MIKTE\%

Fiia Nurminen

ENVIRONMENTAL IMPACTS OF TORRE

WOOD PELLET PRODUCTION
Cases Rislog amlrsiala pilot plant

Julkaisu/ / 2012
30.11.2012

Miktech Oy | Sammonkatu 12, 50130 Mikkeli
www.miktech.fi



Miktech Oy ABSTRAC

MIKTE%

™

® CENTRE OF EXPERTISE
RAMM
200000 PROGRAMME

AUthOf(S) PUBLIC
Fiia Nurminen

Title
Environmental Impacts of Torrefied Wood Pellet Production

Abstract

There is a clear demand for cutting the greenhouse gas emissions and increase the share of the renewab
sources in energy production. Wood torrefaction, heat treatment method for refining the wood fuel enablg
wood utilisation in existing codired power plants. The method is relatively new in bioenergy production, H
enables thdargescaleutilisation of woodbased fuels without significant technical investments.

There is an initiative to build up a commercial scale torrefaction plant in Ristiina, Southern Savonia. The te
will be tested in advance in pilot scale, in which the raw material properties and end product suitability for
coaHired power gants will be tested. The pilot plant will be built in Pursiala, Mikkeli. Both of these projects |
by Miktech Ltd. / Biosaiae-cluster. The aim is to start building the pilot plant still in 2012, and the commercial
plant is planned to be in opation in 2015.

Thisstudy concentrates on the environmental impacts and environmental risk assessment of both of the
Neither of the plants existed at the time writing tlstudy, and thus the environmental impacts are rather esi
tions. Howeverthe probable equipment suppliers of the pilot plant have been consulted, as well as other €
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sen yet, and thus the impact assessmentdaaselon the basis of the expected impacts of the pilot plant.

According to the environmental impact analysis, the environmental impacts of torrefaction plants are notae
ble, and when considering the big pictureeplacing fossil fuels by wodshsedenergy sources the total impacts
are rather positive. Naturally there are some local impacts of the plants (noise nuisance, dusting, and occ
malodorous gases), some emissions to air (CO, CO2, and NOx) and emissions of transportation. Hpleeusg|
coal by torrefied wood pellets, decreases the total CO2 emissions, decreases the demand of imported
sources and enhances local economy.
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1 INTRODUCTION

Wood isone of the most traditional energy sources. However, due to the targets-to i
crease the utilisation rate of remeble energy sources, developmeoft more efficient
ways for energy utilisation of woddrequired. Torrefaction is a new technology for wood
refinement, and the end product, i.e. the torrefied wood pellets, can be utilised in existing
coaklfired power plants. There ian initiative to build a largscaletorrefaction plant in
Ristiina, Eastern Finland, so that the torrefied wood pellet production could start in 2015.
Because of the technological novelty, the technolagly be tested first in a pilotorrefac-

tion unit, which is about to be built in Purtaapower plant area in Mikkeli, EastermFi
land. The project is coordinated by Miktech Ltd., the technology and innovation centre of
Mikkeli. Thisstudy concentrates on the enviramental impacts of the torrefaction plant,
and both the pilot and thdargescaleunit are surveyed in detail. In terms of this project,
severalstudies have been conductgareviously, and thus thiseport will not consider
some aspects, such as the technology as such or the raw material supply, too deeply. The
aim is to estimatehe possible environmental impacts as well as possible environmental
risks in a situation where no other similar plagtt exist.

Thisstudywas done as a BSc thefis Bibsaimaacluster, which is the bioenergy ddve
opment programme coordinated by Mikted_td. Ristinabid 2 3A a0 A 0 OSy (i NB X
its torrefaction plant project is onefdhe key projects of the Biosaimaduster. Several
companies have been involved in the planning process of the commercial scale plant and
the Pursiala piloting planof the torrefaction technology, and they have also begn

great help in terms of this thesis. In the following chaptevs, first deal with the bac
ground on which the development of torrefaction technology is based as well as tlse legi
lative frameworkof biofuel production in FinlandThe following section contains theeh
oretical bases of the environmental impact and risk assessments. Furthermore, tbee torr
faction process and the production chain of torrefied material discussedDespite the
chapter about the existing torrefaction plant ithe Netherlands, these chaptersover
torrefaction in general level. The latter part of tkeudy, being the environmental impact
assessment, is organised by the production chain of the torrefied wood pellet.irEhe f
steps of the production chain, which are common for both the Pursiala pilot and Ristiina
large scale torrefactiomnit, are discussed jointly.dBh projects and the environmental
impacts caused by thems well aghe environmental risk assessments atiscussedep-
arately due to the remarkable differencesthre scales and natures efachproject.

2 DEMAND FOR RENEWABNERGY SOURCES

Sunlight is mainly short walength radiationthat passes through the atmosphere easily.
When reaching the ground, thadiation energy trasforms partly into longer wavength

thermal radiation. Thermal radiation do@®t pass the atmosphere as dlgsas the shdr

er wavelength radiation light and thus the generated heat cannot escape back to space
and stays in the atmosyne. This ishe basic principle of the pm®meron called gree-
K2dzaS STFSOld ¢KS INBSyYyKz2dzaS Il asSa 6DI DQa
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effect, namely carbon dioxide (CO2), methane (CH4)ramdus oxide (N20), increase

GKS Y23 LKENEDAK2ORE GKS GKSNXIFE NI RAFGAZ2)
atmosphere growsthe amount of thermal energy in the atmosphere also increzses

thus the climate warms up. One of the main reasonkibeé global warming is the ¢

stant increase of fodisfuels 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 GHGsomis, 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 calli2d-20
targets for year 2020. It means that the aintasreduce 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 exampleyFi I Yy RQ&a (I NBSG Aa G2 NBRdAzOS
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 anew
ble energy sources to 20 &6 total energy production in the EU area. However, tlee R
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, andlgoistrongly
involvedin 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, ard con
tributes more than 40 % to thevorldQ électricity production. Increasing the €wing of
biofuels in existing codired power plants would require a huge amount of processed
biomass. It is reported that efiring of torrefied biomass at the rate of 10 % in 10 % of all
coakfired powe plants would require 33 million tons of torrefied fuel. (Schaubach 2012.)
It is clear that the longerm goals of biofuels cannot be achieved unless sustainable r
finement ways are developed. In Finland, because of the high forest energy potential,
wood-based energy can be utilized sustainably, without causing remarkable C32 emi
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 & limésnie
(ed.) 2008.) Woodlsoprovides potential fotarge-scalebioenergy 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 biomasfricy, and for this eason

the costeffective solutions for cdiring are currentlybeingdeveloped. (Wolfgang 2012.)
Meeting the 2020-20 targets by 2020 would require fast growth of weledsed bioene

gy sector in Europe (Teras 2012). Building up totally new power plantsivbeuéxpa-

sive and noreco-efficient, and thus it is wise to develop renewable energy sources that
could be utilised in existing power plants. However, the existing pemet®ften designed

to useonly a specific fuel, and implementing another energy smirs not typically poss

ble without technical modifications. Still, even with investments in dedicated biomass
handling and processing equipment, the-fiing rate of biomass in mainly cefited
plant is limited to maximum of 20 % because of differehygicochemical properties.
(Wolfgang 2012.)
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3 ENVIRONMENTAL PERMPOLICY AND ENVIRONWRAL IMPACT AND RISK
ASSESSMENT

3.1 Environmental permit policy

In Finland, the environmental permit policy bases on the Environmental Protection Act
(86/2000) andEnvironmental Protection Decree (169/2000). Environmental permg-is r
quired for functions that may cause environmental pollution. The specifications of the
operation, expected emissions of it and the ways to reduce them are describediin env
ronmental pernit application. The requirement for gaining the environmental perigi

that the operation musihot cause health probles (Ymparistolupa 2012.) A main obje

tive of the Environmental Protection Act is to prevent the environmental degradation
comprehensivel. 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 pregautio
ary prirciple, according to which afiossible risks should be prevented, and thus tipe o
erator should be aware ddll the potential environmental risks of the operation. Many of
the industrial fields andheir special features are coverad the legislation sepaitely,

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) 8§ 47, if
the waste water is taken ta municipal waste water treatment plant, thgre-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 facain industrial plantthat produces solid fueover

3000 t/a. In the permit applicationinformation 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 teasnitave to benn-
plemented in order to diminish the energy and resource consumption and reduce the
waste production. (Environmental Protection Decree 169/20®fowever, it must be
pointed outthat the emission levels reached by following the BAT prin@péenot 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/B00in case ofemporary 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 author
ties is required in cases where the operatiofll cause noise or quaking. The exper
mental activity can be for example demonstration of a technical implementation or
preparation of environmental protection investment. The operation is considered temp
rary, when the experimental activity lasts nonger than 18 months (Panufantto-
Suuronen 2012a). The announcement is given written and it includes the information
about the process itself, the used raw materials, the expected emissions and rtheir i
pacts and the inquest of the planned environmentabtection activities. It must be
handed at least 30 days before starting the operation, but according to P&mila-
Suuronen (2012a), in practise more time is needed, especially if the environmental a
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thorities need to consult other authorities before gig the permit to start the operation.
The announcement procedure is not required from operatitimat are involved in env
ronmental permit process.

OYDBANRYYSY Gl f AYLI OLINE QHREENMES YAy QALY yTA &K G |
than the announcemet 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.
Environmetal impact assessment of projects is regulated by the Act on Environmental
Impact Assessment Procedure, which determines the types of projects for whichdhe pr
cedure is required. In general, these are projects that may have harmful impacts-on h

man healh, the natural environment or biodiversity and natural resources, the landscape

or the built environment. In practise, the Centre for Economic Development, Transport
YR GKS 9YGBANRYYSYG 0a9[, /SYyiNB&e0v AyidSNLI
the project. The procedure integrates the environmental consideration into planniog pr

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 affaotpa-

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 projea-is r
sponsible for composing the environmental reports required. (Finnish &@ment Inst-

tute 2012a.) The environmental impacts of a single project alanbe 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 requinagigiiFr Environmentn-

stitute 2012b).TheEIA procedure is dealt more in detail in the following chapter.

The legislative framework in Finland is ideal for biomass pellet markets, since&oth f
vourable legal conditions and available support options exisali small, mdium and
industrial scales.i®ilar conditions are at the momerevalentonly in Sweden, in indu

trial scale also in Denmark, but in other countries in Europe either legal conditions or
support options availability is not the best possiblgeng 2012). Environmental impacts

of the biomass refinement plant can be assessethéland use planning process, anaif
public hearing is organizethe EIA procedure is not necessafmhe EIA procedure itself

will not add value tahe project, andhus well done land use planning and good research
work can give the same result (Pan@atto-Suuronen 2012a).

