LAPPEENRANTA-LAHTI UNIVERSITY OF TECHNOLOGY LUT
School of Engineering Science
Master’s Degree Programme in Biorefineries

Suvi-Tuuli Lappalainen

TRANSPORT SOLUTIONS FOR BIOREFINERY RAW MATERIAL AND
PRODUCTS AT PORT

Examiners:

Adjunct professor Arto Laari
M.Sc. Jukka Ravaska

1

TIIVISTELMÄ
Lappeenrannan-Lahden teknillinen yliopisto LUT
School of Engineering Science
Master’s Degree Programme in Biorefineries
Suvi-Tuuli Lappalainen
Biojalostamon raaka-aineen ja tuotteiden kuljetusratkaisut
satamaympäristössä
Diplomityö
2020
91 sivua, 28 kuvaa, 7 taulukkoa ja 5 liitettä
Tarkastajat:
Dosentti Arto Laari ja DI Jukka Ravaska
Hakusanat:

biojalostamo, raakamäntyöljy (CTO), raakarasvahappo (CFA),
mäntypiki (TOP), mäntyhartsi (TOR), raakatärpätti, säiliöauto,
putkilinja, laiva, satama

Diplomityön tarkoituksena on kartoittaa millaisia vaatimuksia biojalostamon raakaaineen ja tuotteiden ominaisuudet, kuljetusmääräykset, satamaympäristön
aiheuttamat rajoitukset, ympäristönäkökohdat, turvallisuusasiat ja toiminnan
tehokkuus asettavat kyseisten aineiden kuljetuksille. Selvityksen perusteella annetaan
suosituksia biojalostamon tuotteiden kuljetusratkaisuista säiliöautoilla, laivoilla ja
putkilinjoja pitkin.
Tutkimuskohteena on Fintoil Hamina Oy:n uusi biojalostamo, jonka on tarkoitus olla
toiminnassa HaminaKotka Sataman Haminan satamanosassa vuonna 2022.
Biojalostusprosessin raaka-aine on mäntyöljy (CTO) ja merkittävimmät tuotteet ovat
raakarasvahappo (CFA), mäntypiki (TOP), raakatärpätti ja mäntyhartsi (TOR).
Tutkimus on luonteeltaan laadullinen tutkimus. Tutkimusmenetelminä ovat
kirjallisuuskatsaus,
syventävät
asiantuntijahaastattelut,
riskinarviointi
ja
tutkimuskohteen havainnointi. Tutkimuksen tulokset eivät ole sellaisenaan
yleistettävissä koskemaan kaikkia biojalostamoita ja kaikkia satamaympäristöjä.
Tutkimuksen tärkeimmät johtopäätökset ovat, että biojalostamon tuotteiden
kuljetusratkaisuihin satamassa vaikuttavat merkittävimmin tuotteiden ominaisuudet
kuten lämpötila ja viskositeetti, sekä satamatoimintaan liittyvät erityispiirteet kuten
muiden toimijoiden käsittelemien vaarallisten aineiden aiheuttamat rajoitteet sekä
sataman muun liikenteen ja rakenteiden asettamat haasteet. Satama tarjoaa
rajoitteiden lisäksi myös merkittäviä etuja tuotteiden kuljetuksille valmiin
infrastruktuurin, hyvien liikenneyhteyksien ja sataman yritysten välisen yhteistyön
muodossa.
Tutkimuksen tulosten perusteella annettavat suositukset liittyvät putkilinjojen ja
säiliöiden materiaalivalintoihin sekä lämmitys- ja tyhjennysmenetelmiin, sataman
sisäisen säiliöautoliikenteen välttämiseen kokonaisturvallisuuden ja kustannusten
vähentämiseksi, säiliövarastointikumppanuuteen sekä putkilinjan rakentamiseen
tuotteiden kuljetusta varten tietyn laiturin ja varastosäiliöiden välille.
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The aim of the thesis is to study the aspects that affect biorefinery raw material and
product transport at port environment. The examined topics are product properties,
regulatory requirements, restrictions and advantages of the port entity, environmental
aspects, safety of transportation and operational efficiency. Based on the results,
recommendations are given to the biorefinery for suitable transport solutions at port by
trucks, ships and pipelines.
Research methods used in this qualitative research are literature review, expert
interviews, observations and risk assessment. Research subject is a crude tall oil
biorefinery Fintoil Hamina Oy that will be established to the Hamina liquid port area of
the Port of HaminaKotka. The new biorefinery will be in operation in 2022. The
examined products are crude tall oil (CTO), crude turpentine, crude fatty acid (CFA),
tall oil pitch (TOP) and tall oil rosin (TOR).
According to the study results, the most significant transport factors to be considered
are related to legislation, product properties and constraints of the port environment.
Product classification and properties such as flammability, viscosity and temperature
affect the transport solutions as well as hazardous liquids handled and transported by
other terminals in the area. Constricted routes between storage and handling locations
set challenges to design work. In addition to constraints, the location of the biorefinery
in the port area has advantages such as available and existing infrastructure, good
external transport connections and collaboration between port-related companies.
Recommendations given to the biorefinery include pipeline and shore tank surface
materials, draining and heating applications, safety of port internal truck traffic,
shipping pipeline routeing to a jetty and comparison of potential shipping tank storage
partners. The results of this study are not directly applicable to all biorefineries and all
port environments.
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ABBREVIATIONS
ADR

European Agreement concerning the International Carriage of
Dangerous Goods by Road

AVI

Regional State Administrative Agency

BCH

Code for the Construction and Equipment of Ships Carrying
Dangerous Chemicals in Bulk (For tankers built before 1 July
1986)

BLEVE

Boiling Liquid Expanding Vapour Explosion

CFA

Crude Fatty Acid

CLP

EU Regulation on Classification, Labelling and Packaging of
hazardous substances

CO2e

Carbon dioxide equivalent, a common unit for different
greenhouse gases

CSS

Crude Sulphate Soap

CTO

Crude Tall Oil

DN

Nominal Piping Size

DOMINO

Chain of accidents leading to a major accident in a certain area

ECHA

European Chemicals Agency

ELY

Centre for Economic Development, Transport and the
Environment

ESAVI

Southern Finland Regional State Administrative Agency

GHS

Globally Harmonized System

IBC

International Bulk Chemical Code

IMDG

International Maritime Dangerous Goods Code

IMO

International Maritime Organization

ISGOTT

International Safety Guide for Tankers and Terminals

ISPS

International Ship and Port facility Security Code

Jetty

Berth at liquid port

KYMPE

Kymenlaakso Rescue Department

MARPOL 73/78

The International Convention for the Prevention of Pollution from
Ships

N.O.S.

Not Otherwise Specified

PED

Pressure Equipment Directive

PN

Nominal Pressure
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REACH

European union regulation (Registration, Evaluation,
Authorisation and Restriction of Chemicals)

SEVESO

Seveso-III Directive (2012/18/EU) to prevent major accidents

SFS

Finnish Standards Association

Shore tank

A shoreside storage tank for chemicals and other liquid products

TOFA

Tall Oil Fatty Acid

TOP

Tall Oil Pitch

TOPP

Turpentine Oil from Pulping Processes

TOR

Tall Oil Rosin

TUKES

Finnish Safety and Chemicals Agency

UN Number

Transport Identification Number of Dangerous Goods

UVCB

Chemical of unknown or variable composition, complex reaction
product or biological material

VAK

Finnish regulation on Carriage of Dangerous Goods by Road

VCE

Vapour Cloud Explosion
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1 INTRODUCTION
Crude tall oil was earlier mainly incinerated for energy in pulp mills. Today crude tall oil
has turned to be valuable bio-based raw material for biofuels and many bioproducts.
CTO biorefining industry is an example of resource efficiency and contributes to
European Union’s circular economy goals.
When a new biorefinery is set up to a seaport, there are a great variety of rules and
regulations to be followed, and a lot of information and special expertise to be
considered. Significant part of the planning is the biorefinery plant design and the
biorefining process itself. One of the important aspects is planning the product flows at
port environment.
The aim of this thesis is to study the requirements, product features, safety matters,
environmental topics, efficiency and other aspects that impact transport of biorefinery
raw materials to the biorefinery site and biorefinery products from the site in the port of
HaminaKotka. Practical recommendations are given to the biorefinery company based
on the results. These recommendations are meant to help the biorefinery’s decisionmaking when they are planning the logistic solutions, and to give them guidance in
operating at the liquid port.
The studied products are crude tall oil (CTO), crude turpentine, tall oil pitch (TOP),
crude fatty acid (CFA) and tall oil rosin (TOR). The transportation types include ship,
truck and pipeline transportation. Product flows inside the biorefinery plant and outside
the port area are not included in this project.
The subject of the study was found when the representatives of the company Fintoil
Hamina Oy presented their biorefinery plans to the other companies operating in liquid
port in Hamina in a hazard assessment session. It was found out that they have a
strong experience in biorefining processes and products, but they could use assistance
and local expertise in planning the logistic solutions for the products at port. The
management of the Port of HaminaKotka strongly supports the research work because
collaboration with port related companies is essential for the whole entity.
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1.1.

Description of HaminaKotka Port

Port of HaminaKotka is the biggest universal port in Finland. It is located in two cities
Hamina and Kotka in South-eastern Finland. The port serves Finnish forest industry
export products as well as transito traffic, liquid transportation, and multiple other
industries. There are a few new projects in progress in the port and they will increase
the traffic volume and support the port strategy. (Port of HaminaKotka, 2020a)
1.2.

Description of Fintoil

One of the most remarkable new projects is a biorefinery to be located in Hamina. The
new company Fintoil will build a biorefinery in the liquid port area for production of
bioenergy and biochemicals. (Fintoil, 2020a) The biorefinery uses crude tall oil (CTO)
as raw material in refining process and the main products are crude fatty acid (CFA)
for biofuel production, tall oil pitch (TOP), tall oil rosin (TOR) and crude turpentine.
(Ravaska, 2020)
The biorefinery will be in operation in the year 2022. Land lease agreement has been
signed by port and biorefinery. Environmental permit is applied for and operational
permit from Safety and Chemical Agency TUKES will be applied for by the end of 2020.
Biorefinery plant design planning is already in progress.
1.3.

Product storage and transport at port

An important aspect in designing a new biorefinery is to study what requirements there
are for biorefinery products and raw materials transportation and to make a plan how
the pipelines, ship and truck traffic fit in other operations at port areas. As shown in
Figure 1, the liquid port area is complicated and there are many other operators in the
area using the infrastructure, rail tracks, roads and jetties.
Raw material and products require large quantities of storage space and the shore
tanks must be located and organized so, that raw material supply to the biorefinery is
confirmed and operates fluently.
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FINTOIL

Figure 1: Liquid port area in Hamina, new biorefinery marked with green background (Gisgro,
2020)

The planned transportation types for main products are ship, truck and pipeline. There
will be pipeline transportation for CTO from the jetty to the shore tanks, and possibly
from the shore tanks to the biorefinery, the other option being truck transport. CFA and
TOP will be transported possibly from the biorefinery to the shore tanks by pipeline (if
not by trucks), and further from the shore tanks to the jetty.
Preliminary layout of the biorefinery is shown in Figure 2.
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Figure 2: Layout of Fintoil biorefinery (Neste Engineering Solutions, 2020a)

1.4.

Research objectives and research question

Research objective is to find out suitable transport solutions for biorefinery products in
port area to support the planning of the new biorefinery. The studied products are crude
tall oil, crude turpentine, tall oil pitch, crude fatty acid and tall oil rosin. The
transportation types include ship, truck and pipeline transportation. External partners
for product storage and ship operations are studied and their proposals compared. The
project also aims at pointing out typical challenges that have been faced in biorefinery
products transportation in other facilities.
The essential research question of the thesis is:
What are the best possible solutions for transporting and storing biorefinery raw
material and products in the port area considering rules and regulations, products
properties, safety, financial costs, existing infrastructure, other operations at port and
the environment?
1.5.

