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Biorefineries is a perspective field of study that covers many opportunities of a successful
business unit with respect to sustainability. The thesis focuses on the following key
objective: identification of a competitive biorefineries production process in small and
medium segments of the chemical and forest industries in Finland. The scope of the
research relates to the selected biorefineries operations in Finland and the use of
hemicellulose, as a raw material.

The identification of the types of biorefineries and the important technical and process
characteristics opens the advantage in the company’s competitive analysis. The study
concentrates on the practical approach to the scientific methods of the market and
companies research with the help of Quality Function Deployment and House of Quality
tool.

The thesis’s findings provide mindset version of the expert’s House of Quality application,
identification of crucial biorefineries technical and design characteristics’ correlation and
their effect on the competitive behavior of a company. The theoretical background helps to
build the picture of the problematic issues within the field and provides scientific possible
solutions. The analysis of the biorefineries’ market and companies operations bring the
practical-oriented aptitude of the research. The results of the research can be used for the
following investigations in a field and may be applied as a company’s management
analytic and strategic application.
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1. INTRODUCTION

This study relates to the competitive analysis of the selected biorefineries in Finland and is
carried out as a thesis for the Lappeenranta University of Technology. The hemicellulose
was taken as a main raw material for the biorefining production process. Hemicellulose-
based products basket has a very positive factor of safety, especially if question of
sustainability and green technologies is taken into account. The biofuels branch is growing
since last decade for that reason the topic is interesting for the research today. The main
question that was raised in this paper is related to the hemicellulose as an object and
biorefineries as a subject of raw material application. The main idea is to find what kind of
the biorefinery is more efficient from economic and production point of view according to

the opinion of the leading managers of the Finnish forest industry.

1.1. Research area

The focusof a research area bases on the identification the type of the efficient biorefinery
from the view of the scientific and process management point. As a product example
performs the chemical component - hemicellulose. The main purpose of a research relates
to business-to-business (B2B) sector and covers the network of selected biorefineries that

are located in Finland and meet this study needs.

1.2.Previous findings: application of hemicellulose

Bioproducts are an example of renewable sources, which can be included in different types
of bioprocess engineering, like biotechnology, chemical or biotechnical engineering. The
application scope is quite wide and includes: food, chemical, and pharmaceutical industries

as well as polymers and paper products from different biological materials.

Since the question of renewable sources in 1990s has been open, integrated processes,
biorefineries process and technology started to be an objective for the wide range of
studies (Szmant, 1987; Eggersdorfer, Meyer, Eckes, 1992; Morris, Ahmed, 1992).
Biorefinery projects are focused on production of chemicals, fuels, artificial materials and
food for human needs. Biorefinery process has been developed for many years. A
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Biorefinery process system is developed from cereals (Bozell, 2004; Webb, Koutinas,
Wang, 2004), lignocelluloses (Gravitis, Suzuki, 1999; Van Dyne, 1999) and grass
(Kamm&Kamm, 1999; Kurtanjek, 2004), and process optimization tools are still open and
precede area (Marano, Jechura, 2003; Werpy, Petersen, 2004). The support of raw
materials supply via the integration process of molecular plant genetics is being actively
discussed. On the basis of Broin Company, the largest dry mill ethanol producer in the US,
Broin and Associates,was run a second generation of dry mill refineries development; and
corn-based biorefinery has been developed by E.I. du Pont de Nemours (Pajares, 2012;
POET 2015). In the beginning of 21st century NatureWorks LLC has begun production of
PLA-oriented biorefinery on the maize base (Pajares, 2012).

There is a common assumption that the bioproducts is very demanding on market and it
can be easily proven by listing the industries, which focus on them, however the actual
target of the following research is related to the identification ofthe biorefinery’s

competitiveness on the base of its characteristics.

The objective of the provided research is related to the identification most probable
relationship s channel between B2B agents engaged with bioproducts production and sale.
As main bioproduction agents small farms and biorefineries are taken into account.
Exploration of wide range of biorefineries opportunities and hemicellulose application is a
centre core of study due to their ability being distributed within the pharmacy, pulp and

paper and food industries.

Sustainable manufacturing and green technologies are in a main focus today in the world.
Scientists are trying to find possible solutions to connect business and environmental
needs. The explored field is quite novel, therefore researcher’s outcome can lead following
study to the new sides and provoke further research, however the main attitude is based on
possibility to find and propose the tool of the competitive analysis for the particular

industry.



1.3. Research problem and methodology

The research problem arises from the potential need for competitiveness of particular
products and services analysis and is studied with the help of selected biorefineries within
the Finnish market. It is a case study of thenetwork of different actors within the country.
The leading attitude of the research bases on the opportunity to implement several product
design approaches like: Quality Function Deployment and its tool known as House of
Quality (HoQ), Porter’s five forces, SWOT-analysis and other analytical methods. The
study of problem is going to be based on the primary literature research, built of the

theoretical framework and the implementation of the presented tools in the empirical part.

The major target of the research is an ability to understand the market supply and demand
in this particular area with a particular chemical product and propose the better model to

meet the uncovered market opportunities in this sector.

The method of the present research consists of the biorefineries types case study analysis,
desk research bases on the current scientific knowledge and identification of functional
characteristics of biorefineries process types with the help of House of Quality technique.

1.4. Objective of the thesis

The subject of the research is hemicellulose-processing biorefineries in Finland. The
object of the research is the selected competitive biorefineries production process in small

and medium segments of the chemical and forest industries in Finland.

As main bioproduction agents small farms and biorefineries are taken into account. There
is a wide range of biorefineries opportunities and hemicellulose application types. To meet
all advantages of their function there is a need to eliminate the possible tools for the

competitive analysis utilization.

Business, which is oriented on the environment, is one of the fastest growing industries
around the world that is considerably important. One of the most attractive customer
segments of the chemical industry is the forest industry with itshigh potential for the new
biomaterials application.
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In the following chapters forest and chemical industries potential is shown and

appropriately taken into account within the research.

1.5. Hypothesis

The research purpose is to determine the type of the efficient biorefinery from the view of
the scientific and process management point. Research hypothesis refers to the limited

productivity of a stand-alone biorefinery type in comparison with an integrated biorefinery.
Research problems are the following:

1) Define the classification of the existing hemicellulose-based biorefineries;

2) Improve the present classification types;

3) Determine the main characteristics of the optimal biorefinery’s type;

4) Apply the scientific methods for matching the competitive and present hemicellulose-

based biorefineries characteristics.

The figure 1 describes the whole hypotheses application process that is proposed in this
research. The model covers several main areas and combines them in the unified
mechanism. The key points of the model are: real market supply and demand; possible
theoretical approach, that bases on the developed hypothesis; empirical data that are the
purpose and support of the research; and final outcome of the paper - possible application

of the obtained exploration.
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Reality

Small and medium
sized business units
busy with stand-alone
and integrated
biorefineries * )
Theory Hypothesis
Case study method ‘ Limited productivity
Application of House ofa stand-alone
biorefinery type asto
of Quality (HoQ)
Applications Integrated one
Recommendations ' ‘
bases on the HoQ
results

Figure 1: Formulated hypothesis map

1.6. Theoretical framework

Theoretical framework (figure 2) represents the logical development of the paper objective

and is combined of dependent and independent variables that cover market needs, product

features and can be analysed due to the chosen methods.

tainability

Figure 2: Theoretical framework components
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1.7. Structure

The whole research design bases on the several main parts. The first step is in the
investigation of the problem that presents in the paper. The findings in the sphere of the
different types of biorefineries characteristics, their classification and productivity are
actual and novel, the previous researches in this field have been related more to the
technical and production process itself and are shown in the following parts. However the
comparison of the refineries itself is an open and important question and can help to

improve the process within the organizations in the whole industry.

The first part of the thesis design relates to the desk research of the world to be studied.

The projects and companies are showed and their attitude to the industry is described.

The classification of the biorefineries types is a next basic element of the paper, because it
helps to build the whole research background, propose and compare main elements of the
biorefineries characteristics. The raw material — hemicellulose - takes not the last point of

view in the proposed research.

The third step of the study relates to the field research. The questioning (see Appendix 1)
of the companies helps to structure and highlight the most important characteristics of the
biorefineries and compare them with the optimal scale that was proposed as a result of the
scientific research in the particular field. The questionnaire template includes the questions
to the responders that clarify the biorefinery’s type and the list of the characteristics that
can show the most important factors of the biorefinery workload. Fifteen primary
characteristics have been taken to the study and are going to be ranked according to the
expert’s opinion. The correlation between technical and design characteristics will be
estimated and included to the research results after questioning of experts. The correlation
is going to be analyzed by the adaptation of HoQ tool to this study.Finally, the expert

evaluations are going to be used in the competitive analysis’s estimation.

The final step includes questioning with the six experts from the 6 companies, who has

been agreed to participate in the research and represent 6 projects.

Being based on the expertise opinion with agreed classification types there are four
integrated and two stand-alone biorefineries to be taken into analysis. The characteristics

of the biorefinery functioning have been analyzed in HoQ matrix. The result for the study
13



analysis is received in a following way: the experts fulfill the provided questionnaire and
match the major biorefinery characteristics to show the optimal functioning level of the
unit from their point of view and scale the competitive analysis part from 1 to 5 point. The
mathematical outcome of the template, points and final scores, has been calculated
automatically with the help of HoQ template. The HoQ template was prepared by the
Quality Function Deployment online laboratory and is sharing around the world for free of
charge (QFD Online, 2007). The template works on the MS Office Excel ™ platform and

is able to be open with all versions of the program package.

There are also the research limitations that include partly the biorefinery operational
process trade secret on the one hand and the narrow access to the information, to the
experts and the companies itself. The questionnaires have been sent to the 6 companies, to
the representatives’ official e-mail addresses (Appendix 1).
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2. RELATED LITERATURE AND THEORETICAL FOCUS

Since the question of renewable sources in 1990s was opened, integrated processes,
biorefineries process and technology started to be an objective for the wide range of
studies(Eggersdorfer M. et al, 1992; Morris et al., 1992; Szmant H.H., 1987). Biorefinery
projects are focused on a production of chemicals, fuels, artificial materials and food for
human needs. Biorefinery process was developing for many years. Biorefinery process’s
systems are developed from cereals (Bozell et al, 2004; Webb et al., 2004), lignocelluloses
(Gravitis, 1999; Van Dyne et al., 1999) and grass (Kamm, 1999; Kurtanjek, 2004), and
process optimization tools are still open and precede area (Marano et al., 2003, p.103;
Werpy&Petersen, 2004). The support of raw materials supply via the integration process
of molecular plant genetics is being actively discussed. On the basis of Broin Company,
the largest dry mill ethanol producer in the US, Broin and Associates was run a second
generation of dry mill refineries development and corn-based biorefinery has been
developed by E.l. du Pont de Nemours (POET 2015). In the beginning of 21st century
NatureWorksLLC beganthe production of PLA-oriented biorefinery on the maize
base(Pierson et al., 2013).

The following chapter describes main characteristics of the biorefineries andhemicellulose,
its properties, contents, available resources and possible applications. The question of the
product importance reflects in a positive manner the forest industry analysis’s case.
According to the recent report of Environmental Paper Network a consumption of
woodcraft and related products is growing year by year all over the world, and the biggest
pulp and paper consumption level show East and Nordic European countries: approx.
178,7 kilos per person (Environmental Paper Network, 2015, p. 2). However each natural
resource (exception is solar energy) limits at some point, moreover the cost efficiency
question needs always to be consider. One of the answers lays in the hemicellulose and

biorefineries analysis.
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2.1. Biorefineries

The obvious fact is following - various fossil resources, which play the role of chemicals
production ground, tend to limit. For that reason other ways of components production are
in researcher’s focus. One of them is biochemicals manufacturing. The first attempts in
components obtainment started from fuels, especially oil fuels, conversion. Today the new
target is in focus - renewables resources utilization (Alén, 2011, p. 56). This type of the

resources and final products can be gotten from utilization process of biorefineries work.

