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1 INTRODUCTION 

 

1.1 Background of the study 

 

In 2017, the global population was 7 billion and it has been estimated to increase around 9 

billion by 2050, which will increase food demand by 70%. In addition, it will lead to increase 

environmental pressures and use of other raw materials (European Commission. February 

2012). In addition, climate change is the most challenging issues in the world. A policy 

towards bio-economy and the use of renewable resources is one of the solution. For this reason, 

European Commission (EC) implemented Bioeconomy Strategy and Action Plan “Innovating 

for Sustainable Growth: A Bioeconomy for Europe” in 2012. To achieve the goal, the 

European Union (EU) has changed its policy towards renewable sources, which was in the 

directive of (EU) 2015/1513. This directive was adopted from EU Renewable Energy 

Directive (RED) (2009/28/EC) and Fuel Quality Directive (FQD) (98/70/EC). The directive 

specifies that biofuels produced from feedstock’s listed in Annex IX, which includes tall oil, 

should be considered twice for its energy content (EUR-lex. November 2016; EUR-lex. 

September 2015).  

 

The oil derived as a by-product from Kraft pulping process of pine tree is known as Crude tall 

oil (CTO) (Alen Raimo, 2011). Currently, the main demand driver for CTO is the EU 2020 

target of supplying 20% of energy and 10% of transportation fuels from renewable sources. 

The EU member states provide state aid schemes and tax reliefs to promote CTO as a resource 

for biofuels. Some forest industries have seen it as an opportunity and started to produce 

renewable diesel, especially in Finland and Sweden. They are supplying 26% and 17% of the 

world supply, respectively.  CTO is used in products that are equivalent and compete with oil-

derived products in the market. In Europe, CTO has a floor price equivalent to the price of 

heavy fuel oil (Klitkou et al., 2015 ; Fraunhofer UNSICHT, May 2016; Bioeconomy 2016).  

 

Also, Finland has followed the EU and adopted the Finnish Bioeconomy strategy in 2014. 

Finland has set 2020 target to 38% share of energy from renewable sources in gross final 

consumption of energy. The Helsinki Region Transport (HSL) targets to cut carbon di oxide 

(CO2) emissions by 90% by 2025 and advanced biofuel seems as a solution (Ministry of 

Agriculture and Forestry. May 2018). Barua and Bonliha (2013) also mentioned that forest-

based biomass could be an option for substituting fossil fuel in energy production. Klitkoe et 
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al., 2015 also suggested that advanced wood-based biofuels are technologically well integrated 

with the existing fossil fuel regime. In Finland, there are approximately 2 million cars and 

almost four million (4 000 000) tons of traffic fuels is being used each year. Presently, the 

production capacity of domestic advanced biofuels is 500 000 tons a year, which is more than 

10 per cent of the total used traffic fuel. Out of these 500 000 tons, CTO based biodiesel is 

producing 100 000 tons a year. (Klitkou et al., 2015; Fraunhofer UNSICHT, May 2016; 

Bioeconomy 2016).  

 

A forestry company started to produce CTO based biodiesel in 2015 at Eastern Finland. This 

biodiesel got double carbon benefit, tax relief and subsidy from state. More companies are 

interested to invest in CTO based biodiesel. However, for the past 80 years, Pine Chemical 

Industries have been using this CTO for a wide range of high value added products without 

double carbon benefit (Klitkou et al., 2015; Bioeconomy 2016). Currently, Finland is using 

almost double CTO than it produces and import of CTO has increased in recent years 

(Fraunhofer UNSICHT, May 2016). This subsidy has influenced the demand; affect the whole 

market dynamics and value network, which can increase the price of timber, timber products 

and timber processing side-products (Klitkou et al., 2015).  

 

1.2 Aim, scope and Research Questions 

 

This research will access the competitiveness of CTO business between Chemical and Biofuel 

Company. Specifically, it will estimate the policy impact on the market dynamics and value 

network. Additionally, this study forecast optimal end use market and the role of tall oil in the 

future of Finnish Bio-Economy. 

 

Theoretical framework of this study is based on literature about market dynamics, value 

theory, tall oil production process and bio-economy.  Empirical study based on newspapers, 

research articles and interviews from different stakeholders. Several significant researches has 

been done earlier. One of the important research was, “Crude Tall oil Low risk assessment” 

by Ecofys and  another study was, “EU CTO-added value study” by  Fraunhofer.  There are 

no research entirely based on Finland which is the scope of this study.  

 

This study consist one main research question and two sub-questions.  
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Main Research Question:  

▪ What kind of market dynamics and value networks exist in Finnish tall oil market?  

Sub-Questions:  

▪ What is the current impact of climate policy on tall oil?  

▪ What is the optimal end use market for tall oil in the future Finnish Bio-economy? 

 

1.3 Outline of the Research 

 

This study consists of four parts and determine by qualitative analysis.  

A. Background theoretical study about market dynamics, value theory, bio-economy and 

tall oil production process, 

B. Research methods include primary data collection by a questionnaire and secondary 

data collected from previous research materials, news, industries and the EU 

websites,  

C. Data processing,  analyzing and 

D. Result and conclusion. 

 

Primary research data has been collected from five stakeholders, including representatives of    

two pine chemical companies, a biofuel company, a forest company, a consulting farm and 

research organization. Interview conducted by open-ended questionnaire and time was 

minimum 30 minutes.   

 

There will be six chapter in this study. First chapter consists about background information, 

aim, scope and research questions. Besides this, this chapter will give brief description about 

how the research has been conducted.  

 

Second chapter briefly describes about Crude Tall oil (CTO).  It encompasses proportion of 

tall oil in trees; describe pulping process where CTO recovered from black liquor. In addition, 

this chapter include the main uses of CTO based derivatives.  
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Third chapter describe about background theoretical study on value theory that include 

Porter’s cluster theory, value network and business ecosystem. In addition, it explain market 

dynamics. The EU and Finnish Bioeconomy strategies have been also reviewed in this chapter. 

 

Fourth chapter explain research methodology. This chapter explain qualitative research 

approach, description of research design, interview questions approach, and data analysis 

methods. In addition, it also specify how to ensure validity and reliability of this research.  

 

Fifth chapter estimate the results in three parts. First part access the details of tall oil market 

analysis based on market dynamics and value chain networks. It explains the productions, 

sources, users, prices, future investments and future strategies. Second part review Renewable 

Energy Directive (RED), amendment directive (EU) 2015/1513 and tall oil position on those 

directives. Third part focus on the data analysis from the interviews of five stakeholders. It 

explain and narrate the answers of asked questionnaires. This chapter also include 

interpretation of the data and calculation outcome. 

 

Sixth chapter interpreted the result, explain outcome of research finding on main research 

question and two sub-questions. In addition, it will explain about research limitation and 

further research possibilities.  
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2 BACKGROUND OF CRUDE TALL OIL  

 

Crude tall oil (CTO) and turpentine products came into the market 100 years ago. After lignin 

and hemicellulose, tall oil is the third largest chemical by product from softwood Kraft pulping 

process. It is a complex mixture of tall oil fatty acids (TOFA), Tall oil Rosin (TOR), Tall Oil 

Pitch (TOP), Distilled tall oil (DTO), volatile matters and also some light end chemicals 

(Christopher, L. 2013 and Fraunhofer UNSICHT, May 2016). Among these, TOR is the most 

valuable, which comprises 22%, TOFA is 35%, TOP is 27 %, by-products is 14 % and 

volatiles matters are 2% in CTO fractions (Figure 1). However, distilled tall oil (DTO) is 

produced from TOFA and TOR in integrated biorefinery production process 

(FORCHEM.2013). 

 

 

                

 

  

 

 

 

Figure 1: CTO fraction percentage (FORCHEM.2013) 

 

CTO quality is not same always. It is mill and raw material specific. Pine and spruce is the 

main raw material. However, tall oil from pine is the best quality followed by spruce. It is also 

possible to get tall oil from hard tree (birch), but it is not the best quality. However, it is not 

possible to get CTO from eucalyptus tree pulp (FORCHEM.2013). According to Franklin 

Association, pine chemical carbon footprint is about 50 percent less than those of the most 

likely mix of substitutes, such as hydrocarbon resins and heavy fuel oil (Amanda, P. February. 

2014). TOFA and DTO have lower carbon footprint and generate minimal volumes of 

greenhouse gas compared to alternative materials such as soybeans oil. Where soybeans oil 

can cause emission of 100%, TOFA and DTO product emits only 8%, which means 92% 

lower emission. Where gum rosin can cause emission of 100%, TOR product emits only 6.6%, 

which is about 93% lower emission (FORCHEM.2013).  
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2.1 Source of CTO  

   

Pine means “mänty” in Finnish. So, tall oil is called “mäntyöljyä” as pine tree is the main 

source (Alen Raimo, 2011). Before describing details process of CTO, it is important to depict 

the composition of wood and its biomass. There are four major components of wood biomass. 

Cellulose is almost half and used for pulp making. Hemi-cellulose lignin and extractives are 

10-25%, 20-30% and 1-5% respectively. Tall oil is derived from extractives (Figure 2). 

 

Figure 2: Four major components of wood, (Modified from Christopher L. 2013). 

 

These components are not present in the same amount in all parts of the tree. Among these, 

extractives are responsible for color, odour, taste, decay resistance, insect protection to wood.  

It is toxic to fungi, bacteria and termites. There are different types of wood such as softwood 

and hard wood. The quantities and composition of extractives depend on wood species, its 

genera and family. Extractives are generally more abundant in heartwood then in sapwood. As 

for example, Scots pine has more extractives than Norway spruce or Silver birch. Scots pine 

has 2.5-4.5%, Norway spruce has 1-2% and Silver birch has 1-3.5% of extractives (Alen 

Raimo, 2011; Christopher L. 2013).  
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2.2 Production process of CTO 

 

CTO is a versatile, valuable and renewable substance. The Kraft pulping process consists of 

three steps.   

 

Figure 3: Pulp process-At a glance (Varkaus Mill) 

Firstly, fibre and lignin are separated with the help of sodium hydroxide (NaOH). Fibre is 

called pulp, which goes into further processing steps and is used to make paper. The rest is 

cooking liquor or black liquor. Secondly, liquor is feed with soap to separate glossy brown tall 

oil, also known as crude sulphate soap (CSS). This is then skimmed off from the top of spent 

black liquor and acidified with sulphuric acid to get CTO. This can be distilled into valuable 

components by further processing to make chemicals or hydrogenated to make diesel. Thirdly, 

after taking tall oil, the rest of the dam water goes back to weak liquor tank and continue 

through different processes (Figure 3). (Interview from Varkaus Paper Mill Area Manager, 

2017). Output of 2 tons of wood chips in Kraft pulping process is 1 tons of pulp, 1200 kg of 

black liquor and 30-50 kg of CTO in this process (Figure 4). 

 

Figure 4: Output of 2 tons of wood chips in forest industry in Kraft pulping process (Forchem) 

Fibre 

•First- separate fibre and lignin with NaOH .

•This fibre is called pulp (massa or sellu) which use for paper making

Tall oil

•Second- Glossy brown tall oil separate from Black liquor/cooking liquor.

•In this stage, to get tall oil, black liquor needed to feed with soap which help to separated tall oil 
from weak and intermittent tank top surface.

Dam water 
back 

•Third-After taking the tall oil, rest of the soft soap which called 'ema vesi' or dam water , goes 
back to weak liquor tank and continue through different process.
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2.3 CTO applications and comparisons of the two main product  

 

There are three different possibilities of products from CTO. Pulp mill can use CTO as process 

fuel in lime kiln for energy use. It is not popular as it is not consider as easy process. It is 

possible to make biodiesels. In this process, there are also other products such as tall oil pitch 

and naphtha. The traditional way to use CTO is as chemical. The fractions from CTO are 

TOFA, TOR, TOP, tall oil head and extraction. These are used in different applications such 

as fuel additives, adhesive, rubber, printing ink etc. As example, silvaroad is road asphalt 

which possible to reused and recycled.  It is used for road marking, where it acts as a binder 

component and reflects light. Thus, it ensures road safety. It is water-proof, durable and 

sustainable (Figure 5) (Kraton, May 2018).  

 

 

Figure 5: Fractions of CTO in different process and its application (Fraunhofer UNSICHT, 

May 2016 and Kraton 2018)   

 

To narrow down, this study explain two main scenarios from CTO derivatives with a 

difference.   
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Table 1: Differences in CTO derivatives (Fraunhofer UNSICHT, May 2016) 

 

 Bio chemicals from CTO Biodiesel From CTO 

Final product Different Biochemical product will get in 

each step of extraction process. And the left 

over is use for energy. 

Only one main product-biodiesel and by 

product pitch 

Production 

process 

Dehydration and fractional distillation Hydrotreatment where need to form 28 C-

chain, which is costly and challenging 

production process 

Replacement 

of product 

DTO, TOFA, DTO replace hydrocarbon 

resins, vegetable oils, and petroleum 

sulfonates and  TOP replaces heavy oil  

Biodiesel replace fossil diesel and TOP replace 

heavy oil respectively. 

Production 

phase 

electricity and heat needed for production In addition to electricity and heat, there is 

needed hydrogen for hydro processing in 

production phase. 

At the end of 

life cycle-

Waste 

management 

Some waste can be incinerated, some may be 

disposed as landfill, and a large amount may 

end up in the environment during the use 

stage. 

Life cycle of bio-diesel is shorter compared to 

Bio-chemical and bio-diesel assumed to end up 

as in nature fastly. 

