation involves monitoring and accounting of municipal sewage 

sludge (Pelkonen, 2013). 

 

 Environmental laws on neighborhood 
 
The environmental law on neighbors (26/1920) need to be satisfied to ensure the safeguard of the 

project, both parties must come to a common agreement about the yet to be executed project. 

According to section 17 of the relationship Act, a building or any form of a project should not be 

allowed to create an unpleasant situation to a neighbor or a nearby neighborhood. The underlined 

uncomfortable factors may include noise pollution, dust, dirt, moisture, odor, or radiation to the 

people living nearby or within the project site. When conducting a complaint filed by a neighbor 

concerning unfair treatment, account must be considered at the local levels and other burdens of 

irregular considerations (Article 17 of the NaapL). If a person or group of persons project or operation 

subject any form of burdens unduly to anyone, they are liable of removing those burdens or stop the 

operation of the project or compensate for the damage caused by the burden. Nevertheless, in the 

event of any environmental damage, the law requires the offended to replace the damage caused to 

the environment (737/1994) applies. The rationale behind the neighborhood law is to protect the 

private interest of the proposed project area (Pelkonen, 2013). 
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 Environmental impact assessment 
 
The Environmental Impact Assessment Act (468/1994, EIA Law) and the Decree Environmental 

Impact Assessment (713/2006, EIA) stipulates that a project shall undertake an environmental 

assessment only if it has adverse impacts. Conducting an EIA will give sufficient and relevant 

information about a project likelihood to operate. The EIA is an informative environmental tool, 

which is carried out on existing or yet established projects to ascertain the environmental and social 

acceptance of the plan. However, an individual can contact the ELY Center for the decision of EIA 

outcome. According to the EIA law, if a biogas plant generates at least 20,000 tons of waste annually, 

Section 11b of the EIA Section 6 requires that biogas plant shall obtain an environmental impact 

assessment procedure before operating. A farm scale types are usually considered to have a minimum 

waste output and perhaps might not be affected by the EIA Act.  

Figure 14 illustrates the environmental permit application procedures. The Environmental Protection 

Act and Decree regulate the application process. The application can be made through the State 

Regional Administrative Agency office (AVI) or municipal environmental protection authority. 

Acquiring an environmental permit could take quite a while and the earlier the application, the better. 

If the outcome of the decision does not favor the applicant, he/she can file for an appeal, which lasts 

more than a year (Pelkonen, 2013).    

     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. An outlined environmental permit application procedure (Finnish Environment Institute, 
2016). 
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EXPERIMENTAL PART 
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5 DESCRIPTION OF PILOT COMMUNITY 

 

Kalimeenkylä is a district located at the west part of Oulu, with a population size of about 150 

inhabitants. The area is recognized as a silence zone not only of the low population density but also 

long distances between families. Kalimeenkylä is endowed with natural resources such as forest 

reserve, lake, trees, etc. The community usually fish around Lake Hämeenjärvi during summer days. 

The place was formerly a municipality of Haukipudas which lies in the east coordinate of Tornio 

railway and Nelostie on the Kalimenoja road (City of Oulu, 2018). The community consists of a 

detached houses and the distance between the heart of the village to the city center of Oulu is about 

18 km drive and 29 km to the Oulu airpor. The name of the RECENT pilot location is Eerola farm 

currently use for farming activities, which is expected to be transformed into a retreat center for both 

hotel and summer cottages in the future. In the long round, all indicators seemed to be positive for 

the project take-off, Triangel travel resort would be the future name of the Eerola farm. The location 

of the pilot community is shown in figure 15.     

 
Figure 15. Illustration of the location of the pilot project in Oulun region (Maanmittauslaitos, 2018) 
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5.1 Location and existing situation 

 

The Eerola farm is a typical Finnish large-scale type that involves in farming activities. The place is 

surrounded by a meadow amidst wildflowers and a small lake beside it. The isolated nature of the 

area makes it more natural and attractive for holiday activities. Currently, there are over 150 herds of 

cattle living at the cowshed of Eerola farm for meat purposes. However, the place also covers a 

farmland size of approximately 80 hectares, which has been used for cultivating feed and some basic 

farm produce. The building structure located at the field of figure 16 is use for storing feed and farm 

equipment. The sole business of Eerola farm for the past decades has been dedicated for farming 

activities (Isohätälä, 2018). 

In recent times, new ideas were conceived, which is about transforming the existing farm into a more 

sustainable and business oriented place. Preliminary consultations and other relevance steps like 

stakeholders engagement were dully followed. Environmental impact assessment (EIA) was also 

conducted to determine the feasibility of the project. The next sub chapter informs the complete view 

of the Triangel planning resort and what it entails. 

 

 

 

 

 

 

 

 

Figure 16. A pictorial view of the existing Eerola farm (Isohätälä, 2018). 
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5.2 Triangel travel resort planning 
 
The main idea behind the Triangel travel resort which is yet to be implemented in 2019-2020 will 

focus on building summer cottages and a hotel complex for its potential customers. The aim will be 

to promote pleasure through the real comfort of relaxation and a complete silence during holidays. 

The owner of Triangel would like to accommodate sustainable and co-efficient building systems. In 

this regards, the owner planned to utilize mainly renewable energies sources such as rooftop solar PV 

system and biogas plant to provide the energy needs of the facility.  

The Triangel future planning would include 60 hectares of farmland allocated for the cultivation of 

energy crops and 50 herds of cattle with additional food waste expected from the hotel and restaurants. 

These waste materials put together would be expected to generate the needed energy for the cottages 

and hotel complex if possible through the anaerobic digestion. It is important to note that, the hotel 

energy need will be provided with a separate solar PV system. The sizing of the solar PV system is 

done by Alec Svoboda as part of his master’s thesis. Figure 17 illustrates the future design outlook of 

the Triangel resort, and the color-coded indicates the specific activity to be implemented at those 

locations. From the layout, the area marked with circles represents the biogas plant location whereas 

the key shape shows the cowshed (cow house) at the top-left coordinate. The right-side coordinate in 

the U-shape form marks the spot for the hotel building whereas the lower left with the spotted colors 

will contain the summer cottages (Isohätälä, 2018).The primary idea of the biogas plant is to provide 

energy in a form of heat and electricity for the cottages need only. Nonetheless, the possible surplus 

energy will be used to supplement the hotel needs as far as possible. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17. Illustration of planning activities to be implemented at the Triangel travel resort such as a 

biogas plant, solar PV system, cottages, and a hotel for tourism purpose (Isohätälä, 2018) 
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5.3 Energy demand of Triangel cottages 

 

Space heating demand in buildings is imperative and mostly needed in countries with long winter 

seasons. Within the domestic energy consumption pattern in cold climate regions, space heating may 

record the highest energy needs. There are lots of factors that influence the demand for space heating, 

and some of these factors may include, the building structure/properties, type of insulation, floor size, 

ventilation systems, etc. Heat loss in buildings is a major contributor to the seemingly exponential 

energy demand in facilities. Heat losses are highly connected to the factors stated above as either poor 

insulation or ventilation systems in buildings can constitute a high energy demand for heating. Finland 

has adapted to a low-energy building approach which means improving the energy efficiency in 

buildings, both the existing and new ones. According to Motiva (2015), the building regulations state 

that when designing a low energy building, the estimated heat losses shall not exceed 85 %. If this 

enforcement is applied to the recent and future structures, it would help save a lot of energy on space 

heating. 

Nevertheless, geographical locations also have much influence on energy demand for space heating 

due to latitudinal and longitudinal orientations. The northern hemisphere always has extreme weather 

conditions as compared to the southern zones. Practically, the north zone becomes hotter during 

summer days and colder at wintertime, and buildings require much energy at all times for either 

cooling or heating at those period. According to Motiva (2017), space heating under low-energy 

buildings in northern Finland consumes less than 90 kWh/m2 whereas the southern part of the country 

they consume below 60 kWh/m2. Considering the location of the pilot project which is in Oulu region, 

it would be appropriate to use 90 kWh/m2 for space heating estimations. The total floor space area of 

the cottages is estimated to be about 1 350 m2, which will correspond to an entire space heating 

demand of 121 500 kWh annually. Assuming 50 % occupancy and space heating demand of the 

cottages will amount to 60 750 kWh/a, which will be used in this thesis work. The calculation is done 

using the average compiled heating degree days number available at Finnish Meteorological Institute 

(FMI, 2017), which are standardized. The FMI helps estimate the heating demand for buildings by 

comparing the average outdoor and indoor temperatures. Table 6 uses the average heating degree 

days data from 1981 to 2010 to determining the monthly consumption of space heating in Triangel 

cottages. The average monthly consumption was calculated by dividing the individual monthly values 

with the total degree-day number and then multiplying the results by the total heat demand of the 

facility. 
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Table 6. Illustration of a monthly heat demand for space heating in Triangel cottages using the 
average (FMI) indoor and outdoor temperatures. 
Month Degree days number, Oulu kWh for household 

space heating 
January 824 9899 
February 742 8914 
March 677 8133 
April 465 5586 
May 249 2991 
June 47 565 
July 9 108 
August 55 661 
September 224 2691 
October 423 5082 
November 593 7124 
December 749 8998 
Total 5057 60750 

 
The total energy required for space heating has been estimated to be around 60 750 kWh annually, 
taking into consideration the monthly heat load.  
 
 

 Energy demand for water heating 
 
Warm water is essential in cold climate zones for bathing, washing, and dishes, therefore, this thesis 

work estimate the energy need to raise the required water temperature for the cottages. To calculate 

the energy demand of the cottages, a considerable number of parameters has been defined. Firstly, 

the Triangel resort is expected to welcome about 150-200 maximum visitors to it facility daily. 

However, the place will have an average of 50 % occupancy for the entire year. Therefore, knowing 

the amount of water consumption will be paramount to this calculation, and also the temperature 

difference in those waters. According to Finnish Ministry of Environment (2012), building regulation 

D5 is expressed in the equation for water heating. 

Q = (cp * m * t2 - t1 * d) /3600                                                       [1] 

Where, Q = Amount of heat required to raise the boiling point of water 

cp = specific heat of capacity in kilojoule per kilograms Celsius  

m = mass of water in kilograms 

t2 = final temperature of water in degree celsius 

t1 = initial temperature of water in degree celsius 

d = numbers of days required for warm water 

3600 = conversion factor of energy from kJ to kWh 
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The average warm water required by a Finnish society per person is estimated to be somewhere 50 

liters per day (Motiva 2012). Therefore, about 60 visitors expected to the Triangel cottages would 

consume around 3 000 liters per day. The final temperature of water is considered as 55 °C, and the 

initial temperature of the water is about 5-10 °C. The specific heat capacity of water has a constant 

value of 4, 2 kJ/kg °C. Therefore, substituting the values into the equation: 

Q = 
4,2 kJ/kg °C ∗ 3000 kg ∗182,5∗ (55 °C−10 °C)

3600
 = 28 743.75 kWh/a 

Therefore, 50 % occupancy of 60 persons at the cottages will amount to 28 743.75 kWh/a, and 100 

% occupancy is estimated to consume about 57 487.5 kWh/a of energy annually for water heating. It 

is important to mention that, the biogas plant has the capacity to provide the full hot water demand of 

about 150 persons expected to the Triangel facility. The energy required to heat the water for 150 

person is about 71 860 kWh/a for 50% occupancy and around 14 319 kWh/a for 100% occupancy. 

 

Heat loss calculation 

 

Heat loss is a major problem in most buildings for the past and recent times that caused a lot of energy 

demand in order to keep the required thermal comfort of the inhabitant. The undermining heat loss 

factors may either occur due to poor ventilation or insulation and other insufficient building materials. 

In cold climate countries where the outside temperature far exceeds the interior temperature would 

result to a quicker heat loss hence more energy will be needed to balance the losses. There are 

standardized temperatures that are always required in rooms depending on the building legislation of 

that country. In Finland, the average room temperature in buildings vary from +5 oC  minimum to  

21,5 oC maximum according to the C3 National Building Code (2003) regardless of the building type. 

This thesis will consider a constant indoor temperature of about 18 oC in the cottages.  The summer 

cottages suffer a lot of energy losses due to the porous nature of the structure hence require excessive 

energy to keep them warm to avoid molds forming. Under the Finnish building legislation 

(Ympäristöministeriö, 2018) the heat loss equation 2 is used to predict the energy needed to 

compensate heat losses in buildings. Before, expressing the heat loss equation all the coefficients of 

the building has to be defined such as building/room area, walls, floor, roof, outside and inside, 

temperature, U-values, windows and doors. Table 7 contains the monthly energy demand to maintain 

a constant temperature of about 18 °C of the cottages. From the equation, the heat loss flow rate can 

be achieved by multiplying the U-values against the respective A-values, and then sum them up to 

multiply with the temperature difference. The U-coefficient factors for holiday houses are taken from 

the C3 building regulation (Säädk, 2017) for the heat loss calculation. 
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Qrakosa = {∑Ui Ai} = ∆t/ 1000                                                                                      [2] 

Where,  

Qrakosa = Total fabric heat loss flow rate, kWh 

Ui = Co-efficient of U values, W/ (m2K) 

Ai = Area of the building, m2 

∆t = Temperature difference between outside and inside, °C. 

∑ = Sum of Ax and U-values  

1000 = conversion factor of watts to kilowatts  

Table 7. Monthly heat loss flow rate to maintain an average room temperature of 18 degree Celsius.

 

The overall heat demand for space and water heating and the required energy to keep an average room 

temperature of approximately 18 oC of the cottages is estimated to be 90 672.75 kWh annually. The 

overall heat demand calculation takes into account the total square meter area of the cottages of about 

1 350 m2, with 50 % occupancy consisting of 60 visitors expected daily at the Triangel cottages. 

 

 Electricity demand of the cottages 
 
The electricity consumption of the Triangel cottages will be estimated based on a specific number of 

electrical appliances. However, it will be practically difficult to ascertain realistic estimated values 

since the use of an appliance is relative and based on behaviour of persons. The following equipment 

will be considered for the estimation; refrigeration device, cooking and dishwashing, home 

electronics, lighting, and other miscellaneous consumptions. The Triangel resort will comprise of ten 

large and ten smaller cottages making twenty in number, that are expected to fit into a 1350 square 

meters area. The big cottages will have up to four persons each, and the smaller one would have at 

most two persons each. The average electricity consumption of the large cottage is estimated to be    

2 250 kWh/a, and about 1 320 kWh/a of smaller cottage, however, laundry is excluded in both cases 

(Vattenfall Energia, 2018). Therefore, the total estimated electricity need of all the Triangel cottages 

is about 35 700 kWh/a.   
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6 DESIGN CHALLENGES FOR TRIANGEL BIOGAS PLANT  

 

The execution of biogas facilities has numerous benefits, as well as challenges associated with the 

technology. Generally, the design aspect faces an uncontrollable amount of problems in different 

forms. One stumbling factor of implementing a biogas plant is usually the financing. It is quite evident 

that the initial cost for setting up AD maybe far too expensive especially for the small-scale farm type 

when no grants are provided (Mao et al., 2015). On the other hand, medium to large size biogas plants 

seems to have high-profit margins due to the financial supports sometimes granted by the state. 

Furthermore, bureaucracy or political will is yet another troubling issue associated with setting up a 

biogas plant. In fact, countries that do not encourage the use of the technology have no motivations 

to facilitate the necessary documentation to allow the process to work, which becomes a challenge.  

Severe climate conditions play an influential role during the implementation of a biogas technology. 

