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Abstract 
 
There is a clear demand for cutting the greenhouse gas emissions and increase the share of the renewable energy 
sources in energy production. Wood torrefaction, heat treatment method for refining the wood fuel enables the 
wood utilisation in existing coal-fired power plants. The method is relatively new in bioenergy production, but it 
enables the large-scale utilisation of wood-based fuels without significant technical investments. 
 
There is an initiative to build up a commercial scale torrefaction plant in Ristiina, Southern Savonia. The technology 
will be tested in advance in pilot scale, in which the raw material properties and end product suitability for current 
coal-fired power plants will be tested. The pilot plant will be built in Pursiala, Mikkeli. Both of these projects are run 
by Miktech Ltd. / Biosaimaa-cluster. The aim is to start building the pilot plant still in 2012, and the commercial scale 
plant is planned to be in operation in 2015. 
 
This study concentrates on the environmental impacts and environmental risk assessment of both of the plants. 
Neither of the plants existed at the time writing the study, and thus the environmental impacts are rather estima-
tions. However, the probable equipment suppliers of the pilot plant have been consulted, as well as other experts 
ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ŘŜǾŜƭƻǇŜǊǎ ƻŦ ǘƘŜ ŦƛŜƭŘΦ ¢ƘŜ ŜǉǳƛǇƳŜƴǘ ǎǳǇǇƭƛŜǊ ƻŦ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǎŎŀƭŜ ǇƭŀƴǘΣ άwƛǎƭƻƎέΣ ƛǎ ƴƻǘ ŎƘo-
sen yet, and thus the impact assessment is done on the basis of the expected impacts of the pilot plant. 
 
According to the environmental impact analysis, the environmental impacts of torrefaction plants are not intolera-
ble, and when considering the big picture - replacing fossil fuels by wood-based energy sources - the total impacts 
are rather positive. Naturally there are some local impacts of the plants (noise nuisance, dusting, and occasionally 
malodorous gases), some emissions to air (CO, CO2, and NOx) and emissions of transportation. However, replacing 
coal by torrefied wood pellets, decreases the total CO2 emissions, decreases the demand of imported energy 
sources and enhances local economy. 
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1 INTRODUCTION 

 
Wood is one of the most traditional energy sources. However, due to the targets to in-
crease the utilisation rate of renewable energy sources, development of more efficient 
ways for energy utilisation of wood is required. Torrefaction is a new technology for wood 
refinement, and the end product, i.e. the torrefied wood pellets, can be utilised in existing 
coal-fired power plants. There is an initiative to build a large-scale torrefaction plant in 
Ristiina, Eastern Finland, so that the torrefied wood pellet production could start in 2015. 
Because of the technological novelty, the technology will be tested first in a pilot torrefac-
tion unit, which is about to be built in Pursiala power plant area in Mikkeli, Eastern Fin-
land. The project is coordinated by Miktech Ltd., the technology and innovation centre of 
Mikkeli. This study concentrates on the environmental impacts of the torrefaction plant, 
and both the pilot and the large-scale unit are surveyed in detail. In terms of this project, 
several studies have been conducted previously, and thus this report will not consider 
some aspects, such as the technology as such or the raw material supply, too deeply. The 
aim is to estimate the possible environmental impacts as well as possible environmental 
risks in a situation where no other similar plants yet exist. 
 
This study was done as a BSc thesis for Biosaimaa-cluster, which is the bioenergy devel-
opment programme coordinated by Miktech Ltd. Ristiina bio-ƭƻƎƛǎǘƛŎ ŎŜƴǘǊŜΣ άwƛǎƭƻƎέΣ ŀƴŘ 
its torrefaction plant project is one of the key projects of the Biosaimaa-cluster. Several 
companies have been involved in the planning process of the commercial scale plant and 
the Pursiala piloting plant of the torrefaction technology, and they have also been of 
great help in terms of this thesis. In the following chapters, we first deal with the back-
ground on which the development of torrefaction technology is based as well as the legis-
lative framework of biofuel production in Finland. The following section contains the the-
oretical bases of the environmental impact and risk assessments. Furthermore, the torre-
faction process and the production chain of torrefied material are discussed. Despite the 
chapter about the existing torrefaction plant in the Netherlands, these chapters cover 
torrefaction in general level. The latter part of the study, being the environmental impact 
assessment, is organised by the production chain of the torrefied wood pellet. The first 
steps of the production chain, which are common for both the Pursiala pilot and Ristiina 
large scale torrefaction unit, are discussed jointly. Both projects and the environmental 
impacts caused by them as well as the environmental risk assessments are discussed sep-
arately due to the remarkable differences in the scales and natures of each project. 
 

2 DEMAND FOR RENEWABLE ENERGY SOURCES 

 
Sunlight is mainly short wavelength radiation that passes through the atmosphere easily. 
When reaching the ground, the radiation energy transforms partly into longer wavelength 
thermal radiation. Thermal radiation does not pass the atmosphere as easily as the short-
er wavelength radiation light and thus the generated heat cannot escape back to space 
and stays in the atmosphere. This is the basic principle of the phenomenon called green-
ƘƻǳǎŜ ŜŦŦŜŎǘΦ ¢ƘŜ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎ όDIDΩǎύΣ ƛΦŜΦ ǘƘŜ ƎŀǎŜǎ ǘƘŀǘ ǇǊƻƳƻǘŜ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ 
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effect, namely carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O), increase 
ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΩǎ ŀōƛƭƛǘȅ ǘƻ ƘƻƭŘ ǘƘŜ ǘƘŜǊƳŀƭ ǊŀŘƛŀǘƛƻƴΦ ²ƘŜƴ ǘƘŜ ŀƳƻǳƴǘ ƻŦ DIDΩǎ ƛƴ ǘƘŜ 
atmosphere grows, the amount of thermal energy in the atmosphere also increases and 
thus the climate warms up. One of the main reasons behind global warming is the con-
stant increase of fossil fuels utilisation and the changes in land use, namely the increase 
of the built area. (Kareinen et al. 2008.) 
 
Reduction of GHG emissions is essential in order to fight global warming. Increasing the 
energy production by renewable means reduces GHG emissions, but only if fossil fuels are 
replaced. European Union (EU) has set directive for the promotion of the use of energy 
from renewable sources (2009/28/EC). The directive determines the so called 20-20-20 
targets for year 2020. It means that the aim is to reduce greenhouse gas emission levels 
by 20 % from the GHG emission level of year 1990. The goal is distributed to the member 
states unevenly, so that all the nations participate on the emission reduction according to 
their capability. As an example, FiƴƭŀƴŘΩǎ ǘŀǊƎŜǘ ƛǎ ǘƻ ǊŜŘǳŎŜ ƛǘǎ ŜƳƛǎǎƛƻƴǎ ōȅ мт ҈ ƻŦ ǘƘŜ 
year 2005 emissions. The energy consumption is targeted to be 20 % less than estimated 
according to the normal development. The third goal is to increase the share of renewa-
ble energy sources to 20 % of total energy production in the EU area. However, the Re-
newable Energy Directive has flexibility in green technology mix, by which the aim of 20 % 
share is achieved. Bioenergy is about to increase its importance, and it is also strongly 
involved in the EU 2050 energy roadmap. This requires, however, the development of 
sustainable ways to utilize the renewable energy sources. (Langue 2012.) 
 
At the moment, coal is one of the most significant energy sources globally, and con-
tributes more than 40 % to the worldΩǎ electricity production. Increasing the co-firing of 
biofuels in existing coal-fired power plants would require a huge amount of processed 
biomass. It is reported that co-firing of torrefied biomass at the rate of 10 % in 10 % of all 
coal-fired power plants would require 33 million tons of torrefied fuel. (Schaubach 2012.) 
It is clear that the long-term goals of biofuels cannot be achieved unless sustainable re-
finement ways are developed. In Finland, because of the high forest energy potential, 
wood-based energy can be utilized sustainably, without causing remarkable CO2 emis-
sions during its growing, harvesting and refining. In order to cut the GHG emissions, wood 
is a good option for fossil fuels because of its carbon neutrality. (Kuusinen & Ilvesniemi 
(ed.) 2008.) Wood also provides potential for large-scale bioenergy production. 
 
Renewable energy production targets and obligations, together with the carbon dioxide 
emission trade, drive the transition to a cleaner energy production system. One of the 
most promising ways to meet the energy targets is biomass co-firing, and for this reason 
the cost-effective solutions for co-firing are currently being developed. (Wolfgang 2012.) 
Meeting the 20-20-20 targets by 2020 would require fast growth of wood-based bioener-
gy sector in Europe (Teräs 2012). Building up totally new power plants would be expen-
sive and non-eco-efficient, and thus it is wise to develop renewable energy sources that 
could be utilised in existing power plants. However, the existing plants are often designed 
to use only a specific fuel, and implementing another energy source is not typically possi-
ble without technical modifications. Still, even with investments in dedicated biomass 
handling and processing equipment, the co-firing rate of biomass in mainly coal-fired 
plant is limited to maximum of 20 % because of different physicochemical properties. 
(Wolfgang 2012.) 
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3 ENVIRONMENTAL PERMIT POLICY AND ENVIRONMENTAL IMPACT AND RISK 
ASSESSMENT 

 

3.1 Environmental permit policy 

 
In Finland, the environmental permit policy bases on the Environmental Protection Act 
(86/2000) and Environmental Protection Decree (169/2000). Environmental permit is re-
quired for functions that may cause environmental pollution. The specifications of the 
operation, expected emissions of it and the ways to reduce them are described in envi-
ronmental permit application. The requirement for gaining the environmental permit is 
that the operation must not cause health problems. (Ympäristölupa 2012.) A main objec-
tive of the Environmental Protection Act is to prevent the environmental degradation 
comprehensively. Law obligates the operator to consider the probability of environmental 
damage due to the operation, the risk of accidents and the ways to prevent and restrict 
the negative environmental impacts. Environmental legislation bases on the precaution-
ary principle, according to which all possible risks should be prevented, and thus the op-
erator should be aware of all the potential environmental risks of the operation. Many of 
the industrial fields and their special features are covered in the legislation separately, 
and specific regulations are given for their processes. Some general principles are also 
given, and for example according to the Environmental Protection Act (86/2000) § 47, if 
the waste water is taken to a municipal waste water treatment plant, the pre-treatment 
requirements have to be determined in advance, if it is needed. The spoilage of the 
ground and water system is prohibited in all cases. (Wessberg et al. 2000.) 
 
Environmental permit is required for an industrial plant that produces solid fuel over 
3 000 t/a. In the permit application, information about the planned process and expected 
pollutants and their effects to the nature has to be described in detail. According to the 
Best Available Techniques (BAT) principle, the best available techniques have to be im-
plemented in order to diminish the energy and resource consumption and reduce the 
waste production. (Environmental Protection Decree 169/2000.) However, it must be 
pointed out that the emission levels reached by following the BAT principle are not the 
permit limits and although the BAT principles are followed, it is impossible to have best 
result values in all emission categories and yet produce a competitive product (Nilsson et 
al. 2007).  
 
According to Environmental Protection Act (86/2000), in case of temporary experimental 
activity where the operation level is lower than the limit value of environmental permit 
policy and the permit is not thus needed, the announcement for environmental authori-
ties is required in cases where the operation will cause noise or quaking. The experi-
mental activity can be for example a demonstration of a technical implementation or 
preparation of environmental protection investment. The operation is considered tempo-
rary, when the experimental activity lasts no longer than 18 months (Panula-Ontto-
Suuronen 2012a). The announcement is given written and it includes the information 
about the process itself, the used raw materials, the expected emissions and their im-
pacts and the inquest of the planned environmental protection activities. It must be 
handed at least 30 days before starting the operation, but according to Panula-Ontto-
Suuronen (2012a), in practise more time is needed, especially if the environmental au-
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thorities need to consult other authorities before giving the permit to start the operation. 
The announcement procedure is not required from operations that are involved in envi-
ronmental permit process. 
 
9ƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘ ό9L!Τ ά¸±!-ǇǊƻŎŜŘǳǊŜέ ƛƴ CƛƴƴƛǎƘύ ƛǎ ŀ ǿƛŘŜǊ ǇǊƻŎŜŘǳǊŜ 
than the announcement practise, and is used for ensuring that the environmental impacts 
are studied in sufficient detail in the environmental permit procedure. The EIA procedure 
is based on regulating EU directives and other international conventions and protocols. 
Environmental impact assessment of projects is regulated by the Act on Environmental 
Impact Assessment Procedure, which determines the types of projects for which the pro-
cedure is required. In general, these are projects that may have harmful impacts on hu-
man health, the natural environment or biodiversity and natural resources, the landscape 
or the built environment. In practise, the Centre for Economic Development, Transport 
ŀƴŘ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘ όά9[¸ /ŜƴǘǊŜέύ ƛƴǘŜǊǇǊŜǘǎ ǿƘŜǘƘŜǊ ǘƘŜ 9L! ǇǊƻŎŜŘǳǊŜ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ 
the project. The procedure integrates the environmental consideration into planning pro-
cess, and the aim is to prevent, or at least reduce, the harmful environmental impacts 
well in advance of the operation. All the parties, on which the project may affect, can par-
ticipate on the process. EIA is a tool of the planning process, and its results have to be 
considered in environmental permit consideration. The party behind the project is re-
sponsible for composing the environmental reports required. (Finnish Environment Insti-
tute 2012a.) The environmental impacts of a single project can also be assessed in the 
land use planning process, and if the parties affected by the operation are already heard 
during that process, the EIA process is not necessarily required (Finnish Environment In-
stitute 2012b). The EIA procedure is dealt more in detail in the following chapter. 
 
The legislative framework in Finland is ideal for biomass pellet markets, since both fa-
vourable legal conditions and available support options exist in all small, medium and 
industrial scales. Similar conditions are at the moment prevalent only in Sweden, in indus-
trial scale also in Denmark, but in other countries in Europe either legal conditions or 
support options availability is not the best possible. (Zeng 2012). Environmental impacts 
of the biomass refinement plant can be assessed in the land use planning process, and if a 
public hearing is organized, the EIA procedure is not necessary. The EIA procedure itself 
will not add value to the project, and thus well done land use planning and good research 
work can give the same result (Panula-Ontto-Suuronen 2012a).  
 

3.2 Environmental impact assessment 

 
Environmental impact assessment (EIA) is an evaluation of the impacts that may arise due 
to some action or operation and that has a significant effect on the natural and man-
made environment. In principle, it should lead to abandonment of environmentally harm-
ful actions and substances. It must be pointed out that the purpose of the EIA is not to 
prevent the actions with harmful environmental impacts from being implemented, rather 
the idea is that they are authorised in the full knowledge of the environmental impacts. 
The EIA procedure consists of several iterative steps. The screening of the process deter-
mines whether an EIA process is required in a particular case. A single operation will not 
necessarily require EIA procedure, and the process as whole determines the need. If EIA is 
required, the alternative means of achieving the objectives are considered, and the se-
lected proposal is designed. If not the whole process, an EIA can cover only some topics. 
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Deciding on the topics to be covered is part of scoping. The EIA report represents the al-
ternatives and the estimated impacts and their significance. The mitigation of environ-
mental impacts should be involved in each stage of the process. When ready, the report is 
reviewed to ensure its adequacy. The EIA report is used in making of the proposal. If im-
plemented, the impacts of the proposal are monitored. The EIA process is cyclical, and 
thus the process may return back to some stage, and some steps do not necessarily take 
place at all in some EIA systems. (Wood 1995.) The process is illustrated in Picture 1. 
 

 
Picture 1 The EIA process 

 
As seen from Picture 1, public involvement is one of the key features of environmental 
impact assessment process. Publication is decreed in the Act on Environmental Impact 
Assessment Procedure (468/1994). Ideally, public participation should take place in each 
step of the process, but at least in programme scoping and reviewing stages the public 
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hearings are arranged. At these stages, organizations, other authorities or basically any-
one can leave notes on the process; the project is open for comments for 30 - 60 days. 
 