GHG 

emission 

with the use 

if 1 tonne of 

CTO, 

CO2 

The total amount of emissions is 940 kg CO2 

eq./t CTO. And The net balance results in an 

amount of saved greenhouse gas emissions of 

2256 kg CO2 eq./t CTO. 1.3 times less 

emission.  

The total amount of emissions is 1218 kg CO2 

eq./t CTO. And The net balance gives an 

amount of saved greenhouse gas emissions of 

2118 kg CO2 eq./t CTO. 

 Life time Bio-Chemical has longer lifetime before they 

end up in the environment which means they 

can absorb carbon long time period 

 Bio-diesel has shorter lifetime before they end 

up in the environment compared to bio-

chemical, which means they can absorb carbon 

for a short period. 

Job impact Create downstream job, generating 20 times 

more job then biofuel. Total 9900 jobs from 

upstream in chemical industry assumed and 

5,132 jobs generated from downstream 

industry. 

Not making any addition to downstream jobs. 

Generate only100 direct, 300 indirect and 2400 

induced job. Here chain terminates with the 

production of renewable diesel. 

Total 

Economic 

Added Value 

(EAV) 

Total added value 4 times compare to bio-

diesel. EAV from pine chemicals are 1800 

million euro based on business to business 

limit and downstream value chain of two 

steps. 

4 times less then biochemical. EAV from pine 

renewable diesel are 300 million euro based on 

the 100 % diversion of the feedstock into 

biofuel production. 
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3 THEORETICAL BACKGROUND 

 

The theoretical background is divided into three parts. The first part explores the concept of 

tall oil business based on cluster theory, value network and business ecosystem. The second 

part deal with market dynamics. The third part explain about bioeconomy. In addition, this 

study implemented the effects of changing value network on business ecosystem (Figure 6).  

Figure 6: Theoretical framework of the study 

For establishing sustainable business ecosystem management, integrated system is mandatory 

which is developing since 110 years in Finland. Integrated pulp and paper industry and linkage 

between different actors are becoming more and more popular for industrial symbiosis. This 

means exchange of energy, water, by-product and waste in the integrated system (Pakarinen 

et al., 2010). As for example, Stora Enso Varkaus mill. 

 

3.1 Value theory 

 

3.1.1 Porter’s Cluster theory and Forest cluster of Finland 

 

Michael Porter’s theory on “National Competitive advantages” claim that cluster is a 

geographical concentration of interconnected companies and institution in a certain field.  

Every nation has their own competitiveness and they gain advantage against the world’s best 

competitors because of pressures and challenges. (Kotler & Kotler, 2009). There are four main 

attributes such as factor condition, demand condition, form strategy, structure & rivalry, 

related & supporting industries and two other attributes such as chance & the role of 

Government. These attributes are the key determinants of national competitive advantage. The 

role of government in Porter’s theory is effective bridge between theory and practice. 

According to Michael E. Porter, Government is the influencer of National "diamond” and 

Market Dynamics

ValueTheory-
cluster, value 

network, business 
ecosystem

Bioeconomy-
sustainable 

business

Effects of changing 
value network on 

business ecosystem
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influences the other four determinants positively or negatively. Factor condition are affected 

through different government activities such as subsidies, policies toward the capital market 

etc. (Kotler & Kotler, 2009). 

 

Timo Poranen, The Managing Director of Finnish Forest Industries Federation commented 

that, “ Finland-A centre of excellence within the global forest cluster and it can be act as a 

silicon valley for forest cluster technology” . Professor Mikko Kara agreed with Poranen view 

that Finland is become a pioneer in the energy and forest clusters. Finnish forest cluster is 

strong sector for Finnish bioeconomy because of its competence of the forestry and wood 

processing industry. The main objective is the well-being of citizen (Seppälä, R. 2001).  

 

The strength of Finnish cluster is its diversified product range and know-how. Also, various 

network of experts and stakeholders around the forest industry’s like machineries, chemical 

industries, different services etc. The success behind these is the research, development and 

demonstration of efficient environmental friendly technology and long working experience of 

Finnish universities and industrial companies (Marttila, 2003). To act as a Silicon Valley for 

forest cluster technology, it is needed to have close cooperation and collaboration between 

different stakeholders. Government plays an important role in case of taxation and 

infrastructure. The main part of Finnish Forest Cluster includes input and related side 

organization, output and customers. Input and related side organizations consists of four 

different sector. Special input from contributors such as timber harvesting system for getting 

the timber, chemical and pigment company for acquire chemical for the process of the timber 

to pulp etc. Forest industries also need input from machineries to produce the product.  

Immediate and ancillary services consists of forest harvesting machine, automation, 

information technology services etc. Connected services consists input of forest management 

and planning, research and development, marketing and finance etc. Direct main product and 

indirect value added product are two main output. Direct main product can be wood 

construction log, veneer plywood, pulp and paper, cardboard, packaging etc. Indirect and value 

added product can be biofuel company, biochemical company etc.  Potential customer 

segments can be publishers, construction companies, graphical industries, packaging 

industries etc. (Figure 7) (Seppälä, R. 2001; Forestcluster.fi 2018).  
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Figure 7: Main part of Finnish Forest Cluster based on Lammi 2000 and Alen 2000 (Seppälä, 

R. 2001). 

 

In 2006, Finland established its objectives as a “Center of Excellence” for Finnish cluster and 

its target for the year 2030. Its target is double the value of the cluster research and 

development work, product and services by 2030. This value will come from new value added 

product.  In addition to education, research and development, the other main stakeholders for 

the future of Finnish forest cluster are forest, chemical and energy industry, future value added 

product, marketing and finance,  packaging and construction industry, new actors and 

technology industry who has a strong strategic decision in forest industries. Construction, 

technology and chemical company have significant impact on forest cluster (Figure 8) 

(Hagstrom-Nasi, 2002; Korpivaara, 2006). 
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Figure 8: Forest cluster-movement towards bioeconomy (Korpivaara, 2006) 

 

According to Anne Brunilan, managing director, Finnish Forest Industries, said that there has 

been three challenge for Finnish Forest cluster. Firstly, renewal of forest cluster with 

intelligent wood and fibre product. Biotechnology is used in process and manufacturing in 

forest industries. It is possible to first use bio and nanotechnology to made new innovative 

product and new business model.  Different scholar gave significant importance about new 

innovative product possibilities and give importance to research and development. Process 

unit needed to differentiate forest derived chemical, energy product etc.   Packaging is 

transforming rapid change in Finland already. Pasanen also mentioned that it is important to 

make sure about the use of whole value chain (Korpivaara, 2006; Hagstrom-Nasi, 2002; 

Poranen, 2000). Secondly, sustainability of the forest industry. Forest cluster need to 

concentrate also sustainability of forest management. Woody biomass needs to use efficiently 

so that it can give the most efficient output (Korpivaara, 2006). Thirdly, competitiveness. 

Intelligent, new, energy efficient, scare resources production system can make the forest 

cluster competitive and productive. Future customer relationship development is required. It 

can be fulfilled by means of marketing about packaging, construction, interior, chemicals. In 

addition, it need to have clear marketing about how the use of forest energy will have impact 

on clean energy instead of fossil energy (Korpivaara, 2006).  
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Nevertheless, shortage of skill labors, insufficient knowledge about forest products, 

globalization, multifunctionality, networking, product life cycle, new marketing strategies are 

also challenges for future forest cluster. When the new product come, the old one will be end 

their life cycle from the market, which means the product seems important today, can be less 

important for tomorrow (Poranen, 2000).  It can arise big opportunities in foodstuffs, industrial 

use and pharmaceuticals for an important business.  All the product from fossil base, is 

possible to make by tree (Poranen, 2000). If Finnish forest cluster would like to have global 

competitiveness, it need to develop policy towards bio economy (Hagstrom-Nasi, 2002). Stora 

Enso bought chemical company from abroad, Arzona chemical is now Kraton-all these are a 

part of globalization  (Poranen, 2000).  

 

3.1.2 Value Network  

 

According to Philip Kotler, “A value network is a system of partnership and alliances that a 

firm creates to source segment and deliver its offering.” (Kotler, 2003).  Wu et al.,2009 gave 

the definition of value network easiest way, where they mentioned that a “Value network 

means linking the focal firm, its affiliated companies, all the organizations and individuals 

which is affected by the economic value which the company generates”. Where value chain is 

more about sequential flow, value network is more dimensional.  No firm can work alone to 

produce its product fully, it needs to have other firms to cooperate. They need “capital, 

partners, suppliers, and customers to create co-operative networks” (Moore 1993).  Connecting, 

networking, interaction, cooperation between the different firms creates the strength of a value 

network. To create value for each nodes, these firms share their all kind of necessary 

information, machines and people. Value network is wider concept than cluster. Cluster is 

more in regional level, but value network is more in global level (Peltoniemi, 2004). So, value 

network is a value creating system for the each nodes where all involved stakeholders -produce 

value for the company and also is affected by the economic value which the company 

generates (ZHANG, ). In addition to actual and potential customers, companies need to be 

more alert about their range of competitors, their activities. Normally, the range of competitors 

can be much border than obvious. It is important to know competitors’ strategies, objectives, 

strengths and weakness.  Need to look across alternative industries, strategic groups within 

industries, chain of buyers and complementary products and service offerings (Kotler et al. 

2009). 
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3.1.3 Business Ecosystem 

 

Business ecosystem is similar as natural ecosystem. Information and communication 

technology is developing quite rapidly and deregulated, everything is happening via net, even 

face-to-face meeting from one part of the world to other part. For this reason, place has become 

less important (Peltoniemi, 2004). The concept of business ecosystem first introduces by 

Moore in the year 1993 where he describe business ecosystem more about networking between 

a specific organization and its other related stakeholder to create value through support and 

cooperation. The result is fulfilling customer need and satisfaction though new innovation. 

Effective innovation and value creation can explore through involvedness of the end-user, 

their attitudes, preferences and decision criteria.  It is important to understand the end-users 

needs. Moore’s description about business ecosystem is wide. Because, they argue that all the 

actors that have an effect to the focal company belong to the business ecosystem. In the year 

2010, Adner and Kapoor’s  narrower the definition and mentioned that only the organizations 

in the previous and the next level of the value chain belong to the ecosystem meaning they 

only consider one level of value chain, not dynamic and not wider aspect (Pöyhönen, 2018). 

This definition developed further that all the members here will works co-operatively and 

competitively in this whole ecosystem. In this system, the entire stakeholder related with an 

economic community through goods and services.  Business ecosystem has decentralized 

control, meaning its member has limited knowledge and power to effect change. These 

members are not dependent on each other and if needed can recover the changes (Peltoniemi, 

2004). Moore mentioned about interconnection between stakeholders more linearly in one 

direction only. But he did not give importance on dynamic structure of stakeholder like all 

kinds of companies, public sector organizations, universities etc. which was discovered by 

Peltoniemi and Vuori.  However, until this definition, there were considering about customers, 

but there had not been directly considering about end-user. Customer is not always end-users. 

End users could be more appropriate in all cases.  It is important to consider end-user 

(Pöyhönen, 2018). Moore describe Business ecosystem in three levels. The core business is 

the one, which is directly related with direct suppliers and distribution channels. The enlarge 

enterprise consists of the suppliers of suppliers and direct or indirect customers. The next level 

is consisting of Government organizations, competitor and other stakeholder (Figure 9). 
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Figure 9: The dimensions of the business ecosystem (Pöyhönen, 2018) 

 

Based on the discussion above, it can be concluded the definition as, “The business ecosystem is 

considered as a network of organizations who will interconnected each other, support each other 

and cooperate each other to generate value through innovation”. Business ecosystems members 

for large companies are raw material suppliers, outsourcing firms, distributors, manufacturers, 

competitors, Government organizations, regulatory agencies, customers, end users and other 

stakeholders.  Productivity, robustness, and niche creation are the three main measures which can 

measures the ecosystem’s success and company’s role in this ecosystem (Pöyhönen, 2018).  

 

3.1.4 Three model comparisons 

 

While business ecosystem consider both competition and cooperation, cluster consider only 

fierce rivalry, not cooperation. In value network, there is opposite to cluster meaning, it only 

consider cooperation, not competition (Table 2) (Peltoniemi, 2004).  
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Table 2: Comparison between cluster, value network and business ecosystem  (Peltoniemi, 

2004). 

N

o 

 Cluster Value 

network 

Business 

ecosystem 

1.  Importance of 

geography 

Based on 

geographic 

Concentration  

Not based on 

geographic 

concentration 

Not based on 

geographic 

concentration 

2.  Role of 

competition and 

cooperation 

Based on fierce 

rivalry 

More on co-

operative structure 

and members are 

not usually 

competing each 

other 

Based on both 

competition and 

cooperation 

3.  Significance of 

the concept of 

industry  

In cluster the term 

industry is 

significant, it also 

consider firms 

It is a part of 

different industries 

Don’t consider 

industry at all, 

suggest to replace 

industry by business 

ecosystem 

4.  Knowledge 

creation and 

knowledge 

transfer 

Because of rivalry, 

there is limitation to 

share knowledge 

and create it 

cooperatively. 

Value network 

shared knowledge 

can be limited 

Knowledge creation, 

transfer and 

cooperation needed 

to develop the new 

products. 