Research methodology

The thesis is a qualitative study, and the purpose is to understand how different
aspects influence the studied subject. The data for the study is collected from literature,
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by interviews and by observations. Practical measures such as risk assessment of port
internal truck traffic and external surveys of port pipelines are part of the study. The
aim is to approach the collected data inductively and to interpret the data to end up
with suitable practical solutions. The results of this study are not directly applicable to
all biorefineries and all port environments.
Biorefining processes and product characteristics are described in the thesis to get an
overview of the research subject. Both regulatory and product related transportation
requirements are examined. Regulatory transport requirements include description of
related supervising authorities and design requirements of pipelines and other
infrastructure. Transportation requirements related to product properties such as
temperature, corrosivity, viscosity, hazard classification, operational requirements are
surveyed in the thesis. In addition, other affecting aspects for the desired logistic
solutions such as costs, safety, limitations and possibilities of the liquid port entity, and
possible partners are included.
The study is conducted in supervision and guidance of the biorefinery representatives
and in co-operation with the port authority.
Literature review
Purpose of the literature review is to study the biorefining processes and product
properties, legislation, transport requirements of the products and other requirements
for the transportation conditions, and background information for the interviews.
Information about product volumes and desired types of transportation is collected
from the biorefinery company. Safety data sheets, regulations and instructions by
authorities and infrastructure, instructions and other companies’ affecting operations
at port are part of the literature review. Offers and proposals by potential external
storage partner companies are studied and compared, but they are not listed in the
reference list for confidentiality reasons.
Interviews
Important information of the properties and challenges of the product storage and
transport is collected by interviewing experts from different fields of producing, storage
and handling liquid substances as well as authorities and port representatives. Number
of interviews is restricted, because the purpose is to collect specific data and details
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from different fields of expertise and to deepen the information gathered from literature.
Interviews are also used to receive advice on reliable and relevant information sources.
Interviewed persons are listed in Appendix 1.
Each of the interviewed persons has a different perspective to crude tall oil and
biorefinery products storage and transport. Jukka Ravaska and Timo Saarenko are
responsible for the new biorefinery project, Sara Lax is senior officer at Finnish Safety
and Chemicals agency and she represents the authority view, Henna Kahilaniemi is
the nominated TUKES supervisor of the Port, N.N. has a long and extensive
experience in crude tall oil handling and challenges of CTO storage, Jari Kontunen
represents the technical view and how the biorefinery fits in port environment, Timo
Rosendahl considers the security aspects, Eemeli Oksanen has hands-on experience
in CTO handling and storage, Ari Kurvi knows the ADR requirements for transport,
Timo Hakala is engineer who has designed pipelines and shore tanks for various
products in port area and Olli Manninen has experience in technical requirements of
CTO storage and transportation such as pipeline materials. Anu Valtonen has
experience in biorefinery raw material and products especially from legislative pointof-view. She explained the meaning and idea of REACH, she described how the
registration system works, and where the relevant consortiums for biorefinery products
could be found. Without this interview, it would have been time-consuming and
uncertain to find the same information from literature.
Due to the versatile perspectives of the interviewed experts, the interview questions
are different for each of them. List of the interview questions are attached in the
Appendix 1.
In many parts in this study the written source of information has been found by an
interview. So it can be said that the importance of the interviews is bigger than could
be estimated considering how many times the interviewed persons are referred to in
this study.
Practical measures
In addition to literature review and interviews, a risk assessment has been made as
part of this study, to point out the possible risks of port internal truck traffic and to find
ways to manage those risks. Two pipeline surveys have been conducted by external
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engineering company as part of this study to give specific information about the
condition of pipeline infrastructure at port and the possible pipeline routes from the
biorefinery to a jetty.
1.6. Scope of the study
There are multiple aspects to be considered when a new biorefinery is established.
These include plant design, process methods, preliminary surveys, financial aspects
such as financing and cost efficiency, geographical considerations, contracts with raw
material suppliers and potential customers, deeper knowledge of product properties,
land lease agreements, environmental impact assessments, firefighting and rescue
systems. Since this survey focuses on transportation solutions at port, these topics
mentioned above have been limited out of the survey.
Static storage, product flows and other processes inside the biorefinery plant and
outside the port area are not included in this project.
This thesis has been carried out simultaneously with the progress of the biorefinery
project. In the beginning of the research work it was not fully clear what are the main
subjects considering product transport at port that should be studied in detail and what
would be the results. Due to the simultaneous timing and rapid changes of the research
subject, the research work and writing has been sometimes challenging but mainly
very inspiring.
It was agreed in the beginning of the research project, that the biorefinery company
hopes to receive information about transport requirements and suggestions for
transport solutions weekly during the process, not only when the thesis is completed.
These recommendations given along the way have guided the biorefinery project and
helped them to decide on the transport solutions. As this thesis is ready, the biorefinery
is still in planning phase, but progressing well, and they have received valuable
information on the suitable solutions to support their project.
1.7. Structure of the thesis
In the beginning of the thesis there is a list of abbreviations to help the reader to
understand the terms used in this thesis.
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In the introduction chapter the background of the thesis and related entities are
introduced. Research objectives, research questions and research methodology are
described including data collection methods.
The substantive chapters of the thesis are divided in three chapters. In the first chapter
biorefining processes and biorefinery raw materials and products are studied in general
to understand the basic idea of CTO based biorefining. In the second chapter transport
and storage requirements are examined, and most relevant aspects that affect the
transport solutions are investigated. In the third chapter possible solutions are
compared and analysed.
In the conclusions chapter the observations and results of the study are analysed, and
recommendations are given to the biorefinery for the best solutions for product storage
and transport.

2 CTO BIOREFINING PROCESSES
In this chapter the crude tall oil based biorefining processes are studied in general level
focusing on current situation in Finland.
2.1.

Biorefining processes

Biorefineries can be classified as first, second or third generation biorefineries
depending on their feedstock. First generation biorefineries use crop as raw material,
second generation method uses waste materials and side-products and for the third
generation biorefineries the raw material is algae (Bastidas-Oyanedel et al., 2019). In
this thesis the focus is on second generation biorefineries using crude tall oil as raw
material.
The major advantages of the second generation biorefineries are that the feedstock
could not be used as human food so it does not compete with feeding and that the
waste material can be processed to products and fuel instead of burning or land-fill.
Crude tall oil (CTO) is received as a by-product from kraft pulp production. A residue
called black liquor is formed in kraft pulping process. A layer of soap is removed from
the black liquor to enable valuable chemicals to be returned to the process. This crude
sulphate soap can be refined to crude tall oil. (Niemeläinen, 2018)
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Three different CTO biorefining processes by UPM, Forchem and Fintoil are described
below.
UPM production process
UPM has invented their own production process for biofuel production from crude tall
oil. The method is based on hydrogen treatment and distillation of crude tall oil. In the
pre-treatment phase of the process salts, solid substances, water and other unwanted
components are removed from crude tall oil. In the hydrotreatment phase the chemical
structure of CTO is modified by treating the substance with hydrogen. In fractionation
phase H2S and some remaining gas are removed, and biofuels are distilled from the
remaining liquid. (UPM, 2020) The process is described in Figure 3.

Figure 3: UPM biofuel production technology (UPM, 2020)
Traditional CTO refining process description
In CTO refining process in use by Forchem, CTO feed is first heated to remove water.
Then CTO is vaporised to remove pitch. After depitching the liquid is fed to four
distillation columns. The distillation takes place in vacuum conditions in order to keep
the boiling points of the substances low. Otherwise the TOR production could be
disturbed due to unwanted chemical degradation and dimerization of the product and
polymerization of TOFA. (Aalto, Tötterman 2018)
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Crude TOR and TOFA are separated in the first distillation column (Rosin column).
Crude TOFA continues to the upper Heads column being the lighter fraction and crude
TOR continues to the Rosin redistillation column. Heads column removes a component
called heads oil from TOFA which continues to the fatty acid column. In rosin
redistillation column TOR is separated from pitch. Heads oil is partly used to modify
the properties of pitch and partly incinerated in the hot oil furnace to heat circulating oil
for the columns. The process is shown in Figure 4.

Figure 4: CTO biorefining process in use by Forchem (Aalto, Tötterman, 2018)
NEXPINUS technology used by Fintoil
The process used by Fintoil is fractionation which means that energy and pressure are
applied to separate the substance into its component parts. The production process is
tailored to produce modified crude fatty acid for second generation biodiesel feed. The
production process is delivered by Neste Engineering Solutions and is called
NEXPINUS technology. (Neste Engineering Solutions, 2020b)
In NEXPINUS CTO biorefining process the first step is to separate water and light
fractions from CTO in dehydration phase. Light fractions are mainly crude turpentine.
The water removal takes place in moderate vacuum and at temperature of 120-170 °C
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as the rest of the process is operated in deeper vacuum and in temperature of 220280 °C (Neste Engineering Solutions, 2020b). Second step is to separate pitch in
depitching phase using thin film evaporators or distillation column. In the third step the
remaining fractions of tall oil are distilled in distillation column where crude fatty acid
and resins are separated. The separated crude turpentine contains some heavier
fractions which are separated by distillation to form better quality turpentine. Part of the
resin acids are saponified to form resin soap by mixing the resin with natrium hydroxide
and water. The process steps are described in Figure 5.
Tall Oil
Rosins
(20-25%)

Water
(2%)

Wet CrudeTall
Oil (100%)

Dehydration and
separation of
light fractions

Crude
turpenti
ne (2%)

Depitching

Rosin and crude
fatty acid
distillation

Pitch 1
(12-15%)

Pitch 2
(10-15%)

Crude Fatty
Acids
(45-50%)

Figure 5: CTO biorefining process by Fintoil (based on Ravaska, 2020)
2.2.

Biorefineries in Finland

There are already crude tall oil based biorefineries in operation in Finland, and new
projects are in planning phase.
UPM Lappeenranta
The first commercial wood-based biorefinery in the world is UPM Lappeenranta. The
refinery produces 130 000 tonnes of biofuels annually, the main products are diesel
and naphta. (UPM, 2020)
Forchem
Forchem has a biorefinery in Rauma. In the production plant CTO is processed to
create many different products such as tall oil fatty acid, tall oil rosin, distilled tall oil,
tall oil pitch and rosin soap. (Forchem, 2020)
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Kraton Chemical Oulu
Kraton Chemical has a biorefinery in Oulu since 2016. The feedstock is crude tall oil
and the products are tall oil fatty acids, resins, tall oil and tall oil pitch. (BusinessOulu,
2016)
Fintoil Hamina (In progress)
Fintoil has been established in 2017 and they will build a CTO biorefinery in Hamina
port. The budget of the project is 100 million euros and according to the preliminary
schedule the refinery should be in full operation by the end of 2022.
The feedstock of the biorefinery is crude tall oil which will be received mainly from pulp
mills in Scandinavia and North America. The refinery process is based on fractionation,
where the fractions are separated from each other by using heat and vacuum methods.
(Fintoil, 2020b)
When in full operation, the Fintoil biorefinery will be the third largest crude tall oil
biorefinery in the world regarding the volume of the feedstock, which will be around
200 000 tonnes of CTO annually. The company will employ 30 people and the annual
turnover will be around 140 million euros according to the CEO Jukka Ravaska.
UPM Kotka (Planned)
UPM is planning to establish a new biorefinery in Kotka. The production capacity would
be 500 000 tonnes of biofuels, and the feedstock would be mainly forest industry
residues and a non-food crop brassica carinata which comes from South America.
(UPM, 2020) The investment decision has not been made yet.
2.3.

Bioproduct factories

Metsä Fibre Äänekoski
Metsä Fibre Äänekoski is not a biorefinery but a bioproduct factory. In the bioproduct
concept the factory produces pulp but also recognises the importance of further
processing the side-products from the pulp process residues to bioproducts. The
factory uses 6,5 million cubic meters of wood annually to produce 1,3 million tonnes of
pulp. Crude tall oil is one of the by-products from the pulp process, the others are
turpentine, bioenergy, product gas and sulphuric acid. The factory is investigating the
possibility to produce textile fibres, bio-composite and lignin. They also produce pellets
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and biogas from their wastewater treatment sludge. (Metsä Fibre, 2020). The company
is planning a similar factory to Kemi.
2.4.

Biorefinery products and applications

The main products from CTO refining processes are tall oil fatty acids, distilled tall oil,
tall oil rosin and different pitch types, sterols. Fatty acids can be used in paints and
coatings, biolubricants, fuel additives, and performance polymers. Rosins can be used
in inks, adhesives, paper making, road marking, and tires. Sterols can be used in
health-promoting food additives. Pitch can be used in biofuel production (Tuhkanen,
2020). Tall oil pitch can also be delivered back to the pulp mill and used as lime kiln
fuel. (Niemeläinen, 2018)
The main products from the Fintoil biorefinery are crude fatty acid (CFA), tall oil pitch
(TOP2), sterol pitch (TOP1), tall oil rosin (TOR) and crude turpentine. CFA will be used
mainly for biofuel production; sterol pitch will be used for sterol production to produce
pharmaceuticals and products for well-being, tall oil rosins will be used for inks,
adhesives and paper making and turpentine will be used to produce several chemicals
and hygiene products. The difference between Fintoil products’ customer applications
and applications of traditional biorefinery products are shown in Figure 6.