These specific constraints are well related to a storage facility for feedstock, energy-intensity for pre-

treatment of feedstock in cold climate zones, feedstock handlings in connected with cold 

temperatures, and the cost involved to maintain the required process conditions for biogas production 

(Yang et al., 2015). The community willingness to embrace the technology poses a severe challenge 

lately, and this usually happen as a result of inadequate knowledge regarding the technology 

(awareness issues).  The perceived feelings of getting inconvenience with the operation of the facility 

by local the people, like an invasion of insects, rodents and/or bad smells is always high (Thomas et 

al., 2017). Competition could also be a factor when are there existing biogas plants at the locality 

resulting in clashed for sharing same materials. 

 Moreover, some undisclosed reasons by the community people maybe that they are not interested in 

the idea of executing a biogas plant around them (Milutinović et al., 2016). Another classical issue 

connected to biogas design is the feedstock availability and compositions. It's quite a challenging 

situation and a common phenomenon in most biogas facilities. Notably, an instance where there is a 

constant instability of feedstock, this becomes technically difficult to have a perfect balanced of 

regular feed into the digester to achieve optimal results (Hagos et al., 2017). Location set aside to 

implement a biogas plant is crucial when its production quantities are in large volumes. They may 

require access to grid connection for transmitting the energy through to its consumers. The site of the 

land becomes much expensive to purchase therefore limiting the possibility of a successful 

installation of the AD facility. The key challenges in connection with this thesis work are summarized 

as: 
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1. Implementing a biogas plant may be capital intensive  

2. Feedstock composition and availability is a complicated issue due to the variations. 

3. The community willingness to accept the technology is unknown 

4. Climate conditions are problematic at the biogas project location. 

6.1 Indoor and outdoor reactor design 

 

A preferred choice for designing a biogas plant depends on several factors as to implement an 

indoor/outdoor design outlook. Each of the design has their unique pros and cons regarding visual 

and other core issues. Cost remains one significant component that reflects on both design scenarios. 

The outdoor design means, placing the entire biogas structure outside. This form of design encounters 

a lot of technical challenges operationally, most especially at cold weather zones. An extreme cold 

climate conditions affect the ability of the plant to operate efficiently and effectively thereby creating 

high energy demands for heating the reactor to maintain the optimal temperature. The plant also turns 

out to have a shorter life cycle in conditions that the materials used for construction lose their 

properties easily. The cost of maintenance for this kind of design is highly expensive due to regular 

demand for service. The biogas plant also has the tendency of emitting a smelly odour when not 

properly handled (Chernicharo et al., 2015). Notwithstanding, the various degree of disadvantages 

associated with the outdoor design, there is still some positive outcome of the design.  

The outdoor design seeks to promote awareness of the technology for being publicly exposed which 

can be considered as a benefit to the facility. The costs associated with putting up outdoor biogas 

reactors are comparatively cheaper to that of indoors design type. On the other hand, an indoor design 

fundamentally indicates a biogas facility being constructed under roofing. The advantage of indoor 

design is that less energy is demanded for heating the facility to avoid disruption of the microbial 

process in the reactors. Also, less maintenance is required since the equipment are well protected 

from contact with the frozen temperatures directly which reduces cost. The drawback with this design 

is the fact that, the process requires high capital investment for both the equipment and the building 

itself. The building has to be spacious to enable free and easy movement of items and the people 

working within it.  

In the case of this thesis work, the anticipated practical challenges would be. 

1. The choice of design needs a critical evaluation to determine the best option considering all factors 

of climate settings, cost, and appearance. 
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2. Cost components vary depending on the design type: it could be high initial cost with less 

maintenance cost or less initial cost with high maintenance cost.  

Figure 18 illustrate an optional design type of a biogas reactor, in this case an outdoor design. Demeca 

is one of the few leading biogas installation companies in Finland that provides service to all manner 

of biogas related with regards to different type of feedstocks.  

 

Figure 18. A typical outdoor design of a bioreactor (Demeca, 2018). 

 

6.2 Usability and rationality 

 

The rationale behind the operation of a biogas plant at the set location sought to provide infinite 

opportunities to its locality. Beyond the general idea of producing heat and electricity for personal 

consumption, several other benefits could as well be capitalized in the course of operating the 

anaerobic digestion plant. The direct benefits associated with this thesis work would be reliable 

energy generation. The essence of establishing renewable energy source is to promote emission 

mitigation at the community and national level. Carbon dioxide emissions can drastically be reduced 

with the aid of AD technology hence, it prevents health-related cases occurring in the society (Omar 

et al., 2018). Nevertheless, the refined biomethane content is flexibly versatile and therefore it could 

be used for a variety of applications. The highly rich-nutrient digestate could be a perfect replacement 

for chemical fertilizers and thus safely applied as non-chemical fertilizer to improve crop yields. The 

energy content from biogas production is wholly reservable and perhaps it can be utilized when 
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needed as compared to other energy streams (Sunderasan, 2011). The cultivation of energy crops for 

biogas production at the community level may enhance biodiversity. Other indirect benefits 

associated with the installation of biogas facility flows from monetary gains when the technology 

levels of its investment cost. The utilization of biogas fuels for cooking saves deforestation and limit 

indoor pollution (Ruppert et al., 2013). The role which biogas production contributes to job creation 

is overwhelming and its application should be implemented widely. 

6.3 Feedstock variation 

 

The variation of feedstock affects biogas production performance to a large extent and remains a 

significant barrier in most practically operated facilities and/or a pilot type like this thesis work. The 

discrepancies usually occurred as a result of the high uncertainty of feedstock availability alongside 

with the environmental conditions at such locations (Wang, 2014). The establishment of a biogas 

plant intake capacity is always based on the anticipated feedstock reliability during the initial stages. 

The unpredictability of feedstock at hand disturbs biogas production thus destabilize the actual 

scalable size of the digester volumes (Wang, 2014). The difficulty noticed with this thesis work is the 

fact that, one of its critical feedstock, cow slurry that represents 46% of the total inputs will be 

unavailable within four months periods.  

This uneven pattern of the cow slurry places a severe hindrance for the stability of the co-digestion 

hence affecting the optimal biogas yield at the end. The operation of the biogas plant would need to 

be fully adjusted through a thoroughly scheduled manner to maintain a balanced biogas production. 

The feedstocks instability affects the carbon to nitrogen C/N ratio, which has to be kept at 20 and 30 

respectively for active biogas production (Martins das Neves et al., 2009). A situation of this kind 

goes a long way to cause malfunctions in the digesters over a period due to the sudden changes in the 

feedstock (Bond & Templeton, 2011). Furthermore, some key operation related issues regarding 

feedstock unavailability affect the ability of the reactors to accommodate compound concentrations 

of input materials. The continuous shortage or intermittent feeding of the digester volumes will create 

unhealthy operation of the facility. The figure 19 gives a complete summary of feedstock frequency 

available to be used at Triangel travel resort in this project. 
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Figure 19. A monthly quantity of feedstock variation that will be used at the Triangel biogas plant. 

Figure 19 represents feedstock availability allocated for this thesis work, the y-axis represents 

feedstock quantity in tons and x-axis for months of the year. The blue line indicates energy crops 

production which has a leveled off-increment from January to December and has the highest 

production capacity. Cow slurry, on the other hand, has the second score in turns of production 

capacity, however, there seems to be a disjoint line (gap) on cow slurry production chain, that gap 

represents none-slurry generations between those periods. Lastly, the food waste has a minimum 

production rate, it monthly score is slightly below 1 ton hence, provides a horizontal surface 

throughout the entire period.   
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7 . BIOMASS RESOURCES AT TRIANGEL RESORT  

 

Feedstocks are key drivers of renewable energy production through anaerobic digestion. This 

feedstock serves as essential components in biogas generation. There are several characteristic and 

categorization of biogas feedstocks. However, this chapter will discuss the general principles of 

biomass resources for energy production. The targeted feedstock for this project will be explained in 

detail. Biomass is known as to have a high energy potential and has been contributing immensely to 

reducing climate problems. Biomass contributes to about 10 % of global primary energy consumption 

annually (Biosantech et al., 2013). According to the World Energy Council, there are huge volumes 

of biomass potentials unused and when utilized they can boost the renewable energy sector.  

Biomass are classified into three main scope depending on the properties; industrial, municipal, 

agriculture and forestry feedstock (Biosantech et al., 2013). Agriculture and forestry waste comprises 

of energy crops, maize, and cattle manure whereas industrial waste consists of slaughterhouse waste, 

spent grains, silage fraction, vegetable and fruit wastes (Wiselogel et al., 2018). Not all residues as 

mentioned earlier might be suitable for biogas generation, perhaps some has little or poor methane 

content and would not render any profit when utilized. The suitability and availability of feedstock 

vary in composition for the anaerobic digestion process. Table 8 contains some selected feedstocks 

for Triangel biogas plant and their respective tons per yearly production. The characteristic of biogas 

feedstock can influence the mode of implementation of anaerobic digestion design. The individual 

feedstocks will be analyzed from various perspectives regarding their suitability and availability for 

the Triangel biogas plant.  

Table 8. Specific feedstock available for the Triangel biogas production. 

Feedstock type  Feedstock 

category 

Substrate mass (tons/yr) 

Energy crop Agricultural waste 585 

Animal Slurry Agricultural waste 511 

Food waste  Municipal waste 3.65 

Total feedstock  1010 
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7.1 Types and seasonality of feedstock 

 

Animal residues have served a crucial role in the AD process due to their composition and digestibility 

nature. They contain a reasonable amount of dry matter/total solids with low operational complexity 

(Batzias et al., 2005). Residues from animals are highly recommendable to be utilized for biogas 

production due to the compatibility state. The residue characteristic is either classified by the moisture 

presence in the feedstock or other properties of the material. The dry matter for solid farmyard manure 

ranges from (10-30%), and liquid or slurry contain below 10 % of dry matter (Biosantech et al., 2013).  

The interest in exploring manure and slurry as a feedstock for AD continues to grow globally. Asia, 

Europe, and North America are widely adapting to anaerobic digestion concept, not only in a quest 

to meet the renewable energy targets but also to mitigate climate change (Zafar, 2008). 

Manure and slurry have a higher amount of lignocelluloses which impede the digestion process and 

hence, could lead to unsuccessful biogas production as mono-digestion substrate. To improve 

methane production, it is recommended to co-digest manure with other substrates. Co-digestion 

facilitates complete digestion of organic matter through the microbial organisms. According to 

Angelidaki & Ahring (2000), there are several emerging technologies designed to enhance the 

performance of mono-digestion and improve the economic efficiency. In Denmark, it is estimated 

that manure-based biogas plants contribute to 3-6% of the produced animal manure and slurry 

annually (Raven & Gregersen, 2007). Nevertheless, co-digestion of single substrates is expected to 

grow in the future. 

7.2 Plant residues 

 

Crop residues entail widely a variety of agricultural activities. These practices include farming 

activities that generate byproducts at the end of their production chain. The surplus and harvest 

residues are relevant for biomass material and could be harnessed for biogas production. The plant 

residues are classified as spoiled feed silage, fruits, vegetables, and many others. Crop residues are 

considered as a perfect combination with animal manure for co-digestion. However, pre-treatment 

might be required to avoid any operational problems. It is estimated that a particle size of one 

centimeter can easily be handled with other substrates to ensure smooth digestion (Amon & 

Boxberger, 1999). 
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7.3 Energy crops as biomass for biogas production 
 

Energy crops were discovered in the early 90's as an efficient raw material for energy extraction. The 

trend was jointly investigated for their methane potential with other crops for decades ago. After the 

investigation, it was inferred that the various crops contain a suitable amount of nutrients and can be 

used as feedstock for biogas generation. The use of energy crops has risen in recent times such plants 

are sunflowers, reed canary grass, and sugar beet and maize residues. Energy crops can be used in 

different processes for energy extraction either by burning or through digestion. According to Murphy 

et al., (2011) all crop products can directly be fed into digesters immediately after harvest for biogas 

generation. Energy crops when cultivated in large quantities can be stored over a specified period 

therefore considered as a reliable feedstock as compared to other perishable substrates. The harvest 

of these crops varies within each geographical orientation, moreover most crops can be harvested 2-

5 times per season (Murphy et al., 2011). It is also interesting to note that maturity in crop production 

influence methane yield and storage conditions. Nevertheless, crops with lower maturity age have 

higher moisture content and yield thus suite better for biogas production. 

The disadvantage with immature energy crops is that they are more difficult and complex to handle 

during storage. The exponential growth in energy crop production as biomass material has created 

fear due to farmer’s interest to replace food production lands for cultivation of energy crops. From an 

environmental point of view, energy crop production is not environmentally sustainable, since they 

may require excess energy and chemical applications demand to improve crop yields. According to 

United Nations statistic, the human population is expected to reach 10.5 billion by 2025 (Biosantech 

et al., 2013). Therefore, food production will become scarce in the nearby future if the trend of 

growing energy crops is not minimized. Reed canary and timothy grass will be elaborated in the next 

subchapters since energy crops are part of the main input material for the Triangel biogas plant. The 

energy crops should be cultivated in areas that are not needed for food or feed production which 

reflects the position of Triangel resort. The selection of these particular plants species were based on 

their composition and characterization to determine the methane prospect in running the biogas plant. 

 

 Reed canary grass  
 
Production of Phalaris arundinacea, also known as reed canary grass (RCG) is a common energy 

crop in Finland and its growth has increase significantly over the past decades. It was discovered that 

RCG is a potential supplement for energy production. Reed canary grass is known as a perennial 

grass that has a higher harvest per hectare and is either used for biogas or bioethanol production 



64 

 

(Oleszek et al., 2014). Due to the carbon dioxide neutrality, RCG often becomes the available 

alternative energy material for power plants. The RCG performs well in northern territories because 

of cold climate conditions, and it crop produces better yield in swampy and high moisture soils. On 

the other hand, high abysmal performance can be ascertained mostly on acid wastelands and mineral 

soils. (Heinsoo et al., 2011). Reed canary grass cultivation performs much better between autumn and 

spring seasons, the dry matter yield per hectare is estimated to be 6-10 tons (Pahkala et al., 2005). 

Nevertheless, RCG is too light to be used alone, therefore it has to be combined with peat and other 

wood fuels for energy generation. Notwithstanding about 4.5 MWh/t of energy content could be 

realized from RCG (Lötjönen et al., 2009). The ratio of proportion for RCG to be used with co-

substrates in combined, heat and power (CHP) unit is 10 % (Heinimö & Alakangas, 2006). During 

co-digestion, the size of the crops has to be kept within 50 millimeters before feeding into the 

combustion chamber. The size is maintained to avoid any complications during the operation of the 

plant. It has, however, noted that burning RCG alone in steam engines could lead to corrosion, ash 

smelting, and boiler fouling. Therefore, energy crops are unsuitable to be burned in combustion 

engines due to the detrimental effect on system performance. A typical grown reed canary grass is 

illustrated in figure 20.  

 

 

 

 

 

 

 

 

 

  

 

 

   

 

Figure 20. Reed canary grass (Hancock Seed Company, 2018) 

 

A typical production chain of reed canary grass in Finland, is categorized into the following forms. 

Bale chain is the first method in the harnessing RCG from production stage to utilization. It starts 
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with mowing, baling, intermediate storage, transportation, automatic crushing and mixing, and finally 

to combustion (Europe IE, 2009). 