5.  Control and 

power (who) 

Members are 

independent, no 

need control 

Dominant actor 

who is larger than 

the other has the 

control 

Control is 

decentralized 

 

Business ecosystem consider demand condition via customers whereas Porter’s consider 

directly demand condition. According to Michael E. Porter, "An industry is a group of 

competitors producing products or services that compete directly with each other". As for 

example, forest industry means Storaenso, UPM, Metsä etc. Business ecosystem suggests 

replacing industry by ecosystem which is wider concept. In cluster concept, the rivalry is so 
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that it did not consider sharing knowledge and cooperate in creation. However, value network 

limitedly share knowledge whereas business ecosystem consider sharing and transferring 

knowledge as an important characteristics. In cluster concept, members are independent and 

no need to control them. On the other hand, in value network, control is one important features 

whereas control and power are decentralized in Business Ecosystem. According to Peltoniemi, 

2004, there are five features chosen for comparison for the model of cluster, Value network 

and business ecosystem (Table 2). After taking consideration of these three-value theory, this 

study considers tall oil value network and business ecosystem. Because, one cannot explain 

tall oil business alone without any cooperation, rather need to consider different cluster such 

as chemical cluster, forest cluster, transportation cluster, machinery cluster, education cluster 

and technology cluster. It has been explained the five features for comparison for the model 

of cluster, value network and business ecosystem.  

 

3.2 Market dynamics 

 

Market Dynamics is an important economic factor, which includes price, value, profit, 

capacity, demand, supply and other specific terms of a specific product in a market. These 

factors are interrelated and can change if the other factor changes and can affect the whole 

market situation (The strategic CFO 2016).  

 

CTO is considered as a renewable energy source (RES) for both biochemical and biodiesel 

company. The major players in tall oil market have impact on CTO market dynamics. As it 

can be used as a process fuel in the pulp mill lime kiln, so the pulp mill act as a major player 

to produce energy and heat. Other important and major players are pine chemicals. These 

industries are one of the oldest in European history, which distill a variety of chemical 

products. Another most recent market player is renewable diesel company that is using CTO 

to produce biodiesel. If there is subsidy to promote biodiesel, more company will find it 

profitable to produce biodiesel. As a result, demand of CTO will increase. The supply will be 

constant if there would be no new investment on pine base pulp and paper industry. When the 

supply is constant with increasing demand, then price will increase. If the pulp and paper 

company find it profitable to use CTO for renewable diesel, then they do not use own limekiln 

at all. It cause an increase in the supply. If there is no balance of raw material for biochemical 

and Biodiesel Company, then it will affect the price of CTO. More demand can forward the 
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market for higher price. In case of this scenario, the chemical company will produce the same 

chemical, but the production cost will be high as the raw material cost is high. Therefore, the 

operating profit will be less. 

 

3.3 The effect of changing value network on business ecosystem  

 

Changing value network have impact on business partnership, different business organization, 

competitors and other relevant side organization related with business ecosystem. New 

product also needs new infrastructure and technology. Also, competition between suppliers, 

buyers, substitutes changes because of changing value network.  The nature of competitions 

and the sources of competitive advantages differ widely among industries and segments.  

While there is new product in the market, several things need to understand beforehand such 

as, consumer trend, behaviour of buyer and value on ecological view, price acceptability and 

production cost (Kotler et al. 2009). Changing value network will change the business model 

as well as economic scenario. (Peltoniemi, 2004). 

 

Tall oil is a byproduct from pulp production. It is needed networking, support and cooperation 

between pulp mill and other related side organization to create value added product  

(Pöyhönen, 2018). Therefore, business ecosystem concept adopted to explain tall oil which 

consists of the network of organizations. These are interconnected and supported each other 

cooperatively and competitively. Business ecosystem explained as three levels by Moore, such 

as core business, enlarged enterprise and business ecosystem.  In core business, direct supplier 

is pulp mill and there are three possible distribution channels which are biofuel, biochemical 

and pulp mill itself. In case of tall oil enlarge enterprise suppliers of suppliers for all three 

possibilities are pine tree, more elaborately timber traders, subcontractor and transporters. 

Until tall oil sourcing from pulp mill, nothing changes in the value chain. But customers of 

customers are different. For biofuels, it is distributors whereas for biochemicals, it is distillers. 

In addition, pulp mill act itself as an end customer. It is different customers of customers side 

because of different end use. Beside this, different end product changed value chain which 

needed different technology, different machinery, different types of research etc. Also, different 

know how for labor and management, different marketing strategy etc.  The next level consists 

of State Government subsidy, end-user for biofuel and biochemical, forest owner and business 
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cluster. In case of tall oil changing value network, business ecosystem changes in the core 

business and enlarge enterprise. For example, the customer for UPM biofuel is distributors like 

ST1. The car owner who buy biofuel from filling station of ST1 is end-user. Therefore, we can 

conclude that changing value network change the business ecosystem (Figure 10).  

 

 

Figure 10: The effect of changing value network on Business ecosystem  
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3.4 Bio-economy  

 

3.4.1 EU Bioeconomy Strategies 

 

Bio-economy is the key element to solve central global challenges at the moment (Bugge, 

Hansen, & Klitkou, 2016). Europe 2020 Bio-economy strategy and Action Plan adopted in  

2012 by the EU. The main 2020 flagship for the Europe is "Innovation Union" and "A 

Resource Efficient Europe". The aim is to produce more wealth, well-being, create new job, 

economic growth & development. In addition, it will gain a more innovative, competitive 

society and sustainable economy. According to this strategy, bio-based product means that the 

whole or the part of the product must come from biological origin such as food, forests etc. to 

produce food, energy, products and service. Waste and residue discussed as a source of 

biomass and biological resources in this strategy. For any sustainable action, it is required to 

have political and social willingness first (Haapala et al., 2014). It considers agriculture, 

forestry, fisheries, food, and pulp and paper production. In addition, this strategy also 

considered chemical, biotechnical, and energy industries. This strategy has 5 objectives, 3 

areas of action which include 12 action and 54 sub-action (Figure 11).  

 

Figure 11: Visual representation of the structure of the 2012 Bio-economy Strategy and Action 

Plan (European Commission. May 2017). 
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Feature of bio-economy depend on the efficient use renewable bio-based natural sustainable 

resources and conversion of this resources. In addition, utilization of by products and waste 

stream into value added product. Also, recycling, re-use, repairing and refurbished of material. 

Another feature is preventing biodiversity loss, protecting natural ecosystem and utilizing 

environmentally friendly clean technology. Overall, the main target is to reduce the carbon 

footprint and other environmental impact, trimmed the energy consumption and decrease the 

dependency on fossil fuel (European Commission. May 2017; The Finnish Bioeconomy 

strategy. May 2014; Haapala et al., 2014).  

 

3.4.2 The Finnish Bio-economy Strategy 

 

Quite many of Finnish environmental legislation is based on the EU regulations directly or 

through national implementations of directive (Haapala et al., 2014). Followed by the EU bio-

economy strategy, Finland adopted The Finnish Bio-Economy Strategy in the year 2014 which 

consider biomass as an important renewable resources available from forests, soil, fields, water 

bodies, the sea and fresh water. The vision for the First Finnish Bio-economy Strategy was, 

“SUSTAINABLE BIO-ECONOMY SOLUTIONS ARE THE FOUNDATION OF WELL-

BEING AND COMPETITIVENESS IN FINLAND”. The Strategic Programme of the 

Government states a ten-year objective is that “Finland is a pioneer in the bioeconomy, a 

circular economy and cleantech”.  The target of this bio-economy strategy is to get output up 

to EUR 100 billion by 2025 and to create 100,000 jobs. It is assuming that forest sector will 

contribute half of the export earnings by 2030. It is assumed that 2.1 billion euros of public 

funding will be needed over the next 10 years to reach the goal of bio-economy (Arasto et 

al.,VTT. March 2018; The Finnish Bioeconomy strategy. May 2014; European Commission. 

May 2017). 

 

Forest industry has industrially strong position because of its high level of expertise. All the 

product and byproduct from forest industries are considered as bio product (Hansen, 2016). In 

case of physical resource, Finland is rich in renewable natural resources where temperate 

coniferous mixed forest covers 75% of area. Biomass and waste & water resources are the two 

main opportunities. Wood based biomass significantly important for various diversified 

innovative products. In addition, there is possibilities to make high value-added product from 

wood ingredients. The forestry sector provides possible side streams, and this can be further 
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processed or refined to get higher value added product. Also, it is used for renewable energy 

stems which is also an opportunity (The Finnish Bio-economy strategy. May 2014). In case of 

knowledge and learning resources, Finland has strong knowledge on forest field, rich in 

technology and are committed to renewing education, training and research. These results 

competitive, sustainable solution for versatile new business opportunities in new innovative 

product market. In case of general organization, Finland has good access to Europe, Russia 

and Asia (Haapala et al., 2014). There are huge possibility and potentials for biorefineries as 

pulp and paper is an important sector in forest cluster. There are huge opportunities for liquid 

biofuels, biochemicals, bioplastics, biocomposites, nanacellulose, etc. (Stern et al.,).  While 

considering bio-economy, there are interrelation between the agriculture, forest, energy, 

technology, chemical and construction industries  (Arasto et al.,VTT. March 2018; The 

Finnish Bioeconomy strategy. May 2014). The growing bio-economy is big opportunities for 

these traditional forest companies to develop new products, explore new markets and develop 

new business models (Hansen, 2016).  

 

3.4.3 Sustainable Business Ecosystem towards Finnish Bio-economy  

 

Sustainable business ecosystem means manage the natural resources efficiently using clean 

technology and achieve benefit from all the possible side streams.  Conduct possible reuse, 

recycling and interactions between all the stakeholder in the forest business environment. 

There are several steps towards Sustainable Business Ecosystem in Finnish Bio economy. First 

steps are sustainable sourcing of raw material from forests where sustainable forest 

management is one of the main concern (Joukio, R. Metsä group 2018).   

 

Secondly, circularity of production which means more closed loops. Circulation of water, 

chemicals and other resources as long as the quality will not hampered required.  It should 

ensure each part of a tree is used for making possible highest value-added product. Bark, 

branches and tops can be used for renewable energy which end-product is biogas, heat and 

electricity. Pulp wood for making pulp which possible end products are paper board, tissue 

paper, cooking paper, specialty paper for media, nanocellulose for textiles, bio-composites to 

make musical instruments, electronics etc. Logs are used to make sawn timber, plywood and 
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laminated veneer lumber (LVL) which end use in construction building industries like building 

windows, doors, furniture, moulding, panels, packaging etc. (Joukio, R. Metsä group 2018).   

 

Thirdly, use of industrial side streams. In pulp and paper industry, industrial side stream is 

separated from fibers first. In bio-economy, these side stream will be utilizing efficiently. 

Small and medium size companies can have important role to create and made value added 

products. There are side products while making pulp which is also  use to make value added 

products,  such as lignin to make glues and chemicals, tall oil to use in chemical or biofuel 

industry to make perfumes, paints, tires, adhesive or biodiesel, ash can be used as fertilizer to 

improve soil which end use in agriculture, silviculture and gardening.  Interactions of different 

side streams industry and its effective management are really important factor in this case to 

get maximum value-added product which is an important requirement for ecosystem (Joukio, 

R. Metsä group 2018).   

 

Fourthly, recycling the materials as efficiently as possible. Wood fibre can be reused, but it 

cannot be reused endlessly. Because, every time the fibre is used, it is cut shorter and the 

quality characteristics deteriorate which result an immediately result in a shortage of recycled 

fibre. On the other hand, Fresh fibre ensures the availability of recovered fibre and ensure 

strong, light and pure end material. So, both fresh and recovery fibre needed to keep the fibre 

loop alive, only recovery fibre is not enough to keep the quality. Re-use and recycling are 

another aspect of bio-economy (Figure 12) (Christopher L. 2013; Joukio, R. Metsä group 

2018).   

 

Figure 12: Step towards sustainable business ecosystem  
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In this way, the main steps of Sustainable Business Ecosystem towards Finnish Bioeconomy 

will be to ensure sustainable forest management, circularity of production, making high value-

added product from side stream and recycling & reuse of product. However, one of the core 

challenges for forest bio economy is to materialize the move from bottom low added value to 

top high value-added product. The other challenge for bio economy from fossil economy is to 

changes in consumer habits and forest companies lacking of new approaches for customer 

communication (Figure 13) (Stern et al., ; Hansen, 2016).  

 

 

Figure 13: Steps on sustainable business ecosystem towards Finnish Bioeconomy (Haapala et 

al., 2014) ; Bioeconomy, Non Paper by Finland, Feb 20, 2018) 

 

Woodcast®) is a cast material which used for orthopedic and traumatology use. This product 

is made from wood and biodegradable plastic. Onbone Oy is a company from Finland who 

made these and argue that it is naturally better as it is non-toxic, perfectly mouldable and 

remouldable (Hansen, 2016). Progress®) is another example of innovative product which used 

for feeding chicken or turkish made by Forchem and Hankkija Oy. Many forest company 

already partially follow some of these recommendation. Stora Eno bought US company Virdia 

for becoming a significant players of bio composites, biochemical and biomaterial. The said 

them as leading provider of renewable solution.  On the other hand, UPM-Kymmene,  refers 

themselves as the Biofore Company and pioneer in bioeconomy. They already develop new 

business for long-term growth in three areas of biofuels, biochemical and bio composites 

(Hansen, 2016).  
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4 RESEARCH METHODOLOGY 

 

4.1Qualitative Research 

 

Qualitative research describes phenomena in context and the verbal description of real life 

situation. It needs clear understanding, interpretation and observation power to the same 

question in different views from different peoples. Qualitative research concern about the 

meaning of the words of the interviewees and induces hypotheses from data, paid attention to 

theory or model whereas quantitative research generates data which need statistical calculation 

using statistical software and pre-tested scales. Claimed features of qualitative data are soft, 

flexible, subjective, based on case study, speculative and grounded whereas quantitative data 

is hard, fixed, objective, value-free, based on hypothesis testing and abstract. As qualitative 

data don’t have any structure fixed, it is flexible (Silverman, 2014). 