3.2.1 Environment and the emissions 

In terms of a company, environment is all that surrounds it. Thus it covers the surround-
ing areas including the buildings and natural elements, but also the people and other liv-
ing organisms. On the other hand, the environment can be divided into internal and ex-
ternal ones, the internal environment consisting of the buildings, machines and personnel 
of a company. In some cases also the customers, owners and subcontractors can be seen 
ŀǎ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ŎƻƳǇŀƴȅΩǎ internal environment. Furthermore, the environment can 
be seen as a combination of the nature and the cultural environment, on both of which 
the environmental impacts of the company are directed. A company can have several 
optional environmental strategies, and its approach on environmental issues can either 
be defensive, passive, reactive or proactive. Preparing on the environmental hazards is 
important because unplanned, unpredictable and usually great-in-volume incidental 
emissions cause remarkable damage on the environmental reputation and image of a 
company. When there is information about the environmental risks, provided by system-
atic environmental impact analysis, then the stakeholders can be informed in adequate 
level, in advance and in case of a hazard. (Wessberg et al. 2000.) 
 
Wessberg et al. (2000) determine emission to be the release of a matter, energy, heat, 
radiation, light, vibration, smell or noise into air, water or soil. Emissions can be continu-
ous or occasional and they can also be something that is not automatically considered to 
be disruptive. Emissions can be distributed to the environment via several paths depend-
ing on their nature and source. They can either be gaseous compounds, which are re-
leased into the atmosphere, or solid or liquid, which are spread into water system or 
ground, see Picture 2. Emissions can also be carried from material to another, e.g. from 
soil to ground water. The incidental emissions are caused in situations of disorder or acci-
dent, and thus are unpredictable and unplanned. Emissions and environmental hazards 
bring out the need for environmental protection. Market derived needs for environmen-
ǘŀƭ ǇǊƻǘŜŎǘƛƻƴ ŀŦŦŜŎǘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƛƳŀƎŜΤ ƻǇŜǊŀǘƛƻƴŀƭ ƻƴŜǎ ŀǊŜ ǘƘŜ ƴŜŜŘǎ ǘƻ ensure the 
unhindered production. Normative needs are the needs to follow the legislation and oth-
er requirements, and ethical perspective to environmental needs consider the moral and 
ethical approach. Incidental emissions relate to all of these categories, and thus the man-
agement of the accidental emission risk is very important. Due to the technical develop-
ment, the continuous emissions can be controlled efficiently, and thus the significance of 
the control of the incidental emissions is emphasised when analysing the total emissions 
of a company. Control of the environmental protection initiatives is called environmental 
management. (Wessberg et al. 2000) 
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Picture 2 The emanate of accidental emissions into nature (see e.g. Wessberg et al. 
2000) 

 
The introduction of the emissions on the environment described in Picture 2 is approxi-
mate, and describes some general scenarios of incidental emissions. The possible path-
ways to the nature are essential to understand in order to cut the access of the emissions 
into them. Environmental impact assessment helps in this kind of process, and provides a 
systematic basis for environmental impact analysis. 
 

3.2.2 EIA system 

According to Wood (1995), the features of the effective environmental impact assess-
ment are the contribution of the information generated in the process to decision mak-
ing, and acceptance of the proposals for objectives of environmental management. Also, 
if the predictions of the effectiveness of impact management measures are accurate, the 
EIA has succeeded. The efficiency of the process can be evaluated by the timely relative-
ness of the EIA decisions to economic and other factors affecting the project decisions, 
and the reasonability of the costs of the process. The process can be considered fair, if all 
the stakeholders and parties interested in the project have an equal opportunity to partic-
ipate on the decision making and influence the decision before it is made, and the people 
affected directly by the project have equal and fair compensation. Since, in practise, all 
the EIA systems are unique and particular set of legal, administrative and political circum-
stances affect the system. Thus the EIA systems should be analysed in their international 
context, which may explain its nature more deeply, and the analysis across EIA systems 
enables better understanding practise in any particular jurisdiction. 
 

3.2.3 Environmental management 

The Eco-Management and Audit Scheme (EMAS) is a voluntary environmental manage-
ment system for the private sector and the public administration on environmental im-
pacts. It points out the environmental impacts to be considered in terms of environmen-
tal management system. These are controlled and uncontrolled emissions to the atmos-
phere, water system and ground, solid and other waste, especially the hazardous ones, 
soil spoilage, utilisation of soil, water, fuels, energy and other natural resources, thermal 
energy, noise, odour and dust emissions and caused vibration and visual harm, and the 
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impacts to the special sites of nature and ecosystem. In terms of incidental emissions, 
especially the impacts that are caused by unusual operation conditions or disturbance, 
accident or any emergency situation should be considered meticulously. (Wessberg et al. 
2000) 
 
When following ISO 14 001 standardization system, which is part of the EMAS system, the 
organization has to create and maintain procedures for identifying and managing the pos-
sible accidents and emergency situations. The organization also has to prevent and miti-
gate the possible negative environmental impacts caused by their operations. Organisa-
tions have to review and update, when necessary, the procedures and strategies of emer-
gency situations, especially after the accidents. The incidental emissions to air, water and 
soil, and the various impacts to nature and ecology by the incidental emissions should be 
analysed in terms of the practical operations of the company. The damage that is or can 
be caused by unusual operating conditions or accidents and possible emergency situa-
tions has to be taken into account in procedures.  (Wessberg et al. 2000) 
 

3.3 Environmental risk assessment 

 
Environmental risk is a risk that may cause environmental damage or harm. In terms of 
environmental risk assessment, an environmental risk is a risk caused to the nature by a 
business operation. The environment consists both of nature and cultural environment. 
Environmental risk can be risk towards health, ecology or welfare. All these three risk per-
spectives include also the economical consequence, and thus environmental risk can cor-
respondingly be seen as economical risk. The basic principle of the risk management is 
that there is no so called zero-risk, but the operation has always a risk. Thus, some risk 
has to always be tolerated, though in principle no risk of incidental emissions is accepta-
ble. (Wessberg et al. 2000.) 
 
Environmental risk assessment is a systematic tool of examining the environmental prob-
lems and risks resulting from technology that threaten ecosystem, animals and people. It 
is used in analysing different kinds of problems by their nature. In site-specific risk as-
sessment, the focus is on the range of risks posed by a particular installation. The basic 
division of environmental risk assessment is the division to hazard-based and risk-based 
approaches. The first-mentioned approach concentrates on all the potential hazards that 
may or may not arise. In contrast, the risk-based approach focuses on the actual risks im-
posed by an environmental issue. Environmental risk assessment can be done for a single 
action or product, for industrial plant or even for a city. Environmental risk can occur dur-
ƛƴƎ ŀƴȅ ǎǘŀƎŜ ƻŦ ŀ ǇǊƻŘǳŎǘΩǎ ƻǊ ǎŜǊǾƛŎŜΩǎ ƭƛŦŜŎȅŎƭŜΥ manufacturing, distribution, in use or 
disposal process. (Fairman et al. 1998) 
 
The basic pattern of environmental risk analysis begins with the identification of the envi-
ronmental impacts, containing the risks and probabilities. Then the consequences of the 
identified environmental impacts are assessed, and the significance is evaluated. The 
third step is to find the arrangements to develop the state of affairs, and the implementa-
tion of proposals for improvement. These steps can be found both from EMAS-system 
and ISO 14 001 series standards, as well as from many other environmental management 
tool systems, though, the division and emphasis can be somewhat different. There are 
also specialised methods for concentrating on some specific field of action, for example 
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the safety of the organisation. The proposals to improve the operation are usually easy 
and cheap to implement, such as some minor technical change or alteration in code of 
conduct. The most effective way is to look for solutions that may solve several risks at the 
same time, and not all the risks are solved separately. One of the most effective im-
provement methods is the training of the management and personnel. (Wessberg et al. 
2000.)  
 
Environmental risk analysis helps in identifying and preventing the possible incidental 
emissions and their harmful impacts to nature. To be able to prevent the possible emis-
sions, the vulnerabilities of the system and the processes have to be recognised. After 
identifying the possibilities, the evaluation of the risks caused by them can be done. The 
factors to be concentrated on in risk assessment are naturally the possible previous envi-
ronmental hazards caused by the company but also its current processes and storages, 
tracking and alarm systems, environmental conditions of the surroundings and the possi-
bly existing plans for states of emergency (Lumijärvi & Kela 2000). The environmental 
risks can be classified according to the probability to expose the receptors and conse-
quences when realised, see Table 1 below. These together determine the level of the risk 
and helps in prioritisation of the risks. 
 
Table 1 Environmental risk assessment (RSC 2008, Wessberg et al. 2000) 
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High Medium risk 
 

Medium risk High risk High risk 

Medium Low risk 
 

Medium risk Medium risk High risk 

Low Low risk 
 

Low risk Medium risk Medium risk 

Very low Very low risk 
 

Low risk Low risk Medium risk 

 Very low Low Medium High 

Consequences of hazard being realised 
Ҧ 

 
After identifying the risks, the probabilities and consequences of the hazards are evaluat-
ed, on a scale from very low to high. The risks are placed in the table according to these 
evaluations, and thus the nature of the risks is seen. The evaluation is dependent on the 
targets and limit values of the emissions set to the company, and thus the risks analyses 
are not necessarily comparable. The nature of the risk also affects the classification. 
When analysing the industrial processes in operation, usually only one or two risks are 
considered high risks, if any. Medium risks are identified more, however, and the majority 
of the risks are usually low or very low risks. (Wessberg et al. 2000.) In this study, the risk 
analysis tools base on the environmental risk analysis method SARA developed by VTT 
Technical Research Centre of Finland (see Wessberg et al. 2000) and the RSC (2008) note 
on environmental risk assessment. 
 
There are several approaches to environmental risk management. When eliminating the 
risk, the use and marketing of a substance is completely banned. However, the banned 
product is usually replaced by another and thus one risk is substituted by some other. The 
risk can be transferred to other bodies or retained by a company or government. In most 
policy decisions and environmental management situations, the chosen method is risk 
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reduction, which in practice is usually an investment for new, more efficient technology 
or operation mode. (Fairman et al. 1998.) Wessberg et al. (2000) suggests somewhat dif-
ferent environmental risk management strategies, being avoidance, reduction, relocation 
or keeping the risk. Risks can be avoided by identifying the hazards and avoiding the 
things that cause risks. Risks can be reduced in many ways, for example by educating the 
employees and investing in safety. Similarly as in the previous view, a company can share 
ǘƘŜ Ǌƛǎƪ ōȅ ǘǊŀƴǎŦŜǊǊƛƴƎ ƛǘ ǘƻ ōŜ ǎƻƳŜ ƻǘƘŜǊ ǇŀǊǘȅΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΣ ǘƘŜ ƻǘƘŜǊ ǇŀǊǘȅ ǳǎǳŀƭƭȅ 
being a chemical supplier or an insurance company. However, in some cases it is reasona-
ble to keep the risk and be liable for it by the company itself. Risk management can be 
seen either as a prevention of hazards or restriction of the consequences, the first of 
which is often seen as primary risk management. Restriction of the consequences usually 
means the prevention of the distribution of an emission or other hazard. The progression 
of the incidental emissions can be controlled by e.g. protection systems, evacuation of 
the people and pets or replacing the contaminated water intake point with another. The 
field of environmental risk management is shown in Picture 3. 
 

 
Picture 3 The field of environmental risk management (Wessberg et al. 2000) 

 
The common problems of all the environmental risk analysis methods relate to uncertain-
ties and difficulty in collecting the suitable data. The identification of possible emissions 
cannot be all-encompassing, and the defining of the possible consequences is always in-
exact. Also, a fundamental problem in environmental risk assessment is the evaluation of 
the harm caused by a new substance or action. It can be assumed that all the substances 
or agents are harmless, until proved by science to have harmful effects. On the other 
hand, all the agents can be considered harmful until proved to be safe. (Fairman et al. 
1998.)  
 
¢ƘŜ ǇǊŜŎŀǳǘƛƻƴŀǊȅ ǇǊƛƴŎƛǇƭŜ ƛǎ ŎŜƴǘǊŀƭ ƛƴ ǘƘŜ 9¦Ωǎ ŀǇǇǊƻŀŎƘ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛssues and 
will be used in this evaluation as well. Another problem of the environmental risk assess-
ment is the problematic nature of the risk prioritization of different types of risks. Thus 
the division of the efforts to be used for prevention of the risk is challenging. One difficul-
ty lies in finding suitable methods for prevention of harmful environmental impacts and 
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for limiting the occurred emissions. Nevertheless, despite the uncertainties, environmen-
tal risk analysis gives certain benefits for the company. The survey of incidental emission 
possibilities responds to the environmental protection needs of a company and gives an 
image of an environmentally responsible company. It helps in ensuring the continuity of 
operation in case of accident or other disturbances. Thus, preparing for the environmen-
tal hazards is chiefly securing the economic activity of the company. When implemented 
well, environmental risk analysis is an investment, which ensures the continuity, and not 
an additional cost factor. (Wessberg et al. 2000.) 
 

4 TORREFIED WOOD PELLETS 

 
Torrefaction is a heat-treatment process that improves the fuel properties of biomass. 
The process is executed in the absence of oxygen, in a temperature of 200 - 300 °C. Dur-
ing the process, 30 % of the dry mass converts to torrefaction gases, but the end product 
contains 90 % of the initial energy content of the biomass. The roots of the torrefaction 
process are both in pyrolysis and coffee bean roasting. The torrefaction process is also 
called mild or slow pyrolysis, and the connection to the pyrolysis process is clear, though 
the conditions under which the processes are carried out are different. (Bergman et al. 
2005.) Connections to coffee bean roasting are also apparent, though it is carried out in a 
lower temperature and in the presence of oxygen. Though the process has been used in 
the coffee industry for centuries, in terms of bioenergy it is a relatively new process. The 
ŦƛǊǎǘ Ǉƛƭƻǘ Ǉƭŀƴǘ ƻŦ ǘƻǊǊŜŦŀŎǘƛƻƴ ǿŀǎ ōǳƛƭǘ ƛƴ мфулΩǎΣ ōǳǘ ŦƻǊ ƻǘƘŜǊ ǇǳǊǇƻǎŜǎ ǘƘŀƴ ōƛƻŜnergy 
production (Bergman & Kiel 2005). That plant was later demolished, but the interest in 
bioenergy applications of torrefaction process remained. A lot of research and technology 
development has been done especially in northern Europe and North America, but only a 
couple of commercial scale torrefaction plants are yet in operation (Schorr et al. 2012). 
 

 
Picture 4 Untreated wood chips, torrefied chips and torrefied wood pellets (Volama 
2011) 
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In Picture 4 above, there is the same wood biomass shown in its several stages. The ordi-
nary wood chips (background) are first torrefied (on the centre, left hand side) and then 
pelletized (on the centre, right hand side). These stages and the properties of the fuel are 
discussed in more detail in the following chapters. 
 

4.1 Raw material 

 
In general, torrefaction technology can be applied to various kinds of biomasses. This 
study concentrates on forest bio-energy and more precisely on wood-based fuels. Logging 
residues, small-diameter wood and stumps are side products of forest industry, which are 
not exploited in their industrial processes. These all can be chipped and thus utilized in 
biofuel production, e.g. in torrefied wood pellet production. Naturally log wood could also 
be used in the torrefaction process, but when thinking about the sustainability of the 
production chain that is not reasonable. (Vanninen 2009.) 
 
About 50 % of all the biomass is lignocellulose, which is composed of cellulose, hemicellu-
lose and lignin. Biomass can be processed in various ways in order to produce e.g. biode-
gradable materials, chemicals, fuels and energy. Lignocellulose is the main component of 
wood. In Finland, lignocellulose materials that could be utilised in industrial production 
are primarily wood, peat, bark, wood residue, straw, reed canary grass and some wastes. 
At the moment, the lignocellulose materials are used mainly in energy production. The 
most common species of hardwood in Finland are silver birch and downy birch, and the 
main softwood species are pine and spruce. The composition of the wood varies among 
species, growth conditions and parts of the tree. (Vanninen 2009.) Pine, spruce and birch 
contain cellulose 40 - 50 % of the dry weight. Coniferous trees, i.e. softwood, contain less 
(25 - 28 %) hemicellulose than deciduous trees, i.e. hardwood (37 - 40 %), but on the oth-
er hand, the lignin content is higher in coniferous wood (24 - 33 %) than in deciduous (16 - 
25 %). Lignin ties the wood fibre together and gives the mechanical strength for the 
wood. Lignin contains much carbon and hydrogen, ergo, heat productive elements. In 
addition, wood contains also extract compounds, such as terpenes, lipids and phenols, 
representing the 5 % share of the dry weight of wood, but in bark the content can be 
even 30 - 40 %. Wood contains much volatile compounds, 80 - 90 %, which makes it burn 
with long flame and require large combustion chamber. (Alakangas 2000.) 
 