3.2 Environmental impact assessment

Environmental impact assessment (EIA) is an evaluation of the impacts that maguarise

to some action omperation and that hasa significant effect on the natural and man
made environment. In principle, it should lead to abandonment of environmentalimhar

ful actions and suftances. It must be pointed otbat the purpose of the EIA is not to
prevent the acions 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 dete
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, renget

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 a
ternatives and the estimated impacts and their significance. The niigaif envirm-
mental impacts should be involved in each stage of the process. When ready, the report is
reviewed toensureits adequacy. The EIA report is used in making of the proposa- If i
plemented, the impacts of the proposal are monitored. The El¥gss is cyclical, and
thus the process may return back to some staged some steps do not necessarily take
place at all in some EIA systems. (Wood 1995.) The process is illustrBietdria 1.

Initiation or submission of proposal

Screening
\/ %
Impact Initial No impact
assessment environmental assessment
required examination required
\/
Scoping Public
v involvement
Assessing
(impact analysis
and evaluation)
. |
Mitigation I
\/
Reporting / Enit
ronmental impact o
statement Reviewing

Decisionmaking

\ \/
Approved Not approved
v v
Monitoring Redesign
/.
EIA audit

Picturel The EIA process

As seen fronPicturel, public involvement is one of the key features of environmental
impact assessment process. Publication is decreethanAct on Environmental Impact
Assessment Procedure (468/1994). Ideally, public participation should take place in each
step of the praeess, 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 basigally an
one can leave notes on the process; the project is open for comments fos(Bdays.

3.2.1 Envirorment and the emissions

In terms of a company, environment is all that surrounds it. Thus it covers the sdrroun
ing areas including the buildings and natural elements, but also the people and ather i
ing organisms. On the other hand, the environment cardivéded into internal and %

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
a St SYSyida 2ifernal Kfviror@ntRuitthgrin@eithe 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 emvironmental issues can either

be defensive, passive, reactive or proactive. Preparing on the environmental hazards is
important because unplanned, unpredictable and usually gieatolume incidental
emissions cause remarkable damage on the environmemfaditation and image of a
company. When there is information about the environmental risks, provided byrayste
atic environmental impact analysis, then the stakeholders can be informediequate

level, in advance and in case of a hazard. (Wessberg20@4.)

Wesdberg et al. (2000) determinemission to be the release of a matter, energy, heat,
radiation, light, vibration, smell or noise into air, water or sBmissions can be contin

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 dépen

ing on their nature and source. They can either be gaseous compounds, whick-are
leased imo the atmosphere, or solid or liquid, which are spread into water system or
ground, seePicture2. Emissions can also be carried from material to another, e.g. from
soil to ground water. The incidental emissions are caused in situations ofleisar ace

dent, and thus are unpredictable and unplanned. Emissions and environmental hazards
bring out the need for environmental protectioMarket derived needs for environme

GFrf LINRPGSOUA2Y FTFFSOG (GKS O2YLJ) yénQdethe Yl 3S
unhindered production. Normative needs are the needs to follow the legislation amd ot

er requirements, and ethical perspective to environmental needs consider the moral and
ethical approachincidental emissions relate to all of these categsriand thus the ma
agement of the accidental emission risk is very important. Due to the technical gevelo
ment, the continuous emissions can be controlled efficiently, and thus the significance of
the control of the incidental emissions is emphasised whpalysing the total emissions

of a company. Control of the environmental protection initiatives is called environmental
management. (Wessberg et al. 2000)




Incidental emission

Air Water treatment plant Stormwater drainage Soil
Disruption of waste Soil contamination
water treatment

Harm to peopleand Groundwater
nature Harm to water system contamination

Picture 2 The emanate of accidental emissions into nature (see e.g. Wessberg et al.
2000)

The introduction of the emissions dhe environment described iRicture2 is approk
mate, and describes some general scenarios of incidental emissions. The posdible pat
ways to the nature are essential to understand in order to cut the access of thaienss

into them. Environmental impact assessment helps in this kind of process, and pravides
systematic basis for environmental impact analysis.

3.2.2 EIA system

According to Wood (1995), the features of the effective environmental impact ssses
ment are the ontribution of the information generated in the process to decisionkma
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 stceeded. The efficiency of the process can be evaluated by the timely eelativ
ness of the EIA decisions to economic and other facffectingthe project decisions,

and the reasonability of the costs of the process. The process can be consideredfair, if
the stakeholders and parties interested in the project have an equal opportunity tacparti
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.eSimcpractise, all

the EIA systems are unique and particular set of legal, administrative and politicah-circu
stances affect the system. Thus the EIA systems should be analysed in their international
context, which may explain its nature more deeply, dhd analysis across EIA systems
enables better understanding practise in any particular jurisdiction.

3.2.3 Environmental management

The EceManagement and Audit Scheme (EMAS) is a voluntary environmental srxanag
ment system for the private sector and the pubdidministration on environmentaim-

pacts. It points out the environmental impacts to be considered in terms of enviranme

tal management system. These are controlled and uncontrolled emissiotine tatmos-

phere, water system and ground, solid and other wasspecially 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 aedosystem. 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 1d01 standardization system, which is part of the EMAS system, the
organization has to create and maintain procedures for identifying and managing fhe po
sible accidents and emergency situations. The organization also has to prevent and mit
gate the possible mgative environmental impacts caused by their operations. Organis
tions have to review and update, when necessary, the procedures and strategies iof eme
gency situations, especially after the accidents. The incidental emissions to air, water and
soil, and tle 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 emergeray situ
tions has to be taken into account in procedures. (Wessberg et al. 2000)

3.3 Environmental risk assessment

Envronmental risk is a risk thahay cause environmental damage or harm. In terms of
environmental risk assessment, an environmental riskriskacausedd 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 pe
spectives include also the economical consequence, and thvisoemental risk can ¢e
respondingly be seen as economical risk. The basic principle of the risk management is
that there is no so called zerisk, but the operation has always a risk. Thesme risk

has toalways be tolerated, though in principle no risk of incidental emissions is a&ccept
ble. (Wessberg et al. 2000.)

Environmental risk assessment is a systematic tool of examining the environmerttal pro
lems and risks resulting from technology that threaterogystem, animals and people. It
is used in analysing different kinds of problems by their nature. Inspiégific risk s
sessmentthe focus is on the range of risks posed by a particular installation. The basic
division of environmentalisk assessmeris the division tchazardbased and riskased
approachesThe firstmentioned approach concentrates on all the potential hazards that
may or may not arise. In contrast, the Fsised approach focuses on the actual rigks i
posed by an environmental issuenvironmental risk assessment can be done for a single
action or product, for industrial plant or even for a city. Environmental risk can ocecur du
Ay3a Fye adl3as 2Bl FINEEMSGESID Bist@oiona it 0B ér O
disposal procesgFairman et al. 1998)

The basic pattern of environmental risk analysis begins with the identification of the env
ronmental impacts, containing the risks and probabilities. Then the consequences of the
identified environmental impacts are assessed, ahd significance is evaluated. The
third step is to find the arrangements to develop the state of affairs, and the impleswent
tion of proposals for improvement. These steps can be found both from ESM&t&m

and ISO 1801 series standards, as well as frorany 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 proposatsiiprove the operation are usually easy
and cheap to implementsuchas some minor technical change or alteration in code of
conduct. The most effectivwayis tolook forsolutions that may solve several risks at the
same time, and not all the risks asmlved separately. One of the most effective-i
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 harmfiinpacts to nature. To be able to prevent the possible mi
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 concetrated on in risk assessment are naturally the possible previous env
ronmental hazards caused by the company but also its current processes and storages,
tracking and alarm systems, environmental conditions of the surroundings and the poss
bly existing @ns for states of emergency (Lumijarvi & Kela 2000). The environmental
risks can be classified according to the probability to expose the receptors and-cons
guences when realised, s@@blel below. These together determine the level of the risk
and helpsn prioritisation of the risks.

Tablel Environmental risk assessment (RSC 2008, Wessberg et al. 2000)

o High ium risk | Medium risk
B £
> 3 2 Medium Low risk ium risk | Medium risk
528 Py
< 48_ S Low Low risk Low risl('a"nirglvtle ium risk | Medium risk
S g ger
a9 Very low Very low risk | Low risk Low risk \/ MW
Very low Low Medium High
Consequences of hazard being realised

After identifying the risks, therobabilities and consequences of the hazards are etalua
ed, on ascalefrom 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 limitvalues of the emissions set to the company, and thus the risks analyses
are not necessarily comparable h@& nature of the riskalso affects the classification.
When analysing the industrial processes in operation, usually only one or two risks are
consideed high risks, if any. Mediunsks are identifiednore, however,and the majority

of the risks are usually low or very low risks. (Wessberg et al. 2000.) btudis the risk
analysis tools base on the environmental risk analysis method SARA devélpEdr
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 marketingf a substances completely bannedHowever, the banned
product isusuallyreplaced 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 environmentalanagement situationsthe 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 somdwhat di
ferent environmental risk managnent 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 safety. Similarly as in the previous view, a company can share
GKS NARa]l o0& GNXyaFSNNAyYy3I AG G2 6S az2yvys 2
beinga chemical supplier or an insurance company. However, in some cases it isareason
ble to kee 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
meansthe 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 pwith another. The

field of environmental risk management is showrPicture3.

Evaluation Policymaking Control
Continuous Incidental Risk Continuous Incidental
emissions emissions tolerance emissions emissions
Environmental Resources Emission incident
reviews etc. available prevention

(inveg-

Incidental risk angt ments and

sis for evaluating the resourcing) Restriction of the

environmental risk consequences

Documentation and information

Picture3 Thefield of environmental risk management (Webkerg et al. 2000)

The common problems of all the environmental risk analysis methods relate to umcertai
ties and difficulty incollecing the suitable data. The identification of possible emissions
cannot be dkencompassing, and the defining of the possible consequences is always i
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.)