A biorefinery is a facility type that unifies biomass conversion processes and machinery to
produce fuels, chemicals, materials, feed and energy from biomass. The biorefinery
includes a wide range of energy streams and exchanging products processes, as, for
example, biological, chemical and thermal. (World Economic Forum, 2010, p. 12).

There is two main types of biorefineries to be consider in this paper: a stand-alone
biorefinery and an integrated biorefinery. The stand-alone biorefinery concept bases on the
simultaneous process implementation of each consisting processes (Aresta M. et al., 2015,
p. 283). In the stand-alone biorefinery chemical processes are used in the woody biomass
conversion into the ethanol, commodity chemicals, plastics, pharmaceuticals and other
crucial chemicals (Aresta et al., 2015).

In case of the integrated biorefineries the main active processes appears directly within one
plant. Here the biorefinery acts as a part of the whole refinery unit. Components are
extracted and converted by the integrated biorefinery into pulping elements and developed
from the pulping products waste. From time to time the integrated biorefinery operates as a

full pulping process factory (Kokossis et. al, 2015, p. 40-41).

2.1.2. Concept of biorefineries

The biorefinery concept is biomass-converting process into chemicals, energy or other
biological materials with the usage of following conversion methods: thermal, mechanical
or thermal. The essential objective lies in value of the biomass maximisation and the

production wastes minimization (Alén, R. 2011, p. 56-57).

Wood and cellulose (incl. hemicellulose) can be typically refined in diverse ways

presented above. Normally thecraft process begins from wood chips pulping in
16



compressed condition in order to remove lignin, however that destroys celluloses and
mostly important - the hemicellulose, for that reason new types of refinery process has
been developed latterly(Timell, T. 1965, p.37).

2.1.3. Thermal cellulosic biomass conversion

Gases, distillates and tars liquids, solid char products are the products of thermal cellulosic
conversion. This conversion type includes pyrolysis, gasification, catalytic conversion,
combustion, enzymatic hydrolysis, chemical fractionation, and anaerobic digestion. Bio-
oils and other liquid fuels are preparing through pyrolysis, methanol and hydrocarbons via
catalytic conversion. Ethanol and butanol production relates to chemical fermentation.
Torrefaction is a light pyrolysis process that helps to dry wood chips or biomass and
disintegrate hemicelluloses, while volatile composite removes. The carbon content of the
received biomass is higher and can be used with enlarged caloric value that improves
energy density (Alén, R. 2011, p. 56-57). Torrefied wood pellets can be manufactured into
suitable forms and ensemble better for storing and transportation needs (Wilén, C. 2011, p.
41).

2.1.4. Chemical and biochemical cellulosic biomass conversion

The cellulosic biomass usually pre-treats in chemical and biochemical conversion before
hydrolysis. Hydrolysis causes sugars production due to fermentation phase by using
enzymes or mineral acids. Fermentation is available because of recovery reaction of
products and by-products. Chemical and biochemical technologies are mainly focus on the
fraction utilization of cellulose and hemicellulose (Wilén, C. 2011, p. 59).

2.1.5. Biorefineries classifications and characteristics

The biorefineries today take a big part of the chemical and forest industries. The
functioning process cannot be built without deep scientific background, research and

development. Due to that reason there is no unified classification of the biorefineries.

According to the researchers from the Austria Institute of Energy the major biorefinery

types are the following(Cherubini F. et all, 2009):
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1. The lignocellulosic feedstock biorefinery — uses nature dry raw material, such as
cellulose-containing biomass and wastes.

2. The whole crop biorefinery — uses raw materials, such as cereals or maize.

3. The green biorefinery — uses nature-wet biomasses, such as green grass, alfalfa,
clover or immature cereal.

4. 4. The two-platform concept biorefinery — includes the sugar and the syngas
platforms.

5. The conventional biorefinery—based on existing industries, such as the sugar and
starch industry.

6. The thermochemical biorefinery — based on a mix of several technologies.

7. The marine biorefinery — based on marine biomass.

8. The liquid-phase catalytic processing biorefinery — based on the production of
functionalized hydrocarbons from biomass-derived intermediates.

9. The forest-based biorefinery — based on the full integration of biomass and other
feedstock’s (including energy), for simultaneous production of pulp, (paper) fibers,

chemicals and energy.

There are other appropriate approaches for the type classification base on the feedstock

(raw material) orientation, processes, platforms or products.

The most relevant classification bases on the platform biorefining type (Schlosser
S. Etal., 2011, p.8):

e Sugars;
e Oil;

e Syngas;
e Biogas;

e Lignin sugars, syngas.

Another common classification separates biorefineries in two types that ground of the
processes, which are implements in the production. The stand-alone biorefinery is a
refinery that functioning with the one general simultaneous process. The integrated
biorefinery represents the production process that involves several operational platforms
into the action(Aresta et al., 2015).

18
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The last classification type opens the possibility for the researcher to unify some technical
aspects of the production process and to focus on the functioning characteristics, which

enables to analyze productivity aspects.

According to the functionalities of the existing biorefineries there is a wide range of
characteristics that are interesting for the expert to analyze and improve, to enable
maximization of the refinery effectiveness and productivity (Aresta et al., 2015; Schlosser
S. Etal., 2011; Cherubini F. et all, 2009):

1. Multifunction of the biorefining 5. High efficiency of the unit;
process; 6. High quality of the end product;

2. Ability to wuse various raw- 7. Positive financial respond;
materials; 8. Investment level,

3. Ability to use end-products after 9. Sustainability of  production
each process step; process;

4. Low logistic costs; 10. Competitive final product.

The characteristics of the biorefinery in this case are possible to compare with the
‘product’ characteristics and that permit to analyze the whole process more accurately.
This list of the optimal characteristics can be supplemented with the real life cases and
characteristics of the biorefineries that takes an active place in the production chain. The
next list of the ‘product’ characteristics bases on the expertise opinion and has been
developed during the research and is true for the both biorefineries types — stand-alone and

integrated one:

Variety of the hemicellulose’s raw 8. High production costs

material 9. High prices

Closed production cycle 10. Working period

Production volumes 11. Labor

Long distance between units 12. Dependency of suppliers

Long production process 13. Pre-treatment refining

Self-sustaining ability 14. Multifunctional capabilities

Various range of final products 15. Production volumes

The determination of the characteristics provides the experts, who proved that the

characteristics presented above could effect the biorefinery operationsprincipally.
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2.2. Hemicellulose properties

Notoriously hemicellulose is a combination of different polysaccharides built from such
sugar monomers like pentose, xylose, mannose, glucose and galactose. Originally this
chemical can be found in a wide range of wood, plant, seeds and herbs types (Dahlman, O.
2003), however the primary focus of market today, as well as the point of this study, basis
on biosynthesis abilities (Pavelk M, Mironov AA, 2008).

Hemicellulose responds for physical and structural cell strength with the help of cellulose.
However it is more reactive than cellulose molecule and helds other properties like: high
solubility, amorphousness (Dahlman, O. 2003). The molecular mass ranges from 30-300
a.m.u. (Makkee et al., 2013). Hemicellulose subsists from shorter sugar chains - 500-3000
units - in comparison with the cellulose. It is unbreakable by other agents polymers(Lew
C., 2012). The polymerisation degree is approx. 80-200 units (Aspinall, G., 1959). The
major molecular units of hemicellulose are pentosans (C5H804) and hexoses

(C6H1005)(Timell, T., 1965.). Central monomers of hemicellulose are presented on

Figure 3.
D-Glucose D-Mannose D-Galactose
H H OOH
O, OS Q
HRo OH HEo OH HO
OH
OH
D-Xylose L-Arabinose
OH
Q
oS\ —OH @6#
OH
HO OH
Figure3: Central monomers of hemicelluloses. (Pierson et al., 2013)

One of the important hemicellulose feature is solubility in water, alkali and dimethyl
sulfoxide and it is quite sensitive to hydrolysis (Stenius, P. and. Len, R. 2000). However it
is resistant to methanol, ethanol and acetone liquids (Lew C., 2012).

The contamination of the hemicellulose is preferably reflected to the hard wood and woody

plants, the presence of it covers around % to Y of the presented organic material.
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Moreover, hemicellulose is a major component of biomass products. There are other
important sources of this component and they are presented in Table 1(Lew C., 2012;
Stenius, P. and. Len, R. 2000).

Table 1: Hemicellulose contents in various sources

Source Hemicellulose fraction (%o)
Sugarcane Bagasse 35
Corn Fibers 35
Wheat Straw 33
Olive Residue 30
Sugar Beet Pulp 30
Woody Crops 30
Herbaceous Energy Crops 30
Municipal Solid Waste 9
Agricultural Residues 2

Hemicellulose performs as a favourable raw material that is a main supply product for
different industries. The production of acids, ethanol and other alcohols can be arranged on
the basis of this material (Bozell, 2004; Kamm, 1999; Cheng et al., 2008).

Due to some important properties, as for example non-toxicity, biodegradability and
maintainability hemicellulose is able to be applied in a different products and
contaminations, like films, gels, food stuffs, fiber, paper, emulsions, stabilizers, chemical
fuels, etc. Possible applications presence on the Figure 4 (Carvalheiro et al., 2008; Cheng
et al., 2008; Laine, 2011; Shimokawa et al., 2015; Thacker, 2013; Yang et al., 2008).
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Figure 4: Hemicellulose as a product's component and its application

The quantity of available methods for the hemicellulose extraction is not extremely
various. Mostly the extraction method depends on the biodegradable material that has to be
refined. It can be wooden chips, pulp waste biomass, fuels chemicals or molecules in

genetic engineering’s case.

In many cases conversion technologies assume the final product of transformation process.
Xylan product  family  that includes  arabinoxylans, glucuronoxylans,
glucuronoarabinoxylan, galactoglucuronoarabinoxylans, generates through enzymatic
hydrolysis (Motta F.L. et al., 2010, p. 254), microorganisms functioning (Motta F.L. et al.,
2010, p. 261), solid-state fermentation techniques or submerged fermentation (Motta F.L.
etal., 2010, p. 263), yeast processes (Motta F.L. et al., 2010, p. 264-265).

Xylose production process includes pretreatment, screw-steam-explosive extrusion,
pressure filtration, decoloration, ion exchange, concentration, and crystallization (Hong-Jia

Zhang et al., 2014).
22




Mannan construction basis on genetic engineering techniques for the overexpression of b-

mannanases or molecular recombination of enzymes (Songsiriritthigul, C., 2010, p. 24-26).

The next level of elements conversion is leading closer to the end product. The logic of
process shows Figure 5. Technologies for biomass conversion build a much wider range of
options and covers: pelletizing, gasification, combustion, torrefaction, pyrolysis,
liquefaction, hydrolysis and fermentation. For example, to get furfural three methods of

hemicellulose hydrolysis can be used (Montastruc L. et al., 2011):

e Hydrolysis with a dilute acid,
e Using hot water;

e Using an alkaline solution. (See Appendix4)

-Hydrolysis

-Fermentation

Figure 5: Representation of the material transformation process

The process of hemicellulose extraction and transformation into other products consist of
wide subproducts and sub-branches’ cluster. The schematic hemicellulose-based
biorefinery is submitted in Appendix 5 (Lew C., 2012, p. 240).
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2.2.2. Hemicellulose products and semi-products

Hemicellulose is a basic raw material in wide rage of semi-products manufacture. The

question about the extent of final products importance stands out as the main theme of this

project, however it is obvious due to the high demand. Xylan, xylose, mannan and furfural

represent the line of fundamental semi-products that are presented in Table 2. (Motta F.L.

etal., 2010, p. 252-253).