On an elementary level, wood consists mainly of carbon and oxygen, which together rep-
resent approximately 90 % of the dry mass. About 6 % of the mass is hydrogen, and the 
remaining 4 % consists of nitrogen, potassium, calcium, phosphorus, magnesium, sulphur 
and iron. (Vasara et al. 2001.) Nitrogen content is clearly under 0,2 % in all tree species, 
and sulphur content is less than 0,05 %. Different tree species differ from each other only 
moderately in their elemental composition. (Alakangas 2000.) Bark and needles or leaves 
consist of the same elements as wood, but the concentrations vary (Vanninen 2009). 
Wood may also contain some heavy metals, which are mainly concentrated in the bark 
(Vasara et al. 2001). The ash content of bare wood is usually less than 0,5 %, and for bark 
of coniferous wood it is less than 2 %. The ash content of wood in general is lower than 
for many other solid fuels, which makes the ash treatment cheaper and easier. (Alakangas 
2000.) 
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Logging residue contains all the wood-based biomass that is left unused in forest after 
round wood harvesting and other forestry activities. Forest residues represent up to 40 % 
of the biomass of harvested wood, and thus small-diameter wood, branches, treetops, 
roots and stumps could be exploited in energy production efficiently. (Vanninen 2009.) 
The amount of the logging residue alters in different forestry operations. After the first 
thinning, the residue is mainly small-diameter wood and the total amount remains small. 
After partial logging or complete clear cut the gained logging residue contains branches, 
needles and partly decayed logs. The amount of logging residue depends on the tree spe-
cies, the amount of trees, the robustness and the number of branches and decayed parts. 
In spruce forest the amount of logging residue is twice the number of the residue in pine 
or birch forests. Larger amounts of logging residue make its utilisation more efficient. 
Logging residue can be harvested right after the logging, when it is fresh, or left to the site 
to dry up so that the leaves and needles fall and deliver the nutrients back to the soil. If 
the residue is left on site for a couple of months in summer time, the humidity decreases 
to 20 - 30 %. Thus, the solid wood content increases, but the amount of collectable log-
ging residue diminishes even 20 - 30 % due to the fall of the needles. Thus the amount of 
captured forest residue is approximately 55 % smaller than when it is fresh. (Alakangas 
2000.) According to forestry guidelines, forest residue utilisation is sustainable, when one 
third of the residue and some stumps are left in logging site. The chemical features of 
stumps and roots are close to the ones of stem wood. The features of branches, needles 
and leaves vary more, and in general it could be said that the logging residue contains 
more inorganic elements than the stem wood. (Vanninen 2009.) 
 

4.2 The torrefaction process 

 
Torrefaction is a thermochemical process in which the biomass is heated up to 200 - 300 
°C. Before the torrefaction, biomass has to be dried so that the moisture content is 20 % 
at most. The drying process can exploit the synergy effect of industrial processes nearby if 
there is industrial waste heat available, but the process gas of torrefaction can also be 
burned to produce heat. The torrefaction process is carried out in the absence of oxygen, 
under atmospheric conditions. Typically, the process is characterised by low particle heat-
ing rate (< 50 °C/min) and long residence time (~ 1 hour). The biomass gets roasted during 
the process and gives off various volatile compounds. The final product is the remaining 
solid material, which is called either torrefied biomass or (bio-) char. Bergman et al. 
(2005) divided the process into five sections: initial heating, pre drying, post-drying and 
intermediate heating, torrefaction and solids cooling. The torrefaction process is shown in 
Picture 5. The stages of the process are discussed more precisely in the following chap-
ters. 

 
Picture 5 The torrefaction process 
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During the first stage the biomass is heated up. At this point the temperature rises, but no 
water evaporates yet. The stage ends when the temperature approaches 100 °C and wa-
ter starts to escape. The second phase is pre-drying, when the temperature keeps con-
stant, but the biomass gets dried due to water evaporation. When the biomass gets dry 
enough, so that temperature starts to rise again, the stage ends. During the phase of 
post-drying and intermediate heating, the temperature rises up to 200 °C. At this point 
the remaining water evaporates and therefore the moisture content gets close to zero. 
(Bergman et al. 2005.)  The density of torrefied material is approximately 10 - 20 % lower 
than that of dried raw material. At the end, the mass is cooled down. The torrefied mate-
rial is partly dust-type and contains fine material, because of which the material is 
pelletized in order to enhance the handling properties. Biomass is dried completely in the 
torrefaction process, and afterwards the moisture uptake is very limited, approximately 1 
- 6 % depending on the level of torrefaction and post-processing of torrefied biomass. 
(Bergman 2005.) The torrefaction process is described more precisely in Picture 6. 
 

 
Picture 6 Stages of torrefaction (Bergman et al. 2005) 
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The process time is sum of the time of initial heating (th), drying time (tdry), intermediate 
heating time (th, int), reaction time at desired torrefaction temperature (ttor) and cooling 
time (tc) to ambient temperature. Reaction time of torrefaction consists of time of heat-
ing from 200 °C to desired temperature (Ttor), the desired duration time in that tempera-
ture, and cooling time from the desired Ttor to 200 °C. At this point, the torrefaction pro-
cess is considered to end and the final cooling phase starts. As it can be seen, the mois-
ture content gets to zero during the first three stages, and after that the mass yield is get-
ting lower, as the volatile compounds escape and the torrefaction gases are produced. 
The gas contains approximately 50 % of water, and 10 % of CO2, thus the incombustible 
material content is about 60 %. The exact amount depends, however, on the humidity of 
the raw material and process properties. (Bergman et al. 2005.) 
 
The end product is fuel, which is easy to handle and transport, and which has high energy 
content. In addition the physical features of the biomass change: initially hard and fibrous 
material becomes brittle and easily breakable. Thus the energy needed for the pelletizing 
compared to traditional pellets is reduced by 70 - 90 %. Another benefit is that the steam 
treatment needed in traditional pellet production is not needed in pelletizing of torrefied 
biomass. (Pöyry Management Consulting 2011.) 
 
In addition to the torrefied wood, various reaction products are formed in the torrefac-
tion process. The process conditions affect the yield of the side products, as well as the 
quality of the end product. Bergman et al. (2005) classified the side products by their 
state in room temperature. The solid side products are sugars, newly formed polymeric 
structures including some amount of aromatic compounds, carbon-rich char structures 
and ash. Many of the liquid compounds in room temperature are actually in gaseous state 
in the torrefaction process, and the classification of gaseous products includes only per-
manent gases, such as carbon monoxide and carbon dioxide, methane and hydrogen gas, 
but also some aromatic components such as toluene and benzene. The condensate liquid 
products are water, organics and lipids. The torrefaction gases can be burned and the 
produced heat be returned to the torrefaction process, which increases the energy effi-
ciency of the process to more than 90 % (Pöyry Management Consulting 2011). 
 

4.3 Fuel properties 

 
Torrefied wood material has high net calorific value of 20 - 22 MJ /kg and high energy 
density of >14 GJ/ m3, while traditional wood pellets have the energy density of only 10 - 
12 GJ /m3. Thus, torrefied wood pellets have more than 20 % higher energy content per 
volume than traditional wood pellets. Due to the lower water content, the transportation 
and handling costs of torrefied pellets are lower than wood pellets. Torrefied pellets are 
hydrophobic, which is ideal for handling and long-term storage. The chemical and physical 
features of torrefied material are close to properties of coal. Thus, the torrefied pellets 
can be combusted or co-combusted in conventional (coal-fired) power plants and conse-
quently, the extra investments on new incineration technology can be avoided. The torre-
fied wood fuel has low sulphur and ash content compared to coal, and better combustion 
behaviour compared to non-torrefied biomass. Capacity constraints of power plant are 
significantly reduced in comparison to un-torrefied wood pellets. Torrefied material has 
also improved grind properties compared to traditional wood pellets. (Wolfgang 2012.) 
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Biomass pre-treatment increases its fuel properties. Compared to solid wood, wood pel-
lets have better energy and bulk densities. However, when wood chips are first torrefied 
before pelletizing, the fuel properties get even better. In Picture 7 below, the different 
biomasses are allocated based on their energy density and bulk density. According to fuel 
properties, it can be said that pelletizing, torrefaction and pyrolysis are the key pre-
treatment technologies for wood biomass. (Eisentraut 2012) 
 

 
Picture 7 Comparison of bulk density and energy density of different biomass feedstock 
(IEA 2012) 

 
Since torrefaction is not done on a commercial scale yet, the price level of torrefied wood 
pellet is not certain. Among the increase of the usage of wood-based bioenergy, its price 
volatility is also likely to increase. Price indices and other price prediction systems are 
commonly used in the traditional energy sector and are likely to spread also into wood-
based bioenergy products as their volume increases. (Teräs 2012.) The production and 
distribution costs of torrefied wood pellets are divided into three sections: raw material 
(63 %), torrefaction and pelletizing (27 %) and storing and transportation to power plant 
(10 %). It is estimated that the production costs of the torrefaction and pelletizing are 
ŀǇǇǊƻȄƛƳŀǘŜƭȅ рл ϵ κǘΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘƛǎΣ ǘƘŜ Ŏƻǎǘǎ ƻŦ Ǌŀǿ ƳŀǘŜǊƛŀƭ ǇǳǊŎƘŀǎŜ ŀƴŘ ƭƻƎistic 
are added. (Pöyry Management Consulting 2011.) According to market research of torre-
fied wood pellets, in which the potential markets of the pellets were discovered, there 
are European-wide markets for torrefied pellets. When pursuing the renewable energy 
targets, there will be national markets also in Finland. (Karhunen et al. 2011.) 
 
As described previously, wood chips can be processed into traditional wood pellets, or 
they can be first torrefied and then pelletized. The effect of the refinement on the fuel 
properties can be seen in Table 2, where the wood chips, traditional white pellets and 
bio-coal, i.e. torrefied material, are compared. (Pöyry Management Consulting 2011.) 
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Table 2 The comparison of the features of wood chips in its different refinement levels 
(Pöyry Management Consulting 2011) 

 Wood chips Pellets Bio-coal 
(torrefied material) 

Moisture content 35 - 45 % 8 - 10 % 1 - 5 % 

Calorific value 
(GJ/odt, net) 

17,7 17,7 20 - 23 

Bulk density 
(kg/m

3
) 

475 500 - 600 750 - 850 

Energy density 
(GJ/m

3
) 

5 8 - 10 15 - 18 

 
Refinement of the wood chips into pellets or bio-coal remarkably increases the bulk and 
energy density, which decreases the transportation and handling costs. Torrefaction gives 
additional value to wood biomass refinement, since it enables the utilisation of biomass 
in traditional power plants in a new level.  
 

4.4 Use of torrefied wood pellets 

 
The torrefied material is developed especially for co-firing purposes in existing coal-fired 
power plants. The possibility to utilise biomass in traditional power plants is attractive 
because of the existing power plant infrastructure and market volume, comparable fuel 
properties and expected cost savings. (Schaubach 2012.) The similar handling and storage 
properties of torrefied biomass and coal can reduce the investment costs of transiting an 
existing coal-fired power plant into a co-firing plant. Replacing part of coal by torrefied 
biomass reduces also CO2-emissions remarkably, approximately by 0,42 kg/ kWh. Use of 
torrefied wood pellets will support achieving the EU targets of 20 % share of renewable 
energy sources. At the moment, approximately 4,5 million tons of biomass is already co-
fired in the EU, but it could be done more efficiently by using the torrefaction process. 
(Wolfgang 2012.) 
 
Vattenfall has a project for increasing the level of co-firing in the hard coal plants and thus 
reducing fossil CO2 emissions by 8 - 10 Mt /a. In this Test and Verification Programme, the 
whole power plant process from ship unloading to chimney was investigated. In practise, 
the processes of logistics and storage, milling, boiler and combustion, and flue gas treat-
ment and by-products were analysed. The tests were done in Germany, at Reuter West 
CHP plant (CHP = Combined Heat and Power). Unloading and transfer to conveyor tests 
resulted that the tested pellets can be unloaded with existing system of a coal-fired pow-
er plant, given small adaptations in dust suppression system and in the unloading system 
grabs. Though the total dust fall of torrefied pellets was at some points higher than in coal 
handling, the tests showed that conveying is possible with coal conveyors. Storage tests 
were done in hard coal yard, in the open air. The test resulted that storing can be done in 
open air, but ground insulation has to be installed in order to prevent the leaching water 
access into ground.  Addition of pre-treated biomass had no impact on boiler operation, 
by-products or emissions according to the tests at biomass share of 20 %. (Nordlander 
2012.) 
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During the test campaign, the Reuter West CHP plant operated at 20 - 50 ma% co-firing 
rates for 9 days without any technical modifications. Such co-firing rates could not be 
achieved with conventional biomass without significant investments. The results show 
low cost feasibility of co-firing refined wood pellets. According to the tests, CHP co-firing 
of refined wood pellets is a superior energy production method compared to e.g. a Bio-
CHP plant or an offshore wind park. The capacity of a wind park can be slightly higher 
than that of co-firing, but on the other hand, the amount of produced energy is higher in 
co-firing. The investment costs are the lowest in co-firing, Bio-CHP being somewhat more 
expensive and the costs of a wind park being tenfold. CO2 reduction, assuming the CO2 
efficiency being 90 % in co-firing, is the highest in co-firing of refined wood biomass.  
(Nordlander 2012.) 
 
The clear benefit of the usage of torrefied wood pellets is the reduction of total CO2 and 
SOx emissions when comparing the torrefied material co-firing to sole coal utilisation. 
Thus, the net profit of CO2 certificates and incentives is achieved. Also, the fuel basis is 
made more diverse, and the achievement of green energy production goals is approached 
by development of renewable energy sources. (Wolfgang 2012.) A social benefit is the 
creation of new, permanent jobs for whole production chain, from forest to power plant 
and transportation (Weick 2012). 
 

4.5 Environmental impacts of the production: case Torr-Coal 

 
A Dutch company called Torr-Coal has a torrefaction plant in operation, with output of 2 t 
/h of torrefied material. In 2013, the output is about to be doubled, and the pelletizing 
unit is under planning.  The raw material of the plant is wood chips, being mixture of de-
ciduous and coniferous trees obtained both from forest and park. The torrefaction pro-
cess is run at temperature of 290 °C in an indirectly heated rotary furnace. (Sluijsmans 
2012.) 
 
The environmental impacts of the plant are almost exclusively emissions to air. The gas 
produced in wood biomass torrefaction is filtered for dust removal, and then burned in an 
incinerator. After incineration, the flue gases are at temperature of 1 000 °C, and the heat 
is used to keep the temperature ideal in the torrefaction rotary furnace. The flue gases 
are emitted into air at a temperature of about 200 °C. The heat is also used for drying the 
untreated wood chips to a water content of < 10 % in a belt dryer. The air used for drying 
and the evaporated water are released into the air as such, the dust content being ap-
proximately < 20 mg /Nm3. The concentrations of the substances in the flue gas are re-
markably low, and thus the load to the environment is rather low. (Sluijsmans 2012.) The 
measurement data of the flue gas composition is shown in Table 3.  
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Table 3 The emissions of Torr-Coal torrefaction plant (Sluijsmans 2012) 

 Measurement 1: 19
th

 May 2011 Measurement 2: 4
th
 November 2011 

11 % O2 

[mg /Nm
3
 dry] 

kg /h 11 % O2 

[mg /Nm
3
 dry] 

kg /h 

Dust 1,2 0,01 2,6 0,02 

CO 6,1 0,03 15 0,13 

NOx 255 1,44 156 1,35 

SO2 56 0,32 24 0,21 

Dioxin / furan 0,011* -- -- -- 

TOC 3 0,02 3 0,03 

HF 0,5 0,003 0,2 0,001 

HCl 14,7 0,08 17,4 0,15 

*) ng TEQ/Nm
3
 dry 

 
The measurement result of the emissions from Torr-Coal torrefaction plant meet the 
stringent Belgian statutory emission standard. However, there are some technical devia-
tions in the torrefaction processes of Torr-Coal and the torrefaction equipment supplier 
of Pursiala pilot plant, Jartek Ltd, and thus the emissions cannot be assumed to be similar. 
One of the key differences is the way by which the anoxic conditions are maintained. In 
Torr-/ƻŀƭΩǎ ǇǊƻŎŜǎǎΣ ƴƛǘǊƻƎŜƴ ƛǎ ǳǎŜŘ ŀǎ ŀƴ ƛƴŜǊǘ ƎŀǎΣ ōǳǘ WŀǊǘŜƪ Ƙŀǎ ǇƭŀƴƴŜŘ ǘƻ ǳǎŜ ǿŀǘŜǊ 
vapour for replacing oxygen. Therefore the NOx emissions should be remarkably lower in 
WŀǊǘŜƪΩǎ ǇǊƻŎŜǎǎΦ ¢ƘŜ ǎǳƭǇƘǳǊ ŎƻƴǘŜƴǘ ƻŦ ǿƻƻŘ ƛǎ ǾŜǊȅ ƭƻǿΣ ŀƴŘ ǘƘǳǎ, when torrefying only 
wood material, the SO2 emissions should be minimal. The HCl content of the Torr-Coal 
plant measurements seems very high and can probably be explained by the high amount 
of needles and park biomass in the raw material. It must be noted that at the moment, 
Torr-/ƻŀƭΩǎ ǇǊƻŎŜǎǎ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ǇŜƭƭŜǘƛȊƛƴƎΣ ŀƴŘ ǘƘǳǎ ƛǘǎ ŜƳƛǎǎƛƻƴǎ όƳŀƛƴƭȅ ŘǳǎǘƛƴƎύ 
are not taken into account here. 
 