¢CKS LINBOFdziA2yFNE LINAYOALX S Aa OSyfiesNidf Ay
will be used in this evaluation as well. Another problem of the environmental risksasses
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 rislchallenging. One diffitu

ty lies infinding suitable methods for prevention of harmful environmental impacts and
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for limiting the occurred emissions. Nevertheless, despite the uncertainties, environme
tal risk analysis gives certain benefits for thenpany. The survey of incidental emission
possibiities responddo 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 othersturbances. Thus, preparing for the environme

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. (Welssrg et al. 2000.)

4 TORREFIED WOOD PEBLE

Torrefaction is a hedreatment processhat improves the fuel properties of biomass.

The process is executed in the absence of oxygeatemperature of 200- 300 °C. Du-

ing the process, 30 % of the dry massverts 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 pyrgkis, 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 tooffee bean roasting are also apparent, though it is carried oat in
lower temperature andin 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
FANRG LAE20 LXFyad 2F G02NNBFFOGA2Yy adrgy 0 dzi -
production (Bergman & Kiie2005). That plant was latetemolished, 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 Americanly a
couple of commercial scale torrefaction plants are yet in operation (Schorr et al. 2012).

' 8
Picture 4 Untreated wood chips, torrefied chips and torrefied wood pellets (Volama
2011)
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In Picture4 above, there is the same wood biomass shown in its several stages. The ord
nary wood chips (background) are first torrefied (on the centre, left hand side) and then
pelletized (on the centre, right hand side). These stages angrbgerties of the fuelre
discussedn more detail in the following chapters.

4.1 Raw material

In general, torrefaction technology can be applied to various kinds of biomasses. This
studyconcentrates on forest bi@nergyand more precisely on woeblased fuels. Logging
residues, smailtliameter wood and stumps are side products of forest industry, which are
not exploited in their industrial processes. These all can be chipped and thasdiiih
biofuel production, e.gin torrefied wood ellet production. Naturallyog wood couldalso

be used inthe torrefaction process, but when thinkingbout the sustainability of the
production chain that is not reasonable. (Vanninen 2009.)

About 50 % of all the biomass is lignocelddpwhich is composed of cellulose, hemigcell

lose and lignin. Biomass can be processed in various ways in order to produce esg. biod
gradable materials, chemicals, fuels and energy. Lignocellulose is the main component of
wood. In Finland, lignocelluloseaterials 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 hdwood 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 4050 % of the dry weight. Coniferous trees, i.e. softwood, contain less
(25- 28 %) hemicellulose than deciduous trees, i.e. hardwood &87%), but on the d¢i-

er hand the lignin content is higher in coniferous wood (233 %) 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 %, which makes it burn

with long flame and require large combustion chamber. (Alakangas 2000.)

On anelementarylevel, wood consists mainly of carbon and oxygen, which together re
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. (Vasa 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 €hffier each otheronly
moderately in their elemental composition. (Alakangas 2000.) Bark and needles os leave
consist ofthe same elementsas wood, but the concentrations vary (Vanninen 2009).
Wood mayalsocontain 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 %, aardt for b
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 webdsed biomass that is leftnused in forest after
round wood harvesting and other forestry activitid=orest residues represent up 40 %

of the biomass of harvested wood, and thus sragimeter wood, branches, treetops,
roots and stumps could be exploited in energy productioncegdhtly. (Vanninen 2009.)
The amount of the logging residue alters in different forestry operations. After the first
thinning, the residue is mainly smaliameter wood and the total amount remains small.
After partial logging or complete clear cut theiged logging residue contains branches,
needles and partly decayed logs. The amount of logging residue deperilds tvae spe-

cies, the amount of trees, the robustness and the number of branches and decayed parts.
In spruce forest the amount of logging i@dse 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 thedaves 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 fithe humidity decreases

to 20- 30 %. Thughe solid wood content increases, but the amount of collectabtg lo
ging resilue diminishes even 2030 % 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, eree

third of the residue and some stumps are left in logging site. The chemical features of
stumps and roots are close the ones of stem wood. The features of branches, needles
and leavesvary more, and in general it could be said that the loggingdesicontains
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 to3200

°C. Before the torrefaction, biomass has to be dried so thattimésture content is 20 %

at most. The drying process can exploit the synergy etietdustrial processes nearliy
there is industrial waste heat avail@) but the process gas of torrefaction catsobe
burned to produce heat. The torrefaction procassarried out in the absence of oxygen,
under atmospheric conditions. Typically, the process is characterised by low partitle hea
ing rate (< 50C/min) and long residence time (~ 1 hour). The bionges$s roasted during
the processand gives off variousolatile compounds. The final product is the remaining
solid material, which is called either torrefied biomass or {bichar. Bergman et al.
(2005) divided the process into five sections: initial heating, pre drying;ggstg and
intermediate heatingtorrefaction and solids cooling. The torrefaction process is shown in
Picture5. The stages of the process are discussed more precistig fiollowing cha-
ters.

Postdrying
and
intermediate
heating

[ Initial heating

Picture5 The torrefaction process

Predrying Torrefaction Solids cooling ||

-—y
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During the first stage thbiomass is heated up. At this point the temperature rises, but no
water evaporates yet. The stage ends when the temperature approache8ClLaad va-

ter starts to escape. The second phase isgmgng, when the temperature keeps o
stant, but the biomassajs 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 temperaturissesup to 200°C. At this point

the remaining waterevaporates and therefore the moisture content gets close to zero.
(Bergman et al. 2005.) The density of torrefied material is approximately2Q®% lower

than that of dried raw material. At the end, the mass is cooled down. The torrefieeg-mat
rial is patly dusttype 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 ppsbcessing of torrefied biomass.
(Bergman 2005.) The torrefaction process is described more precideigtime6.
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Picture6 Stages of torrefaction (Bergman et al. 2005)
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The process time is sum of the time of initial heating, @rying time (§), intermediate
heating time (t, in), reaction time at desired torrefaction temperaturg.{} and cooling

time (t;) to ambient temperature. Reaction time of torrefaction catsiof time of het

ing from 200°C to desired temperature f), the desired duration time in that tempa¥

ture, and cooling time from the desired,to 200°C. At this pointthe torrefaction po-

cess is considered to end and the final cooling phasdsstas it can be seen, the nsei

ture content gets to zero during the first three stages, and after that the mass vyield is ge
ting lower, as the volatile compounds escape and the torrefaction gases are produced.
The gas contains approximately 50 % of water] 10 % of CQthus 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 transpod vehich has high energy
content. In additionthe 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 pelletss reducedoy 70- 90 %. Another benefit is that the steam
treatment needed in traditional pellet production is not needed in pelletizing of torrefied
biomass. (P6yry Management Consulting 2011.)

In addition to the torrefied wood, various reaction products are formedhia torrefac-

tion process. The process conditioalect 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 suganajyneormed polymeric
structures including some amount of aromatic compounds, caitcim 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 gasqmasiucts includes only pe
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 torrefactionegasan be burned and the
produced heat be returned to the torrefaction process, which increases the energy eff
ciency of the process to more than 90 % (P6yry Management Consulting 2011).

4.3 Fuel properties

Torrefied wood material has high net calorifialue of 20- 22 MJ /kg and high energy
density of >14 GJ/ mwhiletraditional wood pellets have the energy density of only-10

12 GJ /m. Thus, torrefied wood pellets have more than 20 % higher energy content per
volume than traditional wood pellets.U2 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 letegm storage. The chemical and physical
features of torrefied matrial are close to properties of coal. Thus, the torrefied pellets
can be combusted or ecombusted in conventional (ceéited) power plants and coms
quently, the extra investments on new incineration technology can be avoided. The-torr
fied wood fuel hasow sulphur and ash content compared to caatd better combustion
behaviour compared to nctorrefied biomass. Capacity constraints of power plant are
significantly reducedn comparisonto un-torrefied wood pellets. @rrefied material has
alsoimprovedgrind properties compared to traditional wood pellets. (Wolfgang 2012.)
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Biomass prdreatment increases its fuel properties. Compared to solid wood, wodd pe
lets have better energy and bulk densities. However, when wood chips are first torrefied
before pelletizing, the fuel properties get even better. Ricture 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 thepkey
treatment technologies for wood biomass. (Eisentraut 2012)
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Picture7 Comparison of bulk density and energy density offdrent biomass feedstock
(IEA 2012)

Since torrefaction is not donen acommercial scale yet, the price level of torrefied wood
pellet is not certain. Among the increase of the usage of woasked bioenergy, its price
volatility isalso likely to increase. Price indices and other price prediction systems are
commonly used irthe traditional enegy sector and are likely to spread also into weod
based bioenergy products as their volume increases. (Teras 2012.) The production and
distribution costs of torrefied wood pelletare divided into three sections: raw material

(63 %), torefaction and pelletizing (27 %) and storing and transportation to power plant
(10 %). It is @Bnated that the production costs of the torrefaction and pelletizing are
FLILINPEAYIFGStEe pn € kG LY FRRAGAZY idtie (KA
are added. (Poyry Management Consulting 2011.) According to market researchesf torr
fied wood pellets, in which the potential markets of the pellets were discovered, there
are Europearwide markets for torrefied pellets. When pursuing the renewabhergy
targets there will be national markets also in Finland. (Karhunen et al. 2011.)

As described previously, wood chips can be processedtraditional wood pellets, or
they canbe first torrefied and then pelletized. The effect of the refinementtba fuel
properties can be seen imable2, where the wood chips, traditional white pellets and
bio-coal, i.e. torrefied material, are compared. (POyry Management Consulting 2011.)
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Table2 The comparison of the features of woochips in its diferent refinement levels
(Poyry Management Consulting 2011)

Wood chips Pellets Bio-coal
(torrefied material)

Moisture content 35-45% 8-10% 1-5%
Calorific value
(GJlodt, net) 17,7 17,7 20-23
Bulk density 475 500- 600 750- 850
(kg/n’)
Energy density i i
(GJIn) 5 8-10 15-18

Refinement of the wood chips into pellets or fioal remarkablyincreases the bulk and
energy density, which decreases the transportation and handling costs. Torrefaction gives
additional value to woodiomass refinement, since it enables the utilisation of biomass

in traditional power plants in aew level.

4.4 Use of torrefied wood pellets

The torrefied material is developed especially forfitimg purposes in existing cofited
power plants. The podslity 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 d torrefied biomass and coal can reduce the investment costs of transiting an
existing coafired power plant into a cdiring plant. Replacing part of coal by torrefied
biomass reduces also g@missions 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 momerdpproximately 4,5 million tons of biomass is already co
fired inthe EU, but it could be done more efficiently by usihg torrefaction process.
(Wolfgang 2012.)