Combined bale and loose chop chain is the second production method of RCG, it has almost same 

procedures as the first step,  it consists of mowing, baling, transporting to the terminal, terminal 

storage, crushing, mixing with main fuel, long-distance transport, and combustion. 

Loose harvest chain virtually entails similar proposition as compared to the others, the process 

includes mowing, loose harvest, transport to the terminal, mixing with main fuel, long-distance 

transport, and combustion (Europe IE, 2009). 

Reed canary grass in Finland has potentially proven to be a successful energy crop with a relatively 

low cost for cultivation. Additionally, there are incentives meant for farmers who cultivate RCG, 

about 500-700 €/ha is awarded to promote crop production (Europe IE, 2009). Reed canary grass has 

numerous benefits which are: 

• Convenient transport cost, always done in bale form 

• Good storage of RCG improves its fuel qualities since it has been separated from transport 

logistics 

• Effective pretreatment promotes high yields and reduces feeding problems 

Challenges are: 

• Corrosion and boiler fouling is a common issue during combustion,  

•  Ample space is needed for storage. 

 

 Timothy grass 
 
Cultivation of timothy grass (Phleum pratense L) is a common practice in northern regions of Europe 

including also Finland. Timothy grass can adapt to wide range of climate conditions. It performs well 

in fertile, humid, and cold climates zones. Timothy grass has high resistance to harsh weather 

conditions, especially in coastal areas. The crop produces a significant amount of silage when 

cultivated in these areas. Notwithstanding, its high capabilities to grow well in these regions, timothy 

grass in nature is sensitive to drought and therefore will not respond to growth (Jokela, 2015). 

Timothy grass also has another weak characteristic of being shallow rooted and would not withstand 

flooding. According to Virkajärvi et al, (2003) timothy grass cannot withstand frequent harvesting or 

grazing and it can only be harvested twice or once a year. Regarding quantities, timothy grass 

produces relatively small amount of dry matter, 5 to 6 tons per hectare due to its inability to regrow 
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(Helgadóttir et al., 2014). Timothy grass is harvested for silage or hay and sometimes used for feeding 

horses and serving other purposes. The best pH subscribed for growing timothy grass is range from 

6.0 to 7.0. Timothy grass is a suitable crop for biogas production but it has low energy potential as 

compared to RCG (Watrec, 2011). Figure 21 illustrates a typically grown timothy grass at 

Lantmännen Agro in Oulu region, Finland (Karttunen & Pietarila, 2018). 

 
Figure 21. A typical Timothy grass from Lantmännen Agro Oulu (Karttunen & Pietarila, 2018) 

7.4 Pretreatment of feedstock  

 

Pretreatment of feedstock in the anaerobic digestion process has always been an initial requirement 

process towards biogas generation. The approach prepares the input materials more efficiently to 

facilitate microbial reactions in the digester. There are several pretreatment mechanisms in place to 

ensure that the raw materials that are brought to the biogas facility are treated to suit the digestion 

conditions (Luostarinen et al., 2011). Each of these pretreatment processes is done based on the 
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substrate properties and type. The common goal for each of the treatments process remains the same, 

keeping the raw materials in the right form and size for the digester. Pretreatments are classified into 

the following groups; mechanical, biological, chemical, physical and combinatorial treatment (Agbor 

et al., 2011). This thesis work will not explore intensely into specific details of the pretreatment type 

but to merely highlight the key facts and role they perform for treating biomass. Chemical 

pretreatment is subjected to application of ionic liquids, alkali, and acid on the biomass to change its 

physical structure by either breaking down the surface areas or by causing swelling of the biomass. 

The chemical treatments are commonly carried out on lignin and hemicellulose materials. Biological 

pretreatment is a process where fungi are employed to cause degradation of lignin and other 

polyphenols materials by the action of enzymes. According to Hatakka, (1994) and Vares et al., 

(1993), fungi in the biological process can be selective and effective, therefore, would require weeks 

in order to achieve significant results in regards to degrading. Physical pretreatment is one of the most 

used methods in biogas plants. The treatment includes grinding, shredding, size reduction, feedstock 

storage, and conditioning to enhance the digestibility of biomass (Palmowski  & Müller, 2000). 

In regards to this thesis work, the concept of physical pretreatment are closely related hence the 

biomass for this project would need particle size reduction to avoid digester clogging. Using physical 

treatment can achieve size reduction between 10-30 mm by chipping and 0.2-2mm by grinding and 

milling (Agbor et al., 2011). Another vital pretreatment area encompasses ensiling, which is often 

used for farm-scale activities such as energy crops (Sreekrishnan et al., 2004). However, temperature 

and pH also play an influential role in biogas production hence they should be taken into account 

during pretreatment process. Composting is considered as a pretreatment organ, which provides auto-

heating of feedstock hence reduces energy need for maintaining the digester temperatures. The 

associated benefits with feedstock pretreatment are the reduction in operational challenges of the 

biogas production. Pretreatments support microorganism growth and enhance the fermentation 

process. Most importantly, pretreatment could improve methane potential and impact positively in 

digester performance (Carrere et al., 2016). 

 

7.5 Energy potential of feedstocks 

 

Determining the energy potentials of biomass is a fundamental principle of the anaerobic digestion 

process. The initial requirement for setting up a biogas plant would begin with a thorough assessment 

of the energy potentials of the feedstock before any further steps could be altered. Knowing the energy 

yields from a particular substrate before the plant implementation serves a great purpose by informing 

how well or poor the methane output would result. The idea behind this sub-chapter would liaise with 
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the specific raw materials available for the Triangel biogas plant and analyze the energy impacts. 

Basically, three essential feedstocks are allocated for this thesis work, they comprise of food waste, 

energy crops, and cow slurry. According to the European Commission (2010), food waste has 

witnessed a tremendous increment from 89 million tons as of 2006 and predicted to rise to about 126 

million in 2020. The amount of food waste is projected to grow in the future hence it will contribute 

to climate issues and therefore, measures should be put in place to address the challenges sustainably 

when they arise. Food waste has high untapped energy potentials that could be extracted into methane 

through anaerobic digestion (Hobbs et al., 2018). However, recovering energy from food waste does 

not only serve as an environmental advantage but also uplifts the energy security profile. There are 

two fundamental ways of converting food waste into energy or fuel with less ecological 

consequences; these are thermochemical presents of oxygen (gasification, pyrolysis, incineration) 

with less energy output and biological treatment without oxygen (fermentation and anaerobic 

digestion) considered as the most appropriate and effective treatment method (Pham et al., 2015). 

According to Murphy et al,  (2004), one cubic meter of biogas contains 21 megajoules energy which 

is capable of generating 2.04 kW of electricity. The energy potentials of food waste in connection to 

this project would amount to 777.3 kWh of energy annually. 

Energy crops remain promising biomass that will continue to contribute significantly to energy 

generation. In recent times, the growing interest in exploring the utilization of energy crops has taken 

a sharp rise with an increasing research to underpin their relevance in energy production. However, 

it's challenging to predict energy output from energy crops since several factors are affecting the well-

being of crops cultivation (Angelis-Dimakis et al., 2011). Most of these factors may consist of 

preconditioning of energy crops, drought, land, fertilizer, climate, etc. On practical occasions, crops 

have shown a great energy potential for energy generation. 

Excreta from animals are also a good energy potential materials for the anaerobic digestion process. 

Animal manure poses less operational and technical constraints to biogas technologies and therefore, 

is considered as a suitable raw material for methane production. The dry matter content of animal 

manure could easily be adjusted to suit the specific digester requirement. However, the energy 

potentials of animal manure are quite low when compared to other biomass for methane extraction. 

Nevertheless, the idea was to co-digest the three biomass together to provide the Triangel energy 

needs. The total estimated energy potential of all feedstocks for this thesis work was expected 

somewhere around 328 MWh of energy yearly. The energy outcome estimated for this thesis work 

for cow slurry is somewhere 51.4 MWh annually.    

 



69 

 

7.6 The use of RETScreen energy modeling software for Triangel biogas plant 

 

The RETScreen which is known as the Clean Management Analysis Software is an energy plan tool 

used for analyzing energy potentials in connection with economic evaluation. The RETScreen expert 

is the newest version from the previous design upgraded in late 2016. This energy software is 

developed and supported by the Canadian government, academia, and industries. The purpose is to 

provide secure and flexible decisions when embarking on renewable energy projects. The software 

has contributed significantly toward renewable energy assessment. Comparably, within the energy 

assessment tools widely used in recent times, RETScreen software remains a top relevant energy tool. 

The new RETScreen expert has become more user-friendly and far advance in settings than before. 

As it stands now over 575,000 free downloads have been recorded in all with about 222 countries 

involved in the software utilization (RETScreen International, 2016). 

In this thesis work, RETScreen expert will be used together with formula calculations to determine 

both biogas potentials and also economic viability of the project. The choice to use RETScreen 

software is based on several underlying factors. RETScreen expert has highly sophisticated feasible 

features that can provide reliable results when utilized. The newly installed features on RETScreen 

expert are the professional mode, which allows work to be saved, printed, and imported to a different 

file. The inclusiveness of view mode gives the user the access to all the functions on the software 

(NASA, 2016). The RETScreen expert is integrated software that creates flexible archetypes for 

assessing all forms of renewable projects regardless of country or region. The software inculcates 

NASA satellite data together with global database system which makes it easier to determine climate 

conditions worldwide (RETScreen International, 2016). The five-standard analysis of RETScreen 

expert comprises of benchmark, feasibility, finance, risk, and performance. However, each of these 

groups can further be divided into different sub-categories. 

First is the location and facility under the benchmark mode profile. The facility and location generally 

inform the user about the project area specificities such as climatic weather conditions, country, 

regions or even the community. It helps the user to identify the energy potentials at the exact location, 

be it solar radiation or the wind speed (RETScreen overview, 2017). The benchmark mode contains 

plant capacity and facility type, whereas energy and cost components are in the feasibility section. 

The summary of this gives a comprehensive package of energy models and analysis. The software 

also includes a user-defined mode which allows the user to incorporate personal data or information 

in order to achieve the desired results. On the other hand, the software has a default setting that 

provides the user with some reliable results in case the user could not put any values. The finance and 

risks is a crucial phase in the process chain since it predicts the project feasibility (RETScreen 
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overview, 2017). The cost determinant factors in finance are the interest rate, taxes, incentives, and 

grants. Based on the input factors the software runs the information to determine whether or not the 

project is worth for investment.  

The emission step comes immediately after finance. At this stage, the software analyzed the emission 

reduction potentials and savings to the user. The last is data analysis and report, which gives a 

summary of all the results. The dashboard which is an auxiliary component of the software plays an 

intrinsic function that allows for selection of a particular specificity. Thus, choosing to only show 

energy savings or annual cash flow without necessarily having to include other properties is 

achievable with dashboard properties (RETScreen International, 2016). The RETScreen expert 

explicitly covered the renewable energy sources such as wind, solar, hydropower, etc. However, the 

biogas plant, which is a cogeneration of different substrates does not include all the materials in the 

default settings. To be able to add those feedstocks manually that are not available from the software, 

the user-defined is applicable. To access the user-defined, one has to visit virtual energy analyzer and 

select power plant. The options button has a folder called type, select and choose reciprocating engine 

there you find biogas with different capacities. Select the plant size, incorporate your data and the 

results produced by the software. The energy and cost results of the Triangel biogas plant using the 

RETScreen software can be seen in appendices 1 to 3.   
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8 SIZING OF BIOGAS REACTORS 

 

Sizing of an anaerobic digester (AD) is a crucial aspect of AD design process that requires variety of 

factors to ensure that the ultimate results are realized. The decisions need to be precise in order not to 

create operational and technical uncertainty during the operation of the biogas plant. Sizing of a 

digester consists of parameters such as; type of feedstock, retention time, organic loading rate, 

digester type, climate conditions, and operating temperatures, etc. All mentioned conditions are 

prerequisite requirements for reactor design, to achieve successful operation of the plant.  Simplified 

design and sizing of anaerobic digester can be seen in figure 22. 

 

 
Figure 22. A simplified design of an anaerobic digester (Ileleji et al., 2015) 

   

Raw material dryness  

 

The wet and dry digestion plays an imperative role in the biogas production. The distinction between 

the two types is the fact that the dry digestion has a lower moisture content, biological oxygen demand 

(BOD), and chemical, oxygen demand (COD). Co-digestion is the most suitable combination for dry 

digestion process with a minimum total solid above 15 percent whereas wet digestion contains 

moisture between 2-12 percent (Murphy & Nizami, 2010). Figure 23 illustrates the anaerobic 

digestion systems 

The system could also be better explained as high-solids wet (HSW) and low-solids wet (LSW). 

The key distinction is the fact that both HSW and LSW have different total suspension solids (TSS) 

ranges between 20% and 15% respectively. These ranges affect the degradability of the polymers, 
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which correlate directly to acidogenesis and acetogenesis phases of anaerobic digestion (Grant & 

Lawrence, 2014).  

 
Figure 23. A flowsheet of digesters for AD process (Globalmethane.org, 2016) 

 

Mechanical input 

 

The mechanical input describes the internal physical reactions of the input materials in the digester. 

It is done to facilitate the digestion process by breaking down higher molecular weight into the smaller 

organic matter with the support of a mixer. The approach is ordinarily prevalent in batch and plug 

flow design (Grant & Lawrence, 2014). The setback of this design could sometimes lead to increased 

energy consumption. 

Microbial processes 

The sizing of a digester can affect the biological conditions in anaerobic digestion. These process 

conditions are typically classified into three different categories such as psychrophilic; mesophilic, 

and thermophilic. The selection of a particular type depends on some factors, atmospheric weather 

conditions, feedstock properties and volume. Regardless of similar functions each could play, the 

interest, however, has been geared toward mesophilic and thermophilic. Information from literature 

shows that psychrophilic process often requires large reactor volumes to enable them operate 

efficiently (Connaughton et al., 2006). The following are the temperature ranges anaerobic digestion 

process. 

Mesophilic 30-45 ºC 

Thermophilic 45-60 ºC 

Psychrophilic 15-25 ºC  

The two types, mesophilic and thermophilic, are commonly used. The choice for this design process 

would be mesophilic and merely because of the climate conditions together with the substrate type 

(Kwietniewska & Tys, 2014). 
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Type of process design  

This stage simplified the stream of input materials in the digester system. It consists of the single 

batch design and the plug-flow design etc. 

The single batch design is a process where the volume of a digester is fed once at a time, and until 

that is completely digested, no new feed can be added into the digester. It is also known as the fixed 

fed digester with a retention time ≥15 days (Parkin & Owen, 1986). 

Plug-flow design is a continuous flow whereby the operator of the plant continuously adds input 

materials into the digester. The additional input is usually done based on schedules so that the process 

could be interrupted at any point as much as it is required. The method is suitable for farms’ purposes, 

due to the nature and type of residues generated, and the retention time for this design usually is about 

28 days.  

 

 Feedstock composition 
 
The composition of feedstock in biogas production plays a crucial role in the entire AD process. 

Thereby it is essential to take into consideration the type of a particular input material used as a feed 

in the digester. There could be operational difficulties when the feedstock lacks certain qualities. A 

typical feedstock characteristic consists of total solids (TS), moisture content, volatile solids (VS), 

particle size, loading rate, biodegradability, chemical and biological oxygen demand, and carbon and 

nitrogen content (Chen & Neibling, 2014). 

It is therefore essential to take into context these factors when determining the size of the digester. 

The feedstock also helps to predict the quantity and quality of biogas realization. Moreover, the 

inverse proportion of feedstock influences the overall economic performance of the biogas plants. 