5 THE PRODUCTION CHAIN OF TORREFIED MATERIAL PRODUCTION 

 
The production chain of the torrefied wood pellets, in respect of this study, starts from 
forest and ends in transportation of ready-made torrefied fuel to the end user, see Pic-
ture 8. However, some steps are handled only on a general level, and their environmental 
impacts are not analysed specifically. In environmental impact assessment, the discov-
ered chain should cover the whole process, but in order to provide valuable and accurate 
enough analysis, the operations analysed more in detail are the processes inside the tor-
refaction plant, i.e. torrefaction and pelletizing. Both the Rislog and its pilot plant projects 
are still at the initial stage, and the raw material supply is not specified yet. Thus, the im-
pacts of the raw material collection can be handled only on a general level. Similarly, 
since there are not commercial markets and/or large-scale use of the torrefied wood pel-
lets yet, or specific end-user of the product, the impacts of the co-firing of torrefied mate-
rial are rather hard to estimate. Therefore, the impacts of the transportation to the pow-
er plant cannot be estimated either, because the distance and used transportation means 
are unknown. Something general can be said about the transportation means available in 
Ristiina, so that stage is also discussed in brief.  
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Picture 8 The production chain of torrefied wood pellets 

 
In addition to the stages mentioned in Picture 8 above, there can be several storage 
phases in between the stages. The points and ways of storage depend on the process fea-
tures and the operators. The storages outside the torrefaction plant are not considered in 
this analysis, but some general guidelines are mentioned. In the following chapters, first 
to be discussed is the supply of raw material suitable for torrefaction process in Southern 
Savonia region. Then the environmental impacts of the first three steps of the production 
chain are analysed. These sections are common for both of the pilot and Rislog plants, 
though on different scales. The plants and their environmental impacts are handled sepa-
rately in their own chapters. Due to the different locations and scales of the operation, 
the final transportation is also covered briefly in these sections.  
 

6 ENERGY WOOD POTENTIAL IN SOUTHERN SAVONIA REGION 

 
In Finland, the forested area has remained almost constant since 1930s. However, the 
forest growth is almost doubled since 1970s, so the forest biomass has increased signifi-
cantly during the decades. (Kauppi 2012.) In the Southern Savonia region, there is the 
largest biomass potential available in Finland when looking at the technical and economi-
cal cutting potential, but considering also the willingness of the forest owners to sell the 
energy wood. The energy wood potentials can be calculated either in theoretical, techno-
economic or willingness to supply basis. The theoretical view considers all the biomass 
and thus represents all the biomass available. The techno-economical approach takes into 
account only the biomass that is both technologically available and economically reason-
able to collect. However, getting wood into market depends ultimately on the forest 
owner, and thus it is worthwhile to consider their willingness to supply the wood bio-
mass. Naturally, this willingness to supply based potential is the smallest of these poten-
tials, but easiest to increase. These should not be considered as separate potentials but 
different approaches to the same potential. The total theoretical forest energy potential 
in Finland is 3,0 hm3, total techno-economic forest energy potential is 1,3 hm3 and total 
willingness to supply based potential of forest energy is 0,3 hm3. (Maidell et al. 2008, 26.) 
Increasing the use of the forest chips to the level of its techno-economical potential, i.e. 
five-fold increase in current usage, would cover only 6 % of the total energy consumption 
of Finland (Kuusinen & Ilvesniemi 2008). Therefore, it is not the all-embracing solution for 
meeting the GHG reduction targets, and other renewable energy sources should be de-
veloped as well. 
 

Transpor-
tation 

Pelletizing Torrefaction 
Transpor-

tation 
Chipping Harvesting 
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The total potential of forest energy can be classified by its sources. In Picture 9 below, the 
theoretical, techno-economic and willingness to supply based potentials are shown for 
logging residues, small-diameter wood and stumps. The potentials of logging residues in 
Southern Savonia are the largest in Finland. In case of small-diameter wood, Southern 
Savonia has the fourth greatest potential in the country. When talking about stumps, the 
theoretical potential is the largest in Finland, but techno-economic and willingness to 
supply based potentials are only third largest in the country. The potentials are shown 
both in energy content (GWh) and volume (1 000 m3). (Maidell et al. 2008.) In practise, 
however, the recoverability is limited by harvest volume fluctuations of the wood industry 
ŀƴŘ ǘƘŜ ŦƻǊŜǎǘ ƻǿƴŜǊǎΩ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ǎŜƭƭ ǿƻƻŘ ōƛƻƳŀǎǎ ŀƴŘ ǎǘǳƳǇǎΣ ōǳǘ ŀƭǎƻ by the har-
vesting support system and financing conditions. 
 

 
Picture 9 Forest energy potential in Southern Savonia (based on Maidell et al. 2008) 

 
Despite the large potential of wood, the refinement level in the Southern Savonia region 
is low, and a large number of the raw material is transported to be refined outside the 
region. Approximately 16 % of all forest industry plants in Finland are located in the East-
ern Finland province. The province consists of three regions, one of them being Southern 
Savonia with 5 % share of the total. The forest industry in the Southern Savonia region is 
mainly plywood, particle board and fireboard production, sawmills and carpentry indus-
try. (Metsäteollisuus ry 2012.) The shares of the provinces and the types of wood industry 
in Eastern Finland are shown in Picture 10. There is an initiative to increase the refine-
ment level in the region, which sets the need for the processing plants. 
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Picture 10 Forest industry in Eastern Finland (based on Metsäteollisuus ry 2012) 

 
Refinement of wood biomass in Southern Savonia would be valuable for the region be-
cause of new jobs and material of higher refinement level to be sold outside the area. In 
terms of the regional economy, forest energy production can give regional benefits on 
those operational environments where there is no chemical forest industry, as in South-
ern Savonia. In addition to sufficient raw material potential, the sourcing logistic requires 
adequate machinery and skilled and motivated workforces. Thus, forest chip production 
means direct, local employment effects in the region. It is estimated that the demand of 
forestry machines will double by 2025, and 8 000 employees are needed in addition to 
the current workforce in whole forest energy production chain in Finland. (Lauhanen & 
Laurila 2008). 
 
Considering the other sectors of society, one employee of the forest machinery producer 
employs two others, and one job in forest energy production means 1,4 - 1,5 jobs in other 
sectors. The net effect of logging residue chip production is 18 - нп ϵ κƳ3 and of log wood 
chip production 29 - оу ϵ κƳ3, depending on the chip type and production technology. In 
combined procurement of log wood and forest energy on a large-scale, the share of the 
work done in forest stays in local economy, but the benefits of the refinement go to in-
dustrial localities and domiciles of the companies. Thus production of biofuels in a local 
refinement plant will bring additional value for a region. (Lauhanen & Laurila 2008). 
 
It is possible to increase the level of the utilisation of wood in energy production sustain-
ably. As long as the growth of the forests is greater than their reduction, the forest reser-
voirs grow. In 2006, the net growth was approximately 31,6 million m3. Despite the large 
biomass potential, especially spruce logs and pulpwood were harvested more than it is 
sustainable during the last decade. Unsustainable loggings may occur, especially locally, 
since the loggings are not always distributed equally. However, the thinning potentials 
will grow in future in the whole country. The growth of the utilisation level of the forest 
chips has been fast and its use for energy purposes has almost quadrupled during the 21st 
century. This was due to several huge plant investments in the beginning of the century 
and at the moment, the 30 largest energy plants use 75 % of all forest chips. However, 
this is only approximately one fifth of the total harvesting potential of 16 million solid m3. 
The utilisation level of the canopy biomass is the highest, being approximately 30 %, but 
only 10 % of the small diameter wood potential is exploited in the energy production. The 
largest untapped potentials are in Eastern and Northern Finland. (Laitila et al. 2008.) 
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In 2006, the target was set for forest chips utilisation to be at least 8 million m3 by 2015, 
to be achieved, however, in a way that will not harm the heterogeneity of nature or nu-
trient balance of forests. The effects of the growth in energy wood harvesting and the 
harvesting methods are considered in legislation and counselling in order to ensure the 
prevention of harmful effects. The remarkable environmental effects would be for in-
stance the increase of endangeredness of endangered species, the devolution or endan-
geredness of other species, harmful impacts on long-term productivity of forest soils or 
remarkable harmful effects on other products of the ecosystem (e.g. mushroom yield, 
water quality). (Siitonen 2008.) 
 

7 MATERIALS AND METHODS 

 
This study is done on the basis of literature, seminar presentations and interviews. In ad-
dition to a literature review, the professionals of torrefaction technology and energy pro-
duction were interviewed. Jussi Karppanen from Etelä-Savon Energia Ltd. was interviewed 
on the raw material supply of the Pursiala power plant. The equipment suppliers of the 
pilot plant, Jartek Ltd. and Promicco Ltd., provided information of their processes and the 
expected environmental impacts. Neither of the torrefaction plants whose environmental 
impacts are assessed in this report exists at the time of writing, so all the process struc-
tures and environmental impacts are rather estimations. Nevertheless, the estimations 
should be as accurate as possible, and deviations from reality should be moderate. 
 
Several other companies developing the torrefaction technology were contacted in order 
to ask about the measured emissions of the existing plants. Jo Sluijsmans from Torr-Coal 
Groep was of great help by offering their measurement data for my use. The company 
has a torrefaction unit of 2 t/h output of torrefied material in Netherlands. The technolo-
gy and the environmental impacts of the plant are presented later on as a case of a func-
tioning torrefaction plant. Because many of the torrefaction-oriented organizations are 
still developing their processes, this kind of information of the environmental impacts is 
mainly confidential and only some general limit levels could be shared. Another problem 
of the information-gathering of measured environmental impacts of torrefaction process 
was that many of the pilot plants do not operate continuously, and thus, only some un-
systematic measurements have been done. I want to express my gratitude also to Jari 
Hiltunen from Andritz Ltd. for information about their pilot plants in Stenderup, Denmark 
and Frohnleiten, Austria. 
 

8 RAW MATERIAL COLLECTION AND ITS ENVIRONMENTAL IMPACTS 

 

8.1 Harvesting of wood for energy utilisation 

 
In terms of environmental impacts, the decisive factor is how intensively and widely ener-
gy wood is harvested. The raw material of forest chips are branches, canopies and 
stumps. Above-ground biomass is collected both from thinning and final felling sites, but 
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the stump removal is limited to final felling sites. Due to the differences in the intensity of 
the collection, in some areas the energy wood collection will be very intensive in the fu-
ture. See the levels of year 2010 in Picture 11. (Kuusinen & Ilvesniemi 2008.) 
 

 
Picture 11 Canopy biomass harvesting sites (left) and stump lifting sites (right) in 2010, 
% of total area (Tapio 2011) 

 
Wood for energy utilisation is collected both from final felling sites and forest manage-
ment, i.e. thinning sites of young forests. At the moment, canopy biomass and stumps 
collected during the final felling represent 70 - 80 % of total forest chips utilised in energy 
production and small diameter wood the remaining 20 - 30 % of forest chip volume. 
(Saksa 2008.) The harvesting costs of logging residue chips harvested from final felling site 
ŀǊŜ ǘƘŜ ƭƻǿŜǎǘΣ ǿƘƛƭŜ ǘƘŜ Ŏƻǎǘǎ ƻŦ ǎƳŀƭƭ ŘƛŀƳŜǘŜǊ ǿƻƻŘ ŎƘƛǇǎΩ ŎƻƭƭŜŎǘƛƻƴ ŦǊƻƳ ǘƘƛƴƴƛƴƎ ǎƛǘŜ 
are the highest. At the current energy price levels, harvesting of small diameter wood is 
possible only because of the support system, and thus the development of cost-effective 
harvesting methods plays a key role in improving the competiveness of small diameter 
wood chips. (Saksa 2008). 
 
The amount of treetop and stump biomass collected from final felling sites depends large-
ly on the ǿƻƻŘ ƛƴŘǳǎǘǊȅΩǎ Ǌŀǿ ƳŀǘŜǊƛŀƭ ŘŜƳŀƴŘΣ ƛΦŜΦ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƭƻƎƎƛƴƎǎΦ Lƴ ŜƴŜǊƎȅ 
production purposes, mainly small diameter wood, logging residues, treetops and stumps 
are used, since log wood is more expensive and is purchased by traditional forest indus-
tries. The young forest management sites make an exception on this, because the amount 
of log-sized wood is relatively small, so that it is not reasonable to collect it separately. A 
typical energy wood harvesting site is unkempt, often deciduous tree dominated young 
growing forest where vast majority of collected wood is less than log wood scale. Emis-
sion trading system has improved the competiveness of bioenergy compared to fossil 
fuels and increased the solvency of the energy producers. The use of wood-based energy 

Southern 
Savonia 
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sources diminishes the need of import of foreign energy sources, in this case coal. (Saksa 
2008).  
 
The side products of forest industry processes are already utilized completely, so more 
wood for energy production purposes is got only from wood material that cannot be uti-
lized in wood industry. The integrated harvesting of pulpwood and energy wood would 
diminish the total collection costs compared to separate harvesting. In this kind of case, 
the pulpwood and energy fraction would be sepaǊŀǘŜŘ ƻƴƭȅ ƛƴ ǘƘŜ ǇǳƭǇ ƳƛƭƭΩǎ ŘŜōŀǊƪƛƴƎ 
drum. However, there are no established and cost-effective ways of integrated harvesting 
for first thinning sites yet, at least not so that they would be cost-effective also in long 
distance transportation as well.  (Laitila et al. 2008.) On the other hand, there is a paradox 
in the increase of biomass utilization volume: it is done to prevent global environmental 
problem, but at the same time significant local environmental effects are caused. 
(Kuusinen & Ilvesniemi 2008.) 
 
The effects are dealt more in detail in following chapters. However, energy wood harvest-
ing is a relatively new operation, and no research data is available on all its impacts. Thus, 
many of the recommendations rely on the precautionary principle. Currently, energy 
wood harvesting is considered as forest management action, the purpose of which is to 
lead the forest in the best state possible for log wood production and the energy wood is 
more like a side product of this operation. Energy wood logging is the cheapest option, 
when the amount of the log wood to be cut is less than 20 m3 /ha, and correspondingly, 
the separation of the log wood from energy wood becomes efficient when the log wood 
content is more than 20 m3 /ha. Spruce trees of final felling age have approximately one 
fourth of the total biomass both in logging residues and stumps, being a bit less than a 
half of the total biomass altogether. For pines, the amount of logging residues above-
ground is remarkably smaller. (Kareinen et al. 2008.)  
 