Vattenfall has a project for increasing the level officmg in thehard coal plants and thus
reducingfossil CQemissions by 810 Mt /a. In this Test and Verification Programme, the
whole power plant process from ship unlaag to chimney was investigated. In practise,
the processes of logistics and storage, milling, boiler and combustion, and flue gas trea
ment and byproducts were analysed. The tests were done in Germany, at Reuter West
CHP plant (CHP = Combined Heat anaePp Unloading and transfer to conveyor tests
resulted that the tested pellets can be unloaded with existing system of aficedlpow-

er plant, given small adaptations in dust suppression system and in the unloading system
grabs. Though the total dustlfaf 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, b ground insulation has to be installed in order to prevent the leaching water
access into ground. Addition of pteeated 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 ab@0ma% cdiring
rates for 9 days without any technical modifications. SucHirgny rates could not be
achieved with conventional biomass without significant investments. rEiselts show
low cost feasibility of cdiring refined wood pellets. According to the tests, CHRiriog

of refined wood pellets is superior energy production method compared to e.g. a-Bio
CHP plant or an offshore wind park. The capacity of a wind gankbe slightly higher
than that of cofiring, but on the other hangthe amount of produced energy is higher in
cofiring. The investment costs are the lowest infaing, BicCHP being somewhat more
expensive and the costs of a wind park being tenf@@ reduction, assuming the GO
efficiency being 90 % in doing, is the highest in cbring of refined wood biomass.
(Nordlander 2012.)

The clear benefit ofhe usage of torrefied wood pellets is the reduction of total &@d

SQ emissions when coparing the torrefied material céiring to sole coal utilisation.
Thus, the net profit of C{certificates and incentives is achieved. Also, the fuel basis is
made more diverse, and the achievement of green energy production goals is approached
by developnent of renewable energy sources. (Wolfgang 20¥2 cial 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 Te@oal

A Duch company called To€oal 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, beingimaigf de-
ciduous and coniferous trees obtained both from forest and park. The torrefaction pr
cess is run at temperature of 29C in an indirectly heated rotary furnace. (Sluijsmans
2012.)

The environmental impacts of the plant are almost exclusivelisgions 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 00Q°C, and the heat

is used to keep the temperature ideal in the tefaction rotary furnace. The flue gases
are emittedinto air atatemperature of about 200C. 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 redsed intothe air as such, the dust content being-a
proximately < 20 mg /Nfa The concentrations of the substances in the flue gas ere r
markably low, and thus the load to the environment is rather low. (Sluijsmans 2012.) The
measurement data of the flueag composition is shown ifable3.
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Table3 The emissions of Tor€oal torrefaction plant (Sluijsmans 2012)

Measurement 1: 19 May 2011 Measurement 2: 4 November 2011
11% Q kg /h 11% Q kg /h
[mg /Nm3dry] [mg /Nm3dry]

Dust 1,2 0,01 2,6 0,02
CO 6,1 0,03 15 0,13
NG, 255 1,44 156 1,35
SQ 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
HCI 14,7 0,08 17,4 0,15

*) ng TEQ/Nrhdry

The measurement result of the emissions fraror-Coal torrefactionplant meet the
stringent Belgiarstatutory emission standard. However, there are some technicaladevi

tions in the torrefaction processes of TdaPoal andhe torrefaction equipment supplier

of Pursiala pilot plant, Jartek Ltd, andiththe emissions cannot be assumed to be similar.

One of the key differences is the way by which the anoxic conditions are maintained. In
Torr/ 21 f Q&4 LINRPOS&aaxr yAUGUNR3ISY A& dzAaSR a |y
vapour for replacing oxygemr herefore the N@emissions should be remarkably lower in
WENGS]TQa LINRPOS&aad ¢KS adzZ LIK dzhbderO@rgfiirtg iy 2 F
wood material, the SPemissions should be minimarhe HCI content of the Tor€Coal

plant measurements sms very high and can probably be explainedh®/high amount

of needles and park biomass in th@wv material. It must be notethat at the moment

Tor/ 21 f Qa LINRPOSaa R2Sa y2d AyOfdzRS LISt SidA
are not taken ind account here.

5 THE PRODUCTION CHANTORREFIED MATERPRODUCTION

The production chain of the torrefied wood pellets, in respect of #gtigly, starts from
forest and ends in transportation of reagigade torrefied fuel to the end user, sd&c-

ture 8. However some steps are handled only omeneral level, and their environmental
impacts are not analysed specifically. In environmental impact assessthendiscw/-

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 to
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 gigecyet Thus, he im-
pacts of the raw materialailection can be handled only on general level. Similarly,
since there are not commercial markets andlarge-scaleuse of the torrefied wood ple

lets yet, or specific endser of the product, the impactsf the cofiring of torrefied mae-

rial are rather hard to estimate. Therefqrine impacts of the transportation to the po

er plant cannot be estimatedither, because the distance and used transportation means
are unknown. Something general can be sddw the transportation means available in
Ristiina, so that stage is also discussed in brief.
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Picture8 The production chain of torrefied wood pellets

In addition to the stages mentioned iRicture 8 above, there can be several storage
phases in between the stages. The points and ways of storage depend on the preeess fe
tures and the operators. The storages outside the torrefaction plant are not considered in
this analysis, but some general guidebnare mentioned. Ithe following chapters, first

to be discusseds 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. The sections are common for both of thdgh and Rislog plants,
though o different scales. The plants and their environmental impacts are handled sep
rately in their own chapters. Due to the different locations and scafethe operation,

the final tranportation isalso coveredriefly in these sections.

6 ENERGY WOOD POTENTMSOUTHERN SAVAREGION

In Finland, the forested area has remained almost constant since 1930s. However, the
forest growth is almost doubled since 1970s, so the forest biorhassncreased sigmif
cantly during the decades. (Kauppi 2012.xHa Southern Savonia regiothere is the
largest biomass potential available in Finlamden looking athe technical and econom

cal cutting potential, but considering also the willingnegshe forest owners to sell the
energy wood. The energy wood potentials can be calculated either in theoretical, techno
economic or willingness to supply basis. Theoretical view considers all the biomass
and thus represents all the biomass availafilee £chnoeconomical approach takes into
account only the biomass that is both technologically available and economicallynreaso
able to collect. However, getting wood into market depends ultimately on the forest
owner, and thus it is worthwhile to congd their willingness to supply the wooddsi
mass. Naturallythis willingness to supply based potential is the smallest of theserpote
tials, but easiest to increase. These should not beswtered as separate potentiatsit
different approaches to the samgotential. The total theoretical forest energy potential

in Finland is 3,0 hfntotal techneeconomic forest energy potential is 1,3 fiand total
willingness to supply based potential of forest energy is 0,3 liMaidell et al. 200826.)
Increasing theuse of the forest chips to the level of its techh@gonomical potential, i.e.
five-fold increase in current usage, would cover only 6 % of the total energy consumption
of Finland (Kuusinen & llvesniemi 2008). Thereftrs not the alembracing solutiorior
meeting the GHG reduction targets, and other renewable energy sources shoulg- be d
veloped as well.
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The total potential of forest energy can be classified by its sourcé&&ctare9 below the
theoretical, techneeconomic and willingness to supphaded potentials are shown for
logging residues, smadiameter wood and stumps. The potentials of logging residues in
Southern Savonia are the largest in Finland. In case of-gimatleter wood, Southern
Savonia hathe fourth greatestpotential in the comtry. When talking about stumps, the
theoretical potential is the largest in Finland, but techemonomic and willingness to
supply based potentials are only third largest in the country. The potentials are shown
both in energy content (GWh) and volume@@0 n7). (Maidell et al. 2008.) In practise,
however, the recoverability is limited by harvest volume fluctuations of the wood industry
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vesting support system and finang conditions.

Forest energy potential in Southern Savonia
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Picture9 Forest energy potential in Southern Savonia (based on Maidell et al. 2008)

Despite the large potential of wood, the refinement levettie Southern Savonia region

is low, anda large number of the raw material is transported to be refined outside the
region. Approximately 16 % of all forest industry plants in Finland are logatibe Eas-

ern Finland province. The province consists of three regions, one of them being Southern
Savonia with 5 % share olfie total. The forest industry ithe Southern Savonia region is
mainly plywood, particle board and fireboard production, sawmills and carpentrysindu
try. (Metsateollisuus ry 2012.) The shares of the provinces and the types of naastry

in Eastern Finland are shown Ricture 10. There is an initiative to increase the refin
ment level in the region, which sets the need for the processing plants.
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Picture10 Forest industry in Eastern Finland (based Mletsateollisuus ry 2012)

Refinement of wood biomass in Southern Savon@ld be valuable for the regiohe-
cause of new jobs and material of higher refinement level to be sold outside the area. In
terms of the regional economy, forest energy productian gjive regional benefits on
those operational environment&here there is no chemical forest industry, as in Sout

ern Savonia. In addition to sufficient raw material potential, the sourcing logistic requires
adequate machinery and skilled and motivatedriforces. Thus, forest chip production
means direct, local employment effeats the region. It is estimatethat the demand of
forestry machines will double by 2025, and@ employees are needed in addition to
the current workforce in whole forest eneygoroduction 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 1,3 jobs in other
sectors. The net &ct of logging residue chip production is18 n € ane of log wood

chip production 23 0 y €, dapending on the chip type and production technology. In
combined procurement of log wood and forest enexgya largescale the share of the
work donein forest stays in local economy, but thenefits of the refinement gdo 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 sustai
ably. As long as the growth of the forests is greater than their reduction, the forest rese
voirs grow. In 2006, the net growth was approximately 31,6 millidnDaspite the large
biomass potential, especially spruce logs and pulpwood were harvested more than it is
sustainable during the last decade. Unsustainable loggings may, @specially locally,
since the loggings are not always distributed equally. Howewer thinning potentials

will grow in future inthe 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 21
century. This was due tgeveral huge plant invesents in the beginning of the century
and at the momentthe 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 sofid m
The utilisation level of th canopy biomass is the highebging 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 arget was set for forest chips utilisation to be at least 8 millichbsn2015,

to be achieved, however, in a way thatll not harm the heterogeneity of nature omn

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 benfor i
stance the increase of endangeredness of endangered species, the devolution or enda
geredness of other gecies, harmful impacts on lorigrm productivity of forest soils or
remarkable harmful effects on other products of the ecosystem (e.g. mushroom vyield,
water quality). (Siitonen 2008.)