Table 2: Hemicellulose as a semi-product in a final product management chain

Technologies Semi- Final product
product
1. Enzymatic hydrolysis Xylan Biofuel
2. Microorganisms Xylitol (pharmaceutical and food
i . industries)
3. Solid-state fermentation &
Submerged fermentation A material called “Skalax” has been
developed by Xylophane AB
4. Yeast
Xylan coatings
1. Molecular recombination Mannan | Natural humidifier
2. Overexpression of b- Mannan-binding lectin
mannanases
1. Hydrolysis with a dilute acid Furfural | Acetic acid
2. Hot water Chemical feedstock
3. Alkaline Chemical solvent
Furfuryl alcohol
Tetrahydrofurfuryl alcohol
Furan
1.Dimethyl sulfoxide (DMSO) Xylose | Ethanol
2.Potassium hydroxide Bread

3.Alkaline peroxide

Specialty solvent in industry

Source: (Motta F.L. et al., 2010)
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The production of hemicellulose-based products is fully related to the biorefineries
structural organization. The answer to the research question and hypothesis provident is

combined with the comprehension of the typical refineries and bio-market of Finland.

2.3. Quality Function Deployment and its tools

Quality Function Deployment (QFD) is full of opportunities method developed by Doctor
Yoji Akao in 1966. Users demand transformation into quantitative parameters, with the
usage of forming the functions quality was the need, which led to the method creation. It
helps to achieve the high quality in design of subsystems and elements of the product

through the manufacturing process (Akao A., 1994).

Originally the method was planned for designers to help them concentrate on the
characteristics and of a novel or current product or service from the market point of view,
firm or developer. The QFD responses to the “customer needs” transformation into the
“technical or engineering characteristics” for a product or Service; prioritize the
characteristics belonging to them through the process of development targets settings
(Hauser J.R.& Clausing D., 1988).

The further study and development of the QFD method led to the House of Quality (HoQ)
appearance, in year 1972 in the design of an tanker by Mitsubishi Heavy Industries
(Hauser & Clausing, 1988).

Today the QFD is used in a wide range of projects, product development, services, market
or government oriented solutions. The technique was included in the 1ISO 9000:2000 — the
standard that orients on customer demand satisfaction (Griffin A., 1992; Clausing D.,
1994).

HoQ is a matrix or diagram (Figure 6), which is looked like a house, that is used to clarify
and analyze the relationships between customer wants or desires and the product or service
capabilities. The customers want is linked to the option that make possible to achieve these
want by the firm. The roof of the matrix represents the “correlation matrix” between the
customer desires and the product features as a main house’s rooms and competitor
evaluation as a side “room”. The ground is shown the weights of the product/service
feature importance and how difficult is the achievement of the required quality and

demand level. The tool reflects to the growth of functional integration in organization, for
25



example between marketing, manufacturing and engineering departments. (Hauser J.R. &
Clausing D., 1988, pp.63-73; Hauser J.R., 1993, pp. 61-70).

The tables with “Whats” or “customer requirements” and “Hows” or “engineering
characteristics” are the bases of a tool’s structure. The roof is a matrix that represents in a
diagonal “Hows” and “Whats” and the main part of the house (the body) is a direct matrix
of “Whats” and “Hows”. Both matrices can be filled with the indicators of the
relationships’ type between left and above side of the house. The interaction of the
particular item can be positive, negative or medium. The right side of the house and the
bottom part represent the market research side — “Whys” — and the “How Muches”. These
ranks in a matrix is normally used to calculate the priorities and relative weights for the left
part — “Hows” (Hauser J.R., 1993, pp. 65-70; Olewnik & Lewis, 2007, pp.126).

The House of Quality

B Customer Requirements with Weight Factors

I1 Product Ratings

B Engineering Characteristics CER- AR AR B

B Relationship Values

B Calculated Weights a H ol B
a m|E|N
a a m|a
a a m|E|N
o a 2|

E|E|E|EE
Figure 6. The House of Quality Scheme Source: Koren 1., 2012.

The latest tool’s readjustments led to the improvement of the matrix specifications and
abilities (Figure 7). The “Product ratings” or “How Muches” were updated in a specific
part or room — competitive benchmarking. This upgrade opened the new accesses to the
HoQ implementation. The matrix helps to build the relevant picture about product features,

they abilities or needs to be improved, and at the same time find the market’s place of the
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product in comparison to the other competitors (or prototypes) and evaluate how
competitive the product, service or even project is going to operate further (ReVelle, 2004,
p.8-9).
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Figure 7. Benchmarking House of Quality Source: ReVelle, 2004.

The process of the Quality Function deployment implementation is hidden in the the
matrix fulfillment repeats, after an each step the matrix shows the apparent situation with
the product, its features, and their final ability to be implement. The deployment process
starts with the Planning Matrix and finishes with the Control Matrix (see Appendix 6). The
several matrices make the process of the product design and establishment clear and helps
to find and eliminate the bags, useless or inefficient and expensive features (Temponi C.,
Yen J., Tiao W.A., 1999).
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Through the years of the QFD application the new approaches have been developed.
Especially, it is related to the Modular Function Deployment (MDF) that is in focus and
use within the research presented below. MDF is responsible for forming the customer
requirements and for identification important technical or design requirements. There is no
triangulation “roof” between technical and customer requirements, no identification of
benchmarking position and the design of the matrix is slightly different (Erixon G., 1998:
Lange M.W. et al., 2012).

Quality Function Deployment process today is a complex fundamental method presented
by the matrix that unifies several basic parts of the analysis, nevertheless the unification
process is extremely difficult due to the complexity of matching the information together.
(Bossert J.L., 1991, p.8). The right side of the matrix, which is in the central focus of the
research, in the very last version, represents the competitive analysis. It helps not only
todedicate the market position of the product or service, but also to identify the item with

the greatest potential for being successful on market. (Crow K.A., 2014).

All in all the QFD is a widely used method and the objectives that this technique can cover

is widespread:

Identify and implement long-term improvements;
Identify potential customers;

Determine the customer needs and wants;

Define the product characteristics;

Provide a competitive benchmarking;

Plan the manufacturing process (entering market process for service);

N o g s~ w D Pe

Analyse the market performance and competitiveness (Shahin A., 2003).

Quality Function Deployment opens many options to the researcher through the wide
range of the analytical possibilities. The competitive analysis is on of the most perspective
one out all of them in terms of managerial and marketing oriented functions. However it is
not the tool that orients on the full analysis of a firm competitive analysis, the product or

service can be fully eliminated with it.
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2.4. Competitive analysis

According to Brown each industry or business field has its own type of competitive
analysis and only the target is most of the time same and clear: to compare one product
with the others and find out its weaknesses and strengths. The techniques and criteria’s
differ from industry to industry. The question about competitive analysis clarifies through

the following basics determination:

e Purpose of analysis: determine the firm clients position, what are the customers,
how to drive decisions to be competitive;

e Audience: it is target users, who is interested in the tool and is going to use it;

e Scale: means verification of the attitude needed to fulfil the analysis requirements
(it can be a simple quick field test or long and demanding method);

e Context: the field, where the analysis is going to be applied;

e Format: the way of the method representation and its standardization (Brown D.,
2007, p. 108-110).

Normally, to evaluate the competitors there is a need to find out: who are the competitors,
what is in the focus of their interest (which product or service), their market share, their
business strategy (the past one too), what type if media they use for promotion, strengths
and weaknesses, potential threats, potential opportunities left on market (Coyne K.P. et al.,
2009).

Competitive analysis of a firm’s future strategy or the unit itself is a complex and
important step for its further development. There are many tools and methods, which can

help to apply it.

PEST (Political, Economical, Social, Technological)analysis is a strategic planning
technique aimed on the external environment analysis. It reviews the outside of the firm
market and provides the roadmap, how the external market situation affects the particular
firm or business. Various macro-economic factors are taken into account and their analysis
help to reflect the firm’s strategy on the market position in the specific period of time. The
tool helps to understand the market potential of growth or decline, firm’s business position,

future path for further development and business unit abilities (Gupta A., 2013). PEST
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analysis is under continuous development and today several other macro-economical

aspects are taken into consideration: law and environment (Shabanova L.B. et al., 2015)

SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis is a method of structured
analysis of the strengths, weaknesses, opportunities and treats that can affect a project,
business unit or firm. The tool is applicable for products, services, locations, and industries
fields. The main idea of the method is in objective analysis of the product/service from
internal and external sides and the following determination of the key success factors to
achieve the final objective. (Jeges R., 2013).

Another very common competitiveness analysis method is a Porter’s Five Forces. The aim
of the techniques is hidden in the current competitive environment study. The framework
built with the tool covers the long-term development strategies, effective decision-making
process due to the full market picture view. The outside factors play important role for the
method application, but is tightly bound with the firm’s particular activity. The
investigation lies on the market entry barriers, threats of products or services substitutes,
power of suppliers, power of consumers and rivalries among competitors. The method
unifies the macro-economical potential of the market with the inside of the firm abilities
(micro level). The analysis covers firm’s behavior on the market, andamong other the

whole production process, its weaknesses and strengths(Porter, M. E., 2008).

All of the competitive analysis’s tools depend on the framework and the presentation way
to the person, who is analyzing it. Methods are unified and the analysts use different
templates to proceed in the question. The most common templates base on the Microsoft
Office platform. (See example in Appendix 7). With the use of templates the expert is able
to compare how the company behave in comparison to other competitors among various
aspects. The templates are a good tool for the deep business unit and marketing strategy
analysis, and need to be applied for the planning of a short- and long-term periods.
However for the quick and product or service orient analysis the HoQ benchmarking is a

good alternative.

Benchmarking is a process of comparing business actions and its performance within the
industry and among other companies. Typically it takes into account quality, costs and
time dimensions. The measure of performance is applicable due to use of special

indicators, like cost per unit, productivity of working cycle, manufacturing time per unit;
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and than can be compered with each other: from product to product, from company to
company (Fifer R.M., 1989).

There is no unified benchmarking process that can be adopted by any firm or researcher.
Normally, it is a step-by-step process that helps to identify the problem, which company is
faces, industries, where it can process well, find the competitors and market leaders,
analyze the manufacturing or business processes, which are already know and successful,

and finally implement them (Camp R., 1989).

Types of the benchmarking vary a lot and depend on the specific of the sphere, where they
can be applied. It can causing the internal or external analysis and compare performance of
the units within the particular company and within the industry. If there is a need of the
technical or product design evaluation, then the technical benchmarking is a tool that can
be applied (Ajelabi et al, 2010).

Technical benchmarking determines how accurate the firm and the market competition
fulfill the customer demand and needs with a respect to the product/service design
requirements. For these sphere of analysis exists HoQ benchmarking. The additional
“room” of the right side of the house pointed out how the product or service responds the
satisfaction of customer requirement. Evaluation with the respect of other competitor’s
behavior allows visualizing the result with the help of graphs. The technical part of the
benchmarking in HoQ means the method of scoring design requirements on the scale from
worse to best, marking with the points accordingly. Competitive benchmarking, which
appears in the analysis of connections between central and side house parts, differs from
technical by a consistency. Numerical data analysis lies under the direct logic and can be
easy calculated. If the product shows high competitiveness among others due to technical
requirements, the score according to the technical benchmarking scale will be high too.
The correlation is direct. Dramatically low scores highlighting the problem, which faces
the product. The technical benchmarking on the right side of the “house” can be enlarged,
if it is needed. (ASQ, 2016; Patil P.R. et al., 2014; Talebi D. et al., 2014).