8.1.1 Stumps 

The stumps are collected almost exclusively from spruce forests, since its roots follow the 
surface and thus the wood material accrual per hectare is high. Pine, on the other hand, 
has deep pole root, which makes its raise difficult and inefficient. Laitila et al. (2008) esti-
mated that 65 % of spruce final felling sites from which treetop biomass is collected are 
suitable for stump collection as well. The maximal collection potential of spruce stumps is 
95 %, since some of them are left in the ground for ecological purposes. To achieve the 
goals of energy wood and stump harvesting, the energy wood could be collected from 
every third forest renewal sites. Since the harvesting concentrates mainly on spruce-
dominated forests, the canopies would be harvested from two of the tree spruce renewal 
sites and stumps from every third sites. (Saksa 2008.) Lifting the stumps have a far greater 
effect on the ecosystem than logging residue collection. In order to prevent the possible 
harmful impacts in advance, the recommendations of energy wood harvesting should be 
followed. The recommendations require that 30 % of logging residue is left on site; old 
stumps and robust fresh stumps of different wood species are left without liftiƴƎ ǘƻǘŀƭƭȅ җ 
нр ǇŎǎ κƘŀ όƛƴ ŦƛƴŜ ǎƻƛƭǎ җ рл ǇŎǎ κƘŀύΦ ¢ƘŜ ŜȄƛǎǘƛƴƎ ŘŜŀŘǿƻƻŘ ǎƘƻǳƭŘ ōŜ ǇǊŜǎŜǊǾŜŘΣ ŀƴŘ 
valuable forest nature sites are left outside harvesting. Stumps are not lifted from steep 
slopes, boulder fields or rock holes, wetlands, buffer zones of water bodies or close to 
spared trees or deadwood. Robust deadwood is more significant for many species than 
small diameter canopy or branch biomass, and thus its collection does not harm them. 
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Besides, because of the limitations of harvesting technology, approximately 30 % of the 
logging residues are left on site. (Siitonen 2008.) 
 
However, lifting the stumps enables combining the soil preparation into stump lifting op-
eration, when the time consumption is only 40 % of the time used for traditional soil 
preparation. However, in sites where the stumps are lifted, 65 - 90 % of the ground sur-
face is shattered, when in traditional soil preparation the share is only 20 - 30 %. In stump 
removal sites the natural seeding is more generous than in traditional logging sites and 
thus the costs of the seedling treatment are higher than usual. At these sites, the amount 
of deciduous trees is remarkably high, and the great share remains also in first thinning 
phase. However, this enables the goal-directed co-cultivation of energy wood and log 
wood. At final felling sites, the canopy and stump collection increases the profitability of 
the forest cultivation, the estimated cost savings being 45 - рл ϵ κƘŀΣ ōǳǘ ǘƘŜ ƴǳǘǊƛŜƴǘ ƭƻǎǎ 
due to the biomass harvesting causes the additioƴŀƭ ŦŜǊǘƛƭƛǎŀǘƛƻƴ Ŏƻǎǘǎ ƻŦ нл ϵ κƘŀΦ 9ǎǇe-
cially at stump lifting sites, the higher proportion of deciduous trees increases the seed-
ling treatment costs by 45 - фл ϵ κƘŀΦ IƻǿŜǾŜǊΣ ǎƻƳŜ ŀƳƻǳƴǘ ƻŦ ŘŜŎƛŘǳƻǳǎ ǘǊŜŜ ƎǊƻǿǘƘ 
can be restricted by developing the stump lifting methods. The total benefit of wood pro-
ŘǳŎǘƛƻƴ ƎǊƻǿǘƘ ŀŦǘŜǊ ǘƘŜ ǘƘƛƴƴƛƴƎ ŘƻƴŜ ƛƴ ȅƻǳƴƎ ǿƻƻŘ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ млл ϵ κƘŀΣ ǿƘŜƴ 
the nutrient loss is compensated by fertilisation. (Saksa 2008.) The removal of the 
branches, stumps and big roots reduces the amount of organic matter in the soil and thus 
changes the functioning of the soil ecosystem. This might be harmful especially in perme-
able mineral soils (Kuusinen & Ilvesniemi 2008). 
 

8.1.2 Storing 

It is likely that the forest biomass is stored at roadside after harvesting. Some amount of 
the biomass falls at the storage site, the amount being the highest on canopy biomass 
from which foliage and snapped branches remain at the bottom of the pile. Among the 
stumps, rocks and mineral soil are carried to the storage. The storing losses of log wood 
are mainly falling needles and thin branches. Stumps and log wood can be dried in road-
side storages even for two summers, but for the canopy biomass the maximal storage 
time is one year due to the great material losses. (Laitila et al. 2008.) During the storing, 
potassium and phosphorus may be eroded into water system, if the storages are not cov-
ered or if they are situated right next to the ditches. (Helmisaari et al. 2008.) 
 

8.1.3 Effects on soil 

The coal balance of a forest is calculated from the difference between growth and reduc-
tion. In logging potential calculations, the growth is mainly greater than reduction, and 
thus forests in general are a carbon sink. Energy wood harvest can affect the carbon bal-
ances in future remarkably. Part of the stumps, roots and canopies are taken out, and 
thus the amount of the organic matter to be stored to the ground diminishes. Its effects 
have been estimated by calculations, and according to Kareinen et al. (2008), it is likely 
that the ǳǘƛƭƛǎŀǘƛƻƴ ƻŦ ǘƘŜ ŦƻǊŜǎǘǊȅ ǊŜǎƛŘǳŜ ƛƴ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛƻƴ ǿƛƭƭ ƴƻǘ ǘƘǊŜŀǘ ǘƘŜ ŦƻǊŜǎǘǎΩ 
role as a carbon sink and the effect of the energy wood harvesting to the GHG balance is 
rather low.  
 
The logging residue collection can affect the acidity of soil. The effect on the acidity is 
based on the nutrient intake of woods and on the outflow of the nutrients attached to 
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the wood biomass from the ecosystem. If the logging residue is collected as accurately as 
possible, the drain of base cations increases compared to sole log wood harvesting. Thus, 
the logging residue uptake may lower the pH of the organic layer in the soil. In final felling 
sites the pH of humus layer has decreased by 0 - 0,4 units compared to log wood harvest-
ing. This acidification effects have lasted for up to 20 years in some experiment plots. 
However, the logging residue collection has no acidification effect on the mineral soil and 
thus the effect on the soil acidity after one energy wood harvesting time remains low. 
There is not too much information available on the effects of the stump uptake to the 
physical or chemical features of the soil, such as pH levels, but it may increase the drain of 
base cations. (Helmisaari et al. 2008.) 
 
During the energy wood collection, more machines move at the logging site than in the 
traditional logging. In log wood harvesting, the soil compression and the formation of 
tracks can be prevented by doing the harvesting when the soil is frozen. However, logging 
residue or stump collection cannot be done during winter time and thus, the machines 
have to be used also in the time of the molten soil when the damages are caused. When 
the machines break the soil, the tracks become easily water pits or ditches, and the risk of 
water erosion increases. Compressing of the soil decelerates the absorption of water into 
ground, and water may flow in vehicle paths. These drains may also carry solid material 
into water bodies. Collection of the stumps and thick roots promotes the soil compres-
sion, because more machines are needed and more soil is unfolded. The compressed soil 
can be too tight for the roots of the trees, and it contains very little oxygen. Fortunately, 
the area in which the machines stir and the damages are caused is relatively small com-
pared to total forest area. (Helmisaari et al. 2008.) 
 

8.1.4 Nutrient balance and fertilization 

Nutrients are lost in common disorder situations of forests, being for example forest fire, 
logging and renewal and renovation ditching. However, harvesting the nutrient-rich bio-
mass calls into question the longevity of the forest soil for the wood production. In thin-
ning cutting, in which the logging residues are also collected, from two to six times more 
nutrients are taken out from the site compared to traditional log wood harvesting. In final 
felling the nutrient loss is 1,5 - 4,5 times higher when the residues are collected compared 
to sole log wood felling. Nitrogen is one of the most essential nutrients for forest growth, 
and very often the lack of nitrogen is the limiting factor of growth. Even if one third of the 
biomass is left on site, up to 300 kg of nitrogen per hectare is taken out from the forest 
among the forest residuals. Nitrogen is present also in soil, but is restored in persistent 
compounds and thus poorly available for plants. Conversely, nutrients in the logging resi-
dues are mainly in the forms available for reuse after a delay time. (Helmisaari et al. 
2008.) 
 
The nutrient demand of the woods is the highest soon after the first thinning, i.e. in age 
of 30 - 50 years depending on the fertility of the soil. The trees remaining after thinning 
will utilise precisely the nutrients slowly releasing from the residues, but in the forest re-
generation site the nutrient requirement remains low for years. Anyhow, the nitrogen 
leaving among the forestry residue is out from the nutrient circulation, which may affect 
to the forest growth later on. The growth loss of pine due to the logging residue collection 
is approximately 7 % compared to growth after sole log wood collection, which is approx-
imately 5 m3 /ha in 10 years. The loss of spruce is around 12 %, which is 17 m3 /ha in 10 
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years period of time. The surveys indicate regression of growth 3 - 5 years after thinning, 
i.e. in time when nitrogen would have started to get released from logging residue if it 
was left in forest. The recovery of growth was not seen in ten-year time period, and the 
duration of the regression is still unknown. However, different tree species react differ-
ently to the logging residue harvesting, and it seems that for example pine is not as sensi-
tive for nutrient loss as spruce. At some peat lands, even in the traditional log wood col-
lection significant share of nutrients can be taken out from the forest. Thus, energy wood 
harvesting is not recommendable in thick peat soils, which will not get compensating nu-
trients from mineral soil underneath. (Helmisaari et al. 2008.) 
 
Helmisaari et al. (2008) refers to the research done in Sweden, in which the logging site 
was observed 15 years after logging. The research detected that the coal-nitrogen ratio 
was increased (i.e. the amount of the nitrogen was decreased in relation to coal) after 
logging residue collection. Other foreign studies have discovered that the logging residue 
collection either has no effect or it has diminished the net mineralisation of nitrogen in 
long time period. The research done in Central Finland showed retardation of coal and 
nitrogen mineralisation in humus layer. In addition, some changes in the composition of 
the organic matter in humus layer were seen. All in all, it seemed that logging residue 
harvest has unfavourable long-term effects on key features of soil fertility. Therefore, 
some of the residues should be left on site and distributed evenly in order to maintain the 
soil fertility. The effect to the nutrient balance of the forest can be compensated by ash 
fertilisation, which, however, produces some emissions from the transportation and dis-
tribution of the ash. (Kareinen et al. 2008). 
 
Wood ash may be used in forest fertilisation, because it contains almost all the nutrients 
which are bound in wood biomass, except nitrogen and sulphur. By returning the wood 
ash into the nutrient circulation of a forest, the nutrient loss due to the wood harvesting 
can be compensated and the acidification of soil stabilised, as the sustainable usage of 
forest demands. Wood ash is alkaline, so it increases the pH of the top layer of the soil by 
1 - 3 units. Thus the ash fertilisation enlivens soil microbes and increases the solubility of 
the nutrients and the availability of nitrogen. The ash can be pelletized or granulated, 
which makes the nutrients dissolve slower and the fertilising effect last for decades. The 
use of wood ash in forest fertilisation has been studied, and its benefits have been proved 
ς especially when nitrogen is added and thus all the essential nutrients are provided. Ash 
fertilisation has not changed the heavy metal concentrations in berries or mushrooms, 
nor the soil micro-biota. (Helmisaari et al. 2008.) In this case, it must be mentioned that 
the ash from the utilisation of torrefied wood pellets in co-firing with coal cannot be used 
in forest fertilisation if the ash of coal is mixed with wood ash. Traditionally, coal ash has 
been utilised in concrete production, but mixed ash cannot be used for that purpose ei-
ther. Thus, the mixed wood-coal ash still needs further investigation in order to find the 
suitable utilisation way. 
 
Final felling increases the runoff of nitrogen, phosphorus, potassium and solid material 
into drainage basin. The nutrients are released from organic material: stumps, roots, log-
ging residues, vegetation perished in felling and litter. Good planning of the forest to be 
cut and the soil cultivation, and the buffer zone can mitigate the nutrient outflow to the 
water bodies. After a while, when the ground vegetation grows and its nutrient intake 
increases, the nutrient flow diminishes. Thinning cuttings probably does not increase the 
nutrient outflow, since the remaining woods bind the released nutrients. In energy wood 
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harvesting, a remarkable amount of organic matter and nutrients are taken out from the 
forest, and thus the nutrient flow to the water system is diminished. However, if there are 
not enough of bigger logging residue fractions are left to bind the nitrogen it can be erod-
ed even more than in traditional logging. Energy wood harvesting may also increase the 
acidity of forest soil, since among the energy wood also potassium and magnesium is tak-
en out. Furthermore, this causes ascended aluminium and iron concentrations in lakes 
nearby. It may also cause mercury and lead to dissolve into waters. (Helmisaari et al. 
2008.) 
 
Clear-cutting of forest has a remarkable effect on the vegetation per se, and the addition-
al impact of logging residue collection is minor. Small differences in richness of common 
species between clear-cutting site and integrated clear-cutting and logging residue har-
vesting do not seem significant. Yet, canopy biomass collection has proved to increase the 
productivity of planting new trees (Saksa 2008). The sites considered in the Forest Act and 
other valuable environments are usually left outside loggings, and thus, energy wood har-
vesting is not done in those sites, either. Forests in a natural state have approximately 60 
- 120 m3/ha of deadwood. In a managed forest, the regular thinning cuttings produce 
small diameter deadwood the same amount that is formed in natural state forests due to 
natural disruption situations. There are 4 000 - 5 000 different species that are dependent 
on deadwood, which is at least one fifth of all species. The decrease of deadwood amount 
due to the efficient forest utilisation has been the most significant side-effect that has 
caused devolution or endageredness of the forest species, especially the ones dependent 
on robust deadwood. Energy wood harvesting diminishes the amount of deadwood and 
thus the suitable habitats for deadwood dependent species. Due to the thinning of humus 
layer, logging residue collection affects some soil organisms, which has a further detri-
mental effect on the forest productivity. (Siitonen 2008.) 
 
If the energy wood from young forests is collected pruned, the biomass accrual would 
decrease approximately 42 - 46 %. Then the canopy biomass is left on site, but the mini-
mum amount of 25 m3 /ha set for the energy wood harvesting would be hard to achieve. 
(Laitila et al. 2008.) There is not enough research done about the impacts of organic mat-
ter removal for soil biota, forest structure and functioning or the development of new 
forest. The canopy biomass collection, which is done in the process of thinning of a young 
forest, causes growth losses in the remaining woods. These losses can be diminished by 
leaving the needles and some canopies on the site. Similarly, the nutrient loss can be 
compensated with fertilisation. (Siitonen 2008.)   
 

8.1.5 Sustainable energy wood harvesting 

Saksa (2008) sees that as a whole, the effects of forest biomass harvesting to forestry and 
forest economy can be considered to be positive, since the costs of forestry are dimin-
ished and the net profits of forest economy are increased due to the forest chip produc-
tion. Because the nutrient content of the needles is remarkably higher than of woody 
biomass, energy wood harvesting causes many times higher nutrient losses than sole log 
wood collection. The nutrient loss is the highest in the spruce dominating forests, where 
the canopy yield is the highest. In terms of the effects, the difference is remarkable if the 
limbed log wood is also collected during the energy wood harvesting, or if the canopy 
biomass of the final felling site is collected dried. In both of these scenarios, the needles 
are either left or have fallen on the site. It seems that the growth losses are comparable 
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to the amount of nitrogen removed from the site. However, the canopy biomass collec-
tion gives selling revenues and at final felling sites it enhances the renovation. These 
compensate the possible economical expenses of the forest fertilization. (Kuusinen & Il-
vesniemi 2008.)  
 
The Forestry Development Centre Tapio has established guidelines for energy wood har-
vesting, based on the precautionary principle. The guidelines consider both the selection 
of the harvesting sites and the operations at the site. According to new research findings, 
30 % of the canopy biomass should be left on site in all conditions. The aspens should not 
be collected at all because of their importance to demanding species growing in dead-
wood. Because of the importance of all deadwoods to many species, it should be consid-
ered whether the collected and smashed deadwood should be compensated by leaving 
more trees on site. Lifting the stumps is not soil preparation method, and the proper han-
dling of the ground should be ensured. Many of the environmental impacts of stump lift-
ing relate to great amounts of revealed mineral soil, which should be controlled and not 
be done in vain. In order to prevent the insect and fungus damages, the energy wood 
harvesting should not be done in late autumn nor in spring time, the storage piles are 
built so that in the top layers is only deciduous trees and the canopy biomass is used also 
to strengthen the soil in places of a risk for sags. In log wood felling, the chemical treat-
ment of the stumps is recommended in the risk areas of fungus infections. In energy 
wood harvesting this is not currently possible, but it should be done especially in South-
ern Savonia when harvesting is done in the summer. (Kuusinen & Ilvesniemi 2008.) 
 