The main components considered for determining the volume of anaerobic digester depend solely on 

the availability and suitability of feedstock concerning retention time (Wellinger et al., 2013).  

Anaerobic digestion substrates often require different retention times which affect the volume of the 

co-digesters. The raw materials for biogas plant are primarily derived from agricultural activities such 

as animal manure, food waste, and energy crops. This kind of system is often referred to as co-

anaerobic digestion (co-digester) when two or more substrates are combined in the same digester. 

Nevertheless, it is proven that co-digestion creates active microbial growth hence, promoting positive 

synergism.  
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The aim of this thesis work is also to manage farm waste in an environmentally friendly manner so 

that in the end it can generate renewable energy source (Chen & Neibling, 2014). 

Feedstock characterization  

The table 9 comprises several factors, which are critical parameters to be taken into account when 

determining the volume of a reactor. The table contains a wide variety of process conditions that 

influence the effectiveness of a digester volume. The density of the input substrate is one of the crucial 

elements that are often not given much attention in most cases. It is, however, essential to consider 

density during the sizing of a digester. The reason is that density is defined by mass over volume, and 

since all organic matter has some elements of these features it must be considered in the digester 

volume calculation.   

The total solids (TS) is also known as dry matter (DM), it defines the amount of wet content present 

in a particular substrate. The feedstock properties consist of density, weight, and volume; however, 

this varies substantially when it comes to the moisture content. Therefore, the TS acts as a determinant 

factor for selecting a suitable digester type for the anaerobic digestion.  

Table 9 Biomass compositions of different feedstocks in anaerobic digestion. 

Feedstock Dry matter      

DM (%) 

Organic 

matter of 

DM (%) 

Biogas yield       

(m3/oDM) 

Density 

(t/m3) 

pH 

 

Reed canary grass 

 

 

28.02 ± 0.86 [a] 

 

75-90 

 

340-430 

 

0.18 [b] 

 

5.7 ± 0.20 

 

Timothy grass 30-35 [c] 88 [c] 290-390 [c] 0.18 5.5-7.0 

Cattle slurry 7 [d] 80 [d] 276-400 [d] 1 7.2-7.7 

Cow manure 7-15 65-85 200-400 0.93 [k] 5.9 – 6.9 

Food Waste 10 89 400-450 0.75 [e] 6.5-8.2 

(AWI et al., (2012)c, Braun et al., (2015)d, Duku et al., (2011)k, Lötjönen & Paappanen (2013)b, 

Oleszek et al., (2014)a, Wang et al., (2012)e. 

 

Digester volume calculations 

The volume of the reactor is calculated based on the quantity of feedstock and the degradation rate of 

the input materials. The volume must be calculated in such a way that allows for sufficient time for 

the microorganisms to complete the biological process. Process conditions should carefully be taken 

into account to avoid concentration of organic matter that has the potential of affecting the feed of 

the microbes and hence, could lead to process inhibition. 

https://www.mendeley.com/authors/16043400300
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To achieve the optimal balance two key parameters are estimated for the digester volume, the 

hydraulic retention time (HRT) and organic loading rate (OLR). 

The retention time theoretically describes the period within which the substrates resides inside the 

digester. The retention time is practically selected to allow for complete digestion of organic matter, 

without necessarily increasing the size of the reactor volume. According to Bachmann (2013), it is of 

utmost importance to avoid the washout of the microbes; henceforth the retention time should be 

maintained above ten operating days. 

Since OLR and HRT account for the effectiveness of the digester volume, it indicates the actual 

volume of the available feedstock. The determination of retention time is shown in equation 1. 

              HRT (days) = 
𝑁𝑒𝑡 𝑑𝑖𝑔𝑒𝑡𝑒𝑟 𝑣𝑜𝑢𝑙𝑚𝑒(𝑚3)

𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 𝑖𝑛𝑝𝑢𝑡 (𝑚3/𝑑𝑎𝑦)
                             [3] 

The organic loading rate indicates the amount of volatile dry matter (VDM) contained in a particular 

substrate of the digester. The unit for OLR is expressed in kilograms VDM per day and per cubic 

meter of the digester (kgVDM/m3day). It has been established that the higher the organic loading rate, 

the more sensitive the system becomes, therefore, needs frequent supervision (Bachmann, 2013). In 

this situation, the post digester volume is included in the actual digester volume calculations. The 

organic load rate equation is expressed in the following form.    

OLR (kgVDM/m3day) = 
𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 𝑖𝑛𝑝𝑢𝑡 (

𝑘𝑔

𝑑𝑎𝑦
)∗𝐷𝑀(%∗𝑉𝐷𝑀(% 𝑜𝑓 𝐷𝑀))

𝐷𝑖𝑔𝑒𝑠𝑡𝑒𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚3)
        [4]

       

Feedstock estimations. 

Table 9 contains the type of feedstocks and their respective quantities for sizing and calculating the 

required biogas and methane production from anaerobic digestion plant. In this thesis work, three 

basic feedstocks are considered for the anaerobic digestion process. These input materials are 

provided by the customer. Feedstocks consist of animal manure from 50 cows, 60 hectares of land 

allocated for the cultivation of energy crops, and food waste expected from 150 customers. 

  

Animal slurry from 50 cows   

 

Cow slurry is considered in this case, instead of manure. The reason is that the animals are kept in a 

cowshed, and manure with urine are collected together and pumped to the pool for storage. Manure, 

on the other hand, contains a high significant amount of total solids when compared with slurry. The 

figure 24 show the cowshed at Eerola farm in Oulu where the biogas plant be implemented. 
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Figure 24. A cowshed shown cattle’s for slurry production at Eerola farm (Piippo, 2018) 

 

The following factors were considered to determine the overall input of waste from 50 cattle: 

According to MMM-RMO C4 report, (2001) 15 m3 cow manure can be obtained from a cow annually. 

That could further be broken down into about 42 kg/day/cow. To determine the total quantity of 

manure produced by 50 cattle per day can be expressed as 42 kg * 50 = 2 100 kg/day. Information 

from Isohätälä (2018), indicates that the cows will be in extensive system for four months, which 

means that there would not be manure generation during those periods. Determining the exact 

quantity of manure that could be available within this period, the daily manure production is 

multiplied by the number of day’s presence in eight months period. Eight months equal 243.33 days. 

Therefore, 243.33*2.100=510.993 kg/8months (511 tonnes). 

 

Energy crops 

 

At Eerola farm, 60 hectares of land has been allocated for cultivation of energy crops as shown in 

figure 25. Three-harvest period is possible for reed canary grass (RCG) in Finland, according to 

Finnish researchers. However, this case only considers two harvest periods. The first period will 

account for ten bales yields per hectare whereas the second harvest is around five bales/ha. 

Additionally, a bale is estimated to be 650 kg according to Isohätälä (2018). The estimations are 

carried out in context on the available information. The cumulative number of bales for the two-

harvest period will be 15 bales annually. 
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Therefore, 15 bales * 650 kg = 9 750 kg, which means that 9.8 tonnes can be harvested per hectare 

land. The number of land size = 60 ha. Therefore, total crops harvest = 9 750 * 60 = 585 000 kg 

(585t). 

 
Figure 25. A 60 hectares land available at Eerola farm for growing energy crops as a raw material to 

the biogas plant (Piippo, 2018) 

 

Food waste 

 

Assumptions of food waste calculations were based on a personal email conversation between two 

hotels’ kitchen managers, Lasaretti and Sokos hotels in Oulu. According to Lasaretti hotel, 16 kg of 

food waste is assumed to be generated by 150 customers/day with four servings. Sokos, on the other 

hand, gave an average range of 50-150 kg of food waste/1 000 customers/day. Out of these averages, 

interpolation was done to arrive at 20 kg daily/150 customers. 

If 150 customers = (20 kg/day) then, 20 kg*365 = 7 300 kg/yr. According to Isohätälä (2018), 50% 

attendees of the total capacity would be expected at all times. Hence, 0.5*7,300 = 3 650 kg/yr. (3.65t). 

The volume of the feedstock was determined regarding the specific densities from table 9. The 

volume can also be derived from the density of substance formula expressed as Density (kg/m3) = 

mass (kg)/volume (m3). Therefore, the volume of mixture = mass of substrate/density. So, the volume 

of cow slurry = 
511 𝑡/𝑦

1𝑡/𝑚3 = 511m3 /y, Volume of (RCG) = 
585 𝑡/𝑦

0.18 𝑡/𝑚3 = 3 250 m3 /y, and volume of food 

waste = 
3.65 𝑡/𝑦

0.75 𝑡/𝑚3
= 4.9 m3 /y. Table 10 illustrate all the three input materials for the Triangel biogas 

plant with their respective quantity in tons and volumes. 
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Table 10. A summary of all input materials with their respective volumes. 

Feedstock Quantity produced per 

annual (ton/year) 

 Feedstock   volume 

(m3) 

Cattle slurry 511 511 

Food waste 3.65 4.9 

Energy crops 585 3 250 

Total 1099.6 3 765.9 

 

To calculate the effective digester volume at a fixed OLR maximum of 3kgVDM/m3 day with a 

retention time of 28 days. Both table 9 and 10 parameters are used for determining the HRT and OLR:  

Total organic matter (TOM) for cattle slurry = 511t/yr, 7%DM, 80%VDM (density: 1/m3) 

            TOM= 511 × 7% × 80%VDM = 28.6 tVDM/year. 

Total organic matter for food waste = 3.65 t/yr, 10% DM, 89% VDM (0.75t/C) 

          TOM = 3.65 × 10% × 89%VDM = 0.325 tVDM/yr. 

Total organic matter for energy crops = 585t/yr, 28%DM, 88% VDM (0.18/m3) 

                                     TOM = 585 × 28% × 88%VDM = 144.14tVDM/yr. 

An overall organic matter = 28.6 + 0.325 + 144.14 = 173.1 tVDM/yr 

Total substrate volume (m3) = Volume of cow slurry (m3/y) + co-substrates volume (m3/y) 

Therefore, the total substrate volume = 3 765.87 m3/yr 

Volume calculation in regards to OLR: V = 474.2 kg VDM/day/3kgVDM/m3day 

                                                                   = 158 m3 

 

Volume calculation in regards to HRT: V = 10.3 m3/days × 28 days = 288.9 m3 

Therefore, the effective digester volume can have a minimum size of 288.9 m3 

The organic loading rate per day = 
𝑇𝑜𝑡𝑎𝑙 𝑜𝑟𝑔𝑎𝑛𝑖c 𝑚𝑎𝑡𝑡𝑒𝑟

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠
 = 0.5 kg VDM/m3 day. 

The calculations take into accounts the density of the feedstock, the HRT, and OLR to assist in a safe 

feeding of the reactor. Therefore it will prevent the possibility of low biogas production.  

The total biogas production per year can be calculated by using the biogas production equation 

(Deutsche Gesellschaft für Sonnenenergie & ECOFYS Firm, 2005). The equation is expressed as: 

Biogas production (m3/yr) = [Manure (t /yr) × DM × 
𝑂𝑀

𝐷𝑀
   (m3 biogas/kg OM) × 1000] + [Co- substrate 

× DM × 
𝑂𝑀

𝐷𝑀
   (m3biogas/kg OM × 1000]                                                      [5] 
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Where:  

      DM: percentage of dry mater content in a substrate 

       OM: the organic matter fraction (percentage) in the dry matter  

        ODM: the organic dry matter (DM × OM) 

        M3/t ODM: quantity of total biogas yield 

        CS: Cow slurry as main substrate  

        EC:  Energy crops as a co-substrate 

        FW: Food waste as a co-substrate 

Biogas production (m3/yr) = [511 (t CS/yr) × 7 % × 80 % × 0.3 (m3/kg OM)× 1000] + [585 (t EC/yr) 

× 28 % × 88 % × 0.38 × 1000 ] + [ 3.65 (t FW/yr) × 10 % × 89 % × 0.4 × 1000] 

                                            = 8 584.8 + 54 774.72 + 129.94 

 

                                                = 63 489.46 m3/yr. 

 

Methane content is considered 60% of the raw biogas production. Therefore, 63 489.5 * 60% = 

38,093.7 m3 of methane annually. 

Determining the actual size of a digester volume comes with different factors, first the primary 

substrate has to be determined followed by the other co-substrates and hydraulic retention time (days). 

The digester volume can be calculated using the formula (Sonnenenergie et al., 2005). 

Digester volume (m3) = [manure (m3 /yr) + co- substrates (m3 /yr)]   × 
𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 (𝑑𝑎𝑦𝑠)

365
     [6]        

Considering the real values from table 10 to estimate the actual volume size of the digester with 

retention time taken as 28 days: 

Digester volume (m3) = 
3765.87

365
 × 28 = 288.8 m3  

The digester size was determined based on a full load yearly operational assumption in case the plant 

operates for 365 days. Practically it is not possible to run a plant for a complete year without 

maintenance. However, a field visit to some biogas production plants in Finland indicates that within 

a year, a specific time is set aside based on the manufacturer manual to work on the entire plant. That 

does not include other forms of maintenance such as preventive, predictive, corrective, amongst 

others. 

In cases, where the silo foil is used, the diameter has to be determined. Assuming that the diameter 

of the digester (D) is equal to its height (H) which is taken as 4 m, the equations are expressed as 

follows: 

file:///C:/Users/aakoore/AppData/Local/Temp/AD%20Calculation-1.docx%23_ENREF_2
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Vd = 
π𝐷2𝐻

4
   where: VD = digester volume of a cylindrical tank, H is the height, D is the diameter. 

Therefore,  
π𝐷3

4
  = 50.3 m 

The calculation for digester diameter is done for a complete reactor based on the total substrate 

volume, to calculate for each reactor diameter, the total diameter is divided by three. The digester 

diameter can be determined by the equation below: 

Digester diameter (m) = 3√
4𝑉𝑑

 π
   = 24 m      [7]  

Therefore, diameter for each reactor is 24/3 = 8 m. 

Post digestion storage is a crucial process in biogas production, it is the next stage after the bioreactors 

anaerobic digestion. The digestate is stored for further minimum gas extraction before the final 

treatment process. The Environmental Protection Act (86/2000), section 5 of the animal manure 

application law under the Ministry of Environment states that fertilizers should not be applied on 

arable lands between October 15 and April 15. It further suggested that the application could only be 

possible during autumn up to 15 November. The clause also added that the application could start in 

spring not earlier than April 1, only on condition that, the grounds are not frozen and not sufficiently 

dry to avoid runoff into watercourses that can compromise the subsoil compaction.  

 

For purposes of this thesis work, the total mass of the substrate is about 1099.6 tons/year, where 

energy crops represent 53.2 %, followed by cow slurry with 46.5%, and food waste recording less 

than a percentage. Nonetheless, the percentage for digestate estimation is considered 20% which 

correspond to an overall mass reduction of 880 tons/year of digestate. Based on formula calculation, 

the digestate corresponding value would require a storage size of 352.6 cubic meters. 

The post digestion volume can be expressed in an equation form as: 

Post digestion storage size (t/y) = Total input substrate (t/yr) × required storage period (months)/12–

digester volume (m3). 

To calculate the post digestate storage, it is assumed that the storage period lasts for seven months 

before it can be applied to farmlands.  