 

This research will be conducted via qualitative research. This paper explores the role of tall 

oil in Finnish Bio-Economy by using a combination of value theory, resource analysis and 

analysis of five in-depth interviews. This study relies on the analysis of the topic, analysis of 

the literature, relevant documentation from previous research’s and a wide-range of publicly 

available sources from the EU, the Finnish Government, Forestry industries, newspapers and 

research institutes. Acknowledgement about case studies like policy change and business 

decision based on that is obvious through qualitative research rather than quantitative research.  

 

4.2 Methods and data collection 

 

There are four major methods of qualitative research, such as observation, analyzing text & 

documents, interviews & focus groups and audio & video recording. For secondary data 

analysis, the researcher goes through the previous materials related to the topic and analyze 

them to understand the situation of tall oil in the recent market by textual analysis. Primary 

research done by interview. Qualitative research interview can be different types, such as 

structured interview, semi structure interview, focus group and open-ended interview. 

Structure interview maintains neutrality, no prompting, no improvisation and ensure 

consistency. Semi-structured interview consists some probing, rapport with interviewee and 

understand the aim of the project. Open-ended interview has flexibility, rapport with 
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interviewee and researcher should be active listener. In focus group, researcher should have 

facilitation skills, flexibility, and ability to stand back from the discussion so that the group 

dynamics can emerge. In open-ended interview, understanding and interaction between 

interviewer and interviewee is the most important point to consider (Silverman, 2014). On the 

base of understand from secondary research data, this study formed open-ended questionnaire 

for in-depth interview. Because, the interviewees can express their opinion, idea and can think 

“out-of-box” in the narrative interview approach (Hoang, 2014). 

 

The main objectives of the research was to find out the role of tall oil in Finnish Bio-economy.  

For this research, it was important to seek the interviewee’s insight knowledge of tall oil 

market dynamics and value networks in the change situation of tall oil business. In addition, 

the interviewees selection was important to ensure that they know the tall oil business 

situation, organizational response and assumption of threats of the future. Therefore, sampling 

framework is considered importantly.  

 

There were five different stakeholder interviews. Firstly, one is from forest company who 

make biofuel and are getting carbon benefit. Secondly, two is from chemical companies who 

do not get carbon benefit. Thirdly, one interview is from research institute and the last one is 

from consulting company. All the interviews were face to face except one. Interviews time 

were May-August 2018. Each interview time was 30-40 minute. One interview with one 

chemical company last 3 hours. The primary data were recorded while interviews were taken 

with the agreement of interviewees. Where it was not permitted to record, only writing notes 

were analyzed.  

 

Questionnaire attached in Appendix was based on the recent market dynamics and changing 

value network in tall oil market in Finland including market size, growth pattern and 

competitive landscape. In also included, the role of tall oil in Finnish bio-economy and the 

threat of changing policy in future. Questionnaire consists of two part such as brief 

introduction of interviewees and the discussion part, which consists six issues containing 

earlier condition, present situation and future perspective of tall oil market. The 

implementation of the interview protocol has been illustrated in Table 3. 
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 Table 3: The implementation of interview protocol 

 

 

 

Interview 

Structure 

Questionnaire Perspective 

Introduction Company’s background information Interviewees’ background/ 

demographic information Interviewee’s background information 

Discussion Tall oil market in terms of demand & 

supply and value network comparing 

with the timeline in between 5 years 

before and now 

Market dynamics and 

changing value network 

Major players of CTO market at the 

moment. 

Changing value network tall oil 

compared to 5 years before based on 

recent market dynamics and how the 

business environment has been 

changed during this period. 

Impacts of the EU policy in business 

activities during the last five years and 

value network in details like strategic 

change inside the company, price etc. 

Impact of EU policy towards 

firm strategies orientation 

Economic impact of tall oil in Finnish 

bio-economy for future and future of 

tall oil market without subsidy. 

Future prospective 

  

Opportunities and challenges for CTO 

future market dynamics and value 

network. Also, threats of policy 

change in future by the EU and impact 

on that policy change in the tall oil 

market 

Future opportunities and 

challenges in tall oil market 

in Finland. 
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4.3 Data Analysis 

 

There are three widely used approaches for qualitative data analysis, which are content 

analysis, grounded theory, and narrative analysis (Silverman, 2014). There has been previous 

research data from Ecofys, Pöyry, Fraunhofer etc., which was also analyzed meaning 

secondary data analysis. There were five interviews for primary data. After the interview, data 

analysis was the main challenging part for research to get the result. It is about understanding 

and interpretation of interviewees’ perspective and answering the research questions.  

 

This researcher follows Creswell (2009) six steps for data analysis of quantitative research. 

The first step is about organizing the recorded data and written data. The second step was to 

read and listen the interviewees data carefully to identify the common phenomena, main 

themes, general ideas and interpreted the interviews as a whole. In this way, the raw data 

simplified with concepts and managed accordingly. The third step was to organize the data 

through coding and categorizing which can be used for further interpretation and analysis. 

Coding means the basis of grouping ideas into categories according to their attributes of 

properties. Here the author used data driven coding which means reading the data and starting 

to sort through the word transcripts.  Similar information put under same level. The fourth step 

is to use these same codes to explain each interviewee, theme and category. Actually, these 

themes are considered the result of the research questions. The fifth stage is to display these 

results via narrative passage, tables, and figures. It is important that this part is interactive with 

the reader. These themes presentation is called research finding in discussion part. The sixth 

and last stage is analytical process. There is similarities and differences among respondents. 

Therefore, the researcher examines and interpret the data which conduct by connecting 

individual insights and obtaining hidden linkages.  

 

4.4 Validity and Reliability 

 

 

Reliability and validity in most important for any research. Reliability refers degree of 

consistency and validity represent accuracy. In qualitative research, reliability depend on 

transparency, which can make sure through research strategy and data analysis methods in a 

sufficient detailed manner. For open-ended question, it is important that each respondent 

understand the questions same way and the answer coded without the possibility of 
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uncertainty. For the validity of the qualitative research, triangulating data can be accurate 

which means combining multiple theories, methods, observation and empirical material for 

getting an accurate data. Multiple method is common application of triangulation, like 

combining interview and observation for any qualitative analysis. If the result in both case 

same, then the result will be more valid (Silverman, 2014).  

 

Validity and reliability follow tactical strategies and it is depends on the Researcher’s ability 

and effort. For this reason, some procedure followed in this research according to the analytical 

procedure (Hoang, 2014). Validity considered three issues. Firstly, the good relation between 

the interviewer and interviewee. The author went through the background of the factory and 

interviewee role beforehand. Interviewee’s willingness had a significant role for the validity 

of research. The researcher tried to avoid sensitive questions regarding company’s confidential 

information. In addition, the questionnaire had been checked by thesis supervisor for verbal 

correction.  

 

Secondly, overlapping codes and categories may misleading the result, misinterpreted and 

losing the information. To avoid these, the code and categories have been checked by thesis 

supervisor. In addition to that, special attention paid synonyms words and had been checked 

carefully. Thirdly, special attention had been paid for avoiding researcher’s self-awareness 

and self-reaction. It is tried to concentrate the interviewee’s data and quote from their directly 

from interview data. After writing each interview data, the study went through it very carefully 

and check every point. In this study, most of the interview was taken face to face except one. 

Writing notes and the recorded file from the whole interview for references also saved to 

ensures the reliability of the research.  

 

However, this research only considers the market dynamics in Finland although CTO is a 

global product. This study did not estimate the market dynamics in the world, which is a big 

limitation. In addition, this study did not access the end user of all possible CTO product, 

which is another limitation while considering value network. For the value network, it explains 

in the theory part that each nodes of the network should me mentioned which was not possible 

to find out for all the CTO derivatives. Also, the present and future demand and supply taken 

from statistics Finland and interviews. These data are not exact as it is based on some 

assumptions. Therefore, there are lacking’s in accuracy. But this research accessed the 

influence of climate policy and forecast of the optimal end use market for tall oil.  
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5 RESULT 

 

5.1 Tall Oil Market Analysis  

 

This chapter explains tall oil market characteristics such as, supply and demand, trading   

practice, price, future trends in the world and Finland. Supply of tall oil depends on Kraft 

pulping process and paper industry. There are 320 chemical pulp mill company globally.  

Among these, 63 chemical pulp mills are in the EU, there are only 51 mills which have on-

site CTO plant. Finland has 15 pulp mills currently and some more are planned to come 

(Rajendran, Breitkreuz, Kraft, Maga, & Brucart, 2016).  

 

Figure 14: Pulp mill scenario at a glance (Rajendran et al., 2016) 

In the last few years, Pine chemical industry has experienced some significant restructuring 

such as, Arizona Chemical was acquired by Kraton in Jan 6, 2016 which is the largest crude 

tall oil distiller. In addition to that, MeadWestvaco (MWV) Specialty Chemicals became 

Ingevity and Portuguese Respol Group acquired Forchem in 2013 (Pöyry, February 2018). 

Leading producers of tall oil by distillation capacities are Kraton, Ingevity, Respol, Georgia 

Pacific, Harima Chemicals, SunPine, Lesokhimik and Foreverest (Pöyry, 2018). 

 

5.1.1 Supply and Demand of Tall Oil in the World 

 

The main distillers for tall oil are United States of America (USA), Scandinavia and Russia. 

They export the product to more than 40 countries in the world (Pine Chemical Association 

Inc. 2018). On the other hand, the key production facilities in the EU are in Finland, Sweden, 

Austria and France. Biodiesel is produced only in Sweden and Finland. Russia consider their 
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own market demand rather than the global one, however, CTO from USA is of higher quality 

than Russian CTO. Figure 15 showed that the United States of America is supplying almost 

half of the tall oil available in the world. Finland stays in second position with the share of 26 

% and Sweden stands in third position with the share of 17% in tall oil production (Pöyry, 

February 2018).  

 

 

Figure 15: Production of tall oil in the world. (Pöyry, February 2018) 

 

Global CTO supplies are 2.6 million tons. After burning some of the CTO, current actual 

supply left is about 1.75 million tons, from where 1.4 million tons goes for distillation. The 

EU on site plant of 51 mill produce together 700 000 t per year (Rajendran et al., 2016). 

Scandinavia supply 440 000 tons and demand 640 000 tons which means lacking of 200 000 

tons. Outside the EU zone, only USA supply 830 000 tons per year where demand are 690 000 

tons per year, which mean excess of 140 000 tons from demand level. For this reason, around 

15% of CTO is imported from USA to Finland and Sweden. Russia supply 160 000 tons and 

its demand is 200 000 tons which followed by scarcity of 40 000 tons.  It is estimated that 90% 

of all CTO is distilled into pine chemicals (Ecofys, April, 2017). Data collected from Ecofys 

showed that globally 850 000 tons of tall oil is available which can be used for the additional 

demands (Figure 16). 
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Figure 16: Present World demand and supply of tall oil (Ecofys, April, 2017). 

 

5.1.2 Supply and Demand of Tall Oil in Finland 

 

According to Statistics Finland's PX-Web databases (2017) and study result, industrial output 

of tall oil supply is 230 000 tons.  However, Äänekoski is already in operation and is adding 

46 000 tons of CTO which already included in this 230 000 tons. Demand of CTO for 

Forchem, Kraton and UPM are 175 000, 145 000 and 100 000 tons respectively. So, total 

demand is 420 000 tons from the three key players in Finland (Table 4).  

 

Table 4: Demand of CTO by three major players in Finland 

Company Location Use CTO, Tons  

Forchem Rauma 175 000  

Kraton Oulu 145 000 

UPM Lapperanta 100 000 

Total 420 000 

 

So, there is lacking of 190 000 tons of CTO presently in Finland (Figure 17). Finland and 

Sweden depend upon each other in case of CTO availability, as both are rich in pulp mills. In 

Sweden, there are already two investment decisions. It is assumed that more advanced 
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contemporary pulp mill projects or bio-refineries in Finland will come up, where investment 

will be 5 billion euros (Arasto et al.,VTT. March 2018). This means there can be more pulp 

company, which will have more capacity to get tall oil. According to Jarno P., 2030 forecast 

for pulp production growth, said that an additional 300 000 tones p/a of crude tall oil could 

enter the market (Pöyry, February 2018). Regarding other assumption, this research 

calculated 35 kg of tall oil is produced from 1 ton of pulp. If all the assumption will come 

true, then KemiJarvi will add 18 000 tons which is from Metsä group and there is high 

possibility that it will be established in future, but Kaicell and Finnpulp (Kuopio) which 

calculate to add 20 000 tons and 60 000 tons respectively is not sure yet about investment 

decision (interview data)  (Table 5).  

Table 5: Maximum potential based on investment plan 

 

 

 

 

 

It seems that no pulp mill will be coming up within the year 2020 as there are not any 

investment decision yet. This study assumes that all the mentioned mills (Table 5) will become 

in reality and there will not be any increase of demand.  Considering this situation, the 

estimation of tall oil supply will be still lack of around 92 000 tons (Figure 17).   

           

Figure 17: Tall oil Demand and Supply in Finland (Ecofys, April 2017 and Riisi and 

interview data)  
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5.1.3 Finnish Tall oil export and import  

 

Crude tall oil is classified under CN code 38030010 for the export and import information 

system of Finnish customs (TULLI). This study is based on data collected from 2014-2017. 