Figure 6: Products and customer applications of traditional CTO biorefinery and Fintoil CTO
biorefinery (Fintoil, 2020b)
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3 TRANSPORT AND STORAGE REQUIREMENTS FOR BIOREFINERY RAW
MATERIALS AND PRODUCTS
In this chapter storage and transport requirements and conditions of biorefinery raw
material and products are examined. The focus is on transport in port environment.
Both legislation and practical perspective are studied.
3.1. Legislation and classification
Storage, transport and handling of dangerous goods is governed by multiple national
and international laws and regulations. The most relevant legislation, regulations and
guidelines concerning storage and transport of hazardous liquids are described below.
In addition, there is also a lot of other common legislation to be complied with such as
Occupational Safety and Health Act by the Ministry of Social Affairs and Health
(738/2002) and other legislation concerning working safety as well as Act on
Environmental Protection (527/2014) and other legislation concerning environmental
protection.
Reach
EU regulation REACH aims at protecting human health and the environment from
hazards of chemicals. It also enhances competitiveness of European chemical
companies and promotes alternative methods to test chemical risks so animal testing
could be reduced (ECHA, 2020a).
All chemicals that are produced in EU or imported to EU must be registered to REACH
if the amount of the substance is more than 1 tonne. The responsible party is either
the manufacturer (chemical produced in EU) or the importer (product imported to EU).
To comply with REACH the company has to assess the risks of the produced chemical,
to demonstrate how the chemical can be used safely and to inform the users of the
risks and safe use.
The main principle of REACH registration is “one substance = one registration”
(Valtonen, interview 2020). It means that the companies must jointly register each
similar substance. They must also share relevant information of the substance and to
update the risk assessment regularly.
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In practice it means that if a company plans to produce or import a chemical, they must
first identify the substance and make an inquiry to ECHA to find out if the same
substance has already been registered. The next step is to contact the corresponding
consortium to learn how to participate and what are the costs. The cost of joining a
consortium depends on the substances and production volumes (Valtonen, interview
2020). There can be many different registered substances in a consortium.
Some substances can be exempt from REACH regulation according to REACH Annex
V.9, if certain criteria are met.
In some products the composition varies or can even be unknown. In order to identify
these substances and to find the right consortium, certain quality parametres must be
measured and they must be within same limits so the products can be treated as same
substances. Products that are of unknown or variable composition or complex reaction
products or of biological origin are called UVCB substances.
For Fintoil biorefinery raw materials and products the corresponding REACH
consortiums could be as follows:
CTO: CTO is a UVCB substance (UPM, 2016). There is a CTO-TOS-TOPP REACH
consortium which was established in 2009 to register crude tall oil, crude tall oil soap
and turpentine oil from pulping processes (Pöyry, 2020). In order to make a REACH
registration for CTO, Fintoil should contact the Secretariat of the consortium to
purchase a Letter of Access and to become a member of the consortium.
CFA: Communication paper by Harrpa (2016) states that tall oil fatty acids are exempt
from REACH. The paper lists 4 exemption criteria by REACH Annex V.9 and explains
how tall oil fatty acids meet the criteria. The conclusion is that European companies
who have signed the paper are in the opinion that tall oil fatty acids meet the required
criteria and are therefore exempt from REACH registration.
TOR: TOR is a UVCB substance (H4R Consortium, 2020). To register TOR to REACH,
H4R Consortium can be contacted. In this consortium there are five different rosin
groups identified, assessed and registered.
Turpentine: TOPP is also a UVCB substance (Pöyry, 2020). TOPP is included in the
same consortium as CTO, so contacting the CTO-TOS-TOPP REACH consortium
Secretariat should be done to register turpentine.
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Hazards classification
Dangerous goods mean a substance, which has a hazard classification by international
hazard classification system GHS. Hazards can be physical, environmental or health
hazards. In EU countries this GHS classification system is implemented by CLP
regulation (for “Classification, Labelling and Packaging”) in 2008. (ECHA, 2020b)
In GHS system the different hazards of substances are communicated through
•

signal words (“Danger”, “Warning”),

•

pictograms as shown in Figure 7 and

•

hazard statements (e.g. H314)

on labels and safety data sheets of the substances.

Figure 7: GHS Hazard pictograms (ConceptDraw Solutions, 2020)
The hazard statements of Fintoil biorefinery raw material and products are listed in
Table 1, which is based on Fintoil environmental permit application by Neste
Engineering Solutions (2020c), REACH information from Valtonen (Interview 2020),
safety data sheets of the substances and interview of Saarenko (2020).
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Table 1: Hazard classification of Fintoil raw material and products (based on H4R Consortium,
2020; Harrpa, 2016; Kotkamills, 2010; Kraton, 2017; Kraton, 2018a; Kraton, 2018b; Neste
Engineering Solutions, 2020c; Pöyry, 2020; UPM, 2016; interviews of Valtonen (2020) and
Saarenko (2020)).

Raw material

Hazard
Flashpoint
classification (CLP)

Crude Tall Oil
(CTO)

Skin Sens 1, H317

Product

Crude
Turpentine

Crude Fatty
Acid (CFA)
Tall Oil Rosin
(TOR)
Tall Oil Pitch 2
(TOP)
Tall Oil Pitch 1
(TOP)

UN
number

Transport
temp

No

50°C

REACH

UN
number

Transport
temp

Yes

1993

20-40°C

No

No

65°C

Yes

3257

190210°C

> 100,0 °C Yes

No

80-100 °C

> 100,0 °C Yes

No

80-100 °C

121-185°C Yes

Hazard
Flashpoint
classification
Flam. Liq. 3, H226
Acute Tox. 4, H332
Acute Tox. 4, H312
Acute Tox. 4, H302
Asp. Tox. 1, H304
30-35 °C
Eye Irrit. 2, H319
Skin Irrit. 2, H315
Skin Sens. 1, H317
Aquatic Chronic 2,
H411
No hazard
200°C
classification
Skin Sens 1, H317
No hazard
classification
No hazard
classification

REACH

225 °C

As shown in the Table 1, the raw material crude tall oil has one health hazard
classification: it may cause an allergic skin reaction. Tall oil rosin and rosin soap also
contain a health hazard, TOR causing possible allergic skin reaction and rosin soap
being irritating to eyes. Crude fatty acid (CFA) and tall oil pitch (TOP) are not classified
as hazardous substances. It means that requirements for their transportation are not
as strict as for hazardous compounds. Crude sulphate turpentine has the most severe
hazards classification of these products, as it is flammable and toxic.
Even though most of the products do not have any physical or environmental hazards
classification, it is recommended to design the shore tanks, pipelines and operations
to meet the requirements of TUKES instructions for storage of hazardous chemicals
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(2015) and standards SFS 3350 and SFS 3355 for flammable substances, because
stored compounds or their classification and regulations can change in time (Hakala,
interview, 2020).
Handling and storage of dangerous goods
The following national acts and degrees must be considered when handling and storing
dangerous goods:
•

Act on the Safe Handling and Storage of Dangerous Chemicals and Explosives
390/2005

•

Government Decree on the Monitoring of the Handling and Storage of
Dangerous Chemicals 685/2015

•

Government Decree on Safety Requirements for Industrial Handling and
Storage of Dangerous Chemicals 856/2012

International agreements on transportation of dangerous goods at sea
The following international agreements must be complied with when transporting
dangerous goods in ships:
•

International Maritime Dangerous Goods Code of SOLAS Convention (IMDG
Code) for dangerous goods in containers or other packaged units

•

Chemicals and oil products carried in bulk (IBC Code) when transporting
chemicals or other hazardous products in tankers as liquid bulk

•

International Code for the Construction and Equipment of Ships Carrying
Dangerous Chemicals in Bulk) and corresponding BCH Code applicable to old
vessels

•

Regulations on the prevention of pollution of water from vessels Marpol 73/78

•

International Safety Guide for Oil Tankers and Terminals (ISGOTT)

Transportation of dangerous goods by road
The transport of dangerous goods by road must comply with the legislation on the
transport of dangerous goods (VAK) in domestic transport and with the ADR legislation
in international transport.
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Transportation of dangerous goods in pipelines
In addition to above mentioned acts 390/2005, 685/2015 and 856/2012, the Act on
pressure equipment (1144/2016), Government Decree on pressure equipment
(1548/2016) and the EU directive of pressure equipment 2014/68/EU (PED) regulates
design of pipelines for liquid substance transportation.
Standards
National standards have been created to interpret the legislation and give practical
applications for handling, storing and transporting dangerous goods. By following these
standards compliance with corresponding legislation can be ensured. The most
essential standards are
•

SFS 3350:2016 Tank storage of flammable and combustible liquids and
associated handling facilities

•

SFS 3355:2020 Handling of flammable liquids in harbour area

Port regulations
There are some rules by the Port of HaminaKotka to be complied with. All operations
taking place at the port of HaminaKotka are regulated by Port Regulations and
General Guidelines of the Port of HaminaKotka. In addition, liquid port operations
must comply with General guidelines for liquid terminals (HaminaKotka, 2018). All
instructions can be found from the port website.
Guides and instructions
Finnish Safety and Chemicals Agency TUKES has published several guides
concerning safety of chemicals and construction of chemical terminals. These are e.g.
Safety Requirements of Chemical Pipelines (TUKES, 2017), Storage of Hazardous
Chemicals (2018), Hazardous Chemicals in Industry (2018) and Co-operation of
Chemical Terminals to Prevent Accidents (2018).
3.2. Supervising authorities
Finnish Safety and Chemicals Agency TUKES
All new facilities must find out whether they need a licence to operate from Finnish
Safety and Chemicals Agency TUKES. The need for licence is based on the maximum

27

amount of hazardous substances stored at the facility and their hazard properties. The
hazards classification is divided in health hazards, physical hazards and environmental
hazards. To determine the need for a licence the facility must draw up a list of
chemicals to determine the amounts and hazards of the substances and then calculate
the ratio. If the result is that a licence from TUKES is needed, the application must be
sent to TUKES well in advance before starting the construction. (TUKES, 2020a)
The list of chemicals to be stored in Fintoil biorefinery is attached (Appendix 3).
According to the list and the calculated ratio, a licence from TUKES is required
(TUKES, 2020b).
An important role of TUKES is to give guidance on how to apply different legislation to
practice when handling and storing dangerous goods. Instructions and guides by
TUKES can be found in their website.
Regional State Administrative Agency AVI
If there is a risk that a new facility might cause environmental pollution, a permit under
the Environmental Protection Act is required from Regional State Administrative
Agency AVI. (AVI, 2020)
Fintoil has applied for Environmental Permit from Southern Finland AVI in spring 2020.
In the application the transportation processes and their environmental impacts have
been described in detail.
Centre for Economic Development, Transport and the Environment ELY
The Centre for Economic Development, Transport and the Environment ELY is
responsible for the regional implementation and development tasks of the central
government. There are 15 ELY Centres in Finland, and they are responsible for:
E = Business and industry and labour force
L = Transport and infrastructure
Y = Environment and natural resources (ELY, 2020)
Even if AVI is the authority granting the Environmental permit, ELY is the supervising
authority of the permit.
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Kymenlaakso Rescue Department KYMPE
In addition to rescue and firefighting operations Kymenlaakso Rescue Department
KYMPE coordinates preparedness and prevents accidents by raising public
awareness and participating in planning of facilities. (KYMPE, 2020a)
KYMPE is the key player in implementing instructions by TUKES locally in liquid port.
KYMPE gives statements on topics related to safety and rescue. These topics can be
e.g. traffic arrangements and pipeline locations in the liquid port.
Port of HaminaKotka
Port of HaminaKotka is not an authority by status, but it is a company that offers
operating environment for companies which are somehow related to vessel
transportation. Port monitors compliance with port regulations and coordinates cooperation of companies operating in port area.
3.3. Special requirements related to port entity
There are two perspectives that should be noticed when operating in port environment:
your impact on others and other operators’ impact on your facility.

Domino effect
Based on national chemical safety legislation (685/2015), the liquid port area in
Hamina is classified as so-called domino area. The domino effect, which means the
spread of an accident, is a chain of events where consequences of an accident lead
to an accident at neighbouring facility, and the consequences of that accident lead to
another accident and so on resulting in a major accident or in the area. (Ramboll,
2019)
Identified reasons for major accidents are e.g. major leak, fire, explosion, BLEVE
(boiling liquid expanding vapour explosion), boil-over, detonation, VCE (vapour cloud
explosion) or other uncontrolled disruptions occurring at chemical terminals at port.

According to liquid port domino assessment made by Ramboll in coordination with all
liquid port operators in Hamina in November 2019, the biggest identified risks of major
accidents that would have consequences on Fintoil biorefinery are
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•

At jetties: a chemical leak during ship loading operations leading to fire (and
explosion) as shown in Figure 8

•

At biorefinery location: an uncontrolled LPG leak from a neighbouring facility
leading to fire and explosion which can ignite materials in 200 m distance as
shown in Figure 8

•

At road traffic: truck collision with train or pipeline as shown in Figure 9

Figure 8 shows the heat radiation zones of 5 kW/m2 around jetties and the biorefinery.
Figure 9 shows the potential road traffic or rail traffic related accident locations
potentially leading to a major accident.

Fintoil

Figure 8: Heat radiation zones (5 kW/m2) (Ramboll, 2019)

30

Fintoil

Figure 9: Potential locations of major accidents due to traffic accident (Ramboll, 2019)

Another aspect to be considered is the effect of biorefinery activities on other
operations at the area. According to TUKES (Lax, interview 2020) even if a new facility
does not possess a major risk by itself, its impact on others must be considered
carefully when operating in a confirmed storage area of dangerous goods. A good
example of this is storage of wood: wood is not hazardous material, but its storage
increases the fire load at the area. Another example is windmills: not a risky business
by itself, but experience has shown that wind turbines shouldn’t be located too close
to chemical plants due to risk of fire leading to a major accident.

According to Major Accident Bulletin for residents of the city of Hamina (KYMPE,
2020b) the biggest identified risks of Fintoil biorefinery operations are leak of heating
oil or fire at turpentine tank or truck loading place. The heat radiation caused by the
fire does not cause a risk for neighbouring companies.