Storage size (t/y) = (1 099.6) × (7/12) –288.8 = 353 m3 

The biogas storage is either stored in an external gas bag or foil that covers the silo. About 20-50% 

additional storage space or even less, in real case scenario is enough for storing daily biogas 

production considering that, the CHP unit operates constantly. The safety factor is taken as 1.2.  
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Actual biogas storage size (m3) = Daily biogas production (m3/day) × safety factor = 288.9 × 1.2          

= 346.7 m3 

The complete sizing of Triangel biogas plant in respect to their volumes are summarized in table 11 

using the available feedstocks. Assumption has been made considering that three different digesters 

will be used.  

Table 11. Summary of digester sizing components with holding capacities. 

Components  Total  
volume 

Volume 1 Volume 2 Volume 3 Units 

Substrate 
volume  

288.8 96.3     96.3 96.3 m3 

Digester 
volume 

346.7 115.6 115.6 115.6 m3 

Digester 
diameter 

24 8 8 8 m 

Post digestion 
storage 

353  m3 

 
 

 Selection of a digester  
 
The choice of a particular digester type can be estimated by examining the amount of moisture content 

(MC) in the entire feedstock. The calculation is based on the total solids of the individual substrates. 

To evaluate that, tables 9 and 10 are supporting values for the calculation, note that the dry matter 

(DM) content is considered as the total solids (TS) which is estimated in table 12. The wet and dry 

digesters have different total solids. The wet digester is classified within a range of 2-12% TS, 

whereas the TS for dry digester is above 15 % (Murphy et al., 2014). 

Table 12. Characteristic of feedstock and their total solids (TS) 

Feedstock Qty of raw material 
(ton/year) 

No of months 
available  

Total solids 
(TS) % 

Cattle slurry 511 8 7 

Food waste 3.65 12 10 

Energy crops 585 12 28 

Total 1 099.6  16.7 

  
The approach used in estimating a particular digester type depends on the following factors: 
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The feedstock quantity, hydraulic retention time, and the total solids of each input material. For 

purpose of this project 28 days retention is considered. The calculation is as follows: 

Cattle slurry = 511/243, 33 × 28 = 58.8 t/ (8 month). Its total solids = 58.8 × 7% = 4.11 (TS) 

Food waste = 3.65/365 × 28 = 0.28 t/yr. Its total solids = 0.28 ×10% = 0.028 (TS) 

Reed canary grass = 585/365 × 28 = 44.8 t/yr. Its total solids = 44.8 ×28% = 12.565 (TS) 

Total solids of digester = 4.11+ 0.028 + 12.565 = 16.7% 

Based on the calculation, it clearly shows that dry digester suite best for this kind of feedstock. 

8.2 Feedstock scheduling in a biogas plant 

 

Feedstock scheduling is a sensitive organ in anaerobic digestion process, especially in cases where 

there is unstable flow of raw material. It often happens when there is a seasonal variation of feedstock. 

Therefore, a critical analysis must be done to determine the best means possible of providing a 

constant balance for biogas production. In a situation where the feedstock ratio has not adequately 

been balanced could affect the reactor conditions as well as the output quality. The following 

scenarios are implemented to give a stable feed to the reactors regardless of the variations. 

Scenario A: 

The first scenario is based on the assumption that cattle slurry is available for 8 months period, 

whereas other feedstocks (RCG and food waste) are collected throughout the year. The fact is that 

cow slurry would not be available during the four months periods. The calculations still take into 

account factors to ensure that there will be a uniform supply of feedstock to the set volumes monthly.  

Finding the volume of each input raw materials: 

Cattle slurry:  511/8 = 63.9 t/month---→ 63.9 m3 volume/month 

Food waste: 3.65/12 = 0.30 t/month----→0.405 m3 volume/month 

RCG: 585/12 = 48.75 t/month---→270.8 m3 volume/month 

Since, the retention time is taken as 28 days, this means that the plant will be fed 13 times annually. 

To calculate every feedstock for once in every 28 days is estimated as following: 

Cattle slurry = 63.9/30.42 ˣ 28 = 58.82 m3 

Food waste = 0.405/30.42 ˣ 28 = 0.37 m3 

Reed Canary grass =249.5/30.42 ˣ 28 = 229.65 m3  

Total feedstock fed per every 28 days = 58.82 m3 + 0.37 m3 + 229.65 m3 = 288.8 m3    

In percentage terms, considering the total substrate input of 288.8 m3/28 days. Then, 
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RCG = 229.65/ 288.8 × 100% = 79.5%, 

Food waste = 0.37/288.8 × 100% = 0.13%, 

Cattle slurry = 63.9 /288.8 × 100% = 20.4%, 

The percentage representation of all input substrates: reed canary grass represents 79.5%, cattle slurry 

is 20.4%, and food waste is 0.13% 

Calculating the replacement for four months without cattle slurry: 

To determine the deficit for four months, the following deductions were made 

63.9 m3 ˣ 4 = 255.6 m3 is set aside as a buffer from energy crops to compliment for the four months 

absence of slurry. Table 13 represents the results of feedstock scheduling and their total solids for the 

Triangel biogas plant reactors. 

So, 3,250 - 255.6 = 2 994.4 m3/y or 249.5 m3/month this quality of feedstock will be needed to keep 

the plant in full operation for four months without cattle slurry.   

Total digester volume for all feedstock annually. 

(2994.4) + (0.405 ˣ 12) + (63.9 ˣ 12) = 3 765.66 m3/y 

Therefore, = 3,765.66/365 ˣ 28 = 288.8 m3/y. 

Table 13. Summary of scenario A feedstock scheduling for the reactors 

Feedstock Feed per every 

28 days (m3) 

Percentage of    

feedstock (%) 

Total solids (TS 

%) 

RCG 229.65 79.52 11,57 

Cattle slurry 58.82 20.4 4.11 

Food waste 0.37 0.13 0.039 

Total 288.8 100 15.72 

 

Scenario B: 

 

The basic idea of scenario B is slightly different from scenario A, and the reason is that this scenario 

sought to subtract the four months quantity of cow slurry from the reed canary grass. The deducted 

value will be saved before the four months period without cow slurry. In this case, cow slurry will be 

fed more than any other co-substrates. After the 8 months period, RCG will compensate for cow 

slurry absence. Assuming that food waste have the lowest production since should be neglected. 

Cattle slurry = 511m3/yr                   

RCG:           = 3 250 m3/yr 
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Food waste: 4.9 m3/yr assuming this is ignored. 

Determining what percentage of cattle slurry represents annually in RCG. 

% = 511/ 3,250 = 0.156 or 16% 

Monthly percentage of cattle slurry within 8 months period 

 = 16%/8 = 2% or 0.02 

Therefore, 0.02 × 3250 = 65 m3 can be save from RCG for every month. 

Now to know how many tonnes can be obtained within the four months period as a replacement for 

cattle slurry.  64 × 4 = 260 m3/ (4) months. 

Subtracting this answer from RCG = 3 250 – 260 = 2 990 m3/yr left for energy crops annually. 

Therefore, RCG monthly contribution = 2 990/12 = 249, 2 m3/month  

A clear representation of feedstock with and without 4 months of cattle slurry. 

8 months with cattle slurry = 249.2 + 511/8 = 313.1 m3/month 

4 months without cattle slurry = 249.2 + 260/4 = 314.2 m3/month 

 

Scenario C: 

 

The situation in this scenario seeks to clarify the actual volume demand of feedstock needed every 

28 days as presented in the graph below. It clearly shows that about 112 additional tonnes of feedstock 

needs to be bought to allow for smooth operation. It also took into consideration all factors of both 

scenarios A and B. The volume of the feedstock varied differently between scenario A & B due to 

the variation of the schedule. Therefore, the main difference is the volume and total solids as 

compared with the others. Tables 14 and 15 show the percentage representation of feedstocks and 

their input capacities in every 28 days.  

Volume calculations: 

 

Cattle slurry:  511/8 = 63.9 t/month ----→ 63.9 m3/month 

 

Food waste: 3.65/12 = 0.30 t/month-----→0.405 m3 /month 
                                                  

RCG:            585/12 = 48.75 t/month---→270.1 m3 /month   

 

Total substrate volume = 63.9 m3 + 0.405 m3   + 270.1 m3 = 334.4 m3 
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Table 14. Summary of scenario C results in regards to percentage of feedstock 

 

Out of 33.4 m3/month, about 307.8 m3 per every 28 days will be required to feed the digester.  

 

 Table 15. Indicates the monthly consumption of feedstock required by the reactors. 

Days of material input to reactor Accumulative feedstock consumption per every 

input (m3) 

28 307,8 

56 615,6 

84 923,4 

112 1231,2 

140 1539 

168 1846,8 

196 2154,6 

224 2462,4 

252 2770,2 

280 3078 

308 3385,8 

336 3693,6 

364 4001,4 

 

Table 15 represents the feedstock variation between three patterns of feeding the digester annually. 

From the chart, feedstock in unit tonnes is the plot against days. The emphasized here to determine 

the amount of feedstock that will be needed to keep the plant on a constant intake within every 28 

days in a complete year. Therefore, deducting 8 months consumption which is represented in days on 

the chart from the full demand of feedstock for 12 months will give a deficit of 4 months translating 

to about 1 231.2 tonnes.   

8.3 Heat and electricity generation from biogas production 

 

Anaerobic digestion produced a certain amount of energy from biogas and this happens after the gas 

has been purified using a technique called scrubber. There are several forms of scrubbers used for 

cleaning the unwanted gases such as, hydrogen sulfide (H2S), ammonia (NH3), and carbon dioxide 

% RCG (%) Food waste 

(%) 

Cattle slurry 

(%) 

Total 

334.4 80.77 0.12 19.11 100 

TS  13.6 0.0405 4.5 18.2 
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(CO2). The purification process further enhanced the biomethane both in quality and quantity, hence, 

making it safer for energy conversion. 

At this stage, it is important to quantify the amount of heat and electricity since its one of the main 

output of the biogas generation process. Other vital outputs of anaerobic digestion process are 

digestate and effluent. Moreover, heat is a paramount constitute in the process and therefore 

considered as an influential factor in determining the financial prospect of anaerobic digestion plant. 

To be able to carry out the heat evaluations presented in table 16, the following assumptions were 

made in regard to background studies on literature work.  

Table 16. Energy parameters estimated for specific heat and electricity calculations. 

Assumptions Values 

Methane fraction from biogas  60% [a] 

CHP overall efficiency rate  

Maximum (CHP) electricity output 

Maximum (CHP) heat output  

90% [g] 

 35% [g] 

65%[g] 

Pure CH4 calorific value  39.8 MJ/m3 or 11.06 kWh/ m3 [c] 

Thermal efficiency  50%[d] 

Plant operational hours  8 040 hour/yr 

A cubic meter of methane  9.97 kWh/m3 or 36MJ of energy [f] 

Energy equivalent  1kWh = 3.6 MJ or (3.6 × 106 joule) [b]  

Hourly CH4 production (m3) =  38 093.7/8 040 = 4.7380 m3/h 

Demirel et al., (2011)a, Handreichung biogas, FNR (2006)b, Jørgensen, (2009)c, Sonnenenergie et al., 

(2005)d, Andersons Centre, (2011)e, Pullen, (2015)f, Rutz et al., (2015)g 

 

For the purpose of this thesis work, the engine based CHP unit efficiency is up to 90 % and can 

generate 65 % of heat and 25 % of electricity, which will be considered for the energy calculations.  

CHP capacity (kWe) = 
Biogas production (m3/yr) × Calorific value of biogas (MJ/Nm3/3.6)

Operational full load (h/yr) × electrical efficiency 
      [8]        

                                                        
63489,5 ×(39.8/3,6)

8040 ×26% 
   = 22.7 kWe 

Thermal input CHP (kWth) = 
CHP capacity (kWe)

Electrical efficiency
  

22.7

26%
= 87.3kWth     [8.1]                                                                   

Theoretical thermal output (kW) Pt.c = Hourly methane production (m3/h) × Calorific value of 

methane (kWh/m3) × Thermal efficiency of CHP. Therefore, 4.7380 × 11.06 × 65 % = 34, 1 kW 

file:///C:/Users/aakoore/AppData/Local/Temp/AD%20Calculation-1.docx%23_ENREF_2
file:///C:/Users/aakoore/AppData/Local/Temp/AD%20Calculation-1.docx%23_ENREF_2
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Total energy content for annual biogas production. Assuming that one cubic meter of methane 

corresponds to 9.97 kWh/m3 or 36 MJ of energy (Rutz et al., 2015), and 60 % of methane content 

from raw biogas. It can be expressed as: 

Total energy (MWh/yr) = 63,489.5 m3 × 60% × 9.97 kWh/m3 = 379 794 kWh  

                                                                                                 = 379.8 MWh/yr 

According to Tulli (2016), a regular passenger car covers a traveling distance of 18 800 km/year in 

Finland. The amount is equivalent to fuel consumption of 13.5 MWh/yr. To determine how many 

cars could be driven based on the biomethane content is approximately 28 petrol-driven cars. On the 

other hand, a diesel-driven car consumes 9.4 MWh/y, therefore, the total number of diesel cars 

possible to be driven by, is 379.8 MWh/yr= 40.4 cars. 

            

The annual gross of heat production from the biogas plant is expressed in equation 8.2 

Annual heat production of CHP (GJ) = Theoretical thermal output (kW) × Biogas plant working hours 

(t) × conversion unit       [8.2] 

Total heat production (GJ/yr) = 34, 1 (kW) × 8040 (h/y) = 274 164 kWh/yr. 

Since the conversion factor for 1kWh = 3.6 MJ. Therefore, 274 164 × 3.6 = 986 990.4 MJ/yr OR 987 

GJ/yr.                                                             

To determine the electricity production potential from a biogas plant considering all input parameters. 

It is evaluated in the equation below as (Al-Hamamre et al., 2014).  

Electricity generation: Pel (GWh/yr) = 
fCH4 ˣ HvCH4 ˣ Bigas ˣ ηe

3.6 ˣ 106MJ/GWh
                         [8.3]        

Where: Pel (GWh/yr) = Electricity generation potential 

            fCH4= Methane fraction in the biogas mixture 

            HvCH4 = Calorific heat value (MJ/m3) 

            Bigas = Total biogas produced m3/yr 

             𝜂𝑒 = Electricity generation efficiency 

Therefore, Pel = 
0.6×

39.8𝑀𝐽

𝑚3 × 63489.5 𝑚3/𝑦 ×0.25

3.6 ˣ 106 MJ/GWh
 = 0.105 GWh/yr OR 105 MWh/yr   
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On the other hand, the electricity generation can also be calculated using the following equation when 

unit conversion factor of  
𝑘𝑊ℎ

𝑀𝐽
 is equal to 0.2778, and methane fraction of 60% from biogas.  

Pel = Biogas used to produce electricity to be sold * Biogas calorific value * 0.278 
𝑘𝑊ℎ

𝑀𝐽
 * Electrical 

efficiency. Therefore, Pel = 63 489, 5 m3 × 60% × 39.8 MJ/m3× 0.278 
𝑘𝑊ℎ

𝑀𝐽
 × 0.25 = 105 371 kWh/yr  

Different methods of energy analyses were carried out to estimate the energy potentials of the 

feedstock. Among these energies, tools are online biogas calculator, RETScreen energy software, and 

formula calculation.  It is interesting to note that, the amount of raw inputs has been used is the same 

throughout each process. However, heat generation is unavailable for RETScreen and online biogas 

calculator. The results are summarized and presented in table 17.  

Table 17. Results of energy output from different energy models. 