2.5. Finnish forest industry and biorefineries

According to the recent data, it is possible to claim that during the last 10-15 years the

interest of wood and other lignocellulose raw materials in European and especially in
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Nordic countries has been grown dramatically. The reason for such growth is simple: the

demand on the wide range of cellulose-based products is increasing from year to year.

Various chemicals, components, materials and energy products like biofuels are in the
focus of consumer’s interest. Moreover high level of the market importance shows the
forest-oriented biorefineries. Mostly biorefining is related to the sustainable product
decomposition and transportation, low-waste or zero-waste operation and total biomass
manufacture (Ahlqvist T. et al., 2013, p.18).

As reported by Finnish Forest Industries Federation Organisation production volumes has
been increased dramatically in comparison to year 1960: in seven times for paper and
board production (2min t in 1960; 14 min t in 2012); in four times for chemical pulp
production (2 miIn t in 1960; 8 mIn t in 2012); in 1,5 times for sawn softwood production (8
mlIn m3 in 1960; 12 min m3 in 2012). See Appendix 8.

Despite the fact that the last free years, since 2012, the whole Finnish forest industry was
declining, the tendency in chemical pulp development is positive. According to the
decision of the European Council Commission the 2030 goals on the Finnish energy
system and national economy is aimed on the decrease in the gross national product,
private consumption, export and imports, and employment rate. The forest industry is

going to face the results of the high-level decision (Finnish Forest Industries, 2015).

Nevertheless the opportunities for the chemical pulp are growing as long as the need in
biofuels and other biomass materials increases. Sustainability and independency of the
hydrocarbons is the leading idea for the market and economy development in European
Union. The question about ecological factor related to this topic is also open and can be

perfectly solved in the case of the zero-waste biomass manufacturing.

The biorefinery project in Finland is in an active phase and accordingly to the investments
the factories growth is expected. The total amount of investments in 2013 was equal to 1,3
min euros and the full operational capacity of the biorefinery processes in Finland to this
year is going to be around 12 GWh, that will cover almost fully cover Nordic market
biomass demand (Ahlqgvist T. et al., 2013, p.19-20). At the moment Finnish forest industry
covers around 20% of the whole gross value of manufacturing (Finnish Forest Industries,
2015).
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3. MARKET RESEARCH AND METHODOLOGY

According to the problem that was raised in the research the case study method is an
optimal solution for the implementation. Case studies let on the researcher to find
innovative hypotheses for later provident and testing. It provides comprehensive
descriptions of the part of the world interesting to the particular study. Finally, this method
helps to interpret the existing opinions, theories or explanations regarding to the existing
assumptions or viewpoints. The tendency of the case studies is more deep and informative
in terms of explanation in comparison to the observational researches or surveys, by cause

of deep analysis of the existing phenomena.

The object of the present exploration is a Finnish biomarket that is working on the
chemical pulp industry field and can give optimal view on the considering question of the
optimum investments either in stand-alone biorefineries or integrated biorefineries working
with the hemicelluloses. In terms of the research needs several companies are presented in
the work. To cover the analysis questions certain questionnaires with the leading experts in

the field are provided.

3.1. Biorefineries cases

At the moment there are around 40 biorefineries open projects in Finland (Appendix 2).
Twenty out of them can be classified as stand-alone biorefineries. They provide a wide
range of activities to the bioenergy sector: biofuels production, energy transmission, raw
materials bioconversion, gasification etc. The following projects oriented on the

hemicellulose biorefining companies.

Stl is an energy company in Finland, which produces mostly ethanol and distributes it
through Stl and Shell stations in Finland, Sweden and Norway. In terms of production, the
company has developed various patented products such as Etanolix and Bionolix. There
are total of ethanol production units and one dehydration unit. In construction, Stl has one
biogas unit, as well. The total production of ethanol is 15 million litre/year (St1, 2012). As
a feedstock, St1 uses usual waste and by-products from food industries. Small bioethanol
producing plants are established near to the source of feedstock in order to minimize

transportation cost. 85% of ethanol produced is sent to dehydration unit that dewaters it to
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99.8% ethanol, which is ready for blending with petrol (St1, 2015a). A fuel brand called
RES85 is a product from St1, which is being sold in Finland through tens of Stl stations.
RES8S5 is suitable for flexfuel cars and contains 80-85% bioethanol (St1, 2015b).

Chempolis is a Finnish technology company that provides various solutions in sustainable
production of various chemicals and fuels. Its expertise has developed two major process
technologies called Formicofib™ and Formicobio™. The former is a biorefining
technology that generates crud fiber for paper, board, packaging and other products
whereas the latter generates cellulosic ethanol. In 2010, Chempolis started a biorefinery
facility in Oulu after investing about 20 million Euros. The facility is able to process some
25 000 t/y of nonwood biomass. The facility is also able to run the test for its clients’

samples (Chempolis, 2015a).

UPM coordinates the FibreEtOH project, which aims to demonstrate ethanol production
based on paper fiber on a commercial scale. Production has been demonstrated in pilot
scale (BiofuelsTP 2014).

Previously, ethanol from wood raw material has been produced in sulphite pulp mills. The
ethanol is produced from sugars — primarily from hemicellulose — that is separated from
thecellulose in the pulping process. In the middle of the 20th century, there were 32
Swedish mills producing approximately 60’000 t of ethanol per year (Persson, B., 2007).
Today, only the Domsjé mill remains, producing 14000 t per year (Environmental Paper
Network, 2015).

UPM has selected Rauma, Finland or Strasbourg, France as two possible locations for a
future biorefinery, which will produce FT-diesel. Rauma was selected because of its
efficiency in energy, lower investment, compared to Kuusankoski. However, the company
has not made any decision about the investments. The raw materials will be logging
residues, stumps, barks and energy woods. Environmental impact assessment (EIA) has
been completed for Rauma. The company has applied for NER300 - European
Commission Energy Program - financial support — (UPM, 2011).

UPM’s Stracel BtL project was top-ranked in the NER300 list, while Rauma BtL project
was left in the reserve list. Forest BtL, a project originally owned by Metsa Group and
Vapo Oy, with plans to build a plant for synthetic liquid biofuels based on gasification of

biomass and Fischer-Tropsch synthesis.
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Mets& Group withdraws from the project, and VVapo Oy is now seeking for new partners to
continue the project (FTP, 2012). The planned production capacity is approximately
100,000 tons of liquid biofuels per year. The raw material would be approximately 1.2
million tons of wood-based biomass and 30,000 tons of lignocellulosic bioliquids every
year. Biodiesel or bionaphtha with possible cogeneration of direct electricity and heating
are the expected end products (Metsd Group & Vapo Oy, 2012). Forest BtL applied for

NER300 grants, and was among the top-ranked projects to be given funding.

Metsé Fibre together with energy companies Gasum and Helsingin Energia have been
researching for a possibility to build a gasification plant at Metsd Fibre’s Joutseno pulp
mill. The plant is to use wood-based biomass, e.g. wood chips, to produce SNG (Gasum,
Metsé Fibre & Helsingin Energia, 2012). Metso has a 2 MW pyrolysis pilot plant (7 tons/d
bio-oil) in Tampere for R&D (Lehto, J., 2010).

Fortum released a statement in 2012 that it will invest for the commercialization of bio-oil
and a plant producing bio-oil, which will be integrated to the company’s combined heat
and power production unit in Joensuu. The integrated bio-oil plant, based on fast pyrolysis
technology, is the first of its kind in the world on an industrial scale. The plant’s estimated

production is expected to be 50,000 tons of bio-oil per year along with heat and electricity.

The raw materials include forest residues and other wood based biomass. At the moment,
Fortum intends to use produced bio-oil (210 GWh) in heat and power generation, but for a
long run, it could be used as raw material for biochemicals and transport fuel (Fortum
2012).

Green Fuel Nordic Oy is a biomass processing company that deals with forest residues and
agricultural residues converting them into second generation bio-oil. In 2011, the company
invested 150 million euros to construct three facilities that will utilize 1 million m3 of total
feedstock every year, which will generate about 270,000 tons of bio-oil. It will start from
2013. The company penned down on a contract with Envergent Technologies to utilize the
patented pyrolysis technology called RTPTM in Finnish biorefineries under construction
(Green Nordic Fuel Oy, 2015c).Examples of research organizations in Finland working in
the field of producing green chemicals include VTT, University of Helsinki, Abo Akademi
University and University of Oulu.

35



More potential uses have been found for cellulose and hemicellulose than for lignin. In
sulphate pulping, lignin in black liquor is typically used for energy recovery. The lignin
boost process, developed by Innventia and owned by Metso, separates lignin from the
black liquor. Currently, this lignin has no wide uses outside energy applications (Metso,
2012).

Lignosulphonates from sulphite pulp mills (e.g. Domsj0) are typically used as concrete
additives in the construction sector. Lignins could be used as phenols, in resins, and other

chemical uses, including aromatic fine chemicals.

The petrochemistry cluster in Stenungsund is working for the vision of “Sustainable
chemistry 2030”. One part of this is to move towards feedstock based on renewable origin.
Methanol, butanol and olefins are three base chemicals that the industry is interested in

acquiring from renewable sources.

UPM has invested in a facility for production of biofuels from crude tall oil in
Lappeenranta under the brand name BioVerno. Planned capacity is 100’000 tonne of tall
oil diesel per year. Most of the raw material comes from UPM’s pulp mills. The

construction starts in 2012 and will be completed by 2014 (UPM 2012).

Forchem is a Finnish producer of tall oil based chemicals with operations in Rauma.Fibres
and polymers derived from biomass can be combined into composite materials with
designed properties.Onbone Oy manufactures casts from wood chips and biodegradable
plastic. Finnish innovation Woodcast was granted the Chemical Industry Innovation
Award on 23 April 2012 (Onbone 2012).UPM has also developed composite materials
such as UMP ProFi and UMP ForMi that combines cellulose fibres and plastic and clean

polymers and pulp, respectively (UPM, 2012a).
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3.2. Case study: UPM-Kymmene

UPM-Kymmene Corporation (UPM-Kymmene Oy) is a Finnish manufacturer specialized
on the pulp, paper and wood processing. UPM-Kymmene has been formed in 1996 by the
merging of Kymmene Corporation and United Paper Mills Ltdwith its subsidiaryRauma-
Repola Ltd. The company itself operates on the Finnish market since 1870s, when first
mechanical pulp mill has been established. In 1880s began the pulp production, around 40
years after that the first plywood production was introduced (UPM, 2015d).

Today UPM contains six business groups:

UPM Biorefining o UPM Paper Asia
UPM Energy o UPM Paper ENA
UPM Raflatac e UPM Plywood

The decision of new business structure establishment was made to enhance the operational
focus and facilitate portfolio change (UPM, 2013). New business structure of the company
has emphasise the clearness of business cooperation within the group and brought
competitive advantage to drive profitability growth within the high level of competition in
biorefinery processes inside European market (UPM, 2013). In total the group has around
21 000 employees and production plants in 13 countries (UPM, 2015a), and has listed
shares on the NASDAQ OMX Helsinki stock exchange. Besides that UPM is the only one
paper manufacturer, who has been listed in the Dow Jones Sustainability Indexes (UPM,
2012a). The total sales in 2014 made 9,9 billion (UPM, 2014).