The import of tall oil in 2014, 2015, 2016 and 2017 was 79 000, 67 000, 129 000 and 144000 

tons, respectively. Finland imports tall oil from six countries, namely Germany, Estonia, 

Poland, Russia, Sweden and USA. In 2014, Finland also imported from Canada and exported 

34 000 tons all together to Austria, Russia, Sweden and USA. However, later the exports 

decreased. In 2015, there had been export of 16 000 tons. According to Finnish custom 

information, there has been no export in the year 2016. During 2017, Finland exported 8 000 

tons of tall oil to Russia and Sweden. As a result, during 2014-2017, total import was around 

419 000 tons and total export was 58 000 tons. After the year 2015, the import of tall oil is 

increasing and export decreasing (Figure 18). To conclude, in the last 4 years, the import was 

more than 7 times higher than export (Tulli. ULJAS. May 2018).   

 

 

Figure 18: Finland Export and Import situation, 2014-2017 (Tulli. ULJAS. May 2018)  
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5.1.4 Major players in Finland 

 

                               

 

UPM Kymmene, Forchem and Kraton are the three major players in Finland. UPM is a forest 

company and they are using their own pulp mill derived CTO for their own biodiesel company. 

The other two, Forchem and Kraton are distillers of CTO. Present use of CTO in Finland is 

mainly for biochemicals which comprises of around 76%, while around 24% in biofuels 

(Figure 19).  

 

 

Figure 19: Share of CTO use in Finland 

 

UPM BioVerno 

UPM BioVerno is a high-quality product, drop-in diesel that can be used in any diesel engine 

such as car, bus or truck without any modification.  UPM’s renewable diesel helps to reduce 

80% less greenhouse gas emissions than fossil fuels do (Mannonen, S. UPM Biofuel 2018; 

Nousiainen, J. UPM Biofuels, April 2015). Since 2015, UPM is operating 100 000 t/a CTO-

based diesel refinery in Lappeenranta (Table 6). BioVerno can be sold in Europe as a 
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sustainable fuel as it is fulfilling the EU RED sustainability requirements. If it was not 

fulfilling the requirements, it will be treated as fossil fuel. UPM BioVerno is certified 

according to Finnish national sustainability standard and ISCC-EU (International 

Sustainability and Carbon Certification) standard for biofuels.  UPM has been listed as the 

industry leader in the Dow Jones European and World Sustainability Indices (DJSI) for 2015-

2016. UPM biofuels gains first Roundtable of Sustainable Biomaterials (RSB) low ILUC risk 

certificate in April 2018 (Daily Finland, April 2018).  

 

UPM Lappeenranta Biorefinery also produces renewable naphtha which is the raw material 

for bioplastics and it is also made from crude tall oil. This bioplastic used as the plastic coating 

of cartons such as Elopak-beverage cartons which is fully renewable and hence, reduces the 

carbon footprint. It can also be used for blending transport fuel. According to Daan Peters, 

managing consultant of Ecofys - a Navigant Company, mentioned that UPM biofuel can be 

traded internationally with no land use footprint of its own and UPM produces tall oil based 

renewable diesel without negative market displacement effects or indirect land use change 

risks. According to his observation, tall oil-based pine chemicals products has decreased in 

recent years due to a drop-in demand for tall oil based chemical products (Peters, D. UPM 

Biofuels. 2017).  

 

Forchem Oyj 

Forchem Oyj owns and operates a world scale tall oil distillation plant in the city of Rauma. 

Forchem Oy founded in 2000 and there have been several changes in the ownership. The 

current ownership is Portugese Respol group. They owned Forchem in 2013. The reason is 

that the Respol group had been one of the important customers for tall oil rosin and they 

wanted to secure their availability. Forchem uses 175 000 tons of tall oil per year. They get 

around 15% of their CTO from Metsä fibre which is just next to the Rauma mill. The rest they 

need to source other pulp mill in Finland and some from Russia and the USA. Normally, they 

buy different quality of CTO from different mill, but mix them before they feed in the 

production process to ensure the even quality and quantity of final product. Forchem is only 

distilled the product to tall oil pitch, resin, fatty acid, soap, progress and distilled tall oil. These 

are then going to various different business to make the product such as additives, oil field 

chemical. As for example, Progress®. The direct next customer is B2Bbusiness. 
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Kraton 

Kraton is one of the world largest biobased chemicals and specialty polymers company have 

their pine chemical industry in Oulu (Kraton. May 2018). They are producing 100 different 

types of chemicals from CTO which has big impact on bio-economy. Tall oil should be used 

intelligently and resource efficiently is the main themes for them and they ensured this in their 

company. Thus, it maintains sustainability. Innovation is a continuous process in Kraton. This 

company consider long-term sustainability and consider long-term value. They are doing B2B 

or B2C business. Kraton sell raw material for paint company, oil field chemical etc. Before 

the end customer, there are intermediate multiple.  End customers depend on uses, they can be 

even consumers. 

 

Hankkija Oy 

Hankkija Oy is another stakeholder for CTO. Hankkija and Forchem invest in the future of 

Progres®. It is a new-patented special feeding product to broiler chickens and turkeys aimed 

at supporting the productivity and health of animals throughout their meat production life. 

This is a product from CTO with special refining process. This product has worldwide 

potential among poultry feeds. That’s why Suomen Rehu, animal feed brand from Hankkija 

Oy invested in production facility of Forchem to make sure the availability of Progres®. CTO 

act as natural anti-inflammatory agents in this innovation of using this in animal feed (Suomen 

Rehu, February 2018). However, it does not mean that chicken will be feeded by Progress 

directly; rather it will mix with other raw material to make the feeding material for chicken.   

 

Upcoming possibilities and other stakeholders  

Neste has piloted tall oil pitch-based co-processing at their Naantali refinery. Besides those, a 

new biodiesel capacity of 5 Mt unit are planned/studied (Pöyry, February 2018). Kaidi Finland 

is owned by the Chinese Sunshine Kaidi New Energy Group, was supposed to establish a 

plant, which would produce 225,000 metric tons of biofuel per year (Table 6). Out of this, 

75% are biodiesel and 25 % renewable gasoline. They were invested already 300 million Euro.  

But they already interrupt to their plant. Because, tall oil is seen as a controversial product. It 

may not consider as zero emission any more after RED 2 obtained in force (Kaidi Finland. 

May 2018; yle uutiset,  October 2018; Maaseudun Tulevaisuus,  June 2017).  
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According to Finnish Newspaper Maaseudun Tulevaisuus dated on 22 May 2018, it ensures 

that Finnish company ST1 and Swedish forest industry Company SCA (Svenska Cellulosa) is 

going to established fuel production unit based on tall oil in Göteborg, Sweden (Table 6). They 

think that renewable diesel is the only possibilities to fulfill the target of Nordic Environmental 

goal for 2030. This plant will produce 100 000 tonnes of biofuel. The production cost 

calculated about 50 million Euro and it is targeted to go for full phase production in the year 

2021. SCA ensures that they will get tall oil from their production unit of Östrandin, Obbolan 

and Munksundin. They are going to expand their Östrandin industry and this expansion will 

double the amount of tall oil. According to Mika Anttonen, chairman of the board of ST1 

mentioned that as tall oil supply is limited, they need to buy some from abroad. Earlier SCA 

mentioned that they would like to triple their biofuel production to the year 2020 considering 

the year 2010. At that time, they were considering only forest-based residue and peats-not 

liquid fuels (Hansen, 2016). But it seems they come out from their earlier position ( Palokallio, 

J. Maaseuduntulevaisuus,  May 2018). 

 

 

Table 6 explains the existing and planned tall oil base biodiesel in Finland and Sweden.  There 

are altogether five of them. There are only two in Finland and rest is in Sweden.  
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Table 6: Existing and planned tall oil base biodiesel in Finland and Sweden (Kaidi Finland. 

May 2018; yle uutiset,  October 2018; Maaseudun Tulevaisuus,  June 2017).  

Company When 

started 

How much 

investment 

Production 

capacity  

of tall oil 

Use Market share  

UPM 

Finland 

2015 EUR 179 million 120 million 

litres/  

100 000 tonnes 

Biofuels A quarter of 

Finland’s 2020 

renewable 

energy target in 

transportation 

Kaidi 

Finland 

Interruption  

of work 

EUR 900 million  Supposed 

to 

produce 

225,000 

metric 

tons of 

biofuel 

per year,  

 

SunPine 

Sweden 

2014 SEK 350 million 100 million 

litres / 85 000 

tonnes 

biofuels 2 per cent of the 

annual 

consumption of 

diesel in 

Sweden 

SunPine 

Sweden 

2020 SEK 250 million 50 % of current 

production 

increase 

biofuels 14 per cent of 

all renewable 

diesel 

requirements in 

Sweden by 

2030 

Göteborg, 

Sweden, 

ST1 and 

SCA 

2021 Euro 50 million  120 million 

litres/  

100 000 tonnes 

biofuel  
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5.1.5 Price effect In Europe 

 

Figure 20 showed the prices for crude tall oil in Europe increased steadily after 2009 and 

peaked during 2014 – 2015 at over EUR 500 per ton. Prices have declined slightly during 

2016 – 2017 to EUR 400 per ton. CTO is imported to the EU from the US in large amounts. 

The average historical price (2006 – 2016) for CTO in the EU was EUR 400 per ton. While 

imports from the US have grown significantly during the past ten years, trade inside the EU 

has remained at roughly the same level (Eurostat, 2018). 

 

 

Figure 20: Crude tall oil price in Europe (Eurostat, 2018) 

Tall oil meet sustainability criteria, the double counting criteria and GHG-criteria of directive 

2009/28/EC (“RED”) which affects in the price. Normally, CO2 tax is 58 euros per ton of CO2 

in the final combustion. In case of CTO base biodiesel, this 58 euro is free.  Renewable fuels 

which do not meet criteria set by RED are taxed like fossil fuels (Neste Renewable Diesel 

Handbook, May 2016). CTO’s floor price is equivalent to the value of heavy fuel oil plus the 
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European Union emission trading system (EU ETS) price per avoided tons of carbon now. If 

it is used in lime kiln, then the price is impacted by fossil fuel prices (Ecofys, April 2017).  

 

In Scandinavia, the following price formula is used to understand the CTO floor price:  

 

HFO=Heavy fuel oil   (Ecofys, April, 2017)                      

  

Quality of CTO have an important impact of tall oil price. The refining margin has been in the 

range of 400-600 EUR/t .High quality of CTO floor price is 550 Euro/ton whereas low quality 

CTO floor price is 400 Euro/tonne. Crude tall oil price has been slowly increasing since last 

two years to level of 500 EUR/t due to biodiesel competition (Pöyry, February 2018; Ecofys, 

April 2017). 

 

Ingevity has announced that price increase for the Altapyne™ tall oil fatty acid (TOFA) 

line of products dated 2nd March 2017. The increment was approximately $120 per 

metric ton and they mentioned that the reason behind this, is the result of higher 

demand for fatty acids and their derivatives (Charleston N., Ingevity, March, 2017). 

There has been also a price increase in 2018. Kraton announces a general price increase of 10-

15% for TOFA, TOR, Rosin Esters and other derivatives. It was affected from 1st March 2018 

(Houston. January 31, 2018). Any additional increasing demand will drive up the prices. 

Almost all the mill has acidulation plant in Scandinavia and CTO utilization rate is 98%. If 

there will be risk of lack of raw material for chemical company, it will increase in price of raw 

material (Fraunhofer UNSICHT, May 2016).  

 

 

 

 

 

 

 

 

CTO price / tons = (0,9 x HFO price (<1%S )) + 30 €/tons + (2,9 x CO2 price) 
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5.1.6 Existing Market dynamics and Value chain network of CTO in Finland 

 

While considering the last 5 years, this study found that there had been four most remarkable 

issues in the business environment of tall oil. Demand increased as there are demands rise 

from UPM, Sunpine and SCA & ST1. But the supply is neutral. Three mills supposed to come 

within 2020, but there is not any investment decision yet and it is also take time to build the 

plant after the investment decision. So, there is not coming any mill by 2020. Only Metsä 

Äänekoski add 46 000 tons already in Finland. Added value increase towards the diversified 

product such as Silvaroad, Progress®, Elopak etc. Price dynamics increased because, 

subsidies promoted the raw material and it increased the purchasing power of biofuel 

companies. As a result, CTO and related derivatives price increased. Also, biodiesel need new 

infrastructure development and skills which also need investment (Figure 21).  

 

 

 

 

Figure 21: Market dynamics of tall oil 

  

Value chain network for Finnish tall oil market started from forest owner.  Transporters carry 

out the timbers from forest to pulp mills and timber traders work in between forest owner and 

pulp mill. Crude tall oil come as a by-product from pulp mill. This CTO can be used in three 
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different way. Firstly, Pulp mill can use it as lime kiln fuel. Secondly, CTO refinery such as 

Kraton and Forchem is in the next value network. These distillers distilled it into different 

product such as TOFA, TOR, TOP, DTO etc. The next player in this value chain is upgrader 

or intermediaries who use this product to make end or intermediate product. As for example, 

Respol group and Lesohimik act as upgrader in this value network. They use tall oil resin and 

upgrade it to adhesive, rubber etc. These are then move towards the direct next customers.  

Thirdly, UPM used CTO for biofuel, naptha and pitch. The next actor in this biodiesel value 

chain is distributors such as ST1. The end user fill their car from ST1. Netse oil is another 

actor in this value network as they are using tall oil pitch to make diesel. Dow is the direct 

next node for renewable naptha which is used by Elopak to produce beverage carton. The 

product producers use this beverage cartoons to packet their products. These cartons then 

available to the end user hand via shop like Prisma, Citymarket etc. (Figure 22). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: Value chain network of tall oil 
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5.2 Impact of climate policy on tall oil  

 

Finland has its renewable energy target of 38% of the total consumption of energy by 2020. 