Calculators  Raw 

biogas 

(m3) 

Biomethane 

content (m3) 

Energy 

production 

(MWh) 

Electricity 

generation 

(kWh)  

Heat 

production 

(Wh/yr) 

Formula 

calculation  

63,489.5 38,093.7  379.8 105 371 274 164 

Online 

biogas  

64,776 38,865.6 387.5 131,400 N/A 

RETScreen 67, 631 40,578.6 404.6 N/A N/A 

N/A = Not Applicable 

8.4 Heat demand of the digester 

 

A certain quantity of heat is always required for biogas system to keep the digested substrate active 

for biological transformation. Heating is done in general terms for most anaerobic reactors. However, 

countries with low-temperature ranges need this kind of approach to avoid the raw materials being 

solidified in the reactor. In circumstances where the organic matter again contains a high amount of 

fatty substance would have the potential of inhibiting the biogas system hence, need to be heated. 

The energy demand for heating the digester according to the thumb rule is 30 % of the entire heat 

component of CHP production (Deutsche Gesellschaft für Sonnenenergie & ECOFYS Firm, 2005). 

The specific heat capacity (CP) of the substrate is considered same than of water, therefore CP 4.2 

kJ/kg/K. To determine the required energy demand, the mesophilic temperature of 38 ºC is 

considered. The average fresh substrate temperature varies between 10 – 15 ºC. The reactor heat 

demand formulae are expressed as: 
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Heat demand (MJ/yr) = CQΔT      [9] 

Where: C = Specific heat capacity of feedstock (kJ/kg/K) 

Q = Flow rate of mass feed (kg/day) 

ΔT = Temperature difference 

Heat demand (MJ/yr) = 346.7 × 4.2 × (38 - 15) = 33 491kJ/yr OR 33.5 MJ/yr   

Therefore about 33 491 kJ/yr of heat demand would be required in the anaerobic digestion process 

control and feedstock sterilization. Generally, it is estimated that between 20% and 25% of the total 

heat produced by the CHP unit goes to heat the digester whereas 10-15% of the heat is used for 

sterilizing the feedstock (Pöschl et al., 2010). 

8.5 Process reactor design 

 

The proposed process layout for Triangel travel resort biogas plant will be constructed in the form of 

the design shown in figure 26. The key components comprising the design consist of feedstock 

storage, pretreatment tank (bunker), three bioreactors encapsulate with biogas storage spaces, 

digestate pretreatment tank, gas cleaning scrubber, and CHP unit. The idea is to have a simplified 

design, which would lessen the cost and also reduce the over-complication of system. 

 

Figure 26. A process layout of a biogas reactor for anaerobic digestion. 

The concept of operation for this type of biogas design is quite simple and straightforward. From the 

storage facility, the feedstocks are fed into the pretreatment tank where the required structure of the 

substrates is conformed to the reactors ability to process them. The uniformed substrate materials are 

then pumped to the various reactors in operation through the pipelines, and the complex organic 

materials are broken down into a simplified form through biological and microbial processes. At this 

stage, the four biological processes of hydrolysis, acidogenesis, acetogenesis, and methanogenesis 

https://www.sciencedirect.com/science/article/pii/S0306261910001790#!
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interact with the organic materials for 28 days to form the gases. The produced gases are transferred 

through the expansion valves into the biogas storage tank. The remained substrate from the reactors 

is sent to the post-digestion tank where further gases can be extracted. From the post-digestion tank, 

digestate is produced and sent to initial storage for the pretreatment process to commend. The 

produced biogas will be subjected to a purification technique through a scrubber, and fine methane is 

collected at the end. The comprised biomethane could be connected to the CHP unit to generate heat 

and electricity for the facility needs. 

8.6 Comparison of Triangel energy distribution 

 

This subchapter summarizes the energy demand and production capacity of the biogas plant at the 

Triangel cottages resort. Evaluation of water heating, space heating, and electricity consumption of 

the cottages has been compared with the electricity and heat generational capacity of the biogas CHP 

unit. The comparison is carried out to assess the energy situation at the cottages and presents the real 

differences between the production and consumption. The heat and electricity demand calculations 

of the cottages can be referred at subchapter 5.3 of this thesis work.  

 

Heat production and demand of the cottages for 50 % occupancy 

 

Figure 27 is an illustration of heat distribution of the cottages against the heat production of the biogas 

plant. The graph comprises of three sets of heat consumption profile against the total heat production 

at the Triangel cottages. The results present a 50 % occupancy of customers expected at the facility 

and the corresponding monthly heat distributions. The peak demand for heating can be recognized 

from November to March due to winter seasons when the outside temperature is always lower than 

the indoor temperature. This peak heat demand does not necessarily mean that the number of 

customers is high at those period, but maintaining the average temperature of the cottages at 18 oC 

requires a lot of energy to compensate the heat losses. In the graph a higher heating reduction has 

been recorded between the months of April to September, despite a higher number of customers 

expected at the cottages. 

This low heating demand could be explained as a summer period where the outdoor temperature is 

already warmer hence little, or no heating is needed. Water heating remained relatively steady and 

closely match with space heating from June until September due to the high number of visitors hence 

the demand for bathing and dishwashing increases. Generally, the overall heat generation of the 

biogas plant far exceeds the heating need of the cottages which supports the relevance of the Triangel 
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biogas plant. It is important to note that the excess heat generated from the biogas plant could either 

be used for other purposes such as heating a swimming pool, cow house or the hotel complex if 

needed. On the other hand, the biogas plant can be optimized to generate low heat during those months 

where less heating is required by simply varying the CHP efficiency, and vice versa.  

 
Figure 27. Comparison between heating distribution of the cottages and heat production capacity of 

the biogas plant. 

 

 

Heat production versus the demand of the cottages for 100 % occupancy 

 

Figure 28 represents a monthly heat demand and production of the Triangel cottages, which 

comprised of 100 % occupancy of the cottages. The estimation was done based on condition that the 

cottages will be fully operated throughout the year hence would require a full load of heating as far 

as possible. It can be recognized from the graph that the demand for heating from January far exceeds 

the biogas production capacity and got leveled during February and December. Likewise between 

March and November also seen a marginal increment as compared to figure 27. External heating 

sources can be used to supplement the differences in heat demand in January since the efficiency of 

the CHP unit for heat production has already been put to its maximum capacity. Even if the heat 

production is reduced during the summer months to save the deficit in winter seasons will still not 

solve the situation since the CHP unit cannot generate additional heat. The 100 % occupancy scenario 

at the moment does not seem possible, but if it did happen then, the owner has to resort to an 

alternative source for heating. 
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Figure 28. Comparison between a year round heat distribution of the cottages and heat generation of 

the biogas plant. 

 

Electricity production versus the demand of the cottages for a full load 

 

Figure 29 is a monthly electricity demand response against the electricity production capacity of the 

CHP unit. From the graph, the total electricity consumption falls below the production in each of the 

months, even though some parts of the month have higher electricity needs. The peak demand for 

electricity can be seen between the periods of May to July due to the high purchased of the cottages. 

This peak period could be understood as a summer month where lots of people usually take their 

holidays to have fun with families and loved ones. As a result of this, consumption always goes high 

in both the small and large cottages. From September to March recognized a steady reduction in 

electricity needs because of less interest for outing and visitation to the cottages. Also, during the 

winter seasons especially at Christmas, most people prefer to spend their time at home with friends 

and families hence might not go to the cottages. Regardless of customer’s attendance at the cottages, 

the electricity need remain significant since most of the electrical gadgets have to be continuously 

turned on even if no one lives in them.  Other variations of electricity consumption are attributable to 

the number of customers at a time and their behavior towards electricity usage. The electricity 

generation is more than the usage; therefore, the excess electricity can be used to serve other purposes 

or stored and used later. 
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Figure 29. A monthly electricity distribution of the large and small cottages of the Triangel resort. 

8.7 Chapter eight summary 

 

This chapter provides a breakdown of digester sizing, feedstock analysis, energy potentials and 

comparison of the Triangel cottages. The idea is basically to simplify all the relevance values that 

were studied during this particular chapter. The chapter began with a feedstock evaluation followed 

by digesters sizing, where all the required volumes of bioreactors were determined. Issues related to 

feedstock specification and quantities were also taken into account in two different ways such as tons 

(mass) and volume that deals with the specific densities. The results were summarized as follows 

tons/year was 1 010 and a volume of 3 766 m3/year. The actual digester volume was 347 m3 and post-

digestion storage of 353 m3 capacity, with an input material volume of about 289 m3. The estimated 

biogas production per annual was around 63 490 m3, of which 60 percent is considered as biomethane 

content given a total of 38 094 m3/a methane.   

The energy equivalence of the biomethane quantity was estimated at 379 535 kWh/year. The overall 

CHP efficiency was assumed to be 90 percent where 10 % is considered as losses. The heat and 

electricity share of the CHP efficiency was taken as 65 and 25 respectively. The estimated heat 

production amounted to 274 MWh/a, and electricity of 105 MWh/a. In figure 27 and 28, the total heat 

produced by the CHP unit could cover the 100 % needs of the cottages, and a bit less in January 

depending on the occupancy rate. However, the electricity needs of the cottages are expected to be 

fully covered by the CHP unit. The Triangel biogas plant also has a CO2 savings potential of 87.3 

tons/year and considering a 20 years life cycle would save approximately 1 746 tons.     
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9 COST ANALYSIS 

 

The economic evaluation of a relative farm size anaerobic plant largely depends on the output of the 

facility. These outputs consist of the entire energy production, digestate, and other effluents. A 

complete cost package of the components above has been established in comparison with the inputs 

to be able to justify economically. The difference between the gross outputs value with the inputs will 

help to draw the distinct state of the economic status of the plant. It informs the user(s) of the financial 

position of investing in such a plant. Aside from the technical conditions that are involved in building 

a biogas plant, cost remains the bottleneck for the project entirety. 

The financial evaluation helps to identify the profit margins accrued from the complete operation 

cycle of the biogas plant. Financial waivers from government authorities on tax exemption, subsidies, 

and above all the market price have a cumulative effect on the outcome. 

9.1 Cost variables 

 

The cost summation of anaerobic digestion plants is extremely difficult to achieve. It is not just about 

the overall figures, but the individual cost components involved in the entire project. Two cost 

parameters are considered the most influential factors which are the capital expenditure (CAPEX) 

and operating expenses (OPEX). The breakdown of CAPEX covers the investment cost of putting up 

a biogas plant. The capital cost, however, is incorporated into total plant cost (TPC or “turn-key” 

cost) (Karellas et al., 2010). On the other hand, the OPEX is referred to as short-term expenses or 

day-to-day expenditure necessary to keep the business running. Nevertheless, the defining economic 

variables are the net present value (NPV), internal rate of return (IRR) and payback period. The NPV 

in simple terms is the sum of all year’s discounted after-tax cash flows, In other words, the higher the 

NPV, the higher the profit margin of the project. 

An equation always denotes the NPV,∑
CF𝑡

(1+𝑟)𝑡

𝑛

𝑡=0
 where NPV is the net present value (€), CF𝑡 is 

cash flow of the investment in the time period, t is the time period from 0 to n (years), and r is the 

discount rate (%) (Karellas et al. 2010). 

The internal rate of returns is the discount rate at which the after-tax NPV is zero; this means that the 

present value of investment equals the current net revenues from the operation. The IRR is expressed 

as ∑
CF𝑡

(1+𝐼𝑅𝑅)𝑡

𝑛

𝑡=0
  , where CF𝑡 is cash flow of the investment in the time period t (€).  
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The payback period or (break-even) compares the length of period and determines when the revenues 

with cost would be able to recoup from the initial investment.  

Financial Assumptions: 

The following financial assumptions were considered in determining the investment cost of the biogas 

plant at Triangel travel resort. 

• Investment subsidy for renewable energy production ≥ 100 kVA capacity is 30% of the 

project’s overall cost 

• Investment cost per reactor volume is 600-900 €/m3 (Latvala et al., 2007) 

• Fed-in tariff of 83.5 €/MWh (Oulun Energia 2018). 

• Project life cycle is 20 years. 

• Electricity price paid per kWh is 0.05/€ (Oulun Energia 2018). 

• Heat price paid is 83.5 €/MWh (Oulun Energia 2018). 

• The cost of biomethane per liter is 0.928 €/l according to Gasum (2018). 

• The cost for biogas refinery is 40% of the investment based on demeca.fi. 

• Discount rate 5%. 

• The incentives for energy crops cultivation “biodiversity and greening” 24 000 €/yr. 

• Value-added tax (VAT) is 0 %. 

 

Cost calculation 

 

The table 18 illustrates a comprehensive cost analysis estimated for Triangel biogas plant. The 

primary aim is to determine whether or not economically the biogas plant is worth for investment. 

However, contacted companies were unwilling to provide cost information related to the products 

due to competitive risk. This would have been more pragmatic if the actual prices were source. 

Nevertheless, cost assumption was made from reliable companies and previous research work. Three 

essential financial components were taken into accounts such as investment cost, annual operation 

and maintenance cost, and revenues generated from the plant. 
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Table 18. A comprehensive cost analysis of Triangel biogas plant. 

Investment cost (CAPEX) breakdown 

Biogas components Capacity Units cost 

(€/ton) 

Cost (€) 

Reactor (m3) 346.7 600 208 020 

Mixer (kW) 22.7 773,3 1 553.91 

Pump (kW) 22.7 3000 6 000 

Heat exchanger 

(kWth) 

22.7 275 6 242.5 

Pre-mixing well  26 000 

Condensate  trap  7 000 

Pipework (m) 26.9  9 500 

Biogas Storage (m3) 346.7 32 11 094.4 

Insulations: side 

polyurethane (m) 

10.2  8 700 

Insulations: bottom 

polystyrene (m) 

7.3  3 100 

Cogeneration unit 

(kW) 

22.7 1040 28 608 

Feasibility study   7 171 

Engineering and 

construction 

  3 900 

Civil work  and 

infrastructure (m) 

346.7 40 11 868 

Other equipment and 

safety 

 6 800 

Desulphurization  1 000 

Other equipment and 

safety 

 3 500 

Connection to central 

heating (kWth) 

22.7 0 2 500 

Feedstock crusher 

(kW) 

  3 000 
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Biogas cleaning 

system 

346.7 9,1 3 154.97 

Post digestion tank   18 000 

Project development (7,5% of 

TPC) 

 6 000 

Total investment cost    387 712.78 € 

Operation and maintenance cost of the biogas plant  (Opex)  

Materials  Running expenses  Total cost 

(€/yr) 

Reactor 3% of investment cost 1 730 

CHP service and spare 

parts 

8040*0,85 938 

Feedstock 

pre-treatment 

 785 

Biogas cleaning  1 230 

Energy demand for 

electricity and heat 

(kWh) 

43,7 2 102 

Insurance and taxes 0,5-1% of TPC 970 

Cost of energy crops 

cultivation 

 1 130 

Labour cost  2 820 

Total O & M cost annually  11 705 € 

Revenue Total 

energy content 

Unit cost 

€/kWh /MWh 

Savings 

Electricity (kWh/yr) 147519 0,05 7 375.95 

Heat  (MWh/yr) 209 83,5 17 451.5 

Subsidies (€) 24000 1 24000 

Digestate sales (€) 905 (tons) 9000 9 000 

Total annual revenue   57 827.45 € 

 

The primary cost components have been merely demarcated to assist for easy understanding and 

interpretation of what makes up the individuals cost segments. To begin with, the investment cost 

package were totaled for piping, installation of reactors volume, CHP unit, construction work, and 

other key components outlined in the table. The cash outflow or better still variable cost, consist of 

the expenses incurred by the customer on a yearly basis for maintaining the plant to operate, example 
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are labor cost, raw material cost, utility costs, etc. Revenues are also known to be sales of an item 

either directly or indirectly by a company or an entity. In this thesis work, the produced energy was 

compared with Oulun Energia for energy prices hence the energy will not be sold, instead consume 

by Triangel itself and the supposed total revenue was estimated. To determine the payback period of 

the project the formula was implemented. 