Biorefining UPM Group involves paper, pulp and biofuel operations. There are three
modern pulp factories, that are functioning in Finland, one of them basis in Lappeenranta.
Since 2014 the Lappeenranta factory produces biodiesel (UPM, 2015c). Together factories
produce 3,3 min tonnes high quality pulp in 2014, 56,6% of the profits to the company
brings biorefining (UPM, 2014).

UPM is a market-leading player in the breaking through biofuels productions. The basic
idea of the operating process is in the is to produce environmentally friendly biofuels
based on the wood materials for the different kinds of transport. The goal is to reduce

greenhouse gas emissions (UPM, 2015f).
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The novel UPM biorefinery operates in Lappeenranta. The total investment number in this
project was around 150 min euros(UPM, 2012b). The innovation process of the wood-
based biodiesel production by UPM BioVermo has been developed by UPM Biorefinery
Research and Development Centre in Lappeenranta. The whole process of advanced
biofuel production is presented on the picture (see Appendix 9). The factory contributes
around 25% of Finland’s biofuel target according to the goal of European Commission
Council. During the residue process around 30% of hemicellulose can be extracted from
wood and proceed during pulping processes into primary products (pulp and paper), green

energy and fuel or crude oil (Mannonen S., 2014, p. 5-14).

3.3. Case study: Chempolis

Chempolis Ltd is a leading company in maintenance of groundbreaking and sustainable
solutions for paper, biomass, biomass and chemical production. The mission stated in a
company profile is to “deliver technologies capable of refining biomass economically into
high-quality products while minimizing environmental impacts and maximizing social
benefits” (Chempolis, 2015b). Chempolis company is busy with papermaking, fibers,
bioethanol, biochemicals and other biomasses production. The main benefit of the
company, that is stated in its inside policy, is in fully ecological friendly operation, that
means non-wood technology production, no forest-consuming manufacture (Chempolis,
2015 a,b).

The company operated since 1995. The headquarters, as well as the assembly, is placed in
Oulu, in Chempolis Biorefining Park, Northern Finland. There is one subsidiary in
Shanghai. In Finland company offers around 50 working places, owns 8,5 ha land area.
The total sum of the investments in new biorefineries was estimated in approximately 20
min euros. In 2009 the Chempolis Biorefining Park was officially inaugurated as a
development and marketing centre, and in 2010 the Finnish Prime Minister Matti
Vanhanen opened the new bioethanol processing line. In future plans of the company are
opening of the new biorefinery plant in India, the preliminary estimations of investments in

project are equal to 40 min euros (Chempolis, 2015a).

The updated biorefinery in Oulu is a factory that provides the whole package of the

functions:
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e  storing and pre-treatment of non-wood and non-food biomass

o fraction and cooking of biomass using special company technique
e  separation if biosolvent and lignin

e  bleaching of non-wood fibres

o  storage for bleached pulp

o transportation of pulp for pre-treatment

e hydrolysis of non-wood fibres and fermentation of bioethanol

o  storage for bioethanol

o transportation of bioethanol

o recycling of biosolvent

e  production of solid biofuel

o recycling and purification of water, biosolvent and biochemicals
o  storage for bioacetic acid

o  storage for furfural

Thanks to the expertise approach the entire operational process is possible to control and
provide the products from each functioning stage (Chempolis, 2015c).

3.4. Case study: Green Fuel Nordic

Green Fuel Nordic Oy is a rarely young company that has been established in October
2011. A headquarter locates in Kuopio. The company employs around 100 people. Itis a
biorefining company that bases on the own innovative operational technology (RTP ™)
and produces second-generation bio-oil (Green Fuel Nordic Oy, 2015b). The main target
of the company is to supplement finnish renewables energy production system. It is a first
finnish party that uses local feedstocks to refine oil on the commercial scale. The
production is busy with liquids, low-carbon and sulfur-free bio-oil, and renewable forest-
based biomass. The location of the factories is spread within Finland and is functioning for
stable energy products distribution for the local market. The primary objectives are
permanent working places, satisfied customers and partners, stable raw-materials suppliers

and positive financial performance (Green Nordic Fuel Oy, 2015d).

The first company positioning regarding to the biorefinery type was more a stand-alone
oriented. There are several refineries located with orientation to the feedstock supply
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opportunities. The primary technology is a Rapid Thermal Process (RTP™) that enable to
produce bio-oil from biomass (Green Fuel Nordic Oy Products, 2015). Production
technology is separated in several steps and operates with several by-products processes
like gas or ash and finishes with high quality bio-oil condensing (Green Fuel Nordic Oy,
2015a).

3.5. Case study: Stora Enso

Stora Enso Qyj is a pulp and paper manufacturer, locates in Finland and was formed by
merging of Swedish mining and forestry company Stora and Finnish forest production
company Enso-Gutzeit Oy in year 1998. The headquarter places in Helsinki. The
approximate employees number is 27 000 people. The group operates in nearly 35
countries (Stora Enso Oyj, 2015c). The basic values of the company are to produce
adequate products and services, enhance communities around the mills, and invest in the
innovative systems development. “Do What’s Right” - is a central company’s principle
that covers business and management decisions and responsibilities. Under that purpose
the production inside the group is oriented on the sustainable renewables usage with
avoidance of the negative nature impact. In production focus are the following products:
packaging, biomaterials, wood products, high-quality paperboards and recyclable products,
low-cost fibre (Stora Enso Oyj, 2015d).

According to the provided research needs the focus in Stora Enso Oyj is related to the
biomaterials sector. It consists of the variety pulp products: paper, board, tissue, textile,
hygiene products and various lignocellulosic biomasses. Sugars as well as hemicellulose is
in favour of the potential applications in the chemical, construction, personal care and food
industries (Stora Enso Oyj, 2015b).
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Biorefinery’s development of Stora Enso was enhanced after the company’s merging and

represents today the following development areas:

Micro Cellulose - development of the novel applications for different business

segments;
o Lignin based products - replacement of fossil chemicals and materials

« Biochemicals - this area includes the pulp mill by-products and functional chemicals

for speciality uses

» Biofuels - the most potential active brunch that includes gaseous and liquid biofuels

production (Stora Enso Oyj, 2015a).

According to the data presented in the official sources of the Stora Enso the biorefining
process is based on the sustainable extraction process and is separated in several sub-
processes. Pre-extraction of biomasses helps to make removing processes more effective
and sustainable. There is no usage of water in the lignocellulosic extraction, low energy
consumption. Even after pretreatment stage there is an option to consume the final product
like biomasses that do not contain any outlier elements like aches or acids. After the
separation and refining stage the solid, dry lignin with the high energy potential is ready to
be consumed (Stora Enso Oyj, 2015f). The process of sugars hydrolyzation is sepapreten in
different streams that optimize the process and make available to get the products at every
moment of the production process. The fermentable monomeric sugars can be used in a

great number of food and fermentation applications (Stora Enso Oyj, 2015e).

The whole production process build on the integrated biorefineries factories that create
interdependent chain of the products manufacturing, storage and logistics parties. For
example, the nearly new biorefinery in Sunila enables to create global speciality chemicals
and high-technological materials that can replace fossil raw materials with the renewable
alternatives. At the moment particularly this mill produces plywood glues and foam and is
going to be upgraded in the nearest future to work with fossil fuels-based products (Stora
Enso Oyj, 2014b, p.19-20).
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3.6. Case study: Stl

Stl Oy is a Finnish energy company combine the chain of service stations that are working
on the ethanol produced by the company itself. Greenergy Baltic Oy was a former
company name when it was established in 1995. In the year 1997 the chain of services
under name St1 was appeared on the finnish market. In 2000 the Greenergy Baltic Oy
under the name Green purchased the St1 chain and in year 2005 adopted its name. (Virki &
Kinnunen, 2010).

Stl Oy is an owner of approximately 650 service stations in four countries: Finland,
Sweden, Norway and Poland. Since 2006 the new company St1 Oy launched an ethanol
production. 2007 it opened the bioethanol production plant in Lappeenranta (St1 Biofuels
a, 2015). The service stations are related to the fuels (ethanol and bioethanol) that produce
plants in Finland and Sweden (Suominen & Varjotie, 2010).

The St1 Biofuels started its work as a St1 Nordic Oy subsidiary, year 2006, and now is a
part of the group. Another branch of the St1 companies relates to the St1 Group Oy, which
is busy with refinery operations. In the case study the focus is on the St Nordic Oy, and if

more specifically, is taken by the St1 Biofuels Oy that is busy with:

e Advanced ethanol production from waste and residues:

e Development and sales of technology (Stl1 Oy a, 2015).

According to the recent Annual Report the total turnover of the whole company is equal
6,6 billion euros, the approximate number of employees is 700 and headquarter is located
in Helsinki. The St1 Corporation operates in a three business segments:

e Retail stations
e Direct stations
e Renewable energy (Stl1 Oy b, 2015).

Focusing on the St1 Biofuels Oy the production of a sustainable bioethanol is taken into
account. The creation process lies under expert organization of biochemical processes,
development of technology, project delivery and engineering. The bioethanol production
bases on the novel technology of wastage refining. There are several plants, which are

working on the present technology and are partly located in Finland or Sweden. The
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mission of the company and its projects is in minimization of harmful fossil emissions and

provision of new waste management methods. (St1 Biofuels Oy b, 2015).

3.7. Case study: Vapo

Vapo Oy is a Finnish leading developer of bioenergy within the country and in a whole
Baltic Sea region, the worldwide leading peat industry company and one of the largest

units in the sawmill industry in the Europe.

The company started to operate since 1940 from the centralized supply of firewood and
timber to the governmental institutions, first of all to the Finnish State Railways. Later
came the change of a company official name, from the Timber Office of the Board of
Administration of the Finnish State Railways to the State Fuel Office and abbreviation
Vapo, which became an official name after 1960s. From that period of time Vapo enlarged
the number of the business activities dramatically. 1970s - peat production, 1980s - the
heating businesses launch and start of different environmental oriented projects since early
1990s (Vapo Oy, 2015a). Today Vapo Oy represents the group of several business
directions each of them is responsible for the different operations (Vapo Oy, 2015b):

e Vapo Fuels;

e Vapo Heat and Power;

e Vapo Ventures;

e Vapo Timber Oy;

o Kekkila Oy.
Vapo Fuels is busy with the development of the fuel direction, meaning by that
development and planning of peat production, logistics and subcontractors deals. It is
responsible for the national procuring of wood by-products and forest fuels (Vapo Oy,
2015c). Vapo Heat and Power business area is bound with the heat, steam and electricity
production for direct customers in Finland, Sweden and the Baltic countries. Ander brunch
responses are operation of ten power plants, 140 heating plants and 24 district heating
networks. The generation of heat is approximately equal to 2 TWh (Vapo Oy, 2015d).
Development of the new ventures is a duty of the VVapo Ventures. New business solutions,
which are sustainable in a core and usage of the natural resources, is a main company
objective and supports by the refining projects and programs. Moreover, with the grace to

the sustainability and environmental friendly activities, all business units made by the
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Vapo Ventures are perfectly customer oriented (Vapo Oy, 2015e). Vapo Timber Oy
focuses on the sawn timber sales and production. The main objective is to supply the
customer need in wood construction. The market region is wide and covers Finland,
Europe and North America. The company’s priority lies in production of the wide range of
wood goods customized accordingly to the customer needs (Vapo Oy, 2015f). Kekkila Oy
is a specialized Vapo’s group unit that is busy with mulches and fertilisers and support
other businesses of Vapo (Vapo Oy, 2015f).