The Act on Biofuels and Bioliquids are 393/2013. and the Act on Distribution Obligation 

446/2007 are considering adopted the policies of RED and FQD  (Puustinen, 2015). In Finland, 

transport sector plays an important role to reduce CO2 emissions, which are set in National 

Energy and Climate Strategies. This strategy adopted in 2016 which target is renewable share 

of transport biofuels will be 30 per cent (Ministry of Agriculture and Forestry. Biofuels and 

Bioliquids. May 2018). 

 

5.2.1 Current situation- What policy is driven in tall oil market? 

 

Waste Framework Directive (Directive 2008/98/EC) and Renewable Energy Directive (RED) 

(Directive 2009/28/EC) has main impact on tall oil. These are legislative act, which sets legal 

obligations and national target for member states. According to RED directive, the EU 2020 

target is 20% renewable of the total energy demand. Out of this 20%, at least 10% should be 

renewable in transport sector. In addition, according to Revised Renewable Energy target 

discussed on 30 November 2016, EU 2030 target is 27% of renewables in the final energy 

consumption. If there will be no changes in policy, then EU will reach its target only 24.3%. 

Therefore, to fulfill the goal, EU needed to change its policy towards renewable sources. To 

implement this change, amendment of the Fuel Quality Directive (FQD) 98/70/EC and 

Renewable energy directive (RED) 2009/28/EC done which move towards the directive of 

(EU) 2015/1513 of the European Parliament and of The Council established on September 

2015. In this directive, it mentioned that biofuels produced from feedstocks listed in Annex 

IX where tall oil is included shall be considered to be twice their energy content (EUR-lex. 

November 2016; EUR-lex. 9 September 2015).  

 

In RED, biofuel feedstock is promoted in three ways. Firstly, waste and residues are 

considered as zero greenhouse gas emission. Secondly, the traceability requirements for 

wastes and residues, other than agricultural, aquaculture, fisheries and forestry residues are 

reduced. Thirdly, if biofuel produced from wastes and residues should be counted double to 

its energy content (Puustinen, 2015). However, removal of tall oil from the raw material list 

of advanced fuels had suggested by different stakeholder especially big distillers. Therefore, 
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The Committee on the Environment of the European Parliament discussed the different aspects 

of tall oil and dropped tall oil from advanced biofuels feedstocks list. This means, fuel 

produced from tall oil will not counted as zero emission. But this is only the position of 

European Parliament. For making the final decision, all three institute- the Commission, the 

Council and the Parliament will give their opinion (YLE news, 24.10.2017). Finland is 

counting double carbon benefit. United Kingdom and Netherlands forbidden CTO from 

double counting. Netherlands have already rule that if any feedstocks have existing non-

bioenergy uses, it will not consider for double counting (Puustinen, 2015).  

 

CTO should fulfil the criteria of sustainability and greenhouse gas savings. In case of biofuel, 

it must   achieve greenhouse gas savings of at least 35% in comparison to fossil fuels and it 

rises to 50% in 2017. According to the EU sustainability criteria established in 2018, GHG 

saving rises again to 60% but only for new production plants (EUR-lex, November 2016; 

Ecofys, 24 April 2017).  

 

Meaning of biofuels and bioliquids are different although both of them are made from biomass. 

Biofuels can be liquid or gaseous fuels which is used for transport. On the other hand, 

Bioliquids are liquid fuels (not gaseous) used for energy purposes such as heating and it will 

not be used for transport. Examples include pyrolysis oil.  To conclude, biofuel used for 

transport and bio liquid do not used for transport (Ministry of Economic affairs and 

Employment. Biofuel. May 2018). 

 

5.2.2 Interpretations of the tall oil definition by EU-Is it a residue or processing residue, a 

byproduct or waste?  

 

Tall oil was not a hot topic before EU policies were supported liquid biofuels from non-food 

origin. After this support, tall oil has become an interesting feedstock for renewable diesel 

despite of strong opposition from tall oil distillers (Pöyry, 2018).  

 

According to the amendments of Directive 98/70/EC, 
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“agricultural, aquaculture, fisheries and forestry residues means residues that are directly 

generated by agriculture, aquaculture, fisheries and forestry; they do not include residues 

from related industries or processing.” and “processing residue means a substance that is not 

the end product(s) that a production process directly seeks to produce; it is not a primary aim 

of the production process and the process has not been deliberately modified to produce it.”  

 

If tall oil would come directly from forest residue without any processing from the industry, 

then it would be categorized as a residue. But, as it is not coming directly from the forest, it is 

not considered as a residue by the EU. On the other side, crude sulphate soap (CSS) is 

produced after taking the fibre out from the process of pulp and paper factory. CSS is then 

acidified with sulphuric acid to get CTO and it is an intermediate stream in pulping process. 

Here it is not possible to measure the emission to convert CSS to CTO in acidulation as it 

cannot be separated from the emissions of the pulping process. As a result, it is said that tall 

oil is a by-product, not direct product and consider zero-emission. It is not the primary aim of 

the production process to produce CTO and the process of making pulp is not modified to 

produce higher quantity of CTO. Pulping process depends on the desired specifications of the 

pulp and is not targeted to get more or less CSS. Here, the first product is pulp and tall oil is a 

byproduct, which needs further processing to be converted into biofuel or distillers/chemicals.  

So, it can be concluded from this directive that Tall oil is not residue, but a processing residue. 

CTO itself is not directly related with land use change meaning non-land using feedstock and 

it can be considered as greenhouse gas emission reduction or savings (EUR-lex, November 

2016; Ecofys, 24 April 2017; Puustinen, 2015). 

 

Considering the definition of co-product or side product or byproduct, there is some confusion 

between Ecofys, Pöyry and Klitkou et al., 2015 studies. Ecofys paper mentioned that CTO is 

not itself an end product from pulp mill, because it needs further processing to get the end 

product. So, it is not a byproduct. According to Klitkou et al., 2015 and Pöyry, it said directly 

that CTO is a by-product from softwood Kraft pulp production process. Based on other 

research papers and definitions, this study considers tall oil as a by-product. Tall oil is not a 

waste, as it has important use when distilled into variety of products and renewable diesel. 

According to the life cycle study done by Fraunhofer UNSICHT, May 2016, at the end of life 

cycle, most of the left-over distiller’s products also have energy value. If the pulp industry 

does not want to further process tall oil, it can use tall oil as process fuel in the lime kiln.  
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5.2.3 The Role of Tall Oil in Finnish Bio-Economy Action Plan 

 

It was mentioned in the first action plan of Finnish bio-economy that demand for any bio-

economy products will consider by competitive price, legislation and ethical consumer 

behavior. In addition, it also mentioned that it is providing incentives, promoting bio-economy 

products, which is in the case of tall oil.  The aim of understanding operating environment is 

not properly done in tall oil case. This study acknowledge that the tall oil market environment 

is competitive, but in an unbalance situation recently. Because, if there would not be any 

subsidies and both are competing for CTO as normal product, then it could be proper level of 

competitiveness. In addition, in case of chemical extractions, there are different phase and 

every phase is producing different value added product. These products are absorbing carbon 

compare to longer time than biofuel. On the other side, in case of biofuel there is not too many 

folds, and life cycle is short, which means that, it emits carbon earlier than biochemical.  It 

also mentioned that it will be decentralized and resource-efficient bio-economy solution for 

raw material and benefit will remain in the area, which help the area’s job implementation. 

However, in case of Tall oil, it is needed to import meaning decentralized not happen.  

 

In the second action plan, it ensures about the pre-requirement of new growth companies is 

that the domestic market should be as attractive as possible which was missing in tall oil 

situation. The pine chemical association mentioned that the supply and demand is saturated. 

There is no need for import base raw material related business where need additional cost for 

storage, transportation and other relevant costs. In addition to that, there can be risk for leakage 

in transportation and lack in quality. According to Hansen, 2016, it is not make sense to make 

low-value wood-pellet in US South and ship them across the Atlantic to the EU market to meet 

their renewable energy commitment. Argument is the same in case of tall oil transportation.  

 

Third action plan about developing the bio-economy competence base by upgrading 

education. Training and research are important to do further possible product of CTO. It has 

valuable molecule to make value added product. Need to consider the most important one 

among the all-possible product based on importance of bio-economy.  Hankkija Oy is making 

feeding material from CTO. There can be more research and Government can play an 

important role by giving subsidies.  
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It mentioned in the fourth action plan that the transition from fossil base economy towards 

bio-economy need more extensive exploitation with reliable supply of natural resources at 

competitive price. However, in case of tall oil, it did not fulfill the objectives successfully 

towards bio-economy. Because, it did not give reliable raw material supply from domestic. In 

addition, there were price fluctuation in recent years. Bio-economy based product should be 

evaluate based on availability and price of raw materials, capital cost of production processes, 

cost of manufacturing, and the price a customer is willing to pay for the product. In case of 

tall oil, it is converting to biodiesel by replacing the purification process with a conversion 

process. In case of biodiesel evaluation, need to consider related capital costs of raw material 

and the cost of processing and conversion. In addition, fuel price also an important price which 

customer would like to pay for the product. In case of tall oil, there is needed more required 

investments, innovations, support for R&D, new type of regulations, and incentives. In 

addition, there is also need the general social acceptance in any form of product (Haapala et 

al., 2014). 

 

Research by Arasto et al.,VTT. March 2018 mentioned that wood-based bioenergy and 

advanced biofuels is projected to be significant in order to reach the 2030–2050 energy and 

climate targets. This study said that by 2050, biofuels are no longer used for light-duty vehicles 

in the bio-economy scenario. Because, buses will become largely electrified with plug-in 

hybrid systems. But there will be heavy-duty road and ship transports as well as air transport 

who will need substantial amounts of biofuels or carbon-neutral synthetic fuels. So, it is also 

possible to use tall oil in those fuels (Arasto et al.,VTT. March 2018). On contrast to this, 

Metsä group argue that if the whole European annual forest biomass growth would be refined 

into fuels, only a third of the current demand for transport fuel would be covered in the case 

of refining stem wood for fuel (Metsä Group. May 2018). Chosen perspective in case of tall 

oil is that it is a by-product and its sustainability is depend on how biomass feedstocks are 

produced and converted and how these two integrated. Value networks operating in 

bioeconomy by various actors, optimization of specific purposes and managing the material 

flow. We can conclude that tall oil is not new innovation for chemical industries as it has been 

already used. But in case of biofuel, it is considered as innovation. Tall oil has been always 

significant for Finnish economy and now even more important for Finnish bio-economy. It is 

required to consider the placement of tall oil in the Finnish bio-economy strategy.  
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5.3 Interview result 

 

5.4.1 Participant’s profile 

 

There had been total five interviewees who are strongly related with CTO business and 

research, such as forest industry, chemical industry, research institute and consulting firm. 

Interview questionnaire consists of two part. First part consists the background information 

about the company and interviewee. The second part of the questionnaire is about the present 

and future market condition of CTO. Interviews data support the research process through 

their perspectives about CTO. Participants have been coded as A to F shown in the table 7. 

 

           Table 7: Participants profile 

 

The Table 7 shows interviewee’s background information about position, work history and 

their involvement in the tall oil transition period in the last five years. The interviewees from 

biochemical and biofuel company have been directly connected in the last 5 years in tall oil 

transition period. The researcher from VTT and the consulting firm did some research and 

observed the whole situation in the past years. The entire interview was face-to-face interview 

except one chemical company.  

ID Job title  Organization Date Involvement in 

transition 

period (last 5 

years) 

A Senior Manager, Sustainability and 

Market Development 

Forest company 4.6.2018 Yes, Direct 

interview 

B Sustainability Policy Director – Global 

And Sr. Director, strategic product 

management and raw material 

Biochemical 5.6.2018 

31.7.2018 

Yes, Phone 

interview 

C Research Team leader, D.Sc. (Tech), 

 

VTT Technical 

Research 

Centre of 

Finland Ltd,  

11.7.2018 Yes, direct 

interview 

D Supply Chain Manager Biochemical 1.08.2018 Yes, direct 

interview 

E Chairman Consulting 

Firm 

21.8.2019 Yes, direct 

interview 

F Director General Chemical 

Industry 

Federation of 

Finland 

5.6.2018 No, phone 

interview 
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5.4.2 An overview of present and future market condition based on interviewee’s perspective  

 

 Q1 Present Market of Tall oil in terms of Demand and Supply 

All the interviewees acknowledged that tall oil is a limited material with limited 

availability and it is only available in Kraft pulping process.  Although it is possible to get 

650 000 tons in the EU, but it can be fluctuated in different year. One interviewee 

mentioned about the tall availability that 

 

“All the tall oil is not acidulated globally yet. If there would be more demand, there could 

be more acidulation. It does not reach yet that point of acidulation that all the tall oil has 

been used. There is still space for more acidulation”. 

 

On the other hand, other argued that the demand and supply of tall oil now is in equilibrium 

phase and present tall oil market is quite stable. One interviewee mentioned that,  

 

“Supply and demand is in equilibrium phase. Global demand of tall oil is in maximum 

level.  Biochemical Company has long in the market and they have refining capacity more 

than 600 tons a year, there is no need for other actor”. 

 

Indeed, other interviewees acknowledged that demand increased during the last 5 years. 