The recommendations for sustainable utilisation of the forest resources are based on the 
data of the resources available. The technical restrictions and criteria for energy wood 
harvesting sites should also be considered. Thus it is possible that it is not possible to har-
vest the politically set goal of 12 million m3 of forest chips by following the requirements 
for sustainable energy wood harvesting. For realistic data, dynamic calculation methods 
should be developed. The recommendation is that on final felling sites, 30 % of the log-
ging residue is left on site, but in the end it is thŜ ŦƻǊŜǎǘ ƻǿƴŜǊΩǎ ŘŜŎƛǎƛƻƴΦ ¢ƘŜ ƳƻǊŜ ƛǘ ƛǎ 
gathered, the greater are the revenues, but simultaneously increase the growth losses 
and other risks. There are pros and cons in energy wood harvesting. The effects are mate-
rial and immaterial, and become visible during different time periods. In order to increase 
the harvesting rates, it is crucial that the forest owners are willing to sell the energy 
wood. To ensure that, the forest owner should get a satisfactory compensation and be 
aware of the effects of the trade. The forestry sector operators have to be able to ensure 
that the effects of the harvesting are considered and the risks are managed by following 
the requirements. The nutrient loss of the logging site can be compensated successfully 
by using combined wood ash and nitrogen fertilisation. (Kuusinen & Ilvesniemi 2008.) 
 

8.2 Chipping 

 
The production means of the wood chips can be classified according to the chipping loca-
tion into centralised and decentralised methods. Centralising the chipping to the place of 
use or terminal enables large annual yield, high utilisation level of the machines and low-
er chipping costs. However, the weakness of the method is the inefficiency of the trans-
portation of untreated forest biomass. It can be improved by compressing the canopy 
biomass, pruning the thinning woods and chopping the stumps and roots. Chipping the 
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stumps and round wood requires heavy-duty crushers and is therefore possible only in 
centralized chipping facilities. Because of high investment costs, the centralised chipping 
suits only for large power plants or terminals, from which the chips can be shipped to 
power plants of different sizes. At the moment, chipping is done mainly distributed, in 
interim storages, but it is estimated that in near future chipping will be done more and 
more in terminals, from which wood chips are distributed to the end users and refine-
ment plants. (Laitila et al. 2008.) Chipping is more cost effective when done at the termi-
nal because of the greater volumes, higher utilisation rate and smaller loss. Also, chipping 
at the terminal decreases the space requirement at the end user site. 
 
The methods of the distributed wood chip production are the harvesting chains based on 
chippings done either in interim storage or at the felling site. In interim storage chipping 
method, the load capacity and load size of the truck is fully exploited and the method is 
also transportation-efficient in long distance transportations. This is the main method 
ǿƘŜƴ ǇǊƻŘǳŎƛƴƎ ŦƻǊŜǎǘ ŎƘƛǇǎ ŦǊƻƳ ȅƻǳƴƎ ŦƻǊŜǎǘǎΩ ǘƘƛƴƴing sites. In felling site chippings, 
the chipping and the transportation in forest, as well as the logging in some cases, is done 
by one machine. Compared to a normal forest harvester, a machine that also does the 
chipping is more expensive and heavier, because of which the transportation distances in 
the forest should be short and the ground should be load-bearing and steady. Hence the 
amount of wood chips produced at the site is very small. (Laitila et al. 2008.) 
 
If small diameter wood, logging residues and stumps are chipped at the terminal or the 
place of use, the noise nuisance and aesthetical harm are reduced at the logging site. On 
the other hand, the space demand of the chips is less than of the original material, and 
thus chipping at the logging site reduces the transportation traffic and the operation days 
at the forest, which is positive in terms of recreational use of the forest. (Karjalainen & 
Sievänen 2008.) Logging residues and energy wood should be dried as such, and chipping 
be done right before the utilisation, since long-term storing is not recommendable. Dur-
ing the long-term storage, processes, such as rotting, growth of micro-organism activity 
and loss of volatile hydrocarbons, take place and thus the solid mass of wood decreases 
and increase the dry matter losses. The need for mechanical drying of the wood chips 
depend on whether the chips are burned as such or refined further to pellets or bio-coal. 
It is not efficient to dry the chips that are utilised in incineration as such, but the raw ma-
terial of pellet production or torrefaction process has to be dried up. (Pöyry Management 
Consulting 2011.) 
 
In Rislog, both chipped and non-chipped wood biomass is taken to the logistic centre, 
chipped approximately from a < 100 km distance and non-chipped from a < 50 km dis-
tance. This is because the transportation of non-chipped wood biomass is not as efficient, 
and thus the wood should be chipped before long-distance transportation. In the Pursiala 
power plant area, the chipping is prohibited because of the noise caused by the process, 
and thus the raw material of the pilot plant is chipped at the logging site. 
 

8.3 Transportation to the torrefaction plant 

 
In the Pursiala pilot plant, the raw material is first taken from the raw material storage of 
Pursiala power plant, and later on the pilot will purchase its own material. However, the 
chips are probably purchased from the same suppliers that deliver the material to the 
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power plant and thus the features of its material supply chain apply also to the torrefac-
tion pilot. According to Jussi Karppanen (2012), the Bioenergy Engineer of Etelä-Savon 
Energia, the company purchases its wood material from a radius of 60 km from the plant. 
The transportation is done mainly by road, with full and semi-trailer trucks. The estima-
tion in emission calculation is that the filling rate is 100 %; 40 t for full trailer trucks and 
25 t for semi-trailer trucks. In case of the pilot plant, the approximate transportation dis-
tance is 30 km. If we assume, that 50 % of the raw material is transported by full trailer 
truck and 50 % by semi-trailer truck, the total carbon dioxide equivalent (CO2e ) emissions 
are approximately 7 226 kg per annum, i.e. the whole production time of the pilot plant. 
However, since it is more efficient to transport by full trailers, the emission rate can be 
lowered by increasing the usage of them. If 75 % of the material is transported by full 
trailer trucks, and the remaining amount by semi-trailers, the total CO2e emissions are 
only 6 738 kg per year. Also, the transportation distance affects the emissions. If the ap-
proximate transportation distance is raised to 50 km, with shares of 50 % for both trans-
portation means, the total CO2e emissions are 12 044 kg per year. Increasing the share of 
the full trailer to 75 %, the emissions drop down to 11 230 kg. (See VTT 2012a, VTT 
2012b.) 
 
The raw material demand of the Rislog torrefaction plant is much higher than of the pilot 
plant, and thus the traffic emissions are manifold. However, in the Ristiina bio-logistic 
centre, the railroad and water way transportation means are also used, both of which are 
more eco-efficient than road transportation. Lappeenranta University of Technology sim-
ulated the procurement logistics of the Ristiina bio-logistic centre with different procure-
ment volumes. Current estimation of the annual raw material volume of the Rislog in it 
full operation is 1 million m3, of which 50 % is torrefied. At this point, the total volume of 
the raw material stream to the terminal is so high that all the transportation means, being 
road, railroad and waterway traffic, are applied. If one third of the raw material demand 
is transported by trucks, 30 - 40 energy wood and wood chip trucks arrive at the terminal 
daily; the trucks run 365 days per year. Similarly, if one third of wood chips are transport-
ed by train, 1 - 2 trains of 15 cars arrive at the terminal daily. Trains also run year round. 
Barges pushed by towboats may also carry one third of the raw material demand, and 
thus will unload the cargo daily in its operating period of 270 days per year. (Pöyry Man-
agement Consulting 2011.)  
 
Even though both trains and towboats are more eco-efficient than trucks, i.e. the unit 
emissions are lower, the transportation distance is likely to be longer. There is sufficiently 
raw material close by, but the waterway transportation enables efficient raw material 
transportation from longer distance as well. The possibilities of raw material import from 
Russia via waterway have been investigated. Many of these details are still not clear, but 
some estimation is used in the following calculations. One third of total raw material 
stream transported by road from average distance of 50 km causes CO2e emissions of 
223 000 kg annually. Same amount of energy wood transported by railroad causes CO2e 
emissions of 338 000 kg per year if transported from average distance of 100 km. Water 
way transportation is the most efficient, and the transportation of one third of total from 
average distance of 100 km causes CO2e emissions of 310 000 kg per annum. All together 
the CO2e emissions caused by the raw material procurement of the torrefaction unit of 
Rislog in estimated production level are 871 000 kg per year. (See VTT 2007, VTT 2009.) 
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9 CASE PURSIALA PILOT PLANT 

 
The purpose of this study was to determine the possible environmental impacts of the 
Pursiala torrefaction pilot plant and the Rislog commercial scale torrefaction plant. The 
assessment is about to be utilized in the permit processes of the plants. Therefore, the 
estimations are as accurate as they can be with the limited knowledge and experience of 
especially commercial scale plants. However, even though there are some torrefaction 
pilot plants worldwide, the variations of the technologies also affect the emissions and 
other environmental impacts. Therefore, some of the following environmental impact 
assessment base on the measurement results of the existing plant, but still they cannot 
be taken too strictly. Still, I believe, that the suspected environmental impacts of the 
plants shown in this and the following chapter represent the best available estimation 
and can thus be used in the permit processes. 
 
Since torrefaction of wood in general is such a new innovation, before building up a large-
scale torrefaction plant the technology has to be piloted on a small scale. The torrefaction 
pilot plant is about to be located in the middle of the existing industrial plants in Pursiala, 
Mikkeli. In Picture 12, the northern part of the Pursiala industrial area is shown. The red 
circles point out the existing industrial plants, the rightmost being the ESE power plant. 
The buildings inside the yellow circle are demolished, and the pilot plant, marked with a 
blue rectangle, is going to be located on the site of the demolished buildings. 
 

 
Picture 12 The locating of the pilot plant into Pursiala power plant site (Google Maps 
2012) 

 
The background of the torrefaction pilot plant project, the piloting equipment and the 
environmental impacts and risk assessment of the plant are discussed in the following 
chapters. Although the pilot plant is about to be built at the end of 2012, not all the de-
tails of the equipment or the equipment suppliers have been finalized yet. Heretofore, 
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negotiations have taken place with two separate companies, first of which supplying the 
torrefaction apparatus and other the pelletizing unit. The purpose of the piloting plant is 
to test the process properties and the end product quality, and thus not all the process 
details or environmental impacts can be known in advance. 
 

9.1 Background 

 
The aim of the pilot project is to build a pilot plant for commercial torrefied wood pellet 
production, which develops the torrefaction technology and the pelletizing technology of 
torrefied material. The target of the pilot process is to observe the requirements for raw 
material and the end product and to particularise the investment costs. Behind the Pursi-
ala pilot plant of torrefied wood pellet production, there is a plan of a large-scale torre-
faction plant to be built up in 2015 in Ristiina, Eastern Finland. The pilot plant is planned 
to be set in Pursiala, Mikkeli, Eastern Finland. The operation of the pilot plant is tempo-
rary, ending in June 2014. 
 

 
Picture 13 Locations of the Pursiala pilot plant (purple spot) and Ristiina bio logistic cen-
tre (red spot), area of biomass collection (purple and red circles) and the locations of 
coal-fired power plants in Finland (Google Maps 2012) 

 
Both the pilot plant and the large-scale torrefaction plant are located in Eastern Finland, 
near the city of Mikkeli, as seen in Picture 13. The location of the pilot plant is shown in 
purple and the large-scale plant in red spot. The raw material of the pilot plant is about to 
be collected from area shown in the Picture, which is at approximately a 60 km distance 
from the city of Mikkeli. The large-scale torrefaction plant of Ristiina will gather its raw 
material from a larger area, in the Picture 13 there is an estimated area of 100 km dis-
tance shown with red circle. The raw material collection will be discussed in more detail 
later on. Torrefied wood pellets will be used in coal-fired power plants, most likely at the 
coast of Finland, where most of the plants are located. One of the Finnish energy produc-
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ers running coal-fired power plants participates in the pilot project, and the test co-firing 
will be done in their plants. Since all the currently coal-fired power plants are potential 
customers of the commercial torrefied wood pellet production, all currently operating 
plants in Finland are marked in Picture 13. 
 

9.2 Description of the Pursiala pilot case 

 
The pilot plant is about to be built in Etelä-{ŀǾƻƴ 9ƴŜǊƎƛŀ [ǘŘΦΩǎ tǳǊǎƛŀƭŀ ǇƻǿŜǊ Ǉƭŀƴǘ ŀǊŜŀ 
in autumn 2012. The purpose of the pilot plant is to produce initial information about the 
technique and requirements of the raw material for the large-scale torrefaction unit. The 
production capacity of the pilot plant is about 2 900 t/a, so it is a relatively large-scale 
pilot. That is because the end product is about to be tested in power plants using coal as 
their primary fuel. However, the annual production is set to the level on which the envi-
ronmental permit process is not needed. The piloting project will take from one to two 
years, the operational time being one year. The project is divided into two phases, the 
building-up phase (first phase) and the actual operation phase (second phase). 
 
If the building of the pilot plant gets started in autumn 2012, the first phase lasts until 
January 2013. During the first phase, the installations and the initialization are done. Dur-
ing the initialization, the raw material is taken from the stores of the ESE power plant and 
ǘƘŜ ŜƴŘ ǇǊƻŘǳŎǘ ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛƻƴΦ !ǘ ǘƘƛǎ Ǉƻƛƴǘ, the focus is on 
equipment testing and process optimizing, so the turnout is very small and the actual op-
eration starts in the next phase. ESE collects the raw material from approximately a 60 km 
distance from its power plant. The wood is chipped at a logging site and transported to 
the power plant by full trailers and semitrailers. The environmental impacts of the raw 
material collection of the pilot plant are estimated according to this information. At the 
initialisation phase, it is relevant because of shared raw material collection with the ESE 
plant, but even though the pilot plant will purchase its own raw material in its actual op-
eration phase, the attributes are assessed to remain the same.  
 
The second phase is the actual production stage. It is estimated to last 12 months, but in 
case there are some problems in the operation, the process may continue until June 
2014. Thus, the operational time of the plant is 17 months at the most. At this point, the 
pellets are produced for tests to be done in coal-fired power plants volume being approx-
imately 2 900 t/a. The research project is launched for studying the raw material re-
quirements and the quality of the end product for the purposes of the large-scale torre-
faction unit. The research project is carried out by Mikkeli University of Applied Sciences 
and LappeeƴǊŀƴǘŀ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΩǎ ŘŜǇŀǊǘƳŜƴǘ [¦¢ {ŀǾƻ {ǳǎǘŀƛƴŀōƭŜ ¢ŜŎƘƴƻl-
ogies. 
 
The main goal of the piloting project is to build a commercial scale torrefied wood pellet 
pilot plant, which can provide valuable research data for a large-scale unit. The objectives 
are to develop the torrefaction technology of wood bio mass and the pelletizing technol-
ogy of torrefied material. The suitability of different types of wood raw materials for the 
torrefaction process and their effects to the end product quality is observed in the re-
search project. In the research project the logistic operations of Ristiina bio-logistic termi-
nal are also modelled and the logistical options of the torrefied pellets from the terminal 
to end user are demonstrated. The competitiveness of the torrefied pellet is clarified on 
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the basis of the logistic solutions to be used in the area and the features and cost factors 
of the Ristiina torrefaction plant. The end product will be tested in coal-fired power plants 
in Finland. 
 

9.3 The piloting equipment 

 
¢ƘŜ Ǉƛƭƻǘ Ǉƭŀƴǘ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ 9{9Ωǎ ǇƭƻǘΣ ǊƛƎƘǘ ƴŜȄǘ ǘƻ ǘƘŜ ŜȄƛǎǘƛƴƎ ǇƻǿŜǊ ǇƭŀƴǘΦ 9{9 Ǉŀr-
ticipates on the piloting process as a co-operator. The process of planning the building up 
a pilot started in 2011 by looking the possible partners. The equipment suppliers were 
chosen in late 2011. The pilot scale torrefaction process has been developed by Jartek 
Ltd., but no contract for building up the pilot plant has been made yet. The pelletizing unit 
supplier at the pilot plant is most likely Promicco Ltd, though no contract has been made 
with that company, either. Jartek Ltd. is one of ǘƘŜ ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ ǿƻƻŘ ǘƘŜǊƳƻ-
treatment equipment manufacturers. The companies have some previous experience in 
the thermal treatment of wood and its pelletizing. However, the processes will be tested 
and developed in the Pursiala pilot plant.   
 