The Vapo Group turnover for the last period made 124,1 million euros with the operating
margin in 1,3% of it. The turnover in 2014 was around 208 million with the operating
margin percentage equal 10,1. The Group employs approx. 1154 people, operates mainly

in 6 regions of Finland and headquartering in Jyvéskylé (Vapo Oy, 2015h).
Strategies of the whole group focuses on three directions:

e Value for customers
e New and innovative business solutions

e Business value for all company’s units

These strategies helps company to develop successfully on the way of the assembly
sustainable and renewable products of a different directions, in particular on the field of the
renewables fuels and other bio-products. Moreover, one of the key ideas of the whole
purchase campaign is to as more open and effective to the customers as possible. Novel
strategies of the supply organization and self-sufficiency in reflected desire are a part of a

customer-oriented solutions (Vapo Oy, 2015i).

3.8. Case related findings

As stated in the report the main focus of the research is related to the hemicellulosic
products and the ability of their refinery. The main question for the researchers and
companies in this field is in question which type of the biorefinery is more acceptable in
terms of production and functioning effectiveness. According to the data received from the
annual reports of such big companies like UPM-Kymmene or Stora Enso the biggest
opportunities gives multifunctional technologies. After inclusion of new biorefinery of

Stora Enso in 2014 the Operational profit grew on 40% to the previous years. ROE shows
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positive percentage in comparison to previous year even in terms of unstable european
market situation (Stora Enso Oyj, 2014a, p. 11-12).

The same logic treces in the strategy of the UPM-Kymmene and Chempolis company. The
pulp and paper manufacture giants focuses more on integration of different aspects of the
operational process and include in it not only directly production, but also transportation

question, sustainability aspect and customer-oriented approach (Stora Enso Oyj, 20159).

The first pre-judgments may refer to the objective need in the integrated processes instead
of localized approach to the situation on market. Obviously, the fully integrated
cooperation is much more effective and simpler for the companies, because it provides
permanent and reliable partners in the whole B2B network. Basically, some of the project
related to the renewables and sustainable fuels are in focus of the governmental
programme, for that reason more investment from outside of system is going to the more
stable and faithful market players. A high competition in the branch is another compelling

obstacle for the small companies and stand-alone business units.
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4. FINDINGS

The questionnaire elaboration bases on the tips that were published in the article by Stacy
Jacob and Paige Furgerson, University of Pennsylvania. (Jacob S.A. & Furgerson S.P.,
According to the common techniques the best way of obtaining information from the
recipient is to build open and closed questions together that lead the interviewee to make a
wide and open answer. There are some contradictions between the expert’s opinions
regarding the leading the responder with the questions, however in case of this work the

required questions have been asked. The questionnaire template presents in Appendix 1.

The questionning basically were highly time bounded, but quite informative and enough
representative for the research. There were no misunderstandings in terms of vocabulary,
for that reason there was no need in additional clarification of what information has to be
declare.

4.1. House of Quality application

The House of Quality (HoQ) was used in the project paper to show the exact correlation
between requirements of the biorefinery functioning as a service and specifications needed
to fulfil the expectation of customers and producers. All issues listed in the diagram are
estimated with the level of importance and the reflection of the service providing in scope.
The implemented analysis described the “Voice of Customers”, “Voice of Company” and
“Relationship” room. The HoQ technique was readjusted to the goals of the research. The
technical oriented potential, that is more appropriate to the engineering or other

mechanically oriented analysis, was exclude from this analytical tool.

Drawing with the case study method,which was applied in the paper,the main variables
were allocated from the information related to the each case and the final diagram was
prepared and analysed. This diagram represent the company from the customer point of
view, where “Demanded product quality” is absolutely impossible to replace biorefinery
features. The “Quality Characteristics” room represents the abilities of the particular

biorefinery type end enables to find the best matches between demand and supply.

The HoQ matrix consists of several main parts: optimal and needed functionalities of a

product (the biorefinery itself in this case) — “Voice of Customer” or ‘Demanded quality”,
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functionalities that are available at the moment — “Quality characteristics” or “Hows”. The
crossings of these two sectors show the relationships between factors, their need of
improvement or implementation. The level of relationship affect the weights of
characteristics importance and with the “Competitive Analysis” builds the final weight of
the factor importance. Each characteristic can be chosen as a product’s target; and for this
reason need to be included in the next product or service generation.For the biorefinery

service it may mean the reconstruction process.

The weights are calculated automatically and taken into calculations all sectors of the

matrix that are fulfilled by the experts (Appendix 3):
1) Demanded Quality and their importance weight;
2) Quality Characteristics;
3) Direction of improvement;
4) Competitive Analysis;
5) Target or Limit Value;
6) Difficulty to the characteristic application.

“Demanded Quality” room in the diagram represents the functionalities of the biorefinery
that is a focus of interest for the investors, companies and technical specialists. The
proposed elements were evaluated from the information database that was compound from

the interviews and noun facts about the market representatives.

“Quality characteristics” is a part that can include the possible options of the existing
biorefineries that can be a stand-alone type or integrated one. The relationships between
these two groups are shown on the diagram and present the connections between the
characteristics and functionalities. As a part of the HoQ research the competitive analysis
represents the position of the each company from the case study part from the expertise

point of view and in comparison with the possible ideal solution.
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Figure 8. The expert analysis of cases via House of Quality implementation
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Customer requirements are the following:

e Multifunction of the biorefinery process from hemicelluloses raw materials
e Ability to use various raw materials (not only hemicellulose based)

e Ability to use end-products after each processing step

e Low logistic costs

e High efficiency of the unit

e High quality of the end-product

e Positive financial respond

e Investments level

e Sustainability of production process

e Competitive final product

According to the research there are different types of bioproducts. In the focus of
the paper are hemicelluloses and the biorefineries that can produce various semi-products
and final products from them. Multifunction of the biorefinery process from
hemicelluloses raw materials means that there is an opportunity to produce diverse
products from the same raw material. It is possible in case when the similar semi-product
is a part of the several final products. And it is also only an option for the integrated
biorefineries, because they merge different production processes. For the stand-alone

biorefinery this part highly depends on the suppliers.

The demanded characteristics meet in the diagram the functionalities of the biorefineries

that are the case today and there are following:
Variety of the hemicellulose’s raw material;

e Closed production cycle;
e Long distance between functional units;
e Long production process
e Self-sustaining ability
e Various range of final products;
e High production costs;
e High prices;
e Working period,;
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e Labor;

e Dependency of suppliers;

e Multifunctional capabilities;
e Production volumes;

e Pre-treatment refining

e Connected product branches

e Use of one-type biomass

Ability to use various raw materials is basically an option when hypothetically the refinery

is able to be easy reconstructed or can be used not only for particular operational process.

Ability to use end-products after each processing step means that the semi-final products
and final products can be diversified and support the production through the whole cycle.
Moreover there is some sub-products component of the production, for that reason this
sub-products may be part of the final product manufacturing and that lead the refinery to

the renewable self-sustain functional cycle.

Low logistic cost is the characteristic that is interested for stand-alone biorefineries as well
as for integrated biorefineries. In the case of the stand-alone biorefinery there is only
dependence of the raw-material cost and supplier location; but for the integrated
biorefinery it can be an opportunity for the savings statement, because when production is
a part of the wood or other materials processing then the cost lowering due to full control

of the relocations be the particular company.

High efficiency of the unit is a question of the unique biorefinery development that can be
found in the particular production solution, tacit knowledge or it depends on the parties’

combination.

High quality of the final product is obviously a kind of usual need for any producer, here
this option is depending on the several factors that presence in the “Voice of Product”

room.

Positive financial respond is an ability to return the investments after some period of time.

It highly depends on the investments amount and product adoption on a market.

Investments level means the amount of money, which is needed to support or open the

project. This particular characteristic can be divided into several separate units, because
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investment may appear not only when the project starts, but in case of any failures, project

support or the whole process reconstruction.

Sustainability of the production process is an open topic for the each campaign in the
developed countries. It may seem to be a part of the Green Projects marketing, however the
sustainability of the production is not only question about the environmental safety, it is an
opportunity for the manufacturer to save cost and even produce better and high quality
products. Moreover, chemical pollutions is a big problem and inquiry for any type of
production and it is better to stay with a “clean” functioning and avoid fines and fees from

government at this point.

Competitive final product in this diagram is not just a statement to the high quality and
demanded output, it is a scope of factors that can positively or badly affect of the
production. The relationship with the other characteristics affects them a lot and increases

the weighted average reflection of each “Product characteristic”.

The target functions are hemicelluloses from various sources and self-sustaining ability of
the biorefinery. These two factors affect the prices of the production and the level of
investments as well and they were officially in focus of the experts. However, due to
analysis that bases on the House of Quality, there are some other characteristics of the

biorefinery functioning abilities.

The analysis of the “Relationships room” has shown that the weighted importance is very
high for the multifunction capabilities (relative weight 11,2) and long production process
(relative weight 9,2). That is interesting point in case of decision making-process, because
the effect from this parties is obviously significant, but the attention to them might be not

deep enough.
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4.2. Competitive analysis via House of Quality

The competitive analysis in HoQ diagram bases on the expert's opinion and the company's
operations on the market;an open information regarding their process-cycles. Ideal case is
a trend function here that shows a reflection of the null-hypothesis of the system. In reality

it is not possible situation due to the effect of various circumstances on market.

The best, almost the linear trend according to the data shows the UPM-Kymmene. It is
possible for the company because it orients on the optimal biorefinery scenario since
2000s, when the new development strategy has been applied. The orientation on the
multifunctionality is a part of the biorefineries foundation strategy, according to the
company’s experts. Low logistic costs and positive financial respond is an open question
according to the figures from last Annual Report. There are several open projects in Asia
that took a lot of investments and before the operational start there is a lack of a payback
flows. One of the competitive advantages, according to the expert’s opinion, is hidden in
the integrated biorefinery’s type. The visual representation of trend presents on the Figure
9.

UPM-Kymmene Competitive Analysis
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Green Fuels Nordic cannot compete with the UPM-Kymmene on the level of investments
and multifunctionality. The production is basically circulated around biofuels and its sub-
products, but there is only one direction of the hemicellulose refinery. However the ability
of the paybacks is much higher. The biorefinery functional process is efficient from expert
point of view and there is an ability to use sub-products as a part of sales or self-
sustainability. The product competitiveness is lower due to other marketing strategy and in
common the company operates not so long on market as other giants. The Green

FuelsNordic presents on the Figure 10.

Green Fuels Competitive Analysis
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Chempolis Company orients on the stand-alone fixed functional biorefineries. It is a part of

their business strategy and is possible due to the company sources. Nevertheless the

number of the manufacturing processes is big enough. Investments level is low in

comparison to the UMP-Kymmene or Stora Enso and it is the cause of not big amount of

the new open projects. Chempolis has a great ability of the low logistic costs trend that is

based on the existing B2B contracts. Sustainability of the production process and high

quality of the outcome unit make possible to push on the market a tremendous final

products, especially for bioethanol basket (Figure 11).

Chempolis Competitive Analysis
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Vapo is a leading company in the various chemical and biofuels production. Biorefining is

a highly important company’s branch today. The investment opportunities according to the

company’s future plans are growing in particularly this sector in front of the other business

segments. In 2014 it was a big new step in this field and the development will grow

further. The production relates to fibre, fuels and the biorefining process itself operate on

the wood-bases biomass. Vapo is a highly active market player, according to the

comparison results. The company decision is to organize simple production process, which

can maintain multifunctional capable employee. The biorefinery can be assumed as a

strand-alone biorefinery’s type (Figure 12).