All the three major players mentioned that they are importing a portion of tall oil from 

abroad. Although there has been increased of supply from Äänekoski, but still Finland has 

not enough supply than the companies need. One of the interviewees point out that,  

 

“Finland is using 2 times more raw material demand than they are supplying. Finland 

has already 200 000 tons of shortage”. 

 

However, other interviewee thinks that  

 

“There had not been any big changes in the tall oil supply in Finnish market. Finland has 

been using its all tall oil already before UPM has been started its fuel production. UPM 

were using a part of their tall oil for combustion and others may sold somewhere before 
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they started Bioverno. But now they are using their tall oil to make more value-added 

product like tall oil for biodiesel and naptha”. 

 

In North America, there are some old mill. They might change production to new line. 

The interviewees pointed out that CTO price increased in Finland because of higher local 

demand in the past year. According to one of the interviewees, SCA and ST1 already 

changes the price increase. While ST1 and SCA gave announcement to invest in new 

biofuel plant, it had impact on CTO quickly. One of the big suppliers increased the price 

of CTO 100 euro/tons at once. In relation on this situation, the interviewee points out that, 

 

“Diesel manufacturer can buy raw material with higher price, which is making 

competitive price of raw material. In addition, they are getting double carbon benefit”.  

 

Q2 Major Players in tall oil market 

There are only three major players in Finland. They are Kraton Finalnd (Former Arizona), 

Forchem (Respol group) and UPM. About the side company, interviewees argued that 

they are in the value chain, but they are not related directly to the tall oil market. They 

have an effect, but not key players. All the participants give importance to think tall oil as 

a global material, not domestic material only. Kraton is the biggest pine chemical 

company. Afterwards, Ingevity, Forchem,  Kemira in chemical sides. Biofuel side, there 

are UPM from Finland and Sunpine from Sweden. Other forest company like Storaenso, 

Metsä group also can play role if they are planning to establish new plant. Metsä group 

already add 46 000 tons of CTO. One of the big key players are policy maker who decided 

RED 2 and energy agency (enegia virasto) (Figure 23). 

 

 

 

Figure 23: Major CTO supplier and Value theory 

Major CTO Player

Key Player

UPM

Kraton

Forchem

Other Forestry 
company

StoraEnso

Metsä

Other Chemical 
company

Ingevity

Kemira

Other

Sunpine Sweden

SCA & ST1

EU policy-RED 2 and Energy Authority-Finland 



61 
  

Tall oil biochemical direct next customer is B2B or B2C business.  These are then going 

to different business to make the product. For Biofuel Company, the direct next customer 

are fuel distributors in Nordic countries mainly Finland, Sweden and Norway. UPM 

launched with ST1 in the beginning but now they have wide range of customers beyond 

the boundaries. Based on the discussion result seen than there are multiple intermediaries 

in tall oil business network and value chain. It is different in biofuel and biochemical. The 

biochemical chain in longer than the biofuel one. About the direct next customers and end 

users of tall oil, one interviewee point out that,  

 

“Before the end customer, there are actually intermediate multiple.  End customers depend 

on uses; they can be even consumers”.  

 

 Q3 Change in Business environment in last 5 years 

In relation on the situation about demand and supply, the researcher and consultant point 

of view is similar. According to their opinion, the perception of sustainable value-added 

products, diversity of applications, positive opinion about CTO and increased the use of 

different ingredients from wood in the EU level were the big change in the last 5 years. 

The researcher from VTT suggested that bio-economy have great need to bio-based 

material in sustainable way. She said that,  

 

“Sustainability should be indicated and proved by figures, reports, LCA and like that, only 

telling without proof is not enough. In policy making, tools and data LCA (life cycle 

assessment) is also more and more important”.  

 

However, there has been some controversial in this issue between biofuel and biochemical 

companies. Both argues that there were enough availability of CTO although CTO needed 

to import outside EU zone. According to Ecofys report and one of the interviewees from 

biofuel company mentioned that,  

 

“There have not been any major changes in the market during the last 5 years. The market 

has been stable”.  

 

On the other hand, one of the interviewees from biochemical side mentioned that,  
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“5 years before, we higher almost all the CTO from Finland. Now a day, more and more 

from USA. The price of CTO increases in Finland because of higher local demand”. 

 

While another interviewee points out that, 

 

“EU initiative about bio based raw material improved biofuel business. If the oil price 

goes down, then the CTO price also goes down. If the CTO price is higher than heavy fuel 

oil, then people will find cheaper option to make product. Actually, product for both 

resources is almost same. Only the positive side is that CTO is environmentally friendly 

and sustainable to make end product. Same end product can be made by fossil based as 

well”.  

 

When there is subsidy for the product, it made the purchasing power high, which means 

if the company would buy the product which was 2 euro earlier without subsidy. However, 

because of the subsidy, the supplier has now possibility to buy the same product raw 

material with three euro. One of the interviewees mentioned that,  

 

 “As the other actor has more purchasing power, they bought the raw material with higher 

price. Consumption is more than five years before. As a result, the chemical company 

need to buy this CTO with high price and from abroad which causes the decreasing of 

refining process and this sector shrinking all the time. End product consumption based on 

CTO down than five years before”. 

 

 Q4 Effect of Policy changes by EU in tall oil market 

According to the interviewee’s argument, policy changed by the EU policy regulation 

about transport fuel is very important and can have big impact for CTO market in Future. 

There has been also some controversial about the last five-year effect. One of the 

interviewees mentioned that policy have not affected yet. In addition, most of the 

interviewees argue that the EU policy effected already in CTO demand and supply. One 

of the interviewees mentioned that, 

 

“There has been big strategic decision change inside the company. Company decreased 

its fixed cost and doing less profit. Company is not taking any new investment decision”. 
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One of the interviewees give opinion about EU strategy like that, 

 

“EU should consider the higher value of the product, technology neutral and free market 

mechanism. They should not be subsidized product like tall oil, which has 4 times more 

value and 20 times more job than biofuel. They should consider the long value chain”. 

 

Q5 Future of tall oil market without subsidy 

Researcher and consultant point of view were similar in case of future tall oil market 

without subsidy. They mentioned that CTO converting to derivatives market is not only 

based on Finland and no need to consider Finnish market. It has global market. According 

to one of interviewees,  

 

“Biofuel and Biochemical both are valuable market for future of CTO”. 

 

Market structure is important for future CTO business. Almost all the interviewees point 

out that long-term effect of the value chain of CTO required to think. Also, value added 

product, sustainability needed to consider. According to one of the interviewee’s opinion,  

 

“Tall oil has precious and interesting molecules which have room for innovation for high 

value-added product. These high value-added products need specific molecules in specific 

product, which is not available in all the raw material, but tall oil have those specific 

functional molecular group.  Progress® and silvaroad can be good example of value-

added product. On the other hand, once the tall oil used for biofuel, it is taking away the 

functional group and cut the molecular level. In addition, biofuel production needs high 

volume of raw material than chemical production”.  

 

It seems that the functional group in CTO molecule have more benefit and long value 

chain in biochemical production. Therefore, without subsidy chemical has more value-

added price. Packaging and board consumption are increasing. The EU pulp is best in 

quality for those products. One of the interviewees point out that, 

 

“It is always easier to develop current business rather than build a new one”.  
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Another interviewee give opinion that 

 

“In bio-economy or circular economy, we need to find the way how to boost the markets 

rather than give the policy to guide the raw material. Need technological knowledge to 

guide the raw material. It’s difficult to get holistic knowledge about all the raw material 

for policy makers even for researcher.” 

 

The other interviewee agrees with this opinion and give statement of level of playing field. 

They think that both chemical and bio-based fuels needed for Finnish bio-economy. One 

interviewee raises question such as,  

 

“The key question is, how much tall oil is in the market? In my opinion, everybody should 

have level of playing field. Everybody should have equal access to the raw material 

market. Based on the availability, both can play important role in their own business. It 

is true that the development of bio-economy has been started”.   

 

Considering all these issues based on the interviewee’s opinion, it is possible to use other 

raw material for biofuel. It is important to use the molecule in tall oil more beneficial way 

in case of biochemical. It is resource usefulness and price effective to use the functionality 

of the molecules for future CTO business. 

 

Q6 Future opportunities and challenges for tall oil market 

Tall oil has dynamic possibility. There are lots of potential. Pulp business demand is 

increasing which means the availability of tall oil also increasing. According to one of the 

interviewees, 

 

“If there would not be too many players who will use tall oil, there will not be any big 

challenges. There are surplus of 600,000 tons of tall oil which could be acidulate still and 

more pulp mill is coming in coming years”.  

 

Consultant agree on this point that there is some pulp mill coming in near future, which 

will increase the supply of CTO. Now supply is relatively constant, but demand is 

increasing which is a big challenge. Tall oil is limited. So, it should be used in wise way. 
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Most of the interviewees thinks that RED is going to be a big challenge. Additional 

purchasing power based on EU decision influencing investment decision. Unstable policy 

influences price immediately. One of the interviewees point out that,  

 

“Biofuel business driven by environmental awareness perception and regulation. Any 

political decision can change the market dramatically. Traditional driven market and 

product development price is more attractive to investment more which is not subsidized”.  

 

Sustainability are the important opportunities to mitigate climate change. Chemical is 

more valuable in price consideration which is challenge for biofuel company and 

opportunities for chemical companies. Subsidy promoted biodiesel company’s purchasing 

power to make biodiesel. As a result, the next biochemical customer will make the product 

from the alternative instead of tall oil which is a big challenge for biochemical company. 

Each additional sourcing chain will have impact. Sourcing from far also challenges for the 

quality and increase risk of leakage. Overall, it is not also good for the environment to 

import from long distance. Another challenge is how to make balance operation 

environment so that it can good for sustainable biofuel as well as chemicals. The 

opportunities are that it is renewable sources and can bring more value for the customer 

which is an opportunity for the societies. Overall, using tall oil for chemical is considering 

high performance and high value for the environment. According to the researcher point 

of view, she gave importance that 

 

“Overall, it is needed to have co-operation rather than competition in both sides. Need to 

initiate the discussion and both can compromise and cooperate side by side. They can find 

the common objectives. This thesis result can be a good opportunity to start the discussion 

actually”.  
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5.4.3 Summary of participant responses and impact of climate policy on tall oil 

 

This study showed that tall oil market demands and supplies is in equilibrium phase in the 

world level. Although, there is higher local demand, but less supply in Finland. Äänekoski 

mill has increased supplies already, but this is not enough for fulfill the demand. There are 

three major players in Finland such as, UPM, Forchem and Kraton. In addition, forest 

companies are big players as their investment decisions about pulp & paper industries can 

increases the supplies. In addition, Sweden need to consider for CTO business dynamics as 

they have big impact on Finnish CTO perspectives. Last five years, the big changes happened 

in the environment is that the more diversified sustainable value-added product directions and 

positive attitude towards sustainability. Also, import has been increasing. Five year before, the 

major CTO supply for biochemical came from Finland, but now days more and more supply 

is coming from USA. Price has been increasing and fluctuating in recent years. Although, the 

effect of the policy had not affected badly, but it had impact on CTO demands and supplies 

already. Purchasing power of biodiesel company is high because of subsidies, which mean 

they can buy raw materials with high price. At a result, chemical companies decreased their 

fixed costs and doing less profit. Chemical companies are not taking any new investment 

decisions. Based on the availability, both biochemicals and biofuels company can play 

important role in their own business. Bio-diesel is possible to get from other sources like 

animal fat etc. However, in case of chemical, they need specific molecule for specific product. 

It is resource usefulness to use the functionality of the molecules.  It is possible to produce 

value added diversified products. It can increase the share of bio-based products more 

innovative way like Progress® or silvaroad. If there are scarcity, then without subsidies, 

biochemicals has more value-added price because of its longer LCA and added value. One of 

the big challenges can be CTO consideration in RED 2 by the EU, which will come in the end 

of 2018. Political decision can change the market dramatically. If there will be no short-term 

investments in pulp mill, then supplies vs demands will be unbalance in near future as well. 

Also, there is always possible risk for leakage because of sourcing from far. Another challenge 

is to make the market level of playing field for both biochemical and biodiesels. On the other 

hands, the opportunities is that CTO products have highly added value for the environment 

and it can boost the new innovative sustainable market. Biochemicals have already established 

infrastructure and established market which is an opportunity to develop with investment to 

produce more value-added product (Table 8).  
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Table 8: Summary of participants’ responses according to questionnaires 

 

   Issue Response 

1 Market of Tall oil, 

Demand and Supply  

▪ Equilibrium phase in world demands and supplies perspective  

▪ Higher local demands 

▪ Increase supply from Metsä group Aänekoski mill 

2 Major players ▪ UPM, StoraEnso, Metsä fibre -forestry company  

▪ Kraton and Forchem-chemical company and  

▪ Swedish market Sunpine and pulp market as a whole. 

3 Change in Business 

environment in last 5 

years 

▪ More value added diversified sustainable product directions and 

positive attitude towards sustainability.  

▪ Increase import from abroad to Finland.  

▪ CTO price increased and fluctuating in recent years 

4 Effect of policy change 

by EU on CTO  

▪ EU Regulations have impact on CTO demands and supplies. 

▪ Policy have not affected badly, but it can have big impact in future 

(RED2).  

▪ Purchasing power of biodiesel company high because of subsidies. 

▪ At a result, chemical companies decreased its fixed costs and doing 

less profit. Chemical companies are not taking any new investment 

decisions.   

5 Future of tall oil market 

without subsidy 

▪ Based on the availability, both can play important role in their own 

business. 

▪ Bio-diesel is possible to get from another sources  

▪ CTO has precious molecule to produce biochemical.  