Port of HaminaKotka has given a reminder to AVI concerning the Fintoil environmental
permit application and pointed out that regular internal truck traffic from the biorefinery
may cause a collision risk at the area and is not therefore recommended. (Port of
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HaminaKotka, 2020b). Should any exceptional situations occur, other companies and
port authority must be informed immediately.

3.4. Design requirements for pipelines
The obligations on pipeline design come from both chemical safety legislation
(856/2012, 390/2005) and pressure equipment legislation (PED). There are differences
between internal pipeline requirements and external pipeline requirements (meaning
whether the pipeline is in the facility area or outside the facility area). New pipelines
are usually designed according to flammable liquid pipeline requirements even if the
current products were not flammable or otherwise hazardous, to be prepared for
possible product changes in the future (Hakala, interview 2020).
Location of the pipeline
According to TUKES guidance Safety Requirements of Chemical Pipelines (TUKES,
2017), chemical pipelines should be located on the ground to enable maintenance,
inspection and monitoring. Pipelines should be located so that consequences of
possible leaks and other accidents can be minimized. Aspects to be considered are
routeing of the pipes, location of each pipe in the pipeline bridge (corrosive products
to the bottom, gases on top etc.), heat expansion of the pipes, carrying capacity of the
pipeline supports and distance to electrical equipment or ignition sources. Sufficient
distance to roads, railroad crossings and power lines should be kept and also effects
of the new pipeline to other nearby equipment should be considered. If the pipeline is
built over a road, there has to be at least 6 metres distance to the road.
Pipeline material and equipment
There are several factors causing stress to the pipeline: pressure caused by the
product, pressurized air or nitrogen or changing temperatures, heat expansion,
corrosion, shaking or other movements. Pressure valve installation or other protective
measures should be considered to avoid the risk of pressure raising over design
pressure or other damage caused to the pipeline or surroundings. Pipeline material
should be chosen according to the product properties. The pressure equipment
directive PED (2014) gives specific requirements for pipeline materials. The material
has to be durable over time and cope with the external circumstances such as
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changing weather conditions, effects of the content chemical as well as sudden
impacts.
Pipeline permits
Chemical pipelines do not usually require a separate permit form TUKES if they are
located in the facility area, because they are included in the facility’s TUKES permit. A
separate TUKES permit for external pipelines leading from the facility to jetty or to other
destination is needed for hazardous products.
CFA and TOP don’t contain any physical, health or environmental hazards and they
are not classified as hazardous. However, CTO is classified as hazardous chemical
since it contains health hazard H317 (Kahilaniemi, interview 2020). For this reason a
separate permit must be applied from TUKES. The permit applicant can be either
Fintoil or the Port of HaminaKotka, according to who will be the owner of the pipeline.
The permit will be attached to Port’s storage area confirmation by TUKES (Kahilaniemi,
interview 2020).
Classification of the pipe
Depending on the desired diameter and pressure of the pipeline, and classification of
the content, different pipeline requirements apply. The correlation between pressure,
diameter and the applied requirement level is shown in Figure 10. This graph concerns
group 1 hazardous liquids, e.g. flammable substances. Even though biorefinery
products are not flammable, this graph can be used.
For the Fintoil products CTO and TOP, if the pipeline diameter was 300 mm and the
design pressure 16 bars, the requirement level would be group II. The detailed design
requirements for group II can be found in the Government Decree of Pressure
Equipment (1548/2016).
Even if the chemical pipeline would not be designed for hazardous products, the
minimum requirement level for the classification is group I. This also applies to external
pipelines. (TUKES, 2017)
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Figure 10: Classification Table for pipelines with hazardous liquid contents of group 1 (TUKES,
2017)
Other pipeline properties
One significant aspect to be considered in pipeline design is how the pipeline will be
emptied when the product does not need to flow in the line. There are basically two
ways to empty the pipeline after use: pigging and blowing. From regulatory point of
view both are acceptable, so these alternatives are described more detail in later stage.
When designing a pigging line, at least three things must be noticed: the line has to be
quite straight with no steep curves, the line has to bear high dynamic pressure and the
inside diameter must be adjusted according to the ball valves in the line to prevent
obstacles that might affect the sliding of the pig. (Hakala, interview 2020)
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3.5. Design requirements for storage tanks

According to Finnish standard SFS 3350:2016, there are several requirements for
design and location of flammable liquid storage tanks. Of the biorefinery products, only
turpentine is flammable, but compliance with the standard should be considered to
ensure the safety of the storage. There are also storage tank requirements for all
hazardous chemicals including the substances having physical, health and
environmental hazards. CTO, turpentine, TOR and rosin soap contain a
hazard/hazards and are considered to be hazardous chemicals according to TUKES
(Kahilaniemi, interview, 2020). CFA and TOP are not classified. Storage tank
requirements of hazardous chemicals are instructed in TUKES booklet Storage of
hazardous chemicals (2015).
Minimum allowed distance between tanks containing substance with health or
environmental hazards is 5 meters if the tank diameter (D) is more than 10 meters
(TUKES, 2015). If the stored substance is flammable, the minimum distance between
the tanks is D/2 if the flash point is less than 55 °C. If the flash point is more than 55
°C or if the storage tank is equipped with an internal floating roof, the minimum distance
is D/3 (SFS 3350:2016).
If the stored substance has health or environmental hazards, the storage tank must be
located in a tankpit having a volume at least the volume of the biggest storage tank
(TUKES, 2015). If the product is flammable, the tankpit volume must be 110% of the
volume of the biggest storage tank (SFS 3350:2016). The distance between the tank
and the tankpit wall must be sufficient for all the needed maintenance but at least 5
meters (TUKES, 2015). For flammable liquids the distance between tankpits must be
at least 6 meters. A group of tanks in one tankpit must not exceed the total volume of
30 000 m3 and the total number of tanks in the tankpit must not be more than 8
(SFS3350:2016).
The storage tank design requirements also include instructions for materials, sizing,
welding, safety equipment, corrosion protection, coating, insulation, isolation, warning
signs, labelling, maintenance and minimum safety distances to certain objects.
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3.6. Product related storage and transport requirements

Crude tall oil (CTO) properties
According to safety data sheet (UPM, 2016) crude tall oil is dark brown viscous liquid
in room temperature. Its viscosity is 203–825 cP (at 22°C). CTO has freezing point
between -26 - +13°C
CTO does not have physical or environmental hazards according to GHS classification.
It contains health hazard H317 (may cause allergic reaction to skin) so it is classified
as hazardous chemical. The corresponding pictogram used in CTO MSDS is “harmful”
as shown in Figure 11.

Figure 11: CTO pictogram (UPM, 2016)
CTO can contain small amounts of extremely flammable and very toxic hydrogen
sulphide (H2S). It is possible, that the gas accumulates in vapour space of storage
tank, and this risk should be recognized. (UPM, 2016)
From regulatory point of view the most meaningful characteristic of a substance is flash
point. If the flash point is more than 100°C the substance is not considered to be
flammable. (Government decree 856/2012) Regulations for flammable substances are
a lot stricter than regulations for non-flammable substances. Crude tall oil is not
flammable, since its flash point is 121-185°C. Transport temperature of CTO is around
50°C.
Crude tall oil transport requirements (ADR)
Crude tall oil does not have a UN number (a number to identify dangerous goods in
transportation) and it is not classified as dangerous goods under relevant international
transport regulations ADR, RID, IATA or IMDG. (UPM, 2016).

36

Crude fatty acid (CFA) properties
The crude fatty acid that will be produced in the Fintoil biorefinery has similar properties
as fatty acid “Sylfat 2” by Kraton (Saarenko, interview, 2020). According to safety data
sheet of Sylfat 2 (Kraton, 2017) for the EU market, CFA does not meet the criteria for
any hazard classification.
CFA is yellow liquid in room temperature, and it has mild odour. Its flash point is 200
°C, so it is not flammable. Viscosity of CFA is 25 cP at 20°C. Transport temperature of
Fintoil CFA according to Saarenko (interview 2020) is around 65 °C.
Crude fatty acid transport requirements (ADR)
Crude fatty acid does not have a UN number and it is not classified as dangerous
goods under relevant international transport regulations ADR, RID, IATA or IMDG.
(Kraton, 2017)
Tall oil pitch (TOP) properties
There are two separate tall oil pitch products to be produced by the biorefinery. Pitch
1 (Sterol pitch) comes from the depitching process and Pitch 2 (Rosin pitch) comes
from rosin distillation (Ravaska, 2020).
The tall oil pitch that will be produced in Fintoil biorefinery has similar properties to
other biorefineries’ tall oil pitch products, for example Sylvablend PF 60 tall oil pitch of
Kraton Corporation (Saarenko, interview 2020). The properties described below are
based on Sylvablend PF 60 characteristics.
Tall oil pitch is dark brown viscose liquid that has a strong sulphuric odour. Tall oil pitch
has one health hazard, H317, meaning that it may cause an allergenic skin reaction.
There are no physical or environmental hazards classified for TOP. Pictogram in SDS
is “harmful” as shown in Figure 12.
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Figure12: TOP pictogram (Kraton, 2018a)

The substance contains 80-99 % tall oil pitch mix and 1-20% rosin (Kraton, 2018a).
Flash point of tall oil pitch is > 100,0 °C, meaning it is not flammable, and viscosity is
100 - 350 mPa.s at 50°C according to the SDS. Saarenko (interview 2020) states that
in practice the viscosity of TOP is a lot more: it is around 3500-5000 mPas at 50 °C
and decreases rapidly as the temperature increases. According to Saarenko
composition of Pitch 2 is adjusted by adding some crude fatty acid or other similar
substance to it to make it rosin pitch and to adjust the viscosity.
Transport temperature of Fintoil TOP is between 80-100 °C.
Tall oil pitch transport requirements (ADR)
Tall oil pitch does not have a UN number and international regulations for the transport
of dangerous goods (ADR, RID, AND, IATA, IMDG) do not apply to the product. Proper
shipping name of the product is Tall Oil Pitch and according to Marpol Annex II the
pollution category is Y. (Kraton, 2018a)
Pollution category Y means that the product, if discharged into the sea, presents a
hazard to marine life or human health or caused other harm at sea, so it should not be
discharged into the marine environment. (IMO, 2020)
Crude turpentine / Turpentine oil from pulping processes
Crude turpentine is clear to yellowish liquid with a nasty sulphatic odour according to
SDS by Kotkamills Oy (2010).
According to Fintoil environmental permit application the produced crude turpentine
has health hazards H332, H312, H315, H317, H302 and H304 which mean it is toxic
to humans and can cause serious effects if swallowed, inhaled or in eye or skin contact.
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Turpentine has physical hazards since it is flammable (H226). Turpentine flash point
according to Kotkamills SDS is 5 °C but can vary a lot depending on the concentration
and type of sulphur compounds present. Flash point of Fintoil turpentine will be around
30-35 °C because light sulphate compounds are separated from the product in the
process (Saarenko, interview 2020).
Turpentine is also hazardous to environment: it possesses toxic action on fishes and
water micro flora of natural reservoirs. It has environmental hazard statement H411.
Pictograms of turpentine according to European CLP decree are shown in Figure 13.

Figure 13: Turpentine pictograms: flammable, harmful, health hazard, environmental hazard
(Kotkamills, 2010)
Transportation temperature of Fintoil turpentine will be around 20-40°C.
Crude turpentine transport requirements (ADR)
Crude turpentine has UN number 1993. Under ADR/RID and IMDG regulations, the
identification of turpentine is UN 1993 Flammable liquid, N.O.S. (Turpentine oil from
pulping process) and its packing group is III. (Kotkamills, 2010)
ADR-plate and label for turpentine road transportation is shown in Figure 14.

Figure 14: ADR-plate and label for turpentine
Tall oil rosin (TOR) properties
Tall oil rosin is brownish solid substance in room temperature according to SDS by
Kraton (2018b). It contains one health hazard statement (H317) which means that it
may cause an allergic skin reaction.
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Flash point of Sylvaros 85 TOR by Kraton is 225 °C, so it is not flammable. Melting
point of TOR is 66-93°C, so it has to be maintained in a really high temperature to be
transported as liquid. The product temperature is 210°C when it comes out from the
refining process. Desired transportation temperature of Fintoil TOR is 190-210 °C and
minimum tolerated transportation temperature is 160°C (Ravaska, 2020).
Tall oil rosin transport requirements (ADR)
Tall oil rosin does not have a UN number and international regulations for the transport
of dangerous goods (ADR, RID, AND, IATA, IMDG) do not apply to the product.
However, according to Ministry of Transport and Communication Decree (537/2013):
“When a product is transported as liquid N.O.S. (Not Otherwise Specified) in a
temperature of more than 100 ºC, and if the product has a flash point, in a lower
temperature than the flash point, it is considered to be a category 9 product with UN
number 3257 (ELEVATED TEMPERATURE LIQUID, N.O.S.).
ADR plate and labelling are shown in Figure 15.