Vapo Competitive Analysis
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Stora Enso is another leader in the biorefinery market segment. The whole competitive

trend is positive enough for the company. The target characteristics of the biorefineries

show positive market reflection. The multifunctionality and high production efficiency

make possible not only to produce better competitive products, but also make able to lower

functional and logistic costs. According to the company reports there will be not so many

investments in new projects in the nearest future, the main strategy at the moment appeal

to the increase of the sustainability of the existing chemical biorefineries and new biofuels

production growth.

5.5
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Stl and its orientation on the bioethanol production and retails varies from the other
market players. The product competitiveness depends on the technology itself (waste
refining) and high product quality. The investment for next period is not huge, however the
previous company’s development was active enough. The ability to use various raw
materials is important characteristic for the company, due to the specific production

technology. Lowering logistic costs is possible due to usage of a big retails and storing

abilities.
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As it was mentioned one of the Finnish chemical industry problem is that the supply chain
parties is not integrated enough. Customers orients on the end product, however that view

is difficult to adopt accordingly existing production process.

The cooperation of two big industries — chemical and forest — leads to the many problem-
solving decision, but the question of the economical and managerial effectiveness

improvement is open.
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The new approaches have to be foundwith the help of the scientific methods that can not
only improve market situation, but also open the novel field for the research and

explorations.

The opportunities of the industry cooperation is shown via the companies research and

they business operation methods. The final outcome serves the leading hypothesis of the

paper.

4.3. Analytical summary

According to the data from the companys’ cases and the experts’ opinions there is a
potentiality to take into account hypothesis of the thesis. According to the expert’s opinion
there are some circumstances that represent the integrated biorefineries in a more efficient
and potential way, the HoQ analysis prove that there are manypositive correlations
between the product features, which oriented on the multifunctional and integrated
potential. The strategy in the process orientation, which is used, by the UPM-Kymmene
and Stora Enso is more appropriate in terms of the targets that have been discovered in the
research. Multifunctionality and logistical interconnection between the units has bigger
competitive aptitude and opens wider abilities for the product promotion and

recombination or even recycling in the self sustained process.

Finally, the hypothesis of the research has been proved, the target and subtarget of the
research has been open into the paper body and dedicated in the section 2, 3, and 4 with the
help of House of Quality tool.
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5. CONCLUSION

The competitive biorefinery is a question of a manufacturing type, final product and the
raw material that needs to be used in the production process. For that reason the
hemicellulose as a biorefinery’s raw material and as a product itself is a perspective market
unit that can affect the production process of various players in this field. It is not only
resource that relates to the mass consumption tendency, it is a source that relates to the
operational process of the whole chemical and heavy production industry. The interest of
the scientists and businesspeople open many questions to this highlighting topic. For some

of them this paper gives an answer.

The biorefinery products value is a highly important factor for the industry. The level of
the production efficiency affects not only customers and environmental sphere, but it
builds the field of the whole industry development. Efficient production methods enable
companies to produce more end products and push other industries for the growth.
Biofuels, cosmetics medicines and pharmacy, textile, packaging, fibre and food ingredients

is only one part of the case that supports the distribution of the various industries.

The various types of hemicellulose products are obtainable in production process. The high
demand dictates companies to operate in a high competition circumstances. For this reason
the question what kind of the biorefinery is more appropriate to the company is highly
important. The answer depends on different variables, the level of competition,

competitors’ activity, size of the suppliers’ chain and investments abilities.

According to the results that provides the research the biorefinery type depends on the
target needs of the company, its size and investment potentiality. In the flow of the
experts’ sayings and case study research the more efficient from costs point of view are
integrated biorefineries. They can propose bigger opportunities for the company in terms
of product range. Heavy investments are needed in both types, however the level of
investment return is more optimal in the multifunctional case. Moreover, the history of the
investigated companies showed that often stand-alone biorefineries became a part of the
global refineries chain and finally can be merged with the bigger companies and upgrade

till the new factory (Stora Enso case).
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The method of competitive analysis that was described in the paper corresponds to the
biorefineries and its products analysis’s needs. The competitive advantage of the selected

biorefineries was shown and answered the research objectives.

The proposed hypothesis was proved during the study. The answer to the research question

is the following:

“There is a little productivity of a stand-alone biorefinery type in comparison with an

integrated biorefinery”.

On the other hand there is an option for the research resumption. In case of the market
priority change the consumption of the hemicelluloses may increase. Future researchers is
able to find the solution how integrate stand-alone biorefineries in a more appropriate or
cost efficient way. There is also a technical part of the future solution that might cover the
unique technology discovery. The new tacit knowledge opens the new access to the market
by the technology holders. As it is known the hemicellulose is under active discovery
process in many scientific groups, so the proposed research ability is now open, as well as

the biorefineries and their manufacturing processes.

The application of the House of Quality technique in this research was a service oriented
and the outcome of the method implementation can be applied in other spheres of B2B
competitive and benchmarking research, improved and supplemented.
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APPENDIX 1

&

Open your mind. LUT.
Lappeencanta Univessity ol Technology

QUESTIONNAIRE

The following questionnaire is a part of @ master thesis study at Lappeenranta Uriversity of
Techrolagy. In case you have any questions or additioral suggestions, please, cortact

Avasigsiia Gusakave. fAnastasiio. Gusakava e tudent hue fi)

Thank you!

1. Plcasc, identify the type of a biorcfinery that is implement in your project:

o Stand-alone biorefinery (ycs or no)
(A refinery that fimctioning with the one gereral simultancous process)

/'P—\\ /’.\\\
7 X ( oeg )
Ford weste \\ ,‘l
Agre-residie | Y i
Tree $tand-alone -
( unw:np .J biorelinery -
\ Grasses ett. J
i /// Fuels )
— \ /

o Integrated bilorefinery (ves or no)
(Bases an the production process that involves several operational platforms into the
action)
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2. Please, rank the order of importance of the following biorcfincrics function
processes’ characteristics (from 1 to 15):

Quality Characteristic

Rank
(1 to 15)

Various range of final products

Closed production cycle

Production volumes

Long distance between functional units

Pre-treatment refining

Long production proccss

High production costs

High prices

Working period

Labour

Dependency of supplicrs

Multifunctional capabilitics

Self-sustaining ability

Connccted product branches

Use of one type of biomass
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3. There are 10 Demanded Quality Characteristics of an ideal biarcfinery unit,
which were compiled on the bases of latest scientific studics*. How would you
weight them according to your cxpert opinion? (1- unimportant, S-very
important)

Multifunction of the biorefining process 1 2 3 4 5
Ability to use various raw-matcnials g 2 4 5
Ability to usc end-praducts after cach pracess step I 20 3 & §
Low logistic costs 1 2 3 4 5
High cfficiency of the unit 1 2 3 4 5
High quality of the end product I 2 3 4 5
Positive financial respond 1 2 3 4 5
Investments level ¥© 2 3 @ §
Sustainability of production process 1 2 3 4 5
Competitive final product | [ A R S

*Source: dzesig et al., 2015; Schiosser 8. et al., 2011; Cherubini i, et al, 2009
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4. Plcasc, mark the rclationships between Demanded Quality characteristics and Functional Quality characteristics in the

following table:
Strong relationship is equal 9 points Vicderate relationship is equal 3 poirts Weak relationship is equal 1 points  Empty space - no relationship

Demanded Quality

yopoad
oty aanaduay

smasozd goma zaym

wanoad
Fuwgazeeg G
JO EoeaImGm g
qrLams
AT ENOCTA
am 03 KMy
sonpozd pea
S3R00
apadop Mo
senag jo
Kaeaeargpa gy
sarpozd puea o)
Jo Geeb g
paodsaz
[Saued) RS0
[AAD[ REIUSEI L[
aooed
Jo Higmramsng
yraaranosdan
Jo unrRsIg
{01 o3 pwozp)
A g

Quality Characteristics
(Functional Requirements)
Various range of final products
Closed production cycle
Procuction volumes

Long cistance between units
Pre-treatment refining

Long production process
High production costs

High prices

Working perioc

Labour

Dependercy of suppliers
Multifunctional capabilities
Selfsustaining ahality
Carnectec procuct branches
Use of one type diomass

'l

EEEEEEEEEEEEEE

According to the data cxist cach functional characteristic of the biorefinery can be readjusted to the needs, which are in the focus
of quality and demand nceds. Which characteristic can be assumed as a target 8. (cannot be changed and is the basic function of
the biorefinery)? Which of them should be improved A (maximized)? Which of them should be decreased W {minimized)? How
difficult is to accomplish these wanted changes (0 - is not difficult; 10 - extremely difficult to accomplish)?
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5. How would you cvaluate the performance in your specific industry sector in
comparison to the market competitors? Please, cstimate the competitive value of
the Demanded Quality characteristic {from zero to five):

0 - worst in the ficld 5 — bestin the ficld

Multifunction of the biorcfining process ¥} 223 4 5
Ability to use various raw-materials I 3203 & 5
Ability to usc end-products after cach process step 1 2 3 4 5
Low logistic costs I 2 3 4 5
High cfficiency of the unit I 2.3 4 :5
High quality of the end product I ‘2::3 & .5
Pasitive financial respond I 3203 & 'S
[nvestments level 1 2 3 4 5
Sustainability of production process I 2 3 4

Competitive final product I 2533 4 75

Thank you for your participation and cxpert help in studying biorcfincrics in
Finland. Wc appreciate your cooperation.

In casc you would like to view the results of the study, please, contact

Thank you very much.

Have a nice day!
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COMPANIES
Company Project
Billerud Pyrogrot. Planned pyrolysis oil plant at the pulp mill.
Prioritized for NER300 support.
BioEndev Torrefaction demonstration plant planned

Bioreducer. University of
Oulu

Bioreducer

Chempolis Chempolis Ltd is an R&D company developing
biorefinery technologies, specialized in non-food, non-
wood raw materials. Has a biorefinery park in Oulu.

Domsj6 Production of specialty cellulose, ethanol and lignin at

industrial biorefinery site

Umea University, Luled

EPAB. Pilot plant for cellulosic ethanol production (~200

University m3/yr).

Finex Poliols and biofuels

Finnamyl Protein and Organic Fertilizer

Fortum e Plant for pyrolysis oil production (50000 t/yr) in
Joensuu.

e Pyrolysis oil; preprocessing of raw material, quality

assurance and combustion tests

GoBiGas 20 MW plant for SNG under construction by

GoteborgEnergi. An 80-100 MW unit is planned for a
second phase. Has been prioritized for NER300 support.

Green Fuels Nordic

Three facilities for pyrolysis oil production to be built.
Expected output 270000 t/yr.

IGCC IGCC demo plant (18 MWth) in Varmamo.

Metso e 2 MW pyrolysis R&D plant in Tampere.
e Development of the production and utilization of first

generation bio oils

Metsd/Vapo Ajos BTL. Gasification/FT-plant.

NSE Biofuels Neste Oil and Stora Enso built a wood gasification demo
(12 MWth) in Varkaus. Syngas combusted. The aim was
a commercial BTL plant, but it has not been prioritized
for NER300 support.

Preseco Bio-char demonstration plant

PSE MICROALGAS

Production and valorisation of biomass from microalgae

PUUMA Nokia

Use of wood-based materials in rubber compounds
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Company

Project

Rottneros BOD

Valvik Biofuel. Black liquor gasification plant with
methanol production at the Rottneros mill. Applied for
NER300

Stl St1 biofuels are currently producing ethanol from sugar-
and starch-containing waste in several plants and are
researching technology for ethanol production from
celluloses.