▪ Without subsidies, biochemicals has more value-added price.  

6 Opportunities and 

challenges 

Challenges 

▪ Future EU Policy, CTO consideration in RED 2. Political decision 

can change the market dramatically. 

▪ Supply vs demand unbalance-amount of tall oil in future  

▪ Possible risk for leakage because of sourcing from far 

▪ Make the market level of playing field 

Opportunities  

▪ CTO products are high performance and high value added for the 

environment.  

▪ Boost the new innovative sustainable market 

▪ Traditional driven market, established infrastructure and developed 

product are more attractive to invest more which is not subsidized. 
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Some recommendation based on the research finding for future market 

Business Environment should be 

• Stable operating environment  

• A level of playing field for all bio-based industries  

• There should be room for all player. 

• Free market mechanism without any distortion 

• New business models  

• Cross-industry collaboration, networking and integrating 

• Innovative sustainable market  

• Need responsible business 

 

Policy should be 

• As holistic legislation as possible.  

• Technology neutral 

 

Product should be 

• Resource efficient  

• Sustainable use of raw material and sustainable product 

• Long value chain and functionality of the molecules should consider 

• Room needed for new innovation to extracting the highest value  

• Different value added diversified product  

• Sustainable alternatives with high value 

• It is important to use the raw material where is more added value and more benefit for the 

customer 

• Motivate the consumer about sustainable way of living and use sustainable product 
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Impact of climate policy on tall oil 

Chemical industry is not affecting the supplies and demands. They are not getting any 

advantages from the government and they are not affecting the price. On the other hand, Bio-

diesel industry increased the demand. They are getting double carbon benefit and free to CO2 

tax. Purchasing power high. More supply needed because of more demand (Figure 24).  

 

 

Figure 24: Impact of Climate policy on tall oil market 

 

Market Dynamics includes price, value, capacity, demand, supply and they are interrelated. 

Indeed, all the interviewee had his or her own point of view about market dynamics. It has 

been pointing out from previous research that the driver in the tall oil market at this moment 

is the EU policy about double carbon benefit which make purchasing power high for biodiesel 

company (Christopher L. 2013).  This study also accesses that incentives on biofuel causing 

unfair completion and significant distortive effect on tall oil market (Figure 24). Because, once 

the limited available CTO will have more demand than supply, there will be increase of CTO 

price which will result less operating profit for chemical company. Because, chemical 

company need to buy this from abroad because they are not able to compete in local market 

and there is shrinking of raw material all the time.  Nevertheless, this research found that this 

importing transportation cost have big impact on price, environment, quality. If bring CTO 

Chemical 
industry

Bio-diesel 
industry
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other part of the world and making subsidy-based product with limited economic benefit, it is 

not sustainable at the end (Figure 24).  

 

According to Michael E. Porter, Government is the influencer of four determinants of National 

"diamond” and factor condition are affected with different government activities such as 

through subsidies, policies etc. (Kotler & Kotler, 2009). Forestcluster.fi 2018 mentioned that 

Government can play an important role in case of taxation and infrastructure. Indeed, all the 

interviewees shared the same statements concerning policies that it effects the business 

strategy and environment which is one of the main statement from porter theory. RED 2 is 

coming in operation in the end of the year for 2021-2030. All the companies related to tall oil 

looking forwards to see RED2.  

 

It was mentioned in the theory that the reason behind the Finnish forest industry success is the 

research, development and demonstration of efficient environmentally friendly technology and 

long working experience of Finnish universities and industrial companies (Marttila, 2003). It 

showed from the interview result that although tall oil is distilled since 1930 in Finland, but 

lately innovation is coming more and more. Therefore, innovation and research are having big 

impact in this cluster (Forestcluster.fi 2018). Different interviewees give importance in the 

same point. Market driven towards more innovative product like animal feed Progress®, 

silvaroad for road safety which can be for reused, recycled asphalt, Elopak for environmentally 

friendly packaging. If CTO base intermediates are high price, then the end products 

manufacturing company have option to buy cheaper raw material. For example, for making 

end product like adhesive or paint, it is possible to use CTO base derivatives or fossil base 

derivatives. If CTO base derivatives price high, then the company will buy fossil base 

derivatives. The end product adhesive or paint have no impact on characteristics whether it is 

CTO base or not.  

 

5.4.4 Study comparison with previous research  

 

There have been really few researches on tall oil market dynamics and business network. 

Ecofys study was more based on the EU policy and market availability. On the other hand, 

Fraunhofer UNSICHT study was really broader view about all possible perspectives. 
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However, comparing to those study, this study only considers Finnish market dynamics, value 

network, EU policy effect on Finnish market dynamics and bio economy in Finland. 

 

Ecofys report showed that global availability whereas this study considers only Finnish 

availability. There is lacking 190 000 tons of CTO presently (Figure 17). Maximum potential 

based on investment plan could be 98 000 tons supply from Finn pulp, Kemi jarvi and Kaicell 

although no investment decision yet (Table 5). Assuming that all the pulp mill investment and 

tall oil availability, the estimation of tall oil supply will be still the lacking of around 92 000 

tons. 

 

This research found similar result like Ecofys that tall oil is considered as processing residue 

and environmentally friendly product based on biofuel legislation and it is not create an 

additional demand for land which mean a low ILUC risk feed stock. So, it is environmental 

friendly whether it is used for biodiesel or biochemical.  

 

It is shown in the Fraunhofer UNSICHT study that the EU pine chemical have huge market 

attractiveness in the future in rubber, coatings and fuel additives. Afterwards, adhesive, oilfield 

chemical, mining chemicals and printing inks. This study found that CTO has precious 

molecule on it which is needed to make special chemical product. Diesel is also good to make 

if there is enough availability. But if there are enough availability, both biochemical and 

biofuel can play important role in Finnish bio-economy. In addition, this study also found the 

similarities that biochemical has more steps towards value added end products and more 

economic added value rather than biodiesel. This study showed that without subsidy, the 

biochemical is more attractive market for its diversified product range and biochemical have 

longer life time than biodiesel in maximum case. The new aspects of this research are that it 

consider the broader market dynamics perspective in Finnish market with the assumption of 

future perspectives also. This study shows that although there is possibility for couple of new 

mills, still the availability of tall oil is not enough to fulfill its demand. The market of tall oil 

is global and there is enough market for the end product globally, no need to consider only 

Finland.  
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6 SUMMARY AND CONCLUSION: 

 

The aim of this study was a qualitative analysis on the role of tall oil in Finnish bio-economy. 

There has been several steps for conducting this study to fulfill the objectives.  

 

▪ The first step was background theoretical study. Details of crude tall oil production 

process, value theory, market dynamics and bio-economy have been explained.  

▪ The second step was to collect secondary data from previous research materials on CTO, 

news, company and the EU websites. 

▪  The next step was to collect primary data by interviews from five stakeholders through an 

open-ended questionnaire. Topics were about current market dynamics, growth patterns, 

major players, competition situation in last five years, effects of the policy on CTO, future 

perspectives about potential end uses, opportunities and challenges. Those interviews have 

been recorded and written. Afterwards, the following steps were interpretation, data 

processing, analysis and calculation.   

▪ The last step was concluding summary along with further research possibility.   

 

There had been a study about strategic change in the forest industry towards the biorefining 

business. In addition, another study was on the projected 2030 scenario and main challenge 

for the European pulp and paper industries. Both studies clarified on raw material availability 

and sustainability, diversified product range and value added product portfolio, investment in 

research and development, new managerial and operational-level innovative personnel skills, 

as well as cross-sectoral and strategic partnership  for the prosperity of forest industries.  In 

addition, the study from Toppinen et al., 2017,  materialize the transformation towards bio 

economy. This study specified that one of the problem in forest industries is low-willingness 

to take investment risk. This study suggested that future transition along with long-term 

industry survival and vitality depends on substituting fossil-based products with bio-based 

products. The main focus of the bio-economy is energy and material efficiency, high added 

value and competitive business environment. Advanced bio-refineries are seen as 

opportunities for the future of forest pulp and paper industry (Näyhä & Pesonen, 2014; 

Toppinen et al., 2017). These two mentioned studies provide the background for this study on 

the role of tall oil in Finnish Bio-economy, policy impact, market dynamics, value network 

and future prospectives.  
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Based on this study, the demand and supply of CTO is in equilibrium phase in the world. 

However, demand and import has been increased during the past years in Finland. Export has 

been decreasing after 2015. An increase in import causes emissions of CO2, possible leakage 

during transportation and hence, decrease in the quality. Price has been unstable and increasing 

since two years. UPM, Forchem and Kraton are the major players of using CTO. They are 

using 420 000 tons whereas Finland supplies only 200 000 tons.  Finland’s demand is two 

times more than supply. Among this supply, only one fourth is used for biodiesel. As there is 

no pulp mill coming up before 2020, there is no short-term increase in the Finnish supply.  

 

The interpretation on, “What is the impact of climate policy on tall oil?”, assess that the 

directive of (EU) 2015/1513 has the main impact on CTO. Because, it counted biofuel out of 

tall oil twice their energy content. In addition, the directive considers CTO as a processing 

residue with zero emission and low ILUC risk feed stock. Therefore, it is environmental 

friendly whether used for biodiesel or for biochemicals. CTO market is more competitive than 

five years ago. Biofuel companies gain more purchasing power because of subsidies. On the 

other hand, subsidies have strategically directed the biochemical companies to decrease their 

fixed cost and doing less profit. There has been strong opposition from the distillers’ side about 

this policy. For this reason, European Parliament considered all the perspectives and already 

agreed to drop tall oil from advanced biofuels feedstock’s list, which means that, fuel produced 

from tall oil will be not counted as zero emission. The final decision will be decide by RED 2.   

 

The forecast about, “Which is the optimal end use market for tall oil in future?” is estimate 

that if there is enough availability, both biofuel and biochemical bear an significant impact on 

Finnish bio-economy. Both biofuel and biochemical companies can play an important role in 

their business. The double counting is preferred in Finland to be able to reach the EU 

renewable energy quota for traffic fuel distribution. This study as well as the study by 

Christopher L., 2012 acknowledged that doing business depending on subsidies is not a worthy 

idea as the legislation can be changed. It is not beneficial to invest heavily in this kind of case 

(Christopher, 2012).  On the other hand, biochemical companies are considering CTO as a 

competitive product without any subsidies, which can provide more benefits for the Finnish 

bio-economy. Tall oil is a limited material with limited availability and has a precious 

molecular value.  Research assess that, there should be room for innovation to extract the 
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highest value, functionality, long value chain of the molecule and produce diversified product 

range. Considering lifecycle assessment, chemicals can store carbon for a longer time than 

biodiesel (Klitkou et al., 2015; Bioeconomy 2016). It is possible to get biodiesel from other 

sources such as waste and animal fat (Neste oil). So, if there is scarcity of CTO, then it is 

profitable to make biochemicals rather than biodiesels to get maximum economical benefit.  

 

The recommendation about policy is that it should be as holistic as possible. The EU should 

consider the higher value of the product, technologically neutral value and its free market 

mechanism.  New type of regulations are needed from Finnish authorities ensuring free market 

mechanism, stable and balance operating environment for all bio-based industries.  Everybody 

should have equal access to the raw material market. In addition, consumers should be 

motivated about a sustainable way of living and the use of value added products. It is important 

to use the raw material intelligently and efficiently where it has more added value and benefit. 

These improvements are necessary for the future of Finnish bio-economy. It is suggested to 

start co-operation rather than competition between biofuels and biochemicals companies. 

Cross-industry collaboration, networking and integrating are required. There is a need to 

initiate a discussion process where both biofuels and biochemicals companies can compromise 

and cooperate side by side and can find common objectives. This thesis is a good opportunity 

to start the discussion.  

 

Further research possibility and limitation 

There are several further research possibilities on the use of CTO. As for example, Progres® 

is used as a feeding product for chicken and turkeys. This is an exciting and interesting area 

for future research. On the grounds that if CTO can be used for chickens feed, there could be 

a possibility of using it to feed for other animals as well.  CTO may have much more added 

value than it is being currently recognized. There is a need to conduct more research on the 

value of CTO. This study only considered bioeconomy, not circular economy, which is a 

limitation. Circular economy would required life cycle assessment of CTO, which would be 

quite challenging with limited resources. However, tall oil impact on the circular economy is 

an attractive and interesting topic for further research.  
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ANNEX 

 

Theme Based Interview Questionnaire:  

1. Company’s/stakeholder background information 

-Company name 

-Address 

-company establishment and development 

-Type of ownership 

2. Interviewee’s background information 

-Name of interviewee 

-Job title and responsibility 

-Work history in the company 

-Have you been directly related in the transition of tall oil business strategy movement 

 

Present and Future Market Conditions 

1. Please describe present tall oil market in terms of demand and supply? (Where you get tall oil? 

Is your pulp factory tall oil enough? Do you need to import from abroad? How much you 

export abroad?) 

2. Who and What are the major players in this market at the moment? (Who are direct next 

customer and who are end-user?) 

3. In your opinion, how the business environment has been changing during last 5 years??  

4. Is the EU policy having an impact on your business activities and value network, and if yes, 

how? How is the tall oil price effected by EU policy changes? (meaning strategic changes 

inside the company) 

5. What is the future of tall oil in Finnish market? Which is valuable market for tall oil in the 

future without subsidy-energy or chemical? 

6. What are the opportunities and challenges in the near future of tall oil market dynamics and 

value network?  For example, changes in EU policy, supplementary industries, supply change, 

Environment sustainability etc. 
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