Area demand of the Pursiala pilot plant is 50 x 20 m, and compared to the whole industri-
al area, the plant fits on relatively small area. The layout of the pilot plant is shown in Pic-
ture 14. The heights of the units of the Pursiala pilot plant vary from 6 to 9 metres, except 
for the stack, which is several metres higher. There have been questions whether the pi-
lot plant causes visual harm for example for the Mikkelipuisto Park, which is in the direc-
tion of the top left corner in Picture 12. It can be seen that the other existing industrial 
plants are in front of the pilot plant and thus the visual harm caused by the pilot plant is 
marginal, and temporary.  
 

 
Picture 14 The layout of Pursiala pilot plant (Ramboll 2011) 

 
Wood chips are conveyed from chip silo to the torrefaction unit, in which all the phases of 
torrefaction, from initial heating to solids cooling, take place. After the torrefaction pro-
cess, the torrefied mass is delivered to the pelletizing unit. There might be need for a 
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storage silo between the torrefaction and pelletizing, and it could be located next to the 
pelletizing unit. In the pelletizing process, torrefied material is crushed, and some addi-
tives are added before pelletizing. In the pelletizing unit, the pellets are packed into flexi-
ble intermediate bulk containers, i.e. big bags. The torrefaction unit is dense when in pro-
gress in order to keep up the anoxic conditions, but it can be opened when maintaining 
the equipment. However, the need for this kind of maintenance occurs only by exception, 
i.e. if some device damages appear (Piispa 2012). Both processes are run by electricity, 
and the anoxic conditions are achieved by introducing water vapour into the process to 
replace oxygen. Water vapour is also used in cooling the biomass after torrefaction to 100 
°C. The torrefied mass is conveyed to the pelletizing unit, in which water vapour is taken 
into process in order to control the flammability and explosion risks. It also constrains the 
dusting of the material. The water vapour is most probably leaded to gas burner, when it 
is burned among torrefaction gases and water vapour of torrefaction process, in order to 
prevent the malodorous air release. 
 

9.4 Environmental impacts of the plant 

 

9.4.1 Emissions to air 

During the torrefaction process, water and volatile compounds escape the side products 
being the process gas and condensing water. According to the Best Available Techniques 
(BAT) principle, the malodorous emissions can be diminished by efficient collection sys-
tems. Burning the collected gas is according to the BAT principle, when the SO2 emissions 
are controlled as well. Incineration of the possibly malodorous gases also carries out the 
odour problems of the plant. (Vasara et al. 2001.) In the pilot plant, the process gas is 
burned in a natural gas burner and thus the emissions to air are mainly carbon monoxide 
(CO), carbon dioxide (CO2) and nitrogen oxides (NOx), the latter of which is the most sig-
nificant flue gas of natural gas burning (Jalovaara et al. 2003). By burning the gas, the bad 
odours are also avoided. Jartek Ltd. has measured the nitrogen oxides (NOx) and sulphur 
dioxide (SO2) emissions in their test plant. The NOx emissions have been slightly above the 
limit values, but since the burning process has been remarkably different and thus the 
burning incomplete, the results are likely to be within the limits in a pilot plant. The SO2 
ŜƳƛǎǎƛƻƴǎ ƳŜŀǎǳǊŜŘ ƛƴ WŀǊǘŜƪΩǎ ǘŜǎǘ Ǉƭŀƴǘ ƘŀǾŜ ōŜŜƴ ǳƴŘŜǊ ǘƘŜ ǎŎŀƭŜ ƻŦ ǘƘŜ ƳŜǘŜǊƛƴƎ Ře-
vice. Flue gas burning in general is tested technology in pulp industry, and it is proved to 
be an efficient way to reduce the malodorous gas emissions (Aunela-Tapola et al. 1996). 
 
In the pelletizing unit, the spreading of the dust is prevented by fabric filters through 
which all the outgoing air is circulated. All the conveyors are encapsulated, so the materi-
al cannot whirl into the air. However, dusting may occur when the torrefaction unit is 
maintained so that the torrefaction bed is taken out and the remaining solid material on 
the bottom of the bed gets whirling. The production of the pilot plant does not require 
the maintenance to be done immediately in case of disruption of the process, and the 
dusting problem can be minimized by doing the maintenance in proper weather condi-
tions, when the whirling is minimal.  
 



38 

 

 

9.4.2 Emissions to ground 

The liquid compounds formed in the process are mainly water and acetic acid. In liquid 
form, these would be the only compounds that could easily absorb into ground, but since 
they are formed in the process, they are in gaseous form and thus part of the process gas, 
which is burned. Approximately 30 tons of solid residual is produced during the piloting 
project. The material is burned in the ESE power plant and thus will not be leaded to 
ground. The pilot plant is located near the groundwater zone, but will not cause pollution 
risk to it. In Vattenfall open air pile storage tests of heat treated pellets, high COD values 
of leaching water resulted in laboratory analysis (Nordlander 2012). The access of leach-
ate waters to nature can be prevented by installing a blocking layer and proper drainage 
systems. In the Pursiala pilot plant, however, the pellets will be sacked right after pelletiz-
ing, and thus will not be stored in open piles outdoors. 
 

9.4.3 Condensing water 

The oxygenless conditions are achieved with water vapour, which acts as an inert in the 
process. After the post-drying and intermediate heating phase, the water vapour is 
brought into the chamber and thus the suitable conditions for the torrefaction process 
are achieved. Water vapour is also used in solids cooling, to cool the material after the 
torrefaction. Torrefied material is hydrophobic and thus will not be affected by the hu-
midity. The water vapour condensates as the temperature falls under 100 °C during the 
cooling phase. In the piloting process, approximately 1 m3 of water condenses in a month. 
The condensing water is acidic; according to the measurements of Jartek Ltd its pH is ap-
proximately 2,7. In the Pursiala pilot plant the waste water is either about to be collected 
to the separate tank, which is emptied frequently, or led to municipal water treatment 
plant according to a similar type of special waste water management contract as the 
wood thermal treatment plant nearby. 
 
Condensing water of the torrefaction process also contains dissolved compounds. The 
BAT limit values for paper and pulp mill for water are 10 - 20 m3/t of consumption, 1,2 - 
1,9 kg /t for TSS (total suspended solids), 1,6 - 2,6 kg /t for COD (chemical oxygen de-
mand) and 0,15 - 0,25 kg /t for BOD7 (biochemical oxygen demand) (Vasara et al. 2001.) 
Due to similarities in processes, these values can be used as reference values in the torre-
faction process as well. 
 
Water vapour is also present in the pelletizing process. However, the water is not con-
densed, but delivered to the gas burner, in which the vapour is burned to prevent the 
malodorous release into the air. It is assumed that some substances are released from 
torrefied biomass into water vapour, and thus the vapour is delivered to the burner. The 
content of the vapour is measured in the pilot plant, and if it does not contain any malo-
dorous or otherwise harmful substance, the vapour could be released to air through fil-
tration systems. 
 

9.4.4 Noise pollution 

The noise level of the torrefaction pilot plant is not remarkable when compared to other 
industrial plants in the area. According to the manufacturer of the fan engine, the noise 
level in a 1 metre distance from the engine is approximately 62 - 67 dB (A), depending on 
the size of the engine. Other noise sources are similar conveyors and unloading equip-
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ƳŜƴǘ ŀǎ ƛƴ ǘƘŜ 9{9Ωǎ ǇƻǿŜǊ ǇƭŀƴǘΣ ōǳǘ on a smaller scale and used only some hours in a 
day. Thus the noise pollution addition is marginal. In the pelletizing unit, the devices hav-
ing noise level of 80 - 90 dB (A) in 1 meter off the apparatus are inside the production 
unit, so outside the unit the noise level is remarkably lower. The pilot plant is used in two 
shifts at most, so the noise pollution is caused only up to 16 hours a day. 
 

9.4.5 Traffic emissions 

During the first phase, the traffic load to the Pursiala power plant area is increased by the 
delivery and installation of the facilities. At this point, there is no increase in raw material 
transportation to the power plant site, since the pilot plant takes its material from the 
9{9Ωǎ Ǌŀǿ ƳŀǘŜǊƛŀƭ ǎǘƻŎƪ ŀƴŘ ǊŜƭŜŀǎŜǎ ǘƘŜ ŜƴŘ ǇǊƻŘǳŎǘ ōŀŎƪ ǘƻ ǘƘŜ ǇƻǿŜǊ ǇƭŀƴǘΩǎ ŎƛǊŎǳƭa-
tion. At the second phase, the production of the torrefied pellet is estimated to be 2 900 
tons annually, which means that a total of 6 500 t of wood chips are needed. The amount 
can also be expressed as 21 000 stères (loose cubic metres), the unit meaning the volume 
of 1 m3 filled with wood chips loosely, with air between them. The amount corresponds 
to 175 full trailer loads of raw material in 17 months. On a monthly basis, 10,3 full trailer 
loads of raw material are received and the end product is shipped in 4,3 full trailer loads. 
/ƻƳǇŀǊŜŘ ǘƻ ǘǊŀŦŦƛŎ ǘƻ 9{9Ωǎ ǇƻǿŜǊ ǇƭŀƴǘΣ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘǊŀŦŦƛŎ ƭƻŀŘ ōȅ ǘƘŜ Ǉƛƭƻǘ Ǉƭŀƴǘ ƛǎ 
marginal. The raw material is transported to the plant from approximately a 60 km dis-
tance (Karppanen 2012). The emission effect of the traffic load is handled more precisely 
in chapter 8.3. 
 

9.4.6 Aesthetical impacts 

The pilot plant is situated next to the existing power plant, partly behind the other indus-
trial buildings. The plant is relatively small and neutral in its colouring, and thus will not 
cause remarkable visual harm. The operation time of the plant is 20 months at the most, 
from November 2012 to June 2014, and after that the plant is deconstructed and taken 
away. Therefore, all the impacts of the plant, including the aesthetical impacts, are tem-
porary. There has been discussion about moving the industry in general away from the 
Pursiala area because of the proximity to the city centre and Lake Saimaa. However, the 
time scale for this kind of projects is very long, and is not likely to happen in the next dec-
ade. Nonetheless, the pilot plant is temporary, and thus will not affect to the overall de-
velopment plans of the area. 
 

9.4.7 The eco-balance of the plant 

In the eco-balance, all the input and output streams of a process are listed. The eco-
balance of the Pursiala pilot plant is shown in Table 4. All the inputs and outputs are listed 
in the table, and the annual amounts of the substances are estimated. It must be noted, 
however, that the amounts are only estimates, and since the processes are namely about 
to be tested in the pilot, some amounts are hard to estimate. In the pelletizing process, 
some additives are added, but since the idea of the pilot process is to test the ideal quan-
tity, the annual input cannot be estimated exactly. The substances and quantities listed in 
the table are assessed together with the equipment suppliers, and thus represent the 
best prediction available at the moment. 
 
  



40 

 

 

Table 4 Eco-balance of the Pursiala pilot plant 

INPUT              estimated annual amount OUTPUT        estimated annual amount 

Raw material 
Wood chips                           6 500 t 

Production 
Torrefied wood pellet           2 900 t 

Energy (mainly electricity) 
Torrefaction unit      3 800 000 kWh 
Pelletizing unit           755 000  kWh 
 

Waste water 
Collected separately or lead to 
municipal waste water treatment 
plant 

10 000 l 

Water 
Torrefaction process           75 000 l 
Pelletizing unit                  300 000 l 

Waste 
Solid material                    1 000 kg 
 

Gas 
Natural gas is used for burning the 
process gases 

Noise 
Occurs max. 16 hours / day, in 
maximum level of 67 dB(A) 

Packing material 
FIBC1 

1500 - 2000 pcs 

Emissions to air, water or soil* 
Dust                                        20 kg 
CO                                        120 kg 
NOx**                                 2 080 kg 
SO2***                                   400 kg 
TOC                                        40 kg 
HF                                             3 kg 
HCl***                                 170 kg 

Chemicals 
Additive a                         1 - 5 % = 
Additive b        29 000 - 145 000 kg              

* ) Calculated by multiplying the average of Torr-Coal measurements by ratio of outputs, and multiplying it 
by annual working hours of the plant (16 h x 250 workdays = 4000 h) 
** ) The anoxic conditions are achieved by water vapour ς no nitrogen is used. Natural gas incineration will 
produce some NOx emissions. 
*** ) High SO2 and HCL contents can be explained by raw material of Torr-Coal torrefaction plant; the con-
tents in Pursiala pilot plant can be expected to be lower. 

 
The torrefaction process is quite simple, and thus no unpredicted material streams out-
side the list should occur. The additives are used in the pelletizing process, and their 
quantities in the pellets are about to be tested in the piloting project. All the outputs can 
be handled by standard methods and no risk to environment should be caused. It must be 
pointed out that the measurements of the Torr-/ƻŀƭΩǎ ǘƻǊǊŜŦŀŎǘƛƻƴ Ǉƭŀƴǘ Ŏŀƴƴƻǘ ōŜ ŀp-
plied to the Pursiala pilot plant as such because of the process differences. The main dif-
ferences are the ways in which the oxygen is replaced in the process. In Torr-/ƻŀƭΩǎ Ǉƭant 
nitrogen is used as inert gas, which explains the high NOx emissions. In the Pursiala pilot 
plant the NOx emissions are estimated to be remarkably lower, since they are produced 
only in natural gas burning process, when the atmospheric nitrogen oxidizes.  
 

9.5 Environmental risk assessment of the plant 

 
The operation of the Pursiala torrefaction pilot plant is linked to the Pursiala power plant 
ƛƴ Ƴŀƴȅ ǿŀȅǎΦ !ǎ ƛƴ ǘƘŜ 9{9Ωǎ tǳǊǎƛŀƭŀ ǇƻǿŜǊ ǇƭŀƴǘΣ ƛƴ ǘƘŜ Ǉƛƭƻǘ Ǉƭŀƴǘ ƻƴƭȅ ŀ ƭƛǘǘƭŜ ŜƴǾƛǊƻn-
mental harmful substances are handled. In exceptional situations, the procedures of ESE 

                                                      
1
 Flexible intermediate bulk containers (big bags) 
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are followed. In case of an accident, both the environmental authorities and the citizens 
living nearby are informed about the situation. The identified risks are handled in several 
sections: the input materials, the plant and its processes, the activities at the plant, the 
output materials and the external factors. The possible emission source and its impacts 
when emitted are listed, and the levels of the probability and consequences are estimat-
ed. The estimations were done together with the Biosaimaa cluster coordinator Mika 
Muinonen. The equipment suppliers were also consulted. The ways to control the risk are 
listed in the final column. However, it must be pointed out that not all the materials or 
processes are listed, but only the ones that may have some environmental impact. Thus 
the tables are not a complete process chart or listing of input and output materials. 
 

9.5.1 Input materials 

Materials brought into the torrefaction process are wood chips and water vapour. Natural 
gas is used for burning the process gas. Pelletizing process uses some additives, named as 
άŀŘŘƛǘƛǾŜ ŀέ ŀƴŘ άŀŘŘƛǘƛǾŜ ōέΦ ²ŀǘŜǊ ǾŀǇƻǳǊ ƛǎ ōǊƻǳƎƘǘ ŀƭǎƻ ǘƻ ǘƘŜ ǇŜƭƭŜǘƛȊƛƴƎ ǇǊƻŎŜǎǎΣ ōǳǘ 
it does not cause environmental risk. The machinery requires hydraulic oils, and although 
the quantities are rather small, oil may have remarkable environmental impacts. Both 
processes are run by electricity, but no environmental risk is seen relating to electricity 
input. The environmental risks relating to input materials are shown in Table 5. 
 