Payback   = 
Investment cost 

Revenue−cash outflow
      [10] 

From the formula investment cost was divided by profits, which implies that profits = sales (revenue) 

– (cash outflow). Therefore, profits = 57 827. 45 - 11 705 = 46 122.45 € 

Payback period = 
387 712.78 € 

46 122.5 €
 = 8.41 years. 

9.2 Conclusion of cost analysis 

 

The chapter provides a cost breakdown of the Triangel biogas plant yet to be built in Oulu, Finland. 

Financing has always been an essential component and played a crucial role in every business 

endeavors, which is not an exception in Triangel biogas plant. The main cost variables estimated for 

were, investment cost operation and maintenance cost (cash outflow), and revenues. From table 18 

the individual cost units making each category has been listed in order of sequence. The investment 

cost accounted for 387 713 euros, and the cash outflow was estimated around 11 705 euros as a yearly 

expenditure. 

On the other hand, the annual revenue consist of subsidies, sales of end products which amounted to 

57 827 euros annually. To determine the annual profit or loss of the project the revenue earnings are 

deducted from the cash outflow. The supposed profit or loss outcome will further be divided by the 

investment cost to determine the breakeven or payback period of the project. In the course of the 

financial analysis, the project payback period would arrive somewhere 8.4 years’ time. Assuming 

that, the expected life cycle of the biogas plant will be 20 years, this implies that over 11 years will 

contribute freely to the energy demands of the facility. 
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10 SUSTAINABILITY ANALYSIS OF TRIANGEL BIOGAS PLANT 

 

Sustainability plays a crucial role in the world we live in today and until recently catches the attention 

of some segment of a concern individuals and organizations. According to Kuhlman and Farrington, 

(2010), sustainability is defined as “development that meets the needs of the present without 

compromising the ability of future generation to meet their own needs”. It improves the living 

standards of people and nature in a most efficient and friendly ways. As part of the sustainability 

assessment of the RECENT project, impacts related to Triangel biogas plant at the various community 

level needed to be assessed. The evaluation covers three pillars of sustainability mainly such as 

economic, social, and environmental issues. Sustainability assessment of the Triangel biogas plant 

comes with templates which include a radar diagram, that summarize all the impacts in a simplified 

form. The templates for the assessment were created by Niemelä, (2016) during his master's thesis 

work. 

 

10.1 Environmental sustainability  

 

Environmental issues have attracted global recognition over the past decades. The situation in Finland 

is not an exception, in fact, Finland has set stringent environmental mitigations policies in connection 

with the European standards in reducing GHG emissions. One of the strong pillar to overcome the 

situation is by applying a paradigm pattern of energy consumption. Bioenergy technologies in that 

respect, renewable energy have proven reasonably as one of the panaceas of reducing the negative 

environmental consequences (Garfí et al., 2016). It is quite evident that the materials used in biogas 

technologies are mainly of plant origin, which possesses less environmental implications as compared 

to fossil fuel-based facilities. The major unwanted gas constitutes obtained during anaerobic digestion 

process is carbon dioxide. However, this CO2 content helps complete the photosynthesis cycle that 

support plants’ and animals’ growth. In the worst scenario, burning of plant residues could generate 

a significant amount of CO2 emissions. However, when it digested can reduce the emission to the 

minimal level, which is by far better and sustainable than fossil fuels (Garfí et al., 2016). There are 

seemingly numerous positive environmental benefits both at the community and national level for 

implementing a biogas plant. Operating anaerobic digestion at the local level supports afforestation, 

which explains that less interest in exploring firewood for cooking will be eradicated. A mass 

greenhouse gas reduction is attainable with biogas plant put in place (Surendra et al., 2014). 
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10.2 Social sustainability 

 

The implementation of anaerobic digestion plants at community level provides lots of societal uplifts. 

The teaming facts that AD contributes can help achieve the targets in overcoming environmental 

challenges. The biogas production has numerous advantages to localities within which they operate 

including the nation at large. One significant social advantage of running a biogas plant is the massive 

achievement of sanitary and health-related issues (Taleghani & Shabani, 2005). Indoor pollution 

consist of carbon monoxide, formaldehyde, and other pollutants that are generated through cooking 

which are detrimental to human health (Fernandez, 2011). Biogas fuel contains less harmful gases 

when used for cooking as compared to conventional fuel-based plants. Using fossil fuel for energy 

purposes emits toxic gases and possess severe life-threatening diseases to society. Comparatively, the 

emission rate is less seen or noticed when operating anaerobic digestion for energy generation. Biogas 

plants also offer jobs at the community level to the local people. Employment such as the hiring of 

tractors for energy crops cultivation, operators of the plant, contractors, among others is a source of 

social engagement (Garfí et al., 2016). Training sessions will be organized in the community to create 

technological awareness and perhaps deepen the technical competence of these local people. The 

community can also benefit from the excess digestate produced from the process which could be used 

on arable farmlands to improve food production (Massé et al., 2011). The facility also contributes to 

the neutralization of energy consumption in the community. Anaerobic digestion acts as a waste 

management tool for industrial, municipal, and agricultural waste materials. Biogas production also 

highlights its sustainability and credibility importance to the people in those communities. 

10.3 Economic sustainability 

 

The environmental targets aimed by Finland are closely related to the same vision set aside by the 

European Union. These efforts are to ensure that the environment is sustainably managed with the 

operation of efficient technologies. The target has made the system more comfortable to work with, 

in fact, the government of Finland put in place financial incentives to support self-renewable energy 

producers. Therefore, this approach has reduced the economic constraints of securing these renewable 

energy technologies. The government introduced some financial package such as feed-in tariffs and 

green certificates, to supplement the earnings and to improve operations (Pérez et al., 2014). In the 

case of this thesis work, the biogas plant has the capability of producing about 105 371 kWh of 

electricity annually, which could be sold at 0.50 €/kWh. The translation of this in monetary form 

would mean 52 686 €/yr accrued annually. Away from the electricity sales, two useful end products 
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could also be derived as revenue such as heat and digestate. The quantity of digestate production is 

approximately 905 tons per year. 

The customer for this project spends closely to 9 000 €/yr only for provision of fertilizer to be used 

for the farmland. This expenditure can be saved as revenue since the quantity of digestate produced 

could cover the entire needs of the arable farmland. Notwithstanding, according to Plana and Noche 

(2016), the sales per ton of unpacked digestate in Finland is between 5-15 euros. This range of sales 

could represent a significant source of income regardless of the form of package carried out on them. 

From an economic standpoint, it's evident that implementation of the biogas plant will have an 

economic impact to the society. Again, not only does the producer benefit monetarily alone, but the 

community also enjoys directly and indirectly from the project. The biogas plant will be a source of 

employment to the society such as personnel for monitoring and cultivating energy crops for the 

facility (Torquati et al., 2014). The construction phase would require skilled and unskilled personnel 

in putting up the facility. Furthermore, citing of a biogas plant at Kalimeenkylä (travel resort) would 

provide reliable and efficient renewable energy thus reducing GHG emissions at the local, national, 

and EU level. Anaerobic digestion is a decentralized technology which is an excellent economic 

indicator regarding energy transmission. The reason being that cost associated with power 

transmission can be eliminated alongside with energy losses from substations to the end point 

(Demirbas, & Ayhaan, 2009). Putting the insightful thoughts together proves that the implementation 

of an AD plant at the location would be an economically viable approach for both the locals and plant 

owner. 

As part of the RECENT project a radar diagram is an essential requirement to be included in every 

pilot project as far as possible. The purpose of the radar diagram is to compile all the impacts that the 

biogas plant may have either directly or indirectly in those communities. In that effect, this thesis 

work undertook a similar exercise to evaluate the project importance to the community where it 

operates. The radar diagram in figure 30 illustrates the sustainability aspect of the Triangle biogas 

plant. The radar presents and compares the individual benefits to each other in scale ranges. For 

instance, the scale is considered from 2+ (positive impact) to 2- (negative impact). In this thesis work, 

a lot of assessment was made to determine how supportive the biogas plant would contribute to the 

community from an environmental standpoint to energy security level has been demonstrated in 

figure 30. The radar diagram can clearly be understood by reading from the colours and matching 

them to the corresponding numbers. Energy security, for instance, scored 2, CO2 scored 1.5, land-use 

implication had 1, and the reading continues that way.  

The overall impression of the radar diagram creates positive optimism of the Triangel biogas plant 
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impact to the community. However, synergy advantage is also notable in this thesis work where the 

waste products are used to generate energy and reduces CO2 emissions to combat climate change. 

Nonetheless, the project also provides a sustainable waste management solution where economic, 

environmental and social benefits could be realized. Approximately, 58 000 euros revenues are 

estimated annually for the biogas plant. There are jobs promising opportunities for local people. 

Notwithstanding, the project will help in CO2 savings of 87.3tCO2/year, participating in the national 

and EU emission reduction goals. This significant reduction in CO2 emission will reflect positively 

on public health regarding air to waterborne related diseases (Gosens et al., 2013). Projects of this 

nature could easily be used as a benchmark to motivate other communities to implement into similar 

solutions. The concept supports waste treatment and discovers the unused resources potentially at 

those places to enhance their energy security and approach for self-sufficiency. 

 

 

 

 

 

 

  

 

 

 

 

 

Figure 30. A sustainability radar diagram of Triangel pilot biogas plant. 

10.4 Carbon footprint analysis 

 

Biogas has proven time and again as a successful technology in reducing greenhouse gas (GHG) 

emissions in a most cost-efficient and sustainable way (Rehl & Müller, 2013). The CO2 abatement 

has become extremely relevant in power production chain, hence technologies are strictly bound by 

environmental rules/regulations to permit what amount of emissions should be allowed out. 

Nonetheless, biogas plant’s source of GHG emissions is highly linked with digestate storage which 

has certain emissions potentials. According to Visvanathan (2014), 2 months digestate storage is 

likely to emit 10 % of GHG. However, a direct application will delimit the problem. In the course of 



103 

 

this thesis work, efforts have been made to evaluate the quantum of CO2 emissions or savings that 

could be accomplished during the entire operation of the biogas plant. The CO2 nominal factor varies 

per country and according to Oulun Energia, the CO2 conversion factor in Finland was 270g of CO2 

per kWh of electricity production (Oulun Energia, 2018). The CO2 coefficient of heat production per 

gCO2/kWh was estimated to be 227 as at 2017. Table 19 shows a complete calculation of heat and 

electricity production from Triangel biogas plant.  

Table 19. Representation of CO2 emission savings calculation for Triangel biogas plant 

Components Energy Qty 

(kWh/year) 

CO2  

conversion factors 

Qty of gCO2 

eq/kWh 

tCO2 

eq/kWh 

savings 

Electricity 

(kWh/year) 

 

 

105 371 

 

270 

 

39 830 130 

 

39.83 

Heat  (kWh/year) 

 

274 164 227 47 452 080 47.45 

Total CO2 saving per annual 87.28 

According to Oulun Energia, renewable energy are considered as emission-neutral technologies that 

contribute little or no impacts environmentally during its energy generation. Moreover, the CO2 

saving potential of this biogas plant was simply calculated by multiplying the total annual energy 

production with the respective CO2 conversion factors. This brings to a conclusion that, the biogas 

plant could save somewhere 87.3 tons of CO2 annually. The result implies that using renewable 

energy sources for energy production helps cut down greenhouse gas emission as compared to fossil 

fuel plants. 

 

A short summary of chapter ten. 

The Triangel resort’s entire vision is to plan the retreat center in an innovative and a friendly manner. 

The primary objective will be to promote a sustainable rural tourism experience through carbon-

neutral energy technology. The state of ensuring complete silence, maintaining the landscape, 

provision for low carbon, non-invasive, and non-polluting technologies for energy needs premise on 

the goals of sustainable rural tourism. The act of making the right decisions and best practices will 

not only affect the lives of today’s world but will go a long way to the benefit the future generation. 

The concept of sustainability was conceived during the planning stages of the Triangel biogas plant. 

This chapter was mainly established to investigate the sustainability impacts of the project on the 

community people. Three key pillars consist of social, economic, and environmental sustainability 

were probe to ascertain their relevance. The outcome of the survey indicates positive impacts at all 

level of the sustainability evaluation, which quantifies the importance of the biogas project.   
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11 SUMMARY 

 

In summary, all the results related to this thesis work will be discussed in details. The chapter outlined 

a breakdown of all the calculations and decisions that took place in the course of the project with their 

respective impacts. The major highlights of the project includes biogas production and it capacity, 

digester sizing, anaerobic treatment methods, feedstock properties and it availability, cost, and 

potential CO2 savings. 

Triangel resort is located in the suburb of Oulu region, Finland and this thesis work was implemented 

to primarily plan the energy needs of the Triangel resort’s cottages. The thesis work was part of the 

Renewable Community Empowerment in Northern Territories (RECENT) project, which aim at 

promoting energy self-sufficiency in rural communities by adapting to sustainable energy production 

methods.  

The world offers a wide range of opportunities to humanity including resources and life, therefore it 

is our responsibility to protect it from all manner of adverse impacts. The increasing population and 

demand for infrastructure, electronics, social amenities, energy, etc have placed a substantial 

environmental burden on the planet. The decisions, actions, and inactions we make today will have a 

lasting environmental consequence to the future generation. Ideally, considering the well-being of the 

environment is equally paramount hence requires a collective responsibility from all and sundry. 

From an environmental standpoint, climate change came into existence through anthropogenic 

activities and will continue to cause harm environmentally if nothing is done about the situation 

immediately. For this and many of the environmental problems has connected the concept of this 

thesis to find the best ways of generating energy with less environmental impacts. The idea of the 

thesis is to utilize locally abundant carbon-neutral materials at the pilot community to provide the 

energy need of the cottages. 

Anaerobic digestion (AD) is a renewable energy technology that is primarily used for energy 

production. The technology in recent times has expanded significantly across the globe and widely 

used in most European countries including Finland. Anaerobic digestion is used for treating organic 

residues and some dedicated digestible biomass since remained a climate intervention technology. 

The technology has a lot of environmental benefits such as reduction of greenhouse gas (GHG), waste 

management, odor reduction, and as well as cleaner energy. Based on the materials availability and 

the environmental benefits have also influenced the decision to use AD technology to co-digest food 

waste, energy crops, and cow slurry for the energy needs of the cottages.  
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Anaerobic digestion consists of different treatment methods depending on the amount of moisture 

content present in the feedstock. In the case of this thesis work, wet AD system, and dry digestion 

system were reviewed and compared based on the total solids (TS), feedstock characteristics, water 

usage, and retention time. Wet AD system could be understood as a low dry matter of the input 

materials at a range between 2 to 12 % of TS. The dry anaerobic digestion system, on the other hand, 

contains high amount of solids to approximately 15 % of TS or more. After the feedstocks’ evaluation, 

the results show 16.7 % of total solids, which implies that the dry AD system was the most suitable 

treatment method for the feedstocks. Majority of the biogas plants in Finland uses wet AD system, 

and the benefits are that the feedstock can easily be mixed mechanically and delivered to the reactors 

by pumping due to high moisture concentration. The setback with the wet AD system is that low 

biogas yield is generated. The dry AD system, on the other hand, has higher biogas production per 

the reactor volume, which also requires less energy for feedstock processing. It is important to select 

the right treatment method for the feedstock in order to improve the optimum biogas generation. 