7 MATERIALS AND METH®D

Thisstudyis done on the basiof literature, seminar presentations and interviews. ¢th a
dition to a literature review, the professionals of torrefaction technology and energy pr
duction were interviewed. Jussi Karppanen from Ed&on Energia Ltd. was interviewed
on the raw materid supply of the Pursiala power plant. The equipment suppliers of the
pilot plant, Jartek Ltd. and Promicco Ltorovided information of their processes and the
expected environmental impacts. Neer of the torrefaction plantsvhose environmental
impacts are assessed in this repogkists at the time of writing, so all the process stu
tures and environmental impacts are rather estimations. Nevertheless, the estimations
should be as accurate as possible, degliations fronreality should be moderate.

Seeral other companies developing the torrefaction technology were contacted in order
to askaboutthe measured emissions of the existing plants. Jo Sluijsmans fronCoatr
Groep wasof 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 teatmol
gy and the environmental impacts of the plant are presented later on as a case of-a fun
tioning torrefaction plant. Bcause many of the torrefactieoriented organizéions 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 informationgathering of measured environmental impacts ofrefaction process
was that many of the pilot plants do not operate continuously, and tlundy some n-
systematic measurements have been done. | want to expneggyratitudealso to Jari
Hiltunen from Andritz Ltd. for information about their pilot plantsStenderup, Denmark
and Frohnleiten, Austria.

8 RAW MATERIAL COLLEIINTAND ITS ENVIROEMTAL IMPACTS

8.1 Harvesting of wood for energy utilisation

In terms of environmental impacts, the decisive factor is how intensively and widety ene
gy wood is harvested. The raw material of forest chips are branches, canopies and
stumps. Aboveground 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 inntemsity of
the collection,in some areas the energy wood collection will be very intensive inudkhe f
ture. See the levels of year 2010 Ricturell. (Kuusinen & llvesniemi 2008.)
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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 me&nag

ment, i.e. thinning sites of young forests. At the momecdnopy biomass and stumps
collected during the final felling represent 780 % of total forest chips utilised in energy
production and small diameter wood the remaining 280 % of forest chip volume.

(Saksa 2008.) The harvesting costs of logginduesihips harvested from final felling site

NS GKS f24Saids ¢gKAES GKS Oz2ada 2F avikftft |
are the highest. At the current energy price levels, harvesting of small diameter wood is
possible only because of thegport system, ad thus the development of cosffective
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 deperggs lar
lyontheg22R AYRdAdzZZAGNEQa NI ¢ YIOGSNAIE RSYlIYyRX
production purposes, mainly small diameter wood, logging residues, treetops and stumps
are used, since log wood is more expensive and is purchased by traditionalifahest

tries. The young forest management sites make an exception on this, because the amount
of log-sized wood is relatively sma#iothat it is not reasonable to collect it separately.
typical energy wood harvesting site is unkempt, often deciduous tteminated young
growing forest where vast majority of collected wood is less than log wood scals: Emi
sion trading system has improved the competiveness of bioenergy compared to fossil
fuels and increased the solvency of the egyeproducers. The esof wood-based energy
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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 utiipepletely,so more
wood for energy production purposes is got onlgrfr wood material that cannot be it
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 séph 1§ SR 2y f & Ay (KS L
drum. However, therare no established and costffective ways of integrated harvesting
for first thinning sites yet, at leastot so that they would be costffective also in long
distance transportation as wel(Laitila et al. 2008.) On the other hand, there is a paradox
in the increa® of biomass utilization volume: it is done poevent global environmental
problem, but at the same time significant local environmental effects are caused.
(Kuusinen & llvesnien2i008.)

The effects are dealt more in detail in following chapters. However, energy wood karves
ing is a relatively new operation, ame research data is available at its impacts. Thys
many of the recommendations relynothe precautionary principleCurrently energy
wood harvesting is considered as forest management actlos purposeof whichis to

lead the forest in the best state possible for log wood production and the energy wood is
more likea side product of this operation. Energy wood loggis the cheapest option,
when the amount of the log wood to be cut is less than 20/, and correspondingly

the separation of the log wood from energy wood becomes efficient when the log wood
content is more than 20 fivha. Spruce trees of final fallij 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 pingee amount of logging residues above
ground is remarkably smaller. (Kareinen et al. 2D08

8.1.1 Stumps

The sumps are collected almost exclusivéitgm spruce forests, since its roots follow the
surface and thus the wood material accrual per hectare is high, Biméhe other hand,

has deep pole rogtwhich makes its raise difficult and ineféat. Laitila et al. (2008) ast

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 thegnd 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
dominatedforests, the canopies would be harvested from two of the tree spruce renewal
sites and stumps from every third sites. (Saksa 2008.) Lifting the stuavesafar greater

effect on theecosystem than logging residue collection. In order to prevent theibless
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 @t (0 2 G I £ f ¢
Hp LIO&A «kKIF O0AY FAYS aziafa x pn LO&A kKIFOo®
valuable forest nature sites are left outside harvesting. Stumps are not lifted from steep
slopes, boulder fields or rock holes, wetlands, buffer zonewaitr 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 technolagpyroximately 30 % of the
logging residues are left on site. (Siitonen 2008.)

However, lifting the stumps enables combining the soil preparation into stump liffiag o
eration, when the time consumption is only 40 %tbé& time used for traditional soil
preparation. However, in sites where the stumps are lifted,-®® % of the ground su

face is shattered, when in traditional soil preparation the share is onk320%. In stump

removal sites the natural seeding is more generous than in traditional loggies and

thus the coss of the seedling tratment are higher than usual. Atese sites, the amount

of deciduous trees is remarkably high, and the great share remains also in first thinning
phase. However, this enables the gdalected cocultivation of energy wood and log

wood. Atfinal felling sites, the canopy and stump collection increases the profitability of

the forest cultivation, the estimated cost savings being#5n € kK KIF X o6dzi G KS
due to the biomass harvesting causes the adglitof FSNI At A&l GA 2y O243
cially atstump lifting sites, the higher proportion of deciduous trees increases thd-see

ling treatment costs by 45¢pn € K KF ® | 26 SOSNE &a2YS | Y2dzy
can be restricted by developing the stpriifting methods. The total benefit of wood g+
RdzOUA2Yy 3IANRBGUGK FFOISNI GKS GKAYYAy3d R2yS Ay
the nutrient loss is compensated by fertilisation. (Saksa 2008.) The removal of the
branches, stumps and big roots redudbe amount of organic matter in the soil and thus
changes the functioning of the soil ecosystem. This might be harmful especially ie-perm
able mineral soils (Kuusinen & llvesniemi 2008).

8.1.2 Storing

It is likely that the forest biomass is stored at roadsadier 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 acarried to the stoage. The storing losses of log wood
are mainly falling needles and thin branches. Stumps and log wood can be driedlin roa
side storages even for two summers, but for the canopy biomass the maximal storage
time is one year due to the great material loss@saitila et al. 2008.) During the storing,
potassium and phosphorus may be eroded into water system, if the storages arewiot co
ered or if they are situated right next to the ditches. (Helmisaari et al. 2008.)

8.1.3 Effects on soil

The coal balace of a forestis calculated fronmhe difference between growth and redu

tion. In logging potential calculationthe growth is mainly greater than reduction, and

thus forests in general are a carbon sink. Energy wuanrgtest can affecthe carbon b&

ances in futureremarkably 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
thatthedzG A f Aal GA2Yy 2F GKS FT2NBAaAGNR NBAARIZS Ay
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 solil. &ifext on the acidity is
based on the nutrient intake of woods amh 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 comp#&resble 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@ units compared to log wood hartes

ing. This acidification effesthave lated 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 infonation availableon 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 atltigging 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 wintime and thusthe 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 thié decelerates the absorption of water into
ground, and water may flow in vehicle paths. These drains atsycarry solid material

into water bodies. Collection of the stumps and thick roots promotes the soil canpre
sion, because more machines are nee@ed 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 co
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 nuirigmtbio-

mass calls into westion the longevity of the forest soil for the wood production. Imthi
ning cutting, in which the logging residues aisocollected, 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 1,54,5 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 grovken 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 plar@anversely, nutrients in the logging res
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 dependingrothe fertility of the soil. The trees remaining after thinning
will utilise precisely the nutrients slowly releasing from the residues, but in the foeest r
generation site the nutrient requirement remains low for years. Anyhow, the nitrogen
leaving amongdhe 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 isxappro
imately 5 nf /ha in 10 years. The loss of spruce is around 12 %, which i #ivarm 10
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years period of time. The surveys indicate regression of growth $ears after thinning,

i.e. in time when nitrogen would have started to get released from loggesglue if it
was left in forest. The recowe of growth was not seen in teyear timeperiod, and the
duration of the regression is still unknown. However, different tree species react-diffe
ently tothe logging residue harvesting, and it seems thateioample pine is not as sens
tive for nutrient loss as spruce. At some peat lands, even in the traditional log wdod co
lection significant share of nutrients can be taken out from the forest. Ténsrgy wood
harvesting is not recommendable in thick peatls, which will not get compensatingin
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 detectatdtiie coalnitrogen ratio

was increased (i.e. the amount of the nitrogen was decreased in relation to coal) after
logging residue collection. Other foreign studies hdiszoveredhat the logging residue
collection either has no effect or it has dimingghthe 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 wereese All in all, it seemed that logging residue
harvest has unfavourable lorgrm 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 effectd the nutrient balance of the forest can be compensated by ash
fertilisation, which, however, produces some emissions from the transportation asid di
tribution of the ash. (Kareinen et al. 2008).

Wood ash may be used in forest fertilisation, because itaios almost all the nutrients
which are bound in wood biomass, except nitrogen and sulphur. By returning the wood
ash intothe nutrient circulation ofa 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 thash 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 benedit® beemproved

¢ especially when nitrogen is added and thus all the essential nutrients are provided. Ash
fertilisation has not changed the heavy metal concentrations in berrieswagshrooms,

nor the soil micrebiota. (Helmisaari et al. 2008.) In this caganust be mentioned that

the ash from the utilisation of torrefied wood pellets in-fiing with coal cannot be used

in forest fertilisation if the ash of coal is mixed with vabash. Traditionally, coal ash has
been utilised in concrete production, but mixed ash cannot be dsedthat purpose &

ther. Thusthe mixed woodcoal ash still needs further investigation in order to find the
suitable utilisation way.

Final felling ineases the runoff of nitrogen, phosphorus, potassium and solid material
into drainage basin. The nutrients are released from organic material: stumps, rapts, lo
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
increasesthe nutrient flow diminishes. Thinning cuttingsobablydoes 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. E\oayv, ifthere are

not enough of bigger logging residue fractions are left to bind the nitrogen it can loke ero
ed even more than in traditional logging. Energy wood harvesting may also increase the
acidity of forest soil, since among the energy wood als@aggium and magnesium iskia

en out. Furthemore, this causes ascended aluminium and iron concentrations in lakes
nearby. It may also cause mercury and léaddissolveinto waters. (Helmisaari et al.
2008.)

Clearcutting of forest has a remarkable effeat the vegetation per se, and the additio

al impact of logging residue collection is minor. Small differences in richness of common
species between cleamutting site and integrated cleamutting and logging residue ha
vesting do not seem significant. Yeanopy biomass collection has proved to increase the
productivity of planting new trees (Saksa 2008). The sites considetkd korest Act and

other valuable environments are usually left outside loggiagsl thus energy wood he
vesting is not done ithose sites either. Forests ina natural state have approximately 60

- 120 ni/ha of deadwood. Ina managed forestthe regular thinning cuttings produce
small diameter deadwood the same amount that is formed in natural state forests due to
natural disrupion situations. There are @00- 5000 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 ®flect 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 aisilum
layer, logging residue collection affects some soil organisms, whicla hather detri-
mental effect on the forest productivity. (Siitonen 2008.)

If the energy wood from young forests is collected pruned, the biomass accrual would
decrease approximate 42- 46 %. Then the canopy biomass is left on site, but tha-min
mum amount of 25 M/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 orgdnic ma
ter removal forsoil 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
leavirg 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 fanekstry
forest economy can be considered to be positive, since the costs of forestry ane- dimi
ished and the net profits of forest economy are increased due to the forest chip produ
tion. Because the nutrient content of the needles is remarkably higher thamooidy
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 effetit®e differenceis remarkable if the
limbed log wood isalso 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 orhavefallen on the site. It seems &t the growth losses are comparable
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to the amount of nitrogen removed from the site. However, the canopy biomassceolle
tion gives selling revenues and at final felling sites it enhances the renovation. These
compensate the possible economical expenseshefforest fertilization. (Kuusinen & |
vesniemi 2008.)

The Forestry Development Centre Tapio has established guidelines for energy weod ha
vesting, based on the precautionary principle. The guidelines consider both the selection
of the harvesting sitesral 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 becausef their importance to demanding species growing in dea
wood. Becausef the importance of all deadwoods to many species, it should be donsi
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 ha
dling of the gound should be ensured. Many of the environmental impacts of sturtip lif

ing relate to great amoustof 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 bould 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 solil in places of a risk for sags. In log wood felling, the cheneigal tr
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 ih-Sout
ern Savonia when harvesting is doneha summer. (Kuusinen & llvesniemi 2008.)

The recommendations for sustainable utilisation of the forest resouatedasedn 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 possibite to ha
vest the politically set goal of 12 million*mf forest chips byollowing the requirements

for sustainable energy wood harvesting. For realistic data, dynamic calculation methods
should be developed. The reconemdation is that orfinal felling sites30 % of the Ig-

ging residue is left on site, butinthe end itiSth F2 NS ad 26y SNRa RSOA:
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 mat
rial and immateial, and become visiblduringdifferent time periods. In order to increase

the harvesting rates, it is crucial that the forest owners are willing to sell the energy
wood. To ensue that, the forest owner should get a satisfactory compensation and be
aware of the effects of therade. 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 combineavood ash and nitrogen fertilisation. (Kuusinen & llvesniemi 2008.)

8.2 Chipping

The production means of the wood chips can be classified according to the chipmng loc
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 machineswand lo
er chipping costs. However, the weakness of the method is the inefficiency of the tran
portation of untreated forest biomass. It can be improved by compressing d&nepy
biomass, pruning the thinning woods and chopping the stumps and roots. Chipping the




31

stumps and round wood requas heavyduty crushers ands therefore possible only in
centralized chipping facilities. Because of high investment costs, the cendraligeping
suits only for large power plants or terminals, from which the chips can be shipped to
power plants of different sizes. At the momerhipping is done mainly distributed, in
interim storages, but it is estimated that in near future chippind s done more and
more in terminals, from which wood chips are distributed to the end users anderefin
ment plants. (Laitila et al. 2008.) Chipping is more cost effective when done at the term
nal because of the greater volumes, higher utilisation rate smdiller 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 doneeither in interim storage or athe felling site. Ininterim storage chipping

method, the load capacity and load size of the truck is fully exploited the method is

also transportationefficient in long distance transportations. This is the main method
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the chipping and the transportation in forest, as well as the logging in some cases, is done
by one machine. Compared #normal forest harvester, a machine thatlso does the

chipping is more expensive and heaviegcause of which the transportation distances in

the forest should be short and the ground should be ldmehring and steady. Hence the
amount of wood chips produced at the site is very small. (Laitila et al. 2008.)

If small diameter wood, logging residuasd 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 obtlggnal material, and

thus chipping atthe logging ge reduces the transportation traffic and the operation days

at the forest, which is positive in terms of recreational use of the forest. (Karjalainen &
Sievanen 2008.) Logging residues and energy wood should be dried as such, and chipping
be done right lefore the utilisation, sincéongterm storing is not recommendable. Du

ing the longterm storage,processes, such as rotting, growth of mienganism activity

and loss of volatile hydrocarbons, take place and thus the solid mass of wood decreases
and incease the dry matter losses. The need forechanical drying of the wood chips
depend on whether the chips are burned as such or refined further to pellets exdab

It is not efficient to dry the chipthat are utilised in incineration as such, but thaw ma-

terial of pellet production or torrefaction process has to be dried up. (Péyry Management
Consulting 2011.)

In Rislog, both chipped and nahipped wood biomass is taken to the logistic centre,
chipped approximately frona < 100 km distance and nerhipped froma < 50 km d-
tance. This is because the transportation of radnpped wood biomass is not as efficient,
and thus the wood should be chipped before lesigtance transportation. Ithe Pursiala
power plant areathe chipping is prohibited becae 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 theerrahto the
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power plant and thus the features of its material supply chain apply also to the torrefa
tion pilot. According to Jussi Karppanen (2012), the Bioenergy Engineer ofSEtel&
Energia, the company purchases its wood material feoradius of60 km from the plant.

The transportation is done mainly by road, with full and sénanler trucks. The estia

tion in emission calculation is that the filling rate is 100 %; 40 t for full trailer trucks and
25 t for semtrailer trucks. In case of the ptiplant, the approximate transportation sh
tance is 30 km. If we assume, that 50 % of the raw material is transported by full trailer
truck and 50 % by serrailer truck, the total carbon dioxide equivalent (€0 emissions

are approximately 7 226 kg pannum, 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, ad the remaining amount by serrailers, the total C@ emissions are
only 6738 kg per year. Also, the transportation distance affects the emissions. Ipthe a
proximate transportation distance misedto 50 km, with shares of 50 % for both tsan
portation means, the total CO2e emissions areD42 kg per year. Increasing the share of
the full trailer to 75 %, the emissions dramwn to 11230 kg. (See VTT 2012a, VTT
2012b.)

The raw material demand of the Rislog torrefaction plant is much higher théregdilot
plant, and thusthe traffic emissions are manifaldHowever, inthe Ristiina bielogistic
centre, the railroad and water way transportation means alsoused, both of which are
more eceefficient than road transportation. Lappeenranta Univeysisf Technology si-
ulated the procurement logistics of the Ristiina fogistic centre with different procu-
ment volumes. Current estimation of the annual raw material volume of the Rislog in it
full operation is 1 million rh of which 50 % is torrefiedht 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, 3040 enegy 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 trénspor
ed by train, 1- 2 trains of 15 cars arrive at the termingddily. Tainsalsorun year round.
Barges pushed biowboats 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. (Poyry Ma
agement Consulting 2011.)

Even hough both trains and towboats are more eefficient than trucks,.e. the unit
emissions are lower, the transportation distance is likely to be longer. Thexgficiently

raw materialclose by, but the waterway transportation enables efficient raw material
transportation from longer distance as well. The possibditié raw material import from
Russia via waterway have been investigated. Many of tldesails are still not clearbut
some estimation is usedn the following calculations. One third of total raw material
stream transported by road from average distanae50 km causes GO emissions of
223000 kg annually. Same amount of energy wood transported by railroad caugses CO
emissions of 33800 kg per year if transported from average distance of 100 km. Water
way transportation is the most efficient, and thensportation of one third of total from
average distance of 100 km causes€e@missions of 31000 kg per annum. All together
the CQe emissions caused by the raw material procurement of the torrefaction unit of
Rislog in estimated production level 881000 kg per year. (See VTT 2007, VTT 2009.)
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9 CASE PURSIALA PIEDANT

The purpose of thistudy was to determine the possible environmental impacts of the
Pursiala torrefaction pilot plant and the Rislog commercial scale torrefaction plant. The
assassment is about to be utilized in the permit processes of the plants. Therdfuze
estimations are as accurate as they can be with the limited knowledge and experience of
especially commercial scale plants. Howewren though there are some torrefactio

pilot plants worldwide, the variations of the technologiakso affect the emissions and
other environmental impacts. Thereforeome of the following environmental impact
assessment base on the measurement results of the existing plant, but still they cannot
be taken too strictly. Still, 1 believe, that the suspected environmental impacts of the
plants shown in this and the follamg chapter represent the best available estimation
and can thude used in the permit processes.

Since torrefaction of wood in general is such a new innovation, before buildindangea
scaletorrefaction plant tre technology has to be pilotech@ smadl scale. The torrefaction
pilot plant is about to be located in the middle of the existing industriahislan Pursiala,
Mikkeli. InPicture12, the northern part of the Pursiala industrial area is shown. The red
circles pointout the existing industriaplants, the rightmost being the ESE power plant.
The buildings inside the yellow circle are demolished, and the pilot plant, markedawith
blue rectangle, is goin be located on the site of the demolished buildings.