Table 5 Environmental risks of the input materials 

Emission and its 
source 

Environmental im-
pacts 

Probability Conse-
quences 

Operational pro-
posal 

Input materials 

Material release in 
chip truck unloading 

Dusting medium very low  

Natural gas leak: pipe-
line breakage, leaks in 
ǘƘŜ ƧƻƛƴǘǎΧ 

Natural gas release in 
air 

low low  

Leakage of additive a Material release Ą 
almost no harmful 
impacts (low toxicity) 

low low  

Leakage of additive b Material release Ą no 
harmful impacts (non-
toxic) 

low very low  

Leakage of machinery 
oils 

Oil spill into ground Ą 
further to stormwater 
drainage system 

low low Preventing 
straight access to 
drainage system 

 
According to the classification of environmental risks shown in Table 1 in chapter 3.3 Envi-
ronmental risk assessment, all the risks related to material input are low risks. In forest 
chip unloading, the material may dust to environment. However, the amount of dust 
should be moderate, and the distance rather low. The natural gas is brought in the plant 
in a tank, and the gas is pressurised. Thus, in case of leakage, the gas will not explode. The 
gas released to air fade away quickly. Both the additive materials are either low toxic or 
non-toxic, and thus the consequences of possible emission are rather low. Of input mate-
rials, the only remarkable emission source is machinery oil, but the amount of the oil in 
the process is so low that the environmental risk is considered low. 
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9.5.2 The plant equipment and the process 

The plant equipment consists of storage silos, conveyors, torrefaction and pelletizing facil-
ities, gas burner, bagging equipment and outdoor storage. The operations of the plant are 
chip silo filling, system control of the pilot plant, additive feed and moving sacks by fork-
lift. In addition, the system control of the Pursiala power plant should be considered be-
cause the operations are linked. The physicochemical processes of the plant are the for-
mation of torrefaction gas, condensation of water, dust generation and probably incom-
plete combustion in gas burner. The risks related to these equipment and processes are 
listed in Table 6. 
 
Table 6 Environmental risks of the plant equipment and the process 

Emission and its 
source 

Environmental im-
pacts 

Probability Conse-
quences 

Operational pro-
posal 

The plant equipment 

Ignition of the wood 
chips in chip silo 

The impacts of burn-
ing; smoke, odour, flue 
gas 

low low Circulation time is 
kept short 

Ignition of the torre-
fied wood in interme-
diate storage silo 

The impacts of burn-
ing; smoke, odour, flue 
gas 

low low Circulation time is 
kept short 

Breakage of conveyor 
capsules 

Dusting very low low  

Air leakage to torre-
faction chamber 

Ignition or even explo-
sion 

low high  

Problems in filtration 
system of air 

Dusting; release of 
malodorous air 

low low  

Problems in sacking Dusting medium low  

Problems in sacking Ignition low high  

Malfunction of gas 
burner 

Release of malodorous 
gases into air 

low medium  

Leaching water; rain 
water access to torre-
fied material in out-
door storage 

Water of high COD 
access to ground or 
stormwater drainage 
Ą altered chemical 
properties 

low medium Storage of torre-
fied material done 
covered 

The plant processes 

Chip silo filling Dusting medium low  

Lacks in system con-
trol; Uncontrolled 
process in torrefaction 
chamber: too high 
temperature 

Ignition or even explo-
sion 

low high Security system to 
control the tem-
perature: shut-
down of the pro-
cess 

Lacks in system con-
trol; Uncontrolled 
torrefaction process: 
access of oxygen to 
the process 

Ignition or even explo-
sion 

low high  

Lacks in system con-
trol; Uncontrolled 
conditions in pelletiz-
ing unit: insufficiently 
water vapour 

Ignition or even explo-
sion 

low high  

Problems in additive 
feed 

Excess additive into 
pelletizing unit Ą 

low low  
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further to drainage 
system 

{ŀŎƪǎΩ ƳƻǾƛƴƎ ōȅ ŦƻǊk-
lift; breakage of sack 

Dusting very low low  

Chemical processes 

Formation of torrefac-
tion gas; gas release to 
air 

Malodorous gas emis-
sion 

low medium  

Formation of condens-
ing water; water re-
lease to drainage sys-
tem 

Altered pH balance low low  

Dust generation Dusting medium low Air filtration, no 
unfiltered air to be 
released from the 
process units 

Incomplete burning CO and malodorous 
gas emission 

low low  

 
The risks related to the plant equipment and the processes are either low or medium 
risks. The medium risks are present in operations of high temperature and anoxic condi-
tions, since even a small oxygen leak into the chamber can cause great damage. However, 
Jartek Ltd. secures the operation by overcompensated humidification and cooling of the 
process. There are two separate cooling systems, so that double cooling is got if needed, 
or if the other system is damaged there will still be enough water in the system. (Piispa 
2012b.) If the temperature is about to rise too high, the automatic security system will 
run a controlled shut down of the process.  
 

9.5.3 The activities at the plant 

The risks discussed in this section relate to all the activities at the plant, and both human 
and technical errors take place. Neither of these can be totally prevented, and especially 
the human error risks are sometimes hard to recognize, but the security systems and ed-
ucation of the personnel can diminish the risk. Some of the main functions in the Pursiala 
pilot plant are automatic, but some operations are done manually. Thus, the risks relating 
to activities at the plant are divided into risks of the process control, operation and 
maintenance. The pilot plant is about to be run in one to two shifts, so communication 
between the shifts is seen as a place of risk, similarly the communication between several 
companies operating at the plant is essential for risk-free operation. The risks of the activ-
ities are listed in Table 7. 
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Table 7 Environmental risks of the activities at the plant 

Emission and its 
source 

Environmental im-
pacts 

Probability Conse-
quences 

Operational pro-
posal 

Process control 

Errors in torrefaction 
process automation 

Release of oxygen into 
process: igni-
tion/explosion 

very low high  

Errors in torrefied 
material dosing 

Need of maintenance 
Ą dusting 

low low  

Errors in  sacking Excess dusting low low  

Operation 

Human errors due to 
inadequate orienta-
tion of new employees 

Almost any kind of 
hazard: from dusting to 
explosion 

low high Adequate training 
of the employees 

Errors in communica-
tion between the 
shifts 

Almost any kind of 
hazard: from dusting to 
explosion 

low high Efficient ways to 
share information  

Errors in communica-
tion between the 
companies 

Almost any kind of 
hazard: from dusting to 
explosion 

low high Efficient ways to 
share information  

Maintenance 

Maintenance work; 
opening the torrefac-
tion camber 

Dusting; release of 
odours 

low low Doing the mainte-
nance of the torre-
faction chamber in 
suitable weather 
conditions 

Urgent preparations Dusting; release of 
odours 

low low  

External contractors: 
human errors 

Almost any kind of 
hazard: from dusting to 
explosion 

low high Proper orientation 
of the external 
contractors 

Problems in spare 
parts supply: unin-
tended shutdown of 
the process 

Odour releases of 
maintenance work 

very low low  

 
The consequences of human errors are often hard to estimate, since the error can hap-
pen in any stage of the process. However, the most crucial errors ς e.g. opening of the 
torrefaction unit when the process is on-going ς can be prevented by good safety sys-
tems. Education of the personnel and adequate orientation of new employees is essential 
in risk prevention. The risks are hard to evaluate, since the risk of human error can be 
minimal or very high ς or anything between. However, in this estimation, the operational 
risks are considered low by their probability and high on their consequences, according to 
the worst possible scenario. Thus, the risks of operation are medium risks. 
 

9.5.4 The outputs of the process 

The outputs of the process are products (i.e. torrefied wood pellets) and emissions and 
waste materials. Especially emissions and wastes can form an environmental risk if re-
leased uncontrolled. The environmental risks of the outputs of the process are listed in 
Table 8. 
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Table 8 Environmental impacts of the outputs of the process 

Emission and its 
source 

Environmental im-
pacts 

Probability Conse-
quences 

Operational pro-
posal 

Exiting materials 

Torrefied wood pellets Odours release medium low Sacking tightly 

Emissions to air 

CO2 Promotion of global 
warming 

high very low* In general, replac-
ing coal by torre-
fied pellets de-
creases the total 
CO2 emissions 

Malodorous gases Reduction of pleasant-
ness; Irritation of res-
piratory tract 

low medium  

CO from incomplete 
combustion 

Promotion of ground 
level ozone formation 

low low  

Dust Irritation of respiratory 
tract 

medium low  

NOx Harmful health im-
pacts; formation of 
ozone 

high low Low NOx technol-
ogy adoption 

SO2 Harmful health im-
pacts; promotion of 
acid rain 

very low medium Wood is nearly 
sulphur-free mate-
rial Ą minimal SO2 
emissions if any 

Waste water and solid waste 

Condensing water Altered chemical prop-
erties; dissolved sub-
stances 

low low Water treatment 
(pH neutralisation) 
before release to 
drain 

Stormwaters Increased COD low low No rainwater ac-
cess to torrefied 
material 

Solid residual of torre-
faction process όάŀǎƘέύ 

Fertilisation impact to 
soil 

low low Careful collection 
from torrefaction 
chamber Ą burn-
ing in Pursiala 
power plant 

Waste oil Contamination of soil low low Appropriate han-
dling of waste oil 

 
Some of the emissions have appeared in previous risk tables, such as dust and odour re-
lease, but they are also included in this table to examine the consequences of their re-
lease to the environment. CO2 emissions are actually an impact of normal operation, not 
a risk. Also, when considering the big Picture, the production and use of torrefied wood 
pellets actually decrease the CO2 emissions, when coal is replaced in energy production. 
The risks of the output materials are either low or medium, but with careful handling and 
adoption of proper treatment technology, many of the emissions can be controlled effi-
ciently. 
 

9.5.5 External factors 

There are several factors outside the Pursiala pilot plant that may cause an environmental 
risk in the plant. Most significantly, the operations at the Pursiala power plant affect the 
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pilot plant in many ways because of the connection of several operations. The problems 
in process control at the power plant will most probably have an effect on the pilot plant 
also. Additionally, the seasons and extreme weather conditions may cause a risk, but also 
external people and foreign materials in raw material stream can pose a risk. The risks of 
external factors are listed in Table 9.  
 
Table 9 Environmental risks of external factors 

Emission and its 
source 

Environmental im-
pacts 

Probability Conse-
quences 

Operational pro-
posal 

External factors 

Seasons (heating up or 
freezing the raw mate-
rial or the pellets) 

Ignition; Increased 
energy demand 

medium low The consequences 
of freezing or 
heating up the raw 
material will be 
clarified during the 
piloting project 

Storms: equipment 
(conveyors) breakage 

Dusting, whirling of the 
material  

very low medium Strong capsules 

Deluges; water flood-
ing on the piloting 
plant 

Altered chemical fea-
tures of the water; 
uncontrolled exit Ą 
effects to soil and 
surface water 

very low medium High sills; all water 
should exit via 
drainage Ą pre-
treatment of wa-
ter 

External people; van-
dalism Ą disturb of 
the operation 

Almost any kind of 
hazard: from dusting to 
explosion 

low medium Well controlled 
access to the 
plant; minimizing 
the possibilities for 
vandalism 

Foreign materials in 
raw material; different 
heat treatment prop-
erties 

Uncontrolled torrefac-
tion process; ignition 
or even explosion 

low medium Material flow 
control (e.g. trans-
illumination) 

Disruptions in power 
plant operation 

Almost any kind of 
hazard 

low high  

 
The impact of the seasons cannot be fully estimated beforehand, but the effect should be 
minimal. If the raw material is frozen, more energy is needed in drying phase, but no envi-
ronmental impacts other than the ones of the excess energy production, should occur. In 
the pilot plant, the amounts of stored materials are so low that the risk of ignition can be 
estimated to be rather small. Storms and water floods would naturally also affect the tor-
refaction plant. Vandalism is a risk that can be controlled by sufficient security systems. 
Foreign materials, such as rocks, in raw material can also break the equipment ς latest in 
pelletizing. Since the pilot plant is strongly connected to the power plant, the disruption 
situations in there would also affect the pilot plant. 
 

9.6 Environmental risk assessment of Pursiala pilot plant 

 
As mentioned previously, the risks are classified according to their probability to expose 
the receptors and the consequences of the hazard being realised. The risk profile of the 
Pursiala power plant is shown in Table 10. The number in each box represents the 
amount of the identified risks in that category. For instance, there are a total of six risks 
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found, of which the probability of receptors being exposed is medium, and the conse-
quences of hazard being realized are low. The amount of risks in each category will help in 
seeing the emphasis of the risks, and helps in prioritization of improvements. 
 
Table 10 The environmental risk profile of the Pursiala pilot plant 
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High Medium risk 
1 

Medium risk 
1 

High risk 
0 

High risk 
0 

Medium Low risk 
1 

Medium risk 
6 

Medium risk 
0 

High risk 
0 

Low Low risk 
1 

Low risk 
18 

Medium risk 
6 

Medium risk 
10 

Very low Very low risk   
0 

Low risk 
3 

Low risk 
3 

Medium risk 
1 

 Very low Low Medium High 

Consequences of hazard being realised 
Ҧ 

 
The risks of Pursiala pilot plant project are all medium or low risks, and no high risks re-
lated to the project were found. The plant is rather small, so the material loads at the 
plant are low, and no hazardous materials are handled in the process. The highest envi-
ronmental risks relate to dusting and malodorous releases. In addition, the unexpected 
situations can cause high environmental risk, such as the access of oxygen into the torre-
faction chamber. The technical risks can mainly be prevented in advance with sufficient 
security systems, e.g. by having more water vapour in the torrefaction chamber than 
needed. However, the risks of human errors cannot be fully prevented, since those are 
the hardest to predict. The automation systems of the plant can anyhow prevent the 
worst possible scenario by disabling some actions when the processes are on-going. All in 
all, the Pursiala pilot plant seems to have a very small negative environmental impact and 
a low risk profile, but its benefits can be significant. 
 

10 CASE RISLOG 

 
Ristiina bio-ƭƻƎƛǎǘƛŎ ŎŜƴǘǊŜ όάwƛǎƭƻƎέύ ƛǎ ŀ ōƛƻ ŦǳŜƭ ǘŜǊƳƛƴŀƭ ǇƭŀƴƴŜŘ ǘƻ ōŜ ōǳƛƭǘ ƛƴ tŜƭƭƻs-
niemi area, Ristiina. The Rislog large-scale torrefaction unit is estimated to produce 200 
000 tons of torrefied wood pellet per year. The scope of Pellosniemi and the planned area 
of the bio-logistic centre are shown in Picture 15.  The primary function of the terminal is 
to procure, store and deliver biomass for the needs of the energy production sector. One 
part of the operation is the refinement of biomass into biofuels, such as torrefied pellets. 
The location is ideal for bio-logistic centre, since all the transportation means exist at the 
area already; there is a railway connection, a deep-water harbour, and highways 13 and 
15 nearby. 
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Picture 15 The scope of Ristiina bio-logistic centre (Vallas 2011) 

 
In order to increase the energy density and enhance the handling and usability properties 
of the biomass, the refinement is needed. The terminal is a natural place for increasing 
the refinement level cost-effectively. The refinement can either be improvement of the 
composition and quality, or processing the product. The terminal is also a natural place 
for mixing the batches of wood fuels, to enable the delivery of as homogenous material as 
possible to the end-ǳǎŜǊΦ ¢ƘŜ wƛǎƭƻƎΩǎ ŀƴƴǳŀƭ ǘƘǊƻǳƎƘǇǳǘ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƻ ōŜ м 000 000 
solid m3 of wood chips, of which 50 % will be sold to energy producers in approximately 
100 km distance as traditional chips, and 50 % will be processed into torrefied wood pel-
lets. These will be sold to coal-fired power plants in Finland, and in the future also to in-
ternational markets. In terms of raw material supply, the impact area of the Rislog covers 
whole of Eastern and South-East Finland, but the total sphere of influence is larger if the 
end users are taken into account as well. According to estimations of Pöyry Management 
Consulting (2011), the bio-logistic centre is about to employ 25 people at first: 1 on man-
agement, 12 on purchase organization, 3 on administration and marketing, and 9 on ter-
minal operations. The forest energy harvesting is organised by contractual subcontract-
ing. The employees of the torrefaction and pelletizing of torrefied wood are not included 
in these calculations. 
 
The feasibility study of Rislog was done in 2010 and 2011, wherein the raw material sup-
ply, logistic options, torrefaction technology and torrefied wood pellet markets were re-
searched. The outcome of the study was that there is potential for profitable business 
and that the Pellosniemi area is suitable for this kind of operation due to its optimal logis-
tical position. High local raw material potential enables the reliability of raw material sup-
ply and the high quality of the end product. Synergy effect with UPM-Kymmene Ltd. ply-
wood plant is also seen as strength. The land use planning and the planning for organising 
the traffic have started in 2011, and they are about to be completed in 2013. The torre-
fied wood pellet production is about to be started in Ristiina in 2015. 
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