Figure 15: ADR plate and labelling of TOR in 190 C.
3.7. Product flows and transportation types
Raw material for the biorefining process is crude tall oil. It is transported to the refinery
by ships (approximately 40-60%) and by trucks (approximately 40-60%). Products from
the biorefining process are crude fatty acid, tall oil pitch, tall oil rosin and crude sulphate
turpentine. Crude fatty acid and tall oil pitch are delivered to customers by ships and
CFA also by trucks. Tall oil rosin and turpentine are transported to customers in
containers. (Ravaska, 2020)
Table 2 shows the most probable transport types per each product.
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Table 2: Biorefinery products and transport types (Ravaska, 2020)
FINTOIL HAMINA OY
Feed
CTO

Crude Tall Oil
Product

Truck
x

Transport type
Train
Container Barrel
?

Ship

Truck

Transport type
Train
Container Barrel

85000-100000

x

x

t/a

Ship
200 000
x

t/a

CFA

Crude Fatty Acid

TOP st

Tall Oil Pitch for sterols

23000-30000

(x)

TOP en

Tall Oil Pitch for energy

20000-30000

x

TOR

Tall Oil Rosin

40000-50000

xx

TOPP

Crude Turpentine

3000-4000

x

Total:

x
x
x

196 000

Rosin soap

?

x

  

3.8. Desired transport conditions and experienced challenges

Temperature
According to interviews of two terminal operators and Fintoil representatives the
temperature of CTO during transportation varies and is usually between 35-55 °C.
There is no heating equipment in trucks and rail tank cars, so the temperature
decreases during the voyage to the biorefinery or other terminal even though the trucks
and rail tank cars are insulated. All pipelines transporting CTO should be insulated and
trace heated by electrical cables or other applicable means. All pumps should be
insulated and trace heated too.
If CTO comes from a ship it is usually warmer than if it comes from a truck, because in
ships the product temperature can be maintained by heating (N.N., interview 2020).
On the other hand, if the distance to the supplying pulp mill is short, the substance can
be even warmer when it comes by trucks (Ravaska, interview, 2020). The temperature
in truck varies according to the transported distance and insulation properties of the
truck. When CTO arrives to a terminal in rail tank cars, it must be heated inside the
RTC before discharge to tanks. The unloading temperature is around 50 °C. In some
terminals the heating is done using steam and in some terminals it is circulated through
heat exchangers. (Oksanen, interview 2020, N.N., interview 2020)
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In storage tanks CTO is kept in 35-50 °C. Typically there is not enough heating power
in tanks to warm up the product, because the storage system is designed to maintain
the temperature and not to increase it, so it is important that the product is warm
enough when discharged to the shore tank.
If the temperature of the product is too low when it arrives to the terminal, it gets too
viscous and the unloading rate starts to decrease. If CTO temperature in a truck is
below 20°C, it takes a lot of time to unload the truck to the tank (N.N., interview 2020).
This used to be a problem, but nowadays it happens rarely. In RTC the low temperature
is not as big problem, because the product is heated anyway to the desired
temperature before unloading to the tank.
All interviewed product experts agree that right temperature is the key to success in
storage, handling and transportation of crude tall oil. They have all also experienced
situations, where too low product temperature has led to challenges. For example, in
one case the low temperature product was stuck in a pump, and the solution was to
add warmer product from ship on top and that way to melt the solidified crude tall oil.
Transportation temperature of TOP is around 80-100 °C. If same pipelines are used
as for CTO, the heating power of the pipeline trace heating must be efficient enough
to maintain the temperature even in cold winter times. For CFA the desired
transportation temperature is 30-35°C according to interview of Oksanen (2020) and
around 65 °C according to Saarenko (interview 2020). Tall oil rosin must be kept in
high temperature in port and in ship because the desired transportation temperature
of the product is very high (>170 °C). Crude turpentine is transported in temperature
between 20 and 40 °C.
Materials of pipelines, trucks, tanks
CTO and some of its products contain corrosive fatty acids and sometimes sulphuric
components such as poisonous, corrosive and flammable hydrogen sulphide. These
components make CTO and some of the products very tricky products for materials of
tanks, pipelines and truck cargo space. There have been several cases in a terminal,
where the tank roof has corroded badly from the inside due to warm CTO vapours. The
roofs have had to be removed and changed to new ones, and the cost for the changing
operations have been high. (N.N., interview 2020)
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There are several steel materials to choose from when designing transport equipment.
In some tanks and pipelines traditional ferritic steel material is used, but especially in
tanks serious corrosion problems may occur (N.N., interview 2020). For pipelines
ferritic steel can be used without such heavy corrosion problems because the product
and its vapours are drained from the pipe every time after use.
The most common austenitic stainless steel (ASTM 304 or 304L) is not typically used
in CTO pipelines, but more corrosion resistant austenitic stainless steel (ASTM 316 or
316L is typically used in pipelines (Manninen, interview 2020, Oksanen, interview
2020). This corrosion resistant stainless steel is also suitable for CFA, which requires
high purity and tolerates no rust from pipes. Simplified description of the most common
steel types is presented in Table 3.
Table 3: Most common steel types (Table based on Witting, Pettinen 2004)
Simple description of different steel types
Steel type

Properties

Ferritic "black" steel

Rusting

Austenitic stainless steel
(CrNi)

Moderate corrosion
resistance

Corrosion resistant
austenitic stainless steel
(CrNiMo)

High corrosion resistance

Duplex (ferritic and
austenitic)

High mechanical strength
Very high corrosion
resistance
Low thermal expansion

EN number

ASTM
355

1.4307

304L

1.4301

304

1.4404

316L

1.4401

316

1.4462

S32205/S31803

In the terminal where the roof was renewed, the new material for the tank roof is duplex
(N.N., interview 2020). Duplex with EN number 1.4462 has both ferritic and austenitic
crystalline structures in it, and it should combine positive properties of both structures.
(Witting, Pettinen 2004). The bottom of the renewed tanks is made of duplex with
protective coating to ensure its resistance to hazards of CTO. According to interview
of Kurvi (2020), duplex can be recommended as the material of biorefinery product
pipelines due to its better resistance for corrosion.
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Trucks used for transportation of the products are usually made of corrosion resistant
austenitic stainless steel 316/316L, tanks are either 316/316L or duplex or even coated
duplex and pipelines are usually 316/316L or duplex, if used for CTO and TOP they
can also be made of black steel.
To conclude: For CFA, CTO and TOP the suitable materials in pipes, tanks and trucks
are corrosion resistant austenitic stainless steel 316/316L or duplex 1.4462. For CTO
and TOP also ferritic steel can be used in tanks and pipelines, but in that case corrosion
problems may be expected, especially in tanks. Coating for ferritic tanks, -especially
roofs- should be considered to prevent corrosion caused by the acidic vapours of the
products. There are separate
Emptying the pipeline
If the product remains in the pipeline after loading operations, the pipeline has to be
heated constantly to prevent the product from solidifying in the line. Constant heating
is not recommended, so the line should be emptied, either by pigging or blowing.
Pigging is used in one interviewed terminal to empty their CTO shipping line. The line
leading from the jetty to the terminal is 400 DN and its length is 1000 metres (Oksanen,
interview 2020). According to the operator the pigging method is working fine and there
hasn’t been any problems with the pigging line. The shipping line is straight and in that
way also suitable for pigging. The idea of pigging is shown in Figure 16.

Figure 16: A pig in a pipeline (Eissler, 2015)
Pipeline designer Hakala (interview 2020) would not recommend pigging for a pipeline
with diameter of 400 mm, because there will be heavy dynamic loads. The speed of
the pig can be very high, and should there be any defect or damage in the pipeline, the
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gas pressure behind the pig can cause danger to people near the pipeline if the pipe
should fail. If the same line is used by different operators and if the product changes,
then pigging would be preferred to ensure that there will be no product residues left in
the pipe.
An interviewed product expert in another terminal states, that CTO is too viscous
product for pigging (N.N. 2020). In his opinion there is a significant risk that the pig
might get stuck in the pipeline. That is why in that terminal pigging is used only for socalled clear products, which are less viscous. He also points out that pressure in the
line may increase too much if pigging is used, especially if the pipeline is long. So
pigging lines must stand more pressure than blowing lines.
In that same terminal the CTO pipelines, as well as other viscous products pipelines,
are emptied by blowing the line with nitrogen. In that way some product residues will
remain in the line, but since the lines are dedicated, residues can be accepted. In
another terminal smaller lines are emptied using pressurized air.
Cleanliness
CTO and TOP can be transported in same pipelines and trucks, because CTO is the
raw materials containing all the components of the products and because TOP is the
blackest bottom stuff from all the fractions. But CFA requires dedicated lines because
it is the lighter fraction and has higher purification requirements. (Ravaska, 2020)
3.9. Operational factors related to port environment

Operational port related factors restricting transportation are divided in three parts: jetty
characteristics that limit vessel operations, truck traffic requirements and pipeline
restrictions.
Vessel operations at port
There are three possible jetty options at the liquid port for vessel traffic. The biorefinery
must decide which jetty would be the best solution for the sea transport of raw material
and products. The limiting factors that affect the decision are
•

jetty dimensions, that determine the maximum vessel size,
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•

distance from the biorefinery shore tanks to the jetty that defines the length of the
pipeline,

•

the pipeline occupancy at the jetty that defines where and how new lines can be
built, and

•

the jetty occupancy that determines the possibility of ship unloading delays.

Ships at jetties can only be loaded or unloaded through a pipeline, Loading or
unloading to/from trucks is not possible due to limited size of the jetty platform, slow
loading/unloading rates and port restrictions that do not allow truck traffic at jetty during
ship loading operations.
Jetty locations and their distance to Fintoil biorefinery are shown in Figure 17.

FINTOIL

Figure 17: Liquid port jetties Ö1, Ö2 and Ö3 (HaminaKotka, 2020c)
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The three jetties have different maximum allowed ship sizes, but since the biorefinery
shipments are rather small, jetty size is not a limiting factor. According to Fintoil
environmental permit application (Neste Engineering Solutions 2020c) there will be
about 10-12 crude tall oil shipments, 7000 - 10000 t each, and about 30 product
shipments, 4000 t each. Typical vessel sizes for these kinds of volumes are shown in
Table 4.
Table 4: Jetty dimensions and occupancy (HaminaKotka, 2018, Satamatieto, 2020)
VESSEL TRAFFIC
Jetty dimensions
Occupancy 2019
Jetty

Max.ship Max. ship
length
draught

Number of
vessels

Occupancy
rate %

Occupancy 2023
(forecast)
Number of Occupancy
vessels
rate %

Ö1

130 m

9m

33

7

43

9

Ö2

185 m

10 m

142

35

157

38

Ö3
CTO
7-10 000 tn
CFA, TOP
3-4000 tn

250 m

12 m

119

27

219

47

<130 m

<8 m

-

-

12

<100 m

<7 m

-

-

30

Predicted jetty occupancies in 2023 are also shown in Table 4. The forecast is based
on assumption, that the predicted additional vessel traffic by LNG project and another
on-going projects at port will mainly take place in jetty Ö3. According to the forecast
jetty Ö3 will be the most occupied jetty in 2023, so in that jetty some delays in ship
loading or unloading may occur.
Truck transport at port
According to the environmental permit application (Neste Engineering Solutions
2020c) roughly half of the raw material (CTO) will arrive to the port in trucks and about
3250 trucks loaded with biorefinery products will leave the port annually. There will also
be regular internal truck traffic (5550 trucks annually) in the port area if the liquids are
transported between biorefinery and shore tanks by trucks. The estimated truck traffic
volumes of the biorefinery are described in Table 5.
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Table 5: Truck traffic annual estimate 2023 (based on Neste Engineering Solutions 2020c)
ANNUAL TRUCK TRAFFIC (estimate 2023)
Product

To Port

Inside port

From Port

2450 trucks

2450 trucks

-

CFA, TOP

-

3100 trucks

-

TOP, TOR, rosin soap

-

-

1800 trucks

TOR in containers

-

-

1500 trucks

CST in containers

-

-

200 trucks

2450 trucks

5550 trucks

3250 trucks

CTO (á 45 tn)

TOTAL

The liquid port area has been built in many phases already from the 1960’s and there
are many narrow roads and railroad crossings in the complex entity. In liquid port area
there are about 10-15 operating companies, most of which handle dangerous goods
in tanks, trains, trucks and in ships at jetties.
Truck traffic restrictions by port
Risk assessment of the truck traffic was made 2.7.2020 by the Port of HaminaKotka
and by Fintoil. The risk assessment is attached to this study as Appendix 4. The
identified risks of regular internal truck traffic in the liquid port area are:
•