SUNLIBB Sustainable Liquid Biofuels from Biomass Biorefining

SunPine/Preem

Production of diesel (Evolution Diesel) from tall oil.

University of Eastern Finland

Hidaspyro. Development of slow pyrolysis business
operations in Finland

University of Jyvaskyla Biorefineries- Future Business Opportunity for Forest
Cluster
UPM e Planned gasification/FT plant in either Rauma

(Finland) or Strasbourg (France). Strasbourg plant
prioritized for NER300 support and Rauma plant on
the reserve list.

e Tall oil based diesel (BioVerno) production facility in
Lappeenranta. Pilot plant for waste based ethanol
production

e Future technologies of forest, energy and chemical
industries

VaskiluodonVoima

140 MW gasification plant for CHP under construction in
Vaasa

VTT, Technical Research
Centre of Finland

e AFORE - added value from chemicals and polymers
by new integrated separation, fractionation and
upgrading technologies.

e BIOVAIKU. Environmental and economic
implications of second-generation biofuels for
transportation.

e TORREFACTION. Torrefaction of agro and woody
biomasses as energy carrier for European markets
2020

e Biocoup. Co-processing of upgraded bio-liquids in
standard refinery units
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HOUSE OF QUALITY TEMPLATE

APPENDIX 3

~—#— Ideal Case

8 - P - i
3
]
E
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‘ ion of bi y from 5
Ability to use various raw-materials 5
Ability to use end- -
-products after each process step 5
Low logistic costs \ 5
High efficiency of the unit 5
High quality of the end product 5
E Positive financial respond - 5
E Investments level 5
|Sustainability of production process o] \
é A

Competitive final product

(C]
0]
A

Strong Relationship 9
Moderate Relationship 3
Weak Relationship 1

Powered by QFD Online (htto//www.QFDOnline.com
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Methods of hemicellulose hydrolysis in furfural production

HEMICELLULOSE EXTRACTION

WATER
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N\

wWooD _|
CHIPS

R01
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Fig. 1 - Process diagram of the hemicellulose biorefinery.

Source: Montastruc L. et al., 2011, “Hemicellulose biorefinery for furfural production: energy requirement analysis and minimization”, Journal of Science &
Technology for Forest Products and Processes: VOL.1, NO.3
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A hemicellulose-based biorefinery

Ethanol
Waste Organic acids
- |
Biomass Glucose Enzymes
Solvents
- suing oo
Bullging block
HFCS chemicais
Secondary
Products
-: =
Ethyl
lactate
Punfication ‘
Crystallisation co,
Concentration
Separation
1
Punfication A - ——
Xylulose| v
CHP
Fotilize
B Hemicellulose Hemicellulose Hemicellulose
it Extraction Hydrolysis Bioconversion

Source: Lew Christopher (2012). Adding Value Prior to Pulping: Bioproducts from Hemicellulose,
Global Perspectives on Sustainable Forest Management, Dr. Dr. Clement A. Okia (Ed.), ISBN: 978-
953-51-0569-5, InTech, Accessed on 15.06.2015 from [http://www.intechopen.com/books/global-
perspectives-on-sustainable-forestmanagement/adding-value-prior-to-pulping-biofuels-and-
bioproducts-from-hemicellulose]
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Quiality Function Deployment Process

Planning Matrix

Technical
Requirements
Design Matrix
]
£ 2
%5
3 < Component
Characteristics
Measures @ Operating Matrix
32
E £
g 2‘ Process
" Steps
Measures = .
g Control Matrix
13
2
2
g Operational
Measures
i
£z
Measures

Source: Temponi C., Yen J., Tiao W.A. (1999), House of quality: A fuzzy logic-based requirements
analysis. European Journal of Operational Research 117 pp. 340-354, p.342
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Competitive Analysis Templates

COMPETITIVE ANALYSIS
FACTOR MY BUSINESS STRENGTH WEAKNESS COMPETITORA  COMPETITORB  COMPETITOR C mn
Products
Price
Quality
Selection
Service
Reliability
Stability
Expertise
Company
Reputation
Location
Appearance
Sales Method
Credit Policies
Advertising
Image
Company Name My Company Inc
Competitor Factors Weighting Competitive Ratings
Price 25% 10 = Very strong/best in class Performer
Quality 2%
Customer Service 0% 5 = Average performer
Product Range 15%
Distribution Outiets 10% 1 = Extremely weak Performer
Other 1 5%
Other 2 5%
100%
Competitor Rating
Competitors ¥ or or or or or or 0 Total Score
£ 0 10 6 8 5 7 5 9 0 50
Sample Compatitor 1 9 4 8 3 3 3 5 Sample C 35
Sample Competitor 2 1 9 1 7 5 3 1 Sample C 27
Sample Competitor 3 B 7 3 3 5 3 3 Sample C 28
Sample Competitor 4 2 1 6 4 1 3 2 Sample C 19
Sample Competitor 5 8 2 9 1 3 7 9 Sample C 39
Weighted Rating
Compatitors i 0" o” 0" o” 0" o” 0 Total Score
il 07 0" 07 0" 07 0" 07 0 0 0
i 0" 0" 0" 0" 0" 0" 0" 0 0 (i
4 0" 0" 0" 0" 0” 0" 07 0 0 0
% 0" 0" 0% 0" 0” 0" 0" 0 0 0
4 g 0" 0" 0" 0" 0" oF 0 0 0
& 0" 0" 0" 0% 0" 0" 0" 0 0 0

Source: Business templates. 8 Sample Competitive Analysis Templates. Accessed on 10.02.2016
from [http://www.sampletemplates.com/business-templates/competitive-analysis-template.html]
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Competitive Analysis Templates

COMPETITOR S.W.0.T ANALYSIS

B &G  E3

Competitive Analysis: sampleclient.com 6

Search Functionality
Competitor 1 | Competitor 2 Competitor3 || Competitor4 |

Website Search (Keyword)

Website Search (Advanced)

Physician Search

- Search by Name

- Search by Diagnosis

- Search by Procedure

- Search by Department

- Search by Clinical Topic

- Search by Basic Research

Topic / Program

- Search by Facility Y

- Search by Team

Researcher/Staff Search Y Y Y

- Search by Name Y Y Y

- Search by Diagnosis

- Search by Department Y

- Search by Clinical Topic X:

- Search by Program

- Search by Facility

- Search by Team Y

Past Employee (Alumni) Search

Researcher/Staff Advanced
Search

Clinical Trials Search Y Y Y
- Search by Type Y' Y2 Y
- Search by Keyword X Y,

<
=

<

<|=<|=<|=<

<

<

<|=<|=<|=<|=<|=<

<|=<|=<|=<[=<|=<| < [<]|=<

<|=<

<[=<| =< |=

Source: Business templates. 8 Sample Competitive Analysis Templates. Accessed on 10.02.2016
from [http://www.sampletemplates.com/business-templates/competitive-analysis-template.html]
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APPENDIX 8

Finnish forest industry statistics

Forest industries’ production volumes since 1960

, Milion
Paper & Board
14 -
=—Chemical pulp
_ Production 2014
12 Paper & Board 1000 t 10 400
Sawn Softwood Chemical Pulp 1000 t 7 000
i : Sawn softwood* 1000 m® 10 900
10
Change from prev. year
Paper & Board 2 %
8 Chemical Pulp 1%
Sawn softwood 5%
6 - * eslimate
4 4
2
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
EVOLVING
16.2.2015 FOREST INDUSTR)

SOURCE: Finnish Forest Industries Federation
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Finnish forest industry statistics

Gross value of Finnish forest industries

Billion EUR

" Wood products industry (incl. furniture)
 Pulp and paper industry

2004 2005 2006 2007 2008 2008 2010 2011 2012 2013

9.2.2015
SOURCE: Statistics Finland

2013

Gross value of manufacturing. Bn €
Total manufacturing 12,0
Change from prev. year 0.6 %
Forest industry* 20,2
Change from prev. year 28%

* Including furniture

EVOLVING
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Finnish forest industry statistics

Forest industry in Finnish manufacturing

Share of manufacturing employment, % *

Wood products industry* 9,6 9,8 9,1 9,1 8,9
Pulp and paper industry 6,3 6,1 57 59 5,8
Total forest industry* 15,9 158 148 150 147
Share of manufacturing output,% °
Wood products industry* 6,2 59 6,0 59
Pulp and paper industry 13,0 121 116 121
Total forest industry* 19,2 180 176 18,0
Share of exports, % °©
Wood products industry* 4.1 4,0 4,0 44 4.6
Pulp and paper industry 16,4 158 155 158 156
Total forest industry* 205 198 194 20,2 20,2
* Employment as in Annual National Accounts:published July 2015
¥ manufacturing output for 2014 will be published in October 2015
“ National Board of Customs: based on CN classification
* including furniture manufacturing

EVOLVING

5.8.02015
SOURCE: Statistics Finland, Finnish Customs

FOREST INDUSTRY
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Finnish forest industry statistics

Forest industry production plants in Finland

¢ Paper mills (22)
* Paperboard mills (13)
* Chemical pulp mills (14)
p * BCTMP -mills (2)
. Paper and paperboard converting mills (14)
ol * Sawmills * (36)
- * Plywood, particle board, fibreboard and veneer mills (12)
’ ¢ Fumniture and joinery industry ** (63)
-
3 a .
. ’ K .‘ - -
*r .\o“ ‘ r
® . . o i ° .
. ’:. ° c" i o :‘.
g .‘ L4 % "‘. l: "c
_“‘ P Tog o 0l
i (5.

12.11.2013

SOURCE: Finnish Forest Industries Federation; *FFIF members' sawmills, **Member companies
of the Association of Finnish Joinery and Furniture Industries

Finnish Forest Industries

FORERUNNER IN THE BIOECONOMY
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Finnish forest industry statistics

Value of forest industry exports

Bill. EUR
4

Value of exports, EUR mill. 2014
Pulp, paper, board and

converted products 8 700
Wood products 2450
Furniture industry 150
Forest industry total 11 300
Change from prev. year

Pulp, paper, board and

converted products -1,8 %
Wood products 55 %
Furniture industry 3,9%
Forest industry total -0,2%

1970 1975 1980 1985 1990 1995 2000 2005 2010

BrSthoute

SOURCE: Finnish Customs PROSPERL
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APPENDIX 9

UPM Biofuels production technology

AN N N O O O N O O O O O O N A S O N N N N O O O N N O O N S S N N N AN N N N N N N N N N N N N NN NN ANANANANANAOONOOOOOOGOOGRGOGNNY AN

CRUDE TALL OlL PRETREATMENT HYDROTREATMENT FRACTIONATION RENEWABLE DIESEL
A residue of chemical Crude Tall Oil is purified: salts,  Pretreated Crude Tall Oil is fed ~ Remaining hydrogen sulfide and  High quality advanced biofuel
pulping process containing  impurities, solid particles and together with make-up and uncondensable gases are suitable for all diesel engines.
natural extractive water are removed. recycled hydrogen to the reactor removed. The remaining liquid is
components of wood. where the chemical structure is  distilled to separate renewable

modified. Reaction water is diesel.

separated and directed to waste
water treatment.

Source: UPM, 2015. Advanced biofuel production. Official webpage. Accessed on 20.07.2015 from [http://www.upmbiofuels.com/biofuel-production/advanced-
biofuel-production/Pages/Default.aspx]
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