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

The background of the torrefaction pilot plant project, the piloting equipment and the
environmental impacts and riskssessment of the plant are discussedthe following
chapters.Although the pilot plant is about to be built at the end of 2012, not all tke d
tails of the equipment or the equipment suppliehave beenfinalized yet. Heretofore,
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negotiations have taken place with two separate companies, first of wadugplying 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 he pilot project is to builda 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 obsetive requirements for raw
material and the end product and to particularise the investment costs. Behind thé Purs
ala pilot plant of torrefied wood pellet productigithere is a plan of dargescaletorre-
faction plant to be built up in 2015 in Ristiirgastern Finland. The pilot plant is planned
to be set in Pursiala, Mikkeli, Eastern Finland. The operation of the pilot plant iotemp
rary, ending in June 2014.
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Picture13 Locations of the Pursiala pilot plant (purple spot) amistiina bio logistic ce-
tre (red spot), area of biomass collection (purple and red circles) and the locations of
coaHfired power plants in Finland (Google Maps 2012)

Both the pilot plant and théargescaletorrefaction plant are located in Eastern kind,
near the city of Mikkeli, as seen Ricture13. The location of the pilot plant is shown in
purple and theargescaleplant in red spot. The raw material of the pilot plant is about to
be collected from area shown in tH&icture which isat approximatelya 60 km distance
from the city of Mikkeli.The argescaletorrefaction plant of Ristiina will gather its raw
material froma larger area, in thePicture 13 there is an estimated area of 100 kns-di
tance shown with red circle. The raw matérallection will bediscussed irmore detalil
later on. Torrefied wood pellets will be used in cedd power plants, most likely at the
coast of Finland, where most of the plants are located. One of the Finnish energycprodu
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ers running coafired powerplants participatesn the pilot project, and the test cbring

will be done in their plants. Since all the amtly coalfired power plants are pential
customers of the commercial torrefied wood pellet production, all currently operating
plants in Fitand are marked ificturel13.

9.2 Description of the Pursiala pilot case

The pilot plant is about to be built in EteJal @2y 9 Y SNBEALF [ GR®Q& t dzN
in autumn 2012. The purpose of the pilot plant is to produce initial information about the
technique and requirements of the raw material for ttege-scaletorrefaction unit. The
production capacity of the pilot plant is about9P0 t/a, so it isa relatively largescale

pilot. That is because the end product is about to be tested in powentplasing coal as

their primary fuel. However, the annual production is set to the level on which the env
ronmental permit process is not needed. The piloting project will take from one to two
years, the operational time being one year. The project igddwviirto two phases, the
buildingup 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 lasti
January 2013. During the first phadiee installations andhe initialization are done. Du

ing the initialization, the raw material is taken from the storeshef ESE power plant and
6KS SyR LINRPRdzOG A& dzaSR Ay (KS , ti@doruslisghd Q&
equipment testing and process optimiginso the turnout is very small and the actuglt o
eration starts irthe next phase. ESE collects the raw matdriain approximatelya 60 km
distance from its power plant. The wood is chippedadbgging site and transported to
the power plant by full trders and semitrailers. The environmental impacts of the raw
material collection of the pilot plant are estimated according to this informationthat
initialisation phaseit is relevant because of shared raw material collection with the ESE
plant, buteven though the pilot plant will purchase its own raw material in its actyal o
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 pbtems in the operation, the process may continuetil June

2014. Thus, the operational time of the plant is 17 months at the most. At this,gbet

pellets are produced for tests to be done in céiedd power plants volume being appto

imately 2900 t/a. The research project is launched for studying the raw mateeaal r
qguirements and the quality of the end product for the purposes of ldrgescaletorre-

faction unit. The research project is carriedt by Mikkeli University of Applied Sciences

and Lappe¢ NI y il | yADBSNEAGE 2F ¢SOKyz2f 23804 RSI
ogies.

The main goal of the piloting project is to build a commercial scale torrefied wood pellet
pilot plant, which can provide valuable research datadtargescaleunit. The olpectives

are to develop the torrefaction technology of wood bio mass and the pelletizing téchno
ogy of torrefied material. The suitability of different types of wood raw materialgHer
torrefaction process and their effects to the end product qualitplserved inthe re-
search project. In the research project the logistic operations of Ristiirbgistic term-

nal arealsomodelled and the logistical options of the torrefied pellets from the terminal
to end user are demonstrated. The competitivene$she 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-tioadl power plants
in Finland.

9.3 The pilotingequipment

¢KS LWAf20 LXIFyG A& £20F0SR Ay GKS 9{mQa LJ
ticipates on the piloting process as a@perator. The process of planning the building up

a pilot started in 2011 by lookinthe 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 planés been madget. The pelletizing unit

supplier at the pilot fant is most likely Promicco Ltd, though no contraas been made

with that company either. Jartek Ltd. is one acf KS g2 NX RQa f Sk RAyYy 3
treatment equipment manufacturers. The companies have some previous expeiience

the thermal treatment of vood 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 industr
al area, the plant fits orelatively small area. The laybaf the pilot plant is shown iRic-

ture 14. The heights of the units tie Pursiala pilot plant varfyom 6 to 9 metres, except

for the stack which is several metres dgiier. There have been questiom$ether the p-

lot plant causes visual harm for examgbr the Mikkelipuisto Park, which is in the dae

tion of the top left corner inPicture12. 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 tempiary.

Picture14 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 torrefaction pio-
cess, the torrefied mass is delivered to the pelletizing unit. Theréninig need for a
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storage silo between the torrefaction and pelletizing, and it could be located next to the
pelletizing unit. Inthe pelletizing process, torrefied material is crushed, and some&-add
tives are added before pelletizing. time pelletizing uni, the pellets are packed into flex

ble intermediate bulk containers, i.e. big bags. The torrefaction unit is dense whea-in pr
gress in order to keep up the anoxic conditions, but it can be opened when maintaining
the equipment. However, the need for thiind of maintenance occurs only by exception,
i.e. if some device daages appear (Piispa 2012ptB processes are run by electricity,
and the anoxic conditions are achieved by introducing water vapourtir@@rocess to
replace oxygen. Water vapouratsoused in cooling the biomass after torrefaction to 100
°C. The torrefied mass is conveyedthe pelletizing unitjn which water vapour is taken
into process in order to control the flammability and explosion riskalsticonstrains the
dusting of thematerial. 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. Accorditiget@est Available Techniques
(BAT) principle, the malodorous emissions can be diminished by efficient collsgsion
tems. Burning the collected gas is according to the BAT principle, when trenf&3ions

are controlled as well. Incineration of the possibly malodorous gaksecarries out the
odour problems of the plant. (Vasara et al. 2001.YHa pilot plant, the process gas is
burned ina natural gas burner and thus the emissions to air are mainly carbon monoxide
(CO), carbon dioxide (@Qand nitrogen oxides (N{) the latter of which is the mostgi
nificant flue gas of natural gas burning (Jalara et al. 2003). By burning the gas, the bad
odours arealsoavoided. Jartek Ltd. has measured the nitrogen oxides)(Bi@ sulphur
dioxide (S@ emissions in their test plant. The Némnissions have been slightly above the
limit values, but since théurning process has been remarkably different and thus the
burning incomplete, the results are likely to be within the limitsipilot plant. The S©
SYrAaarzya YSIFadaNBR Ay WFENIS]TQa G§Said e I yi
vice. Flue gas baing in general is tested technology in pulp industry, and it is proved to
be an efficient way to reduce the malodorous gas emissions (Aulaf@ola et al. 1996).

In the pelletizing unitthe spreading of the dust is prevented by fabric filters through
which all the outgoing air is circulated. All the conveyors are encapsulated, so the-mater
al cannot whirlinto the air. Howeverdusting may occur when the torrefaction unit is
maintained so that the torrefaction bed is taken out and the remaining solicerreton

the bottom of the bed gets whirling. The production of the pilot plant does not require
the maintenanceto be done immediately in case of disruption of the process, and the
dusting problem can be minimized by doing the maintenance in proper weatbed-
tions, when the whirling is minimal.
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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 formedn 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 ithe ESE power plant and thus will not be leaded to
grourd. Thepilot plant is located neathe 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). Ttessof leaa-

ate waters to nature can be prevented by installing a blocking layer and proper drainage
systems. Irthe Pursiala pilot plant, however, the pellets will be sacked right after pelleti
ing, and thus will not be stored in open piles outdoors.

9.4.3 Cndensing water

The oxygenless conditions are achieved with water vapour, which acts as an inert in the
process. After the postirying and intermediate heating phase, the water vapour is
brought into the chamber and thus the suitable conditions tloe torrefaction process

are achieved. Water vapour &ésoused in solids cooling, to cool the material after the
torrefaction. Torrefied material is hydrophobic and thus will not be affected by the h
midity. The water vapour condensates as the temperatures falder 100°C during the
cooling phase. Ithe piloting processapproximately 1 mof water condense# a month.

The condensing water is acidic; according to the measurements of Jartek Ltd itsgeH is a
proximately 2,7. Inhe 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 toa similar type of special waste water management contract as the
wood thermal teatment plant nearby.

Condensing water of the torrefaction proceatso contains dissolved compounds. The
BAT limit values for paper and pulp mill for water are- 2D nt/t of consumption, 1,2

1,9 kg /t for TSS (total suspended solids), -1266 kg /tfor COD (chemical oxygered
mand) and 0,15 0,25 kg /t for BOP(biochemical oxygen demand) (Vasara et al. 2001.)
Due to similarities in processes, these values can be used as reference vahestoine-
faction process as well.

Water vapour isalso present inthe pelletizing process. However, the water is noh€o
densed, but delivered tdhe gas burner, invhich the vapour is burned tpreventthe
malodorous releasénto the air. It is assumethat some substances are released from
torrefied biomass intovater vapour, and thus the vapour is deliveredth@ burner. The
content of the vapour is measured in the pilot plant, and if it does not contain ang-mal
dorous or otherwise harmful substance, the vapour could be released to air through fi
tration systens.

9.4.4 Noise pollution

The noise level of the torrefaction pilot plant is not remarkallgen compared to other
industrial plants in the area. According to the manufacturer of the fan engine, the noise
level ina 1 metre distance from the engine is approximgt62- 67 dB (A), depending on
the size of the engine. Other noise sources are similar conveyors and unloadipg equi
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day. Thus the noise pollution addition is margiralhe pelletizing unif the devices he-

ing noise level of 8090 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 potion is caused only up to 16 hours a day.