Truck collision with a train carrying dangerous goods at railroad crossing

•

Truck hitting a pipeline containing dangerous goods near road

•

Truck collision with other road traffic

The most severe consequences of these scenarios are dangerous goods leak leading
to fire, explosion or environmental impacts, injuries and material damages leading to
financial impacts. Minor consequences of the increased truck traffic are traffic jams
and minor traffic accidents caused by narrow roads and frequent traffic with partly poor
visibility. (Port of HaminaKotka, 2020d)
Due to the identified risks, to ensure safe road traffic inside the port area and to ensure
smooth traffic flow, the Port of HaminaKotka recommends the biorefinery to avoid
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regular internal truck traffic if possible. The port requires that local rescue department
and other operating companies at port must be consulted before commencing internal
truck traffic. (Port of HaminaKotka, 2020b)
Pipeline operations at port
There will be pipeline transportation for CTO from the jetty to the shore tanks, and
possibly from the shore tanks to the biorefinery (other option is truck transport). CFA
and TOP will be transported possibly from the biorefinery to the shore tanks by pipeline
(if not by trucks), and further from the shore tanks to the jetty. The product flows in
pipelines are described in Figure 21.
Two adjacent pipelines are planned for the substances: one for CTO and TOP and
another for CFA. CTO and TOP are both brown viscose products that require heating
when flowing in pipeline. Transport temperature of CTO is around 50 °C and for TOP
it is almost 100 °C. CFA requires a clean pipeline, so it needs a dedicated line.
Diameter of CTO/TOP pipeline will be 300 mm and for CFA 200-250 mm. (Ravaska,
2020)
The complex port environment sets limitations for pipeline construction and placement
in the port area. According to a recent report of existing pipelines condition assessment
by Timo Hakala of Desea engineering Oy (2020a), in many places in the liquid port
area the existing pipeline bridges and racks are already fully loaded, and no more
pipelines can be added to the existing structures. Totally new pipe bridges with new
foundations can be built to some locations, but for example at jetties Ö1 and Ö2 there
is little land space left for construction of new pipe bridges.
Further investigation is needed to find out where the pipelines can be built and what
jetties would be available for pipe bridge expansions or new foundations.
Some examples of the pipeline construction challenges at port area are shown in
Figures 18, 19 and 20.
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Figure 18: Pipeline tunnel under a rescue road is full. (Hakala, 2020a)

Figure 5: Pipeline crossing is crowded and structure is unclear. It is not possible to construct
new lines on the existing structures. (Hakala, 2020a)
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Figure 6: Pipe bridge to jetty Ö2 is full. New pipelines construction would need new
foundations. (Hakala, 2020a)

Pipeline requirements by port
In times different companies have built their own pipe bridges to the port area as per
their individual needs. Then other companies have expanded the structures to fit their
purposes, and the result is a complex jungle of pipelines and bridges under and over
roads and all around the liquid port area.
To manage the entity in the future, and to be able to ensure the safety and maintenance
of the structures, the Port of HaminaKotka requests that in order to construct new
pipelines, companies must apply for a pipeline construction permit from the port. The
permit application must contain pipeline implementation plan and requirements by local
rescue department must be taken into account. (Port of HaminaKotka, 2020b)
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4 SOLUTIONS FOR STORAGE AND TRANSPORT
There are several alternatives for Fintoil to manage the storage, transport and shipping
operations of the raw materials and products. The planned transport volumes and
transport types of each Fintoil biorefinery product are listed in Table 2. The estimated
volume and total number of shore tanks for shipping storage per product is shown in
Table 6.

Fintoil plans to build smaller product tanks (“day tanks”) at the biorefinery plant. For
raw material (CTO) and bigger volume product (CFA, TOP) Fintoil is looking for an
external partner to manage ship loading operations and shipping storage. The main
focus in this chapter is on transport and storage solutions of CTO, CFA and TOP.
Alternative solutions for transporting the products from the shore tanks to the
biorefinery are either by trucks or by pipeline. From the jetty the products must be
transported by pipeline because there are no truck loading facilities at the jetties. The
biorefinery concept for storage and transport is described in Figure 21.

Figure 21: Transport types of biorefinery raw material and products.
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4.1.

Shore tank solutions

In general, the alternative solutions for shipping storage are either to
•

store the products in existing tanks in liquid port area which means renting
available storage capacity from an external company

•

storing the products in shore tanks that are especially built for this purpose by
external company to the external company’s facility

•

designing and building the shore tanks to Fintoil’s biorefinery area with or
without external company.

There are approximately 13 different companies in liquid port area storing and handling
liquids in shore tanks. The overall map of liquid port is attached as Appendix 2. Liquid
port area is marked with pinkish colour and all the shore tanks of different companies
can be seen.

Several companies have been approached by Fintoil with cooperation enquiry. Some
of the companies are interested in storage collaboration, some focus on storing their
own products only, depending on their business type, strategy, situation and shore
tank availability.
The contacted companies and detailed information of the negotiations and tenders
cannot be published due to confidentiality reasons, so in this thesis the subject is
described in general level.
Some of the contacted companies have been chosen as potential partners, because
there is a long-term partnership experience in the background from other businesses
between the key personnel, so the smooth flow of co-operation can be relied on from
both sides. Fintoil is familiar with their business practices, and the companies already
have experience on storage and transport of the biorefinery products and their
challenges. Some companies have been chosen as potential partners due to their
location and business type.
In the beginning any of the operator in Hamina liquid port would have been a potential
partner, if they had available storage capacity for rent. In the later stage the
negotiations have taken place with active terminals interested in investing to new shore
tanks for Fintoil.
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Location of tanks

The original plan was to rent available existing storage capacity from an operating
company at port. After several enquiries it became obvious that there is not enough
shore tank capacity available in the port.

Next step was to survey potential partner companies interested in constructing new
tanks for Fintoil on their sites. Presentations of five different solutions were received
from three companies. Fourth company also showed interest, but they didn’t yet send
an offer or any presentation. All the different solutions were carefully reviewed during
the summer 2020 by Fintoil, the partner companies, the port and the author of this
thesis. The proposed locations of the external shore tanks are shown in Figure 22.

Figure 22: Proposed locations of external shore tanks.
One of the proposed locations is not in liquid port area, so it would have required an
area permit change. In three proposals transport between the tanks and biorefinery
was planned to be done by trucks, which was later found avoidable (see chapter 4.4,
Solutions for truck traffic). In one proposal the aim was to benefit from an existing
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pipeline and to use it for the transfer of the products. But in the conducted pipeline
survey it was found out that the pipeline is already fully crowded and does not bear
any extra weight (Hakala, 2020a). In one solution the plan was to transfer the products
via a new pipeline. In this proposal the main issue was that the location of the tanks
would have required a very long pipeline to the jetty.

After the circumstantial survey of the feasibility of the proposed solutions, research on
truck traffic challenges, guidance by port and other aspects it was decided to start
planning shore tank construction to the own site of Fintoil biorefinery with or without an
external partner.

Size and number of tanks
The updated plan is to construct 6 shore tanks for CFA, TOP and CTO. Volume of
each tank is 5000 m2. Tanks per each product are described in Table 6.
Table 6: Number of tanks per product.
Stored product

Number of tanks and their size

CFA

2 x 5000 m3

TOP

1 x 5000 m3

CTO

3 x 5000 m3

The number and size of the tanks are partly based on standard SFS 3350 (2016) which
determines that for flammable chemicals storage place applies the following rule: A
group of tanks may consist of a maximum of 8 separate tanks with a total volume not
exceeding 30,000 m3. The tanks are in the tank pit in a maximum of two rows.
In biorefinery plan the tanks will be located in south-east corner of the site, to a place
that was left empty in the original plan. The new tank pit has been included in Fintoil’s
environmental permit application. Figure 23 of the tank location plan is below. The red
line in the middle of the Figure shows the pipeline between the shore tanks and the
biorefinery: it is substituent to the original plan to transport the products by trucks.
Tank size could be more than 5000 m3, especially for CTO, but it has been decided to
limit the size due to operational and maintenance reasons.
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Figure 23: Planned shore tanks at the biorefinery's own site (JETS Consulting, 2020)

4.2.

Comparison of different shore tank solutions

Fintoil has received four offers from different companies for biorefinery product storage
solutions. In general, the offers consist of investment to 6 similar size shore tanks, tank
pits and shipping lines from the tanks to a jetty. But otherwise the offers contents are
unequal, so evaluating them is challenging. One company offers only financing for the
investment but not operations, one company plans to build the tanks to its own facility
to meet their business strategy, one company offers primarily their existing tanks in
remote locations, one company will invoice maintenance and personnel costs
separately.
In Table 7 below, the received shore tank investment offers by potential partners are
evaluated and compared considering the most important criteria. Each criterion is
given a weighing factor from 1 to 5. The best investment option for each criterion is
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given value 5, and the other options are given corresponding values from 0 to 5. Value
of each option is multiplied by the weighing factor. The total sum of the weighed values
for each option are then divided by the number of affecting factors, to get the average
score for each option. These scores can be compared, and the most suitable offer for
shore tank investment can be found for further negotiations.
The potential partner companies are not named, only numbered, because the offers
and other specific information of the companies are confidential. For example, the
financial costs comparison is based on analysis of detailed calculations of each offer,
but the calculations cannot be published in this thesis. So only evaluation for each
company can be seen in the Table 7.
Table 7: Comparison of potential shore tank storage partners.

Comparison of shore tank investment offers
Investment options
Criterion

Weighing
factor

Financial costs

0,4

0

3,8

5

0

Business risk
Operations and
maintenance
Location and
redemption

0,3

3

5

3

4

0,1

5

4

0

5

0,2

2

5

5

2

1

1,8

4,42

3,9

2,1

0,45

1,11

0,98

0,53

Total
Average
score

Company 1 Company 2 Company 3 Company 4

Evaluation
Value 5 is given for the best option of each criterion, other options are given values from
0 to 5. Each value is multiplied by the weighing factor. All values are summarized. The
sum of each option is divided by the number of relevant criteria for each option.
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4.2.1.

Evaluation criteria for each subject

Financial costs
Financial costs of the offers are not directly comparable, because the contents of the
offers differ from each other. All offers contain a unique perspective to shore tank
storage concept. One offer is plain financing solution, meaning that no services or
maintenance are included in the offer. There is also a clear goal that Fintoil will redeem
the tanks at some point. The other offers include ship loading and unloading services
as a separate cost. Maintenance is included in costs in one offer, and in one offer there
will be some extra personnel or maintenance costs which will be specified at a later
stage. Electricity and heating costs are not included in any of the offers.
To enable fair evaluation, only annual fixed costs are included in this comparison. They
are not dependent on the offered service level or estimated product volumes. Financial
costs is the most affecting part of the evaluation so its weighing factor has value 0,4.
The offer with lowest costs is given value 5 (x 0,4 weighing factor) and the most
expensive offer is given value 0 (x 0,4). Values of the other offers have been calculated
by interpolation.
Business risk
One of the companies is going through big changes and therefore not necessarily
committed to investing to Fintoil project. On the other hand, the changes in the
company may strengthen its business in the long run. One company shows strong
interest in this project: it already has confirmed investment financing decision from the
management, and their tank investment offer is very accurate and specified. For one
company the financing is not confirmed yet, so their offer is dependent on the success
of finding investors. One company shows interest, but the offer is more based on their
own objectives than the biorefinery’s requirements.
A significant part of the business risk is feasibility. The project has a tight schedule, so
the financing and all details of the offers must be confirmed, and their feasibility must
be ensured.
Flexibility is also considered in the business risk section. One company can offer
existing tanks in other locations (not in Hamina) for biorefinery product storage
temporarily. This might be a viable option, if the shore tank project is not yet ready
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when the CTO traffic and biorefining begins. But as a final solution shore tanks located
in other cities is not reasonable.
Operations and maintenance
Operations and maintenance are included in three offers as a separate cost. In one
offer operations and maintenance are not included. Project management and HSSE
are part of this section too.
In the offers where the tanks will be located at the companies’ own sites, the
maintenance of the tanks is part of the contract. Three of the potential partner
companies offer to take care of tanks storage and ship loading operations. In one offer
there is no such possibility.
Three of the companies have ISO 9001 quality management certification based on
their websites. Two of them also have environmental management certification ISO
14001 and one also OHSAS 18001. One of the companies is excluded from this
subject, because they offer only financing and not the whole package with construction
and operations.
Location and redemption possibility
In two offers the shore tanks are located in Fintoil biorefinery area. In two other offers
the tanks are placed in the investing company’s own site. One company has a target
to design the tanks to meet the requirements for flammable liquids storage tanks, so
in the future they could rent the tanks to other companies too, if the contract with Fintoil
should come to an end.
For Fintoil the location in their own site is desirable because it minimizes the length of
the needed pipeline to the biorefinery and also possibly to the jetty. It also gives the
possibility for redemption of the tanks.
If the tanks are located in the biorefinery site, it gives the possibility to purchase the
tanks at some point. For Fintoil it may be a good opportunity, depending on the
business in the future.
4.2.2.

Analysis of the evaluation

Company 2 received the highest score in the evaluation. This potential partner didn’t
offer as cost-efficient proposal as company 3, but is still the preferable partner due to
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lowest business risk, ideal location and redemption, and acceptable points from
operations and maintenance -criterion. Company 2 has shown interest and
commitment to the biorefinery project through the changing situations and they have
been flexible to Fintoil’s requests. Investment decision of the company 2 is confirmed
and they are ready to start the partnership project in schedule. They can also serve as
the ship loading operator and offer other services if needed. Their offer includes the
possibility for Fintoil to acquire the tanks in time. Company 3 has received the second
highest score and could be considered as potential partner as well. This option would
be most cost effective, but there is no operation and maintenance available and no
possibility for partnership in ship loading operations. Construction project management
is missing too. This offer also has a bigger business risk, since the investment is not
fully confirmed, and the schedule is not clear. Options 1 and 4 do not allow the
construction of the tanks to the biorefinery site, and the financial costs are not
competitive.
4.3.