Choosing the right treatment method would help avoid technical challenges related to the operations 

and eventually reduces cost of maintenance. 

The primary objective of the thesis was to size and plan the energy needs of the Triangel cottages and 

the hotel complex as far as possible. The energy need of the Triangel cottages consists of two baseline 

scenarios, 50 % and 100 % occupancy of the customers. The 50 % occupancy basically means that 

the cottages will be operating a year round but with only 50 % occupancy, in this case, energy 

provision was planned based on that assumption. On the other hand, the 100 % occupancy could be 

understood as, a continuous operation of the cottages throughout the year with a constant heat supply. 

The results of heat demand at 50 % and 100 % occupancy are estimated to be 89 MWh/a, and 179 

MWh/a respectively.  The total electricity need of the cottages was considered for the entire year in 

order to provide the source of electrical power to the refrigerators and other equipment. The yearly 

electricity consumption of the cottages was estimated to be around 36 MWh/a. 

Additionally, the cottages also require about 1 200 kWh/a of heat to keep the average indoor 

temperature at 18 oC throughout the year.  From the biogas production, the total energy generated 

was estimated at 380 MWh/a. The CHP unit has an overall efficiency of 90 % with a maximum heat 

generation of 65 % and 35% of electricity but in this thesis work 65 % and 25% were used. Depending 

on the energy need, the CHP unit can be varied to suit a particular outcome. However, the production 

capacity of the biogas plant indicates that the Triangel cottages energy need will be covered entirely 

by the CHP unit.  
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Another essential aspect of the AD technology that was critically investigated was the operating 

reactor temperatures. Temperatures play an instrumental role in biogas generation and ought to be 

taken into account during the planning stages. Thermophilic and mesophilic are the most widely 

explored temperatures in recent anaerobic digestion activities. They are mainly influenced by climate 

conditions and tend to do well at specific ambient temperature zones. Mesophilic operates between 

the ranged of 35 ℃ to 40 ℃ while thermophilic temperature ranges from 45 ℃ to 55 ℃. During the 

assessment, it was observed that mesophilic could withstand long winter seasons like in Finland. The 

reason for chosen mesophilic is due to its ability to resist process disturbance such as solidification 

of digestible material in the reactors. Also, mesophilic required low energy to heat up the reactors 

under extremely cold weather conditions. The operating temperature of the reactors for this thesis 

was taken to be 38 degrees celsius.  

The next critical component is feedstocks, which includes properties and their availability was also 

reviewed. This was an interesting part of the analysis since feedstock was the primary source of input 

to the biogas plant. When analyzing the feedstock availability, it was observed that cow slurry was 

unavailable for four months period, this instability of the cow slurry was anticipated to cause technical 

challenges to the biogas plant operations. The sudden change of feedstock does not support optimum 

biogas yield of the plant hence should be avoided if possible. Notwithstanding, the biogas plant was 

planned to be put into a full-load capacity which a needs a stable supply of raw materials to produce 

the needed energy in a smooth manner. The incident prompted for a feedstock scheduling which was 

done to normalize and provide a steady inflow of raw material to the reactors to ensure a continuous 

operation of the plant. 

The quantity of the feedstock was estimated to be somewhere 3 800 m3 annually and the volume of 

the reactors was sized based on the feedstock quantity. The primary reactor volume was evaluated at 

347 m3 with a post-digestion storage capacity of 353 m3. The gas storage was estimated one-fifth of 

the entire reactor volume to store the initial gas before refinery. The gas will be stored at the top of a 

precinct or a covered digester volume, since it’s a farm scale type and does not a need a separate 

storage chamber. A batch reactor design with a continuous feed system was recommended for the 

biogas plant. Three reactors were proposed for the design model with a retention time of 28 days. 

Which could be understood that, each of the reactors will be fed after every 28 days unless there is a 

peak demand which would require two or more at a time. Two online energy tools were used with a 

formulae calculation to model the energy potentials of the feedstock for the Triangel biogas plant. A 

Canadian energy plan tool called RETScreen software was used to analyze the energy and cost 

viability of the biogas plant. Also, an online free version biogas calculator and a formulae calculation 
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were used as well to determine the energy possibility of the project. The outcome of the three energy 

plan tools indicates a minimal difference of the results which was insignificant, hence the formulae 

calculation method was adopted for the thesis work. 

Furthermore, another valuable end product that will be useful to the Triangel resort was the digestate. 

The quantity of the digestate was calculated to be averagely 905 tons annually. The digestate will be 

used on the farmland as a biofertilizer to cultivate energy crops for the biogas plant. The advantages 

of using digestate are that they have good nutrient for plant growth and reduces emission as compared 

to chemical fertilizer. It also helps the plant owner to save money since digestate used will replace 

the cost of buying fertilizer for the farm application. The investment cost of the entire biogas plant 

was estimated to about 387 713 euros. The payback period of the biogas plant base on the cost savings 

indicates 8.4 years, which is equally good considering the project life-cycle of 20 years. The estimated 

potential of CO2 savings annually is 87.3 tons and a total of 1 746 tons for 20 year of the plant life 

cycle. This estimated CO2 savings will help reduce greenhouse gas emission and also contribute to 

Finland’s environmental climate targets. Sizing of the anaerobic digester comprise of many factors 

which are summarized and compiled in table 20. Full information of the indicated results can further 

be seen at the appropriate chapters for details. 

Table 20. A summary of some selected results for the Triangel biogas plant. 

Key components Results Units 

Biomass for biogas plant: Energy crops, food waste, and cow slurry 

Total feedstock tons 1010 tons/year 

Feedstock volume 3 766 m3 

Digester volume 347 m3 

Post-digestion storage 353 m3 

Dry matter content or total solids (TS) 16.7 % 

Biogas quantity  63 490 m3/yr 

Methane content  38 094 m3/yr 

CHP capacity 22.7 kWe 

Electricity generation 105 371 kWh/yr 

Heat generation 

Cottages heat demand (50 % occupancy) 

Cottage heat demand (100 % occupancy) 

Cottage electricity need 

274 164 

89 494 

178 988 

35 700 

kWh/yr 

kWh/yr 

kWh/yr 

kWh/yr 
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Capex 387 713 € 

Opex 11 705 €/yr 

Total revenue  57 827.45 €/yr 

Payback period 8.4 yrs 

Annual CO2 savings potentials 87.3 tons 
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12 CONCLUSIONS AND RECOMMENDATION 

 

This thesis work investigated the possibility of sizing a biogas plant to co-digest energy crops with 

other dedicated agriculture biomass using anaerobic digestion at the given pilot location. As part of a 

concerted effort to promote energy independencies at rural levels through abundant local resources, 

renewable energy sources are implemented to achieve the energy needs. Distributed energy systems 

are implemented to support communities that have enough natural resources yet are faced with severe 

energy challenges due to long distances and infrastructure problems. Bridging the gap between energy 

demand and losses through transmission is no longer a bottleneck to the energy needs of sparsely 

populated areas. To find an innovative approach to meet the energy demand of Triangel resort, waste 

which usually is considered as unwanted material was found to contain high valuable energy content 

that will be converted into a useful end product to support the facility needs. Establishing a biogas 

plant to utilize biomass has championed the course of renewable energy awareness which has several 

environmental advantages worldwide in regards to CO2 saving.  

 

This thesis work evaluated the energy potential of co-digesting cow slurry, energy crops, and food 

waste for biogas production. The individual substrates were analyzed under mesophilic condition to 

determine the methane values. At the end of the estimations, the results show a high energy output. 

From the energy consumption estimated for the Triangel cottages, it was deduced that the energy 

need is expected to be fully covered by the biogas plant, and some cases a little less due to the 

occupancy rate of the cottages. However, the expected surplus will be used to supplement the hotel 

building, swimming pool or cow house as far as possible.  

 

The profitability assessment of the biogas plant to some extent was incomprehensive and perhaps did 

not favor the cost estimations. The contacted companies were unwilling to provide cost information 

related to the products due to competitive risk. Therefore, most of the cost variables used in this thesis 

work are based on literature estimates and assumptions. Nonetheless, these factors above were 

inconsequential and did not in any case invalidate the financial predictions of the project regardless 

of the constraints. Finland fully supports biogas production hence feed-in-tariffs subsidies are 

expected to be granted for the biogas project. The source of the feedstock is also within the premises 

of the biogas facility and there will be avoided cost of transport. All these anticipated financial 

advantages will support the investment cost of the project. The payback period of the biogas plant 

was estimated to be approximately 8.4 years which support a good course of investment. This relative 

short payback period of the biogas plant, indicates a financial benefits in relation to the energy supply 

of the biogas plant. 
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As part of this thesis work, sustainability was a core component and as a result, three critical pillars 

of sustainability assessment were evaluated. This segment was crucial because the project values have 

to reflect the well-being of the people in and around the community of execution. The evaluation was 

done for social, economic, and environmental factors. There are variety of benefits associated with 

the sustainability assessment to the community people and beyond. From a social point of view, the 

biogas plant will create jobs during and after the plant implementation. Also, social assessment brings 

about inclusiveness of the community people that will facilitate cohesion between the biogas plant 

investor(s). There will also be knowledge sharing with the community people during the initial stages 

of the project discussion through workshops. From an economic standpoint, the biogas plant will 

create jobs that translate to wealth; therefore, people that will be engaged into the project will generate 

income.  

From the survey carried out during this thesis work, it can be inferred that implementing anaerobic 

digestion plant for the pilot location proves economically, and technically feasible. All the indicators 

related to the project from feedstock potential, biogas yield, energy output, CO2 reduction, and 

sustainability aspect are highly favorable. 

However, during the research, a series of different opinions were raised about co-digestion of cow 

slurry with energy crops. The opinions seem divided and point to different direction of co-digesting 

cow slurry with energy crops might not be the most efficient way in AD process to achieve sufficient 

biogas yield. This thesis work also recommends that future research can be conducted separately in 

these two raw materials to determine the best possible way to generate biogas. 

1. Mono-digestion of the individual materials to determine the methane potentials of each. 

2. Co-digestion of the two materials and comparing their results with point 1 to establish which 

method is the most suitable for energy generation. 

 

The energy need of Triangel resort was carried out in two different phases; anaerobic digestion for 

the cottages estimated by this thesis work and a solar PV system for the hotel complex which was 

sized by Alec Svoboda as part of his master’s thesis. At the end of both thesis work, it was observed 

that the energy generation for each of the technologies was either underproduction or overproduction 

to the energy needs of the facilities. As a result of this energy disparity between the two thesis work, 

it is therefore, recommended that future work should be done to determine the overall energy need of 

the Triangel resort which consists of summer cottages and a hotel complex.  

This thesis work makes the following recommendation; 
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1. Further research work should be conducted to optimize the two thesis work together, thus 

combining the energy sources to fill or balance the energy gap between both facilities. In 

addition, the cost and energy losses related to transmission should be examined. 

 

2. The research work should also present a pragmatic option to deal with the excess generations 

if available, and show how and where they should be utilized or if possible regulated. 
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APPENDICES 

RETScreen was part of the energy calculation tools used for analyzing the energy content of the 

various feedstock. It was used mainly to determine the energy potentials, CO2 savings, and financial 

viability of the project. The results of the RETScreen was compared and contrasted with manual 

calculation and online biogas tool to ascertain the general relevance of the outcome. Even though 

RETScreen was not primarily used for the project. However, the similarities between the RETScreen 

results and other calculation methods, further proved the reliability of the final biogas calculation. 

The RETScreen mainly captures some critical areas such as the energy potential of the feedstock, 

cost finances, and CO2 saving potential exhibited in the sequence figures. 

      Appendix 1 (1/3) 

Appendix 1. A RETScreen energy and financial assessment of food waste, energy crops, and cow 

slurry for biogas production. 

 

 

 



129 

 

      Appendix 1 (2/3) 

 

 

 



130 

 

Appendix 1 (3/3) 

 

 


	TIIVISTELMÄ
	1 INTRODUCTION
	1.1 Description of RECENT project
	1.2 Objectives of the thesis
	1.3 Research questions.
	1.4 Thesis structure

	THEORETICAL PART
	2  SUSTAINABLE TRAVEL RESORT
	2.1 Sustainable energy production
	2.2 Renewable energies contribution in Finland
	2.3 Local energy resources in Northern Ostrobothnia

	3 BIOGAS PRODUCTION
	3.1 The biological process of anaerobic digestion
	3.1.1 Hydrolysis
	3.1.2 Acidogenesis
	3.1.3 Acetogenesis
	3.1.4 Methanogenesis

	3.2 Environmental factors affecting anaerobic digestion.
	3.3 Key components of anaerobic digestion
	3.4 Anaerobic process technology (dry & wet systems)
	3.4.1 Methane production potential
	3.4.2 Biogas properties

	3.5 Biogas storage
	3.6 Utilization of biogas
	3.7 Biogas upgrading technology
	3.7.1 Comparison of biogas upgrading technologies
	3.7.2 Combined heat and power (CHP) plant

	3.8 Digestate production
	3.8.1 Digestate storage
	3.8.2 Utilization of digestate


	4 ENERGY POLICY FOR BIOENERGY IN FINLAND
	4.1  Financial support systems and feed-in tariffs for energy generation
	4.2 Environmental permit for biogas plants in Finland
	4.2.1 Environmental Act
	4.2.2 The Waste Act
	4.2.3 Environmental laws on neighborhood
	4.2.4 Environmental impact assessment


	EXPERIMENTAL PART
	5 DESCRIPTION OF PILOT COMMUNITY
	5.1 Location and existing situation
	5.2 Triangel travel resort planning
	5.3 Energy demand of Triangel cottages
	5.3.1 Energy demand for water heating
	5.3.2 Electricity demand of the cottages


	6 DESIGN CHALLENGES FOR TRIANGEL BIOGAS PLANT
	6.1 Indoor and outdoor reactor design
	6.2 Usability and rationality
	6.3 Feedstock variation

	7 . BIOMASS RESOURCES AT TRIANGEL RESORT
	7.1 Types and seasonality of feedstock
	7.2 Plant residues
	7.3 Energy crops as biomass for biogas production
	7.3.1 Reed canary grass
	7.3.2 Timothy grass

	7.4 Pretreatment of feedstock
	7.5 Energy potential of feedstocks
	7.6 The use of RETScreen energy modeling software for Triangel biogas plant

	8 SIZING OF BIOGAS REACTORS
	8.1.1 Feedstock composition
	8.1.2 Selection of a digester
	8.2 Feedstock scheduling in a biogas plant
	8.3 Heat and electricity generation from biogas production
	8.4 Heat demand of the digester
	8.5 Process reactor design
	8.6 Comparison of Triangel energy distribution
	8.7 Chapter eight summary

	9 COST ANALYSIS
	9.1 Cost variables
	9.2 Conclusion of cost analysis

	10 SUSTAINABILITY ANALYSIS OF TRIANGEL BIOGAS PLANT
	10.1 Environmental sustainability
	10.2 Social sustainability
	10.3 Economic sustainability
	10.4 Carbon footprint analysis

	11 SUMMARY
	12 CONCLUSIONS AND RECOMMENDATION
	13 REFERENCES
	APPENDICES