9.4.5 Traffic emissions

During the first phase, the traffic load the Pursiala power plant area is increased by the
delivery and installation of the facilities. At this paqittiere is no increase in raw material
transportation to the power plant site, since the pilot plant takes its material from the
9{9Q& NYg¢ YIFIOGSNARIEf ai201 FyR NBfSIFaSa (KS
tion. At the second phaséhe productionof the torrefied pellet is estimated to be 200

tons annually, which means thattotal of 6500 t of wood chips are neededhe amount

can also be expressed 235000 stéres (loose cubic metres), the unit meaning the volume

of 1 n filled with wood chips looselyyith air between them. The amount corresponds

to 175 full trailer loads of raw material in 17 months. On a monthly baéig full trailer

loads of raw material are receivehd the end product is shipped 4,3 full traier loads.
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marginal. The raw material is transported to the plant from approximase®p km ds-

tance (Karppanen 2012). The emission effect of the traffic loadnsllad more precisely

in chapter8.3.

9.4.6 Aesthetical impacts

The pilot plant is situated next to the existing power plant, partly behind the othersindu
trial buildings. The plant is relatively small and neuinaits colouring, and thus will not
cause remégkable 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. Thereforeall the impacts of the plant, including the aesthetical impacts, ame-te
porary. There has been discussion about moving the industry in general away from the
Pursiala areabecause 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 ttiedee

ade. Nonetheless, the pilot plant is temporary, and thus will not affect to the ovesall d
velopment plans of the area.

9.4.7 The ecebalance of the plant

In the ecaebalance all the input and output streams of a process are listed. The eco
balance of thePursiala pilot plant is shown fable4. 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 estimatethinpelletizing process
some additives are added, but since the idea of the pilot process is to test the ideal qua
tity, the annual input cannot be estimated exactly. The substances and itjeariisted in

the table are assessed together with the equipment suppliers, and thus represent the
best prediction available at the moment.
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Table4 Ecebalance of the Pursiala pilot plant

INPUT estimatedannual amaint | OUTPUT estimated annual amount
Raw material Production
Wood chips 6500 t Torrefied wood pellet 2900 t

Energy (mainly electricity)

Torrefaction unit

3800 000 kWh

Waste water
Collected separately or lead to

Pelletizing unit 755000 kWh municipal waste water treatment
plant
10000 |
Water Waste
Torrefaction process 75000 | Solid material 1000 kg
Pelletizing unit 3000001

Gas

Natural gas isised for burning the

process gases

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

Packing material

Emissions to air, water or soil*

FIB& Dust 20 kg
1500- 2000 pcs CO 120 kg
Chemicals NOX* 2080 kg
Additive a 1-5% = SQ*** 400 kg
Additive b | 29000- 145000 kg TOC 40 kg

HF 3 kg

HCH** 170 kg

*) Calculated by multiplying the average of FGoal 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 vappno nitrogen is used. Natural gas incineration will
produce some Ngemissions.

*** ) High S@and HCL contents can be explained by raw material ofCoal torrefaction plant; the ae
tents in Pursiala pilot plant can be expected to be lower.

The torrefaction process is quite simple, and thus no unpredicted material streaths ou

side the list shod occur. The additives are used time pelletizing process, and their
guantities 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 calisedst be

pointed out that the measurements of the Tofr 2 £ Q& G 2NNBFI OpA 2y L
plied tothe Pursiala pilot plant as such because of the process differences. The fain di
ferences are the wayim which the oxygen is replaced in the process. In-To# I fat@a LJt
nitrogen is used as inert gas, which explains the highéwissions. Irthe Pursiala pilot

plant the NQ emissions are estimated to be remarkably lower, since they are produced
only in natural gas burning process, when the atmospheric nitrogen ogidize

9.5 Environmental risk assessment of the plant

The operation of the Pursiala torrefaction pilot plant is linkedhe Pursiala power plant
AY Ylyeée glead 'a Ay (0KS 9{9Q& t dzNEAINE I
mental harmful substaces are handled. In exceptional situations, the procedures of ESE

LJ2

! Flexible intermediate bulk containers (big bags)
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are followed. In case ain 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 dmeakst

ed. The estimations were done togetheiith the Biosaimaecluster coordinator Mika
Muinonen.The equipment suppliers weralsoconsulted. The ways to control the risk are
listed in the final column. However, it must be pointed out that not all the mate or
processes are listed, but only the ontb&t 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 ito the torrefaction process are woodips and water vapour. Natural

gas is used for burning the process gas. Pelletizing process uses some additives, named as
GFrRRAGADGS ¢ FTYR GFrRRAGADGS o0é£d 21 1SN @I L2
it does not cause environmental risk. Timachinery requires hydraulic oils, aatthough

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 riskglating to input materials are shown Table 5.

Table5 Environmental risks of the input materials

Emission and it§ Environmental m- | Probability | Con®- Operational pio-
source pacts guences posal

Input materials

Material release in Dusting medium very low

chip truck unloading

Natural gas leak: pg | Natural gas release il low low

line breakage, leaks i| air
0KS 22Ayia

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

Leakage of additive b | Material release”A no | low very low
harmful impacts (non
toxic)

Leakage of machiner| Oil spill into groundd | low low Preventing

oils further to stormwater straight access t(
drainage system drainage system

According to the classification of environmental risks showhablel in chapter 3.3 Enwv
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 amaintust

should be moderate, and the distance rather low. The natural gas is brauge 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 naltedre either low toxic or
non-toxic, and thus the consequences of possible emission are rather low. Of inpet mat
rials, the only remarkable emission source is machinery oil, but the amount of the oil in
the process is so low that the environmental riskconsidered 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 faci
ities, gas burner, bagging equipment and outdoor storage. The operations of the plant are
chip silo filling, system control of the pilptant, additive feed andnovingsacksby fork-

lift. In addition,the system control of the Pursiala power plant shoué&dwonsidered b-
cause the operations are linked. The physicochemical processes of the plahedos-
mation of torrefaction gas, condensation of water, dust generation and probablynnco
plete combustion in gas burner. The risks related to these equiprardtprocesses are

listed inTable6.

Table6 Environmental risks of the plant equipment and the process

Emission and it§ Environmental m- | Probability | Con®- Operational po-
source pacts guences posal
The plant equipment
Ignition of the wood | The impacts of bur | low low Circulation time is
chips in chip silo ing; smoke, odour, flue kept short

gas
Ignition of the tore- | The impacts of bur | low low Circulation time is
fied wood in interne- | ing; smoke, odour, flug keptshort
diate storage silo gas
Breakage of conveydg Dusting very low low
capsules
Air leakage to tom- | Ignition or even exp- | low high
faction chamber sion
Problems in filtration| Dusting; release o] low low
system of air malodorous air
Problems in sacking | Dusting medium low
Problems in sacking | Ignition low high
Malfunction of gas Release of malodorou| low medium
burner gases into air
Leaching water; rain Water of high COL low medium Storage of tore-
water access to tos- | access to ground o fied material done
fied material in ot | stormwater drainage covered
door storage A altered chemical

properties
The plant processes
Chip silo filling Dusting medium low
Lacks in system e | Ignition or evenexpb- | low high Security system td
trol; Uncontrolled | sion control the tem-
process in torrefaction perature: sha-
chamber: too high down of the pp-
temperature cess
Lacks in system oe| Ignition or even exp- | low high
trol; Uncontrolled | sion
torrefaction process:
access of oxygen t
the process
Lacks in system oe| Ignition or even exp- | low high
trol; Uncontrolled | sion
conditions in pelleti-
ing unit: insufficiently|
water vapour
Problems in additivg Excess additive int¢ low low
feed pelletizing unit A
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further to drainage
system
{101 aQ Y2kg| Dusting very low low
lift; breakage of sack
Chemical processes
Formation of torrefg- | Malodorous gas ersi | low medium
tion gas; gas release t| sion
air
Formation of condes- | Altered pH balance low low
ing water; water e-
lease to drainage sy
tem
Dust generation Dusting medium low Air filtration, no
unfiltered air to be
released from the
process units
Incomplete burning CO and malodorouy low low
gas emission

The risks related to the plant equipment and the processes are either low or medium
risks. The medium risks are present in mgi®ns of high temperature and anoxic cand
tions, since even a small oxygen léato the chamber can cause greddamage. However,
Jartek Ltd. secures the operation by overcompensated humidification and cooling of the
process. There are two separate coglisystems, 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 tase too high, the automatic security system will
run a controlled shut dan of the process.

9.5.3 The activities at the plant

The risks discussed 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 systemsland e
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. ;Tthesrisks relating

to activities at the plant are divided into risks of the process control, ajpan 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 forfige operatio. The risks of the aet

ities are listed inrable7.
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Table7 Environmental risks of the activities at the plant

Emission and it§ Environmental m- | Probability | Con®- Operational po-
source pacts guences posal
Process control
Errors in torrefaction | Release of oxygen int{ very low high
process automation | process: ign
tion/explosion
Errors in torrefied| Need of maintenance low low
material dosing A dusting
Errors in sacking Excess dusting low low
Operation
Human errors due tq Almost any kind of low high Adequate training
inadequate  oriend- | hazard: from dusting tg of the employees
tion of new employees explosion
Errors in communi- | Alimost any kind of low high Efficient wag to
tion between the| hazard: from dusting tg share information
shifts explosion
Errors in communi- | Almost any kind of low high Efficient ways to
tion between the| hazard: from dusting tg share information
companies explosion
Maintenance
Maintenance  work;| Dusting; release o] low low Doing the mairg-
opening the torrefa- | odours nance of the tore-
tion camber faction chamber in
suitable weather
conditions
Urgent preparations | Dusting; release 0] low low
odours
External contractors| Almost any kind of low high Proper orientation
human errors hazard: from dusting tq of the external
explosion contractors
Problems in spare Odour releases o| very low low
parts supply: umi- | maintenance work

tended shutdown of

the process

The consequences of human errors are often hard to estimate, since the error pan ha
pen inany stage of the process. However, the most crucial ercogsy. opening of the
torrefaction unit when the process is a@going¢ can be prevented by good safetyssy
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 higlg or anything between. However, in this estimation, the operational
risks are considered low by their probability and high on their consequenoes;ditng to

the worst possible scenariohtis 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 wastesfaan an environmental risk ifer
leased uncontrolled. The environmental risks of the outputs of the process are listed in

Table8.
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Table8 Environmental impacts of the outputs of the process

Emission and it§ Environmental m- | Probability | Con®- Operational po-
source pacts guences posal
Exiting materials
Torrefied wood pellets| Odours release | medium low | Sacking