Solutions for ship loading

Ship loading operations
Fintoil is looking for an external partner to manage the ship loading and unloading
operations and pumping the products between the jetty and the shore tanks. In four of
the investment offers ship loading operations are included in the offer for a separate
price. But in one offer there is no possibility for included operations, so the service must
be purchased from another external partner.
The potential partners for ship loading services are primarily the companies already
operating in the area in ship loading in Hamina; They are already familiar with the port
facility and the modes of operation, they have all the required permits and equipment,
and their personnel is equipped and trained for the jetty operations. They are also
easily available because the offices and terminals are in the port. If the offer without
operational services will be chosen to win the investment project, the ship loading
services should be put out to tender.
Technical solutions
There is one main technical decision to be made at the jetty: whether to construct
marine loading arms or loading hoses for ship loading. Marine loading arms are
described in Figure 24 and loading hoses in Figure 25.
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Figure 24: Marine loading arms at Hamina jetty Ö2.
Mussalo jetty N1.

Figure 25: Loading hoses at

There are several differences between arms and hoses: Loading arms are much more
expensive than loading hoses and require more maintenance. Hoses require a
separate crane for lifting, while arms can be moved and adjusted without a crane.
Fortunately, there are available cranes in all HaminaKotka jetties. Hoses require more
storage space (a separate platform) while arms are stored in their upright position. On
the other hand, in some of the jetties there is already available space for a new hose
platform, but no free space for construction of new arms. Hoses are more flexible: the
ship position can change a couple of meters without disturbance in the loading process,
but arms require a very exact ship position (operating envelope).
It is important to notice in both solutions, that the materials of the equipment must be
selected to withstand the intended conditions of use and the chemicals to be
transferred. They must also be fit for purpose. Suitability of the hose (or arm) for the
transferred product should always be confirmed according to the manufacturer’s
instructions (Flood, 2018).
In Finland CTO and TOP are typically loaded to/from ships using loading hoses. (N.N.
interview 2020; ESAVI, 2011).
Construction of hoses to the jetty can be recommended for Fintoil, because there is
already good experience in its use from other terminals, hoses are more cost-effective,
and hoses fit better to the existing jetty structures than marine loading arms. It should
be kept in mind, that for elevated temperature products the selection of the correct
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hose type is very important. And the loading hoses must withstand the maximum
operating pressure of the pipeline (TUKES, 2017).
4.4.

Solutions for truck traffic

Internal traffic at port area
At the early stage of the biorefinery project there was a plan to establish the shore
tanks to a partner company’s site and not to the biorefinery site. The products were
planned to be transported between the shore tanks and the biorefinery by trucks. The
planned truck transport volumes in the port area were 2450 CTO trucks and 3100
product trucks annually (Neste Engineering Solutions, 2020c).
Optional truck routes were surveyed by the partner companies and by the port.
According to the surveys, the possible routes varied in length: shortest was 700 m, the
longest was 3,5 km. One route included passage through two liquid port gates.
Altogether four different routes were investigated in the surveys.
In the survey by port (Lappalainen, Rosendahl 2020) several dangerous or challenging
spots were noticed, and some accident risks were identified. The risky spots are drawn
in Figure 26. There are narrow roads in the liquid port, where two trucks cannot pass
each other, rail road crossings at narrow roads with low visibility, several hazardous
chemical pipelines beside the roads, and some turns, that may be too sharp for trucks.
Some parts of the roads are not covered by asphalt and the is no illumination in all
parts of the roads. Another companies’ terminal gates are very close to the road at
some points, so a car driver could get hit by a truck when exiting the terminal if both
parties are not vigilant. As a result of the survey it was stated that a risk assessment
should be made before commencing the internal truck traffic at port.
In the risk assessment, which was made in July 2020 by the Port and Fintoil, the earlier
identified risks were specified and evaluated, and other possible risks were added. The
risk assessment is attached to this thesis as Appendix 4.
The biggest identified risk considering probabilities and consequences is the case
where a truck at railway crossing hits a train carrying hazardous chemicals, the
accident leading to human injuries, material damage for the truck and the train,
environmental damage caused by leaking rail tank cars and to the risk of fire caused
by the leaked flammable product. There are two separate points at port area containing
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this risk. Identified risk management measures were traffic planning, route planning
and training for the drivers. Other significant risks are
•

truck drifting off the road and hitting a hazardous chemical pipeline causing
injury, leak from the truck or the line leading to environmental damage.

•

truck colliding with another vehicle, especially in narrow roads with low visibility,
at roads where terminals gates are near the road

Minor risks were identified as well, including traffic jams due to increased traffic and
minor collisions and driftings and interruption caused by maintenance work.

FINTOIL

Figure 26: Identified truck traffic risk spots at port area (Lappalainen, Rosendahl, 2020)
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After the risk assessment the port organization gave statement to AVI considering
Fintoil’s application for environmental permit. In the statement the port recommends,
that Fintoil should avoid frequent internal truck traffic at port area to minimize traffic
risks and to ensure the smoothness of road traffic at port. The port also expects that
before commencing internal truck traffic, other operating companies and local rescue
department must be consulted.
In addition to safety aspects, financial and environmental aspects are considered when
planning regular large-scale truck traffic for product transfer. Truck traffic is not a
sustainable solution from the environmental point of view.
Average fuel consumption of a large tank truck is 50 l/ 100 km and estimated kilometres
will be 6200 km/a based on estimation of product volumes and transport route length.
So total fuel consumption will be 3100 litres. According to emission calculation tool
(Keskuskauppakamari, 2020), total emissions for the internal truck traffic will be 14,49
t CO2e.
Fintoil has received an offer from a potential partner for the truck traffic. There is a fixed
price for each product transfer from the shore tanks to the biorefinery. When the price
is multiplied with the estimated product volumes, and then compared to rough estimate
of pipeline investment cost, it can be seen, that after two years and three months the
truck transport costs will exceed the pipeline construction costs.
After the recommendation from the port to avoid internal traffic, and after comparing
the financial costs of truck traffic and pipeline construction, Fintoil started planning the
shore tanks to the biorefinery’s own site to avoid truck traffic. Pipeline planning from
the shore tanks to the jetty was started too.
External traffic from and to the port
Approximately 80 000 t of CTO will be transported to the port by 2450 trucks annually,
and CFA, TOP, TOR and turpentine will be delivered to customers from the port in
1800 annual trucks. There is a clear route to the biorefinery from the HaminaKotka Port
main gate via Kaasusatamantie, where the only identified risky spot is at the southern
corner of Kaasusatamantie. There chemical pipeline foundations and support are close
to the road.
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4.5.

Solutions for shipping pipeline

After the preliminary decision to locate the shore tanks to the biorefinery site, the
pipeline route from the site to a jetty had to be decided. Alternative shipping pipeline
routes from shore tanks at biorefinery site to jetties Ö1, Ö2 and Ö3 are drawn in
Appendix 5.
Jetty 1 was not considered to be an option because of the limited vessel size and
crowded pipeline route. Route to jetty Ö3 was decided to be the primary option
because the jetty is closest to the site and there is existing pipeline foundation
available. To find out if the route can be implemented, a pipeline survey was ordered
from an external party. The route is shown in Figure 27. According to the survey report,
there are obstacles in this route: heavy foundations and long bridge elements must be
designed to the road and railway crossings; the boulder field by the sea must be
widened for the pipeline and new LNG pipelines along the way (constructed by another
company) must be evaded. The main issue is, that the pipeline would partly access
another company’s site. (Hakala, 2020b) After a short enquiry it became clear, that the
other company does not allow the pipeline to access their site, so the jetty Ö3 pipeline
route plan was not viable.

Figure 27: Optional pipeline route to jetty Ö3 (Hakala, 2020b)
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The next step was to survey to possibilities of jetty Ö2. Another report from the external
party was ordered. According to the survey report (Hakala, 2020c), there are no major
obstacles on the route that couldn’t be solved. There are, however, some narrow
places to be considered and at some points truss bridges over roads must be
constructed. Safety distance to overhead lines and minimum distance of 6 meters to
roads must be confirmed. There is not enough space in the route to compensate the
heat expansion of the pipeline by horizontal U-curves, so another solution such as
vertical U-curve must be considered. The conclusion is, that pipeline route to jetty Ö2
can be implemented as shown in Figure 28.

Figure 28: Pipeline route to jetty Ö2. (Hakala, 2020c)

4.6.

Advantages of operating in port environment

In addition to operational challenges, regulations and restrictions there are also
significant advantages when setting up a biorefinery in port environment.
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The port has an optimal location considering logistics of biorefinery raw materials and
products. It is located close to all major transport infrastructures: water fairways, rail
network and highway E18.
There are frequent container and roro vessel connections from the port to all around
the world, so the biorefinery products can be flexibly delivered to customers by
containers or trucks. Bulk products can be carried by tanker vessels from one of the
three jetties located close to the biorefinery.
The infrastructure in the port area is ready and available containing neat land areas for
construction, freshwater pipelines, firewater systems, roads, jetties and space for
building pipelines, and the area is fenced and guarded. The port area is already zoned
for chemicals and confirmed as storage area by authorities, it also has ISPS
(International Ship and Port Facility Security Code) area authorisation.
The port offers enhanced safety and security. The port area is fenced and there is
frequent area security guard and camera surveillance in the area. All traffic in and out
from the port is monitored by access control system and all vehicles need access
permit to the port.
There are firefighting systems in the port with alarm systems, firewater connections
and fire water pump stations. External emergency response plans are made by local
rescue department to cover all operations at port, mutual drills according to SEVESO
Directive III (2012) are held frequently in and other safety drills occasionally.
Co-operation with other companies in liquid port can be intense and fruitful. Terminals
meet 2-3 times a year at the same table and discuss timely matters such as best
practices for different issues that affect all operators (e.g. how to collect fire waste
waters). Companies willingly share expertise with each other. Authorities and port
representatives also participate in this co-operation and give their input to discussion
and improvements.
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5 CONCLUSIONS AND RECOMMENDATIONS
Crude tall oil comes from kraft pulp process as a side-product and it is used in
biorefineries to produce biofuels, biochemicals and bioproducts. Further processing of
this by-product is a sustainable contribution to European Union strive towards circular
economy. Crude tall oil can replace fossil crude oil as raw material in production of
fuels and many products, and biorefining can be considered a significant method to
fight the climate change by decreasing the need for fossil fuels.
There are already crude tall oil based biorefineries in operations around the world. In
Finland the main facilities are located in Lappeenranta, Oulu and Rauma. Fintoil
Hamina Oy will build a new biorefinery to the Port of HaminaKotka, and the operation
is planned to start in 2022.
When a new biorefinery is establish to a new location, there are several aspects to be
considered. The biorefinery process and the facility itself is an important subject, but
there are many other things to be planned and managed before the factory can start
to operate successfully. In this thesis the focus was on transport and storage of the
biorefinery products, and it was examined taking into account the regulatory
requirements, product related aspects and also constraints and advantages of the port
environment.
Regulations
According to the EU CLP legislation (Classification, Labelling and Packaging) crude
tall oil, turpentine, tall oil rosin and rosin soap contain at least one hazard classification
meaning that they are classified as hazardous substances by CLP. Crude fatty acid,
and tall oil pitch are not classified. The classification means that the classified
substances are under regulations and monitoring by authorities.
Even though some of biorefinery products are not classified as hazardous, it is worth
considering designing the premises and operations to meet the stricter rules, where
applicable. It is possible that the products change or their classification or the
regulations change, so it may be reasonable to design assets such as tank pits and
pipelines to meet these rules, wherever it is possible from financial perspective and by
other affecting conditions.
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Flash point of a substance is one of the most meaningful characteristics from the
regulatory point of view. If the flash point is less than 100°C the substance is
considered to be flammable. CTO, CFA, TOP and TOR are not flammable, but
turpentine has flash point around 30-35°C, so it must comply with strict regulations
concerning storage, handling and transport of flammable liquids.
Considering the international transport requirements, CTO, CFA and TOP do not have
a UN number and are not classified as dangerous goods under relevant international
transport regulations ADR, RID, IATA or IMDG. Crude turpentine is identified by UN
number 1993 Flammable liquid, N.O.S. (Turpentine oil from pulping process) and its
packing group is III. TOR does not have a UN number, but because the transport
temperature of the product is more than 100 ºC, it is considered to be a category 9
product with UN number 3257 (ELEVATED TEMPERATURE LIQUID, N.O.S.).
According to REACH regulation all chemicals that are produced in EU or imported to
EU must be registered to REACH. The registration requires risk assessment and
guidance to safe use of the chemical by the manufacturer or importer. In practice it
means, that the responsible party must join a consortium of the manufacturers of the
same substance. For the biorefinery products, only CFA has been exempted from
REACH regulations, and other substances are included.
Product properties
In addition to regulations, the product properties affect the desired transport conditions.
When considering biorefinery products, one of the most significant factors is transport
temperature. There is no heating in trucks, so the temperature may decrease during
the voyage. In shore tanks and ships the substances can be heated or the temperature
can be maintained. Pipelines should be designed to maintain the temperature even in
cold winter times by proper insulation and efficient trace heating. All pumps should be
insulated and trace heated too. If the product temperature is too low, it gets too viscous
and the unloading rate decreases. Too low temperature can also lead to blockage in
pumps and pipelines or stratification in shore tanks. Tanks should be designed so that
comprehensive circulation is enabled, and stratification of the substance (especially
CTO) can be minimized. During transportation, the temperature of CTO should be
around 35-55 °C, for CFA it should be 65 °C, for TOP 80-100°C, for TOR more than
170°C and for turpentine between 20 and 40 °C. Because TOP and CTO use the same
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pipelines, they must be designed to meet the higher temperature requirements by
TOP.
Another significant product feature that affects transportation is corrosivity. CTO and
some of its products contain corrosive fatty acids and sometimes sulphuric
components such as corrosive hydrogen sulphide. In some cases, the vapours of CTO
have badly corroded the tank internal roof. To prevent corrosion, internal surface
material of shore tanks should be duplex or corrosion resistant austenitic stainless
steel, and special attention should be paid to the tank internal roof (the vapor space).
If the tank material is ferritic steel, it should be coated. Especially for CFA the pipelines
should be made of corrosion resistant austenitic stainless steel or duplex, to prevent
product quality decrease due to pipeline impurities. For CTO and TOP pipelines also
ferritic steel can be used if the product and its vapours are drained from the pipe every
time after use. For trucks the most common and suitable material is corrosion resistant
austenitic stainless steel.
Products should not be left in the pipeline after transfer, because it must be heated
constantly to prevent blockages and it may cause corrosion in the line. For emptying
the pipeline, there are basically two alternatives: pigging and blowing. Both options are
used in crude tall oil terminals, and both have advantages and disadvantages. Pigging
is more efficient in draining the pipeline than blowing, but It may cause heavy dynamic
loads to the pipeline, especially when the diameter is big and the product is viscous.
The pig can also get stuck in the pipeline and removing it may be difficult. If the same
pipeline is used for different products, pigging is preferred to ensure there are no
product remaining in the line.
Port environment
There are two perspectives that should be noticed when operating in congested liquid
port environment: your impact on others and other operators’ impact on you. There are
currently about 15 different companies operating in Hamina liquid port area. The
infrastructure of the area has been built in many stages over the years by several
different parties. When setting up a new facility and operations to this old, partly
crowded, compact and precisely regulated liquid port, a great attention must be paid
to the operations of the neighbouring companies and the safety of the entity.
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The liquid port area in Hamina is classified as so-called domino area meaning that an
accident in one facility may impact other facilities and finally lead to a major accident.
The biggest identified risks of Fintoil biorefinery operations are leak of heating oil or
fire at turpentine tank or truck loading place. The heat radiation caused by the fire does
not cause a risk for neighbouring companies, so Fintoil does not possess risk that might
affect other terminals leading to a major accident. Nevertheless, the effect of other
companies’ operations in the area must be considered when deciding the location of
the biorefinery buildings and other infrastructure. And even if a new facility does not
possess a major risk by itself, its impact on others must be considered carefully when
operating in a confirmed storage area of dangerous goods.
There are also port related operational and technical factors limiting and instructing the
transportation at the jetties, and by trucks and pipelines.
Jetties
There are three jetties available for ship loading and unloading in the liquid port.
Transport connection between the jetty and the biorefinery shore tanks must be done
via a pipeline, because loading and unloading to trucks is not permitted by the port.
The biorefinery should choose a jetty and construct a pipeline to the chosen jetty based
on the following factors. The jetty 1 is smallest and the vessel size is limited. Jetties 2
and 3 allow bigger vessel size, so they are better suitable for the desired ship size by
the biorefinery. Distance from the shore tanks to the jetty depends on the storage
location but considering the storage site to be in the biorefinery site, the distance from
jetties 1, 2 and 3 is almost the same. The jetty 1 is already fully booked with pipelines
of operating terminals, but in jetties 2 and 3 there is available space for new pipelines.
The jetty occupancy in 2022 is highest in jetty 3 according to a forecast, depending on
the realization of other terminals planned traffic. Jetty 2 is almost as crowded as jetty
3, and jetty 1 has the lowest occupancy rate.
Ship loading and unloading operations at the jetty will be conducted by an external
company, because it is not the core business of the biorefinery. If possible, the partner
company should be the same as the storage partner to simplify the operational
partnerships.
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At the jetty the loading operations can be conducted using marine loading arms of
hoses. Construction of loading arms is expensive, and they require wide vertical space
for construction and regular maintenance. Hoses are more cost efficient, but they
require a separate crane for lifting and more horizontal space for storage. Hoses are
more flexible considering the ship position and movements at the jetty. In other
interviewed terminals the bioproducts are loaded to vessels using hoses, and that
solution can be recommended to Fintoil biorefinery too.
Truck traffic
Roughly half of the raw material CTO (2450 trucks) will arrive to the port by trucks and
more than 3000 trucks will leave the port loaded with biorefinery products. In addition,
the company had planned regular port internal truck traffic between the shore tanks
(located outside the biorefinery site) and the biorefinery with a volume of 5500 trucks
annually.
A traffic risk assessment was made in collaboration with the port and Fintoil, and the
conclusion was, that internal truck traffic should be avoided due to safety reasons and
to avoid congestion. The main identified risks of internal truck traffic are truck collision
with a train carrying dangerous goods at railroad crossing, truck hitting a pipeline
containing dangerous goods near road and truck collision with other road traffic.
Constructing a pipeline between the shore tanks and the biorefinery is recommended
in order to avoid the risks caused by increased internal traffic.
Location of shore tanks and storage partnership
The options for shore tank site are either to store the products in existing shore tanks
in liquid port area which means renting available storage capacity from an external
company; or storing the products in shore tanks that are especially built for this purpose
by external company to the external company’s facility; or designing and building the
shore tanks to Fintoil’s biorefinery site with or without external company. After the truck
traffic risk assessment, it became obvious that the shore tanks should be in Fintoil site,
to eliminate the need for truck traffic or other transfer method at port area between the
tanks and the site.
After the location decision potential partner companies were contacted and four
investment offers for new shore tank construction were received in time. The offers
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were compared and evaluated as part of this thesis. The company which received the
highest points in the evaluation can be recommended to Fintoil as the storage partner,
because they contain the lowest business risk, they are committed to invest to the
shore tanks located in Fintoil site, they offer the possibility to redemption, and they can
act as the ship loading partner and offer other services as well. The company has
confirmed investment decision and they are ready to start the partnership project in
schedule.
Pipelines
There will be one pipeline from the shore tanks to a jetty for CTO and TOP and another
pipeline for CFA, because CFA demands high purity. The decision on the chosen jetty
is made based on jetty limitations and pipeline route survey reports by an external
party. According to the pipeline survey, constructing a pipeline to jetty Ö3 is not
possible, because it would access another company’s area, and it is not permitted.
Route to jetty Ö1 is not preferred, because small jetty size limits the vessel size, and
the pipeline foundation to the jetty is fully booked. Pipeline should be built to jetty Ö2,
which is accessible, and contains no major obstacles according to another pipeline
route survey report. It is recommended, that Fintoil designs the pipeline construction
in collaboration with the port to enable space and availability to other pipelines in the
future to the same foundations and to get support to the financial investment.
Advantages of operating in port area
There are also significant advantages of operating in the port area: the port has a very
good location considering logistics of biorefinery raw materials and product flows. The
infrastructure is ready and available with fences and gates, roads, rail tracks, ship
jetties and pipeline supports and routes. The area is readily officially zoned for
chemicals, and firefighting water systems and operations are available as well as
prevention plans and mutual rescue drills. Operating in port environment in cooperation with authorities, neighbouring companies and port authority can be very
beneficial for the success of the new biorefinery.
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APPENDICES
Appendix 1: Interviewed persons and interview questions
Interview of Jukka Ravaska and Timo Saarenko 1.6.2020
Jukka Ravaska is CEO and Timo Saarenko is production director of the Fintoil
biorefinery project and they both have extensive experience in biorefinery operations.
Questions:
•

To clarify the product names: Sterol pitch and energy pitch are listed in the
product table, and EIA decision by South-eastern ELY mentions pine pitch and
resin pitch. How do these differ from each other?

•

Characteristics of raw materials and products: What are the main properties of
crude tall oil, crude fatty acid and other products to be considered for storage
and transport?

•

Description of the process: What is the operating principle of Fintoil's tall oil
distillation process and how does it differ from, for example, UPM's process?

Interview of N.N. 11.6.2020
N.N. is a product expert in liquid storage and handling business.
Questions:
•

Describe the ship unloading process of crude tall oil and other
loading/unloading processes?

•

What are the preferred materials for crude tall oil storage and transport? (Shore
tank, pipeline, IBC container, train, truck)

•

What are the desired storage and transport conditions for crude tall oil?

•

What challenges have been faced in storage and transport of crude tall oil?

Interview of Timo Hakala 22.6.2020
Timo Hakala is CEO of Desea Engineering. He has over 30 years of experience in
designing pipelines, shore tanks and other infrastructure in HaminaKotka port area
for multiple terminals and port authority.
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Questions:
•

What is your role in pipeline design at port?

•

What should be taken into account when designing pipes and other transport
equipment for CTO and biorefinery products?

•

Which do you prefer for clearing the pipeline: pigging or blowing?

•

What is the current pipeline situation in Hamina considering a new biorefinery
needs?

•

What kind of challenges there are in storage and transport of liquid products?

Interview of Jari Kontunen 24.6.2020
Jari Kontunen is the technical director of the port of HaminaKotka.

Questions:
•

What aspects must be taken into account when establishing a new entity to port
environment?

•

What are the main technical aspects to be considered when a new biorefinery is
established to port area? What is port’s role in new investments?

•

How does port maintain all the pipelines in the port area? What is the procedure
when new pipeline is to be installed?

•

What are the effects of biorefinery products and raw materials transportation on
other operations in the same port area?

Interview of Timo Rosendahl 26.5.2020
Timo Rosendahl is the security manager of the port of HaminaKotka.

Questions:
•

What are the main safety and security aspects to be considered when a new
biorefinery is established to port area?

•

What are the risks of biorefinery products transportation at port area?

Interview of Sara Lax 20.5.2020 by e-mail
Sara Lax is Senior Officer of industrial processes in Finnish Safety and Chemicals
Agency and she is in charge of inspections at several liquid terminals at port area.
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Questions:
•

How is it determined if the biorefinery products storage and operations require a
permit from TUKES?

•

What other aspects should be considered when establishing a new biorefinery
to liquid port area?

Interview of Eemeli Oksanen and Ari Kurvi 21.7.2020
Eemeli Oksanen is terminal manager of Samat Rauma terminal. Ari Kurvi is logistics
manager of Samat Nordic.
Questions:
•

What biorefinery products and raw materials are stored and handled in Samat
Rauma terminal and what are their most relevant properties?

•

Describe your terminal’s over all handling processes?

•

What kind of pumps you use and what materials do you use in pipes, trucks,
tanks and pumps?

•

Describe your ship unloading process?

•

How do you heat the products in tanks and in pipelines?

•

Describe your pipeline transport process?

•

Describe your truck loading process?

•

How and when are samples taken from the products?

•

What kind of challenges have you faced in storage and handling of these
products?

•

Describe the tank and pipe draining and cleaning processes?

Interview of Olli Manninen 30.7.2020 by telephone
Olli Manninen is maintenance supervisor at Oiltanking Finland Oy. He has intensive
experience in technical requirements of CTO storage and handling.
Questions:
•

What are the properties and classifications of different steel types?

•

What kind of steel is suitable for CTO pipelines and tanks?

•

What material is used in tanks storing turpentine?
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Interview of Henna Kahilaniemi 3.8.2020 by e-mail
Henna Kahilaniemi is Senior Officer of industrial processes in Finnish Safety and
Chemicals Agency and she is the nominated supervisor of the Port of HaminaKotka.
Questions:
•

Is crude tall oil classified as hazardous chemical?

•

What are the requirements of external pipeline in port area?

Interview of Anu Valtonen 14.8.2020 by telephone
Anu Valtonen is environmental manager at Norilsk Nickel Harjavalta Oy. She has
experience in biorefinery raw material and products especially from legislative pointof-view.
Questions:
•

What is the idea behind REACH regulation?

•

How the REACH regulation applies to biorefinery products and raw material?
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Appendix 2: Map of Hamina port area
(HaminaKotka, 2020c)
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Appendix 3: List of chemicals
(Fintoil, 2020b)
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Appendix 4: Risk assessment of biorefinery truck traffic at port
(Port of HaminaKotka, 2020d)
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Appendix 5: Shipping pipeline options from shore tanks to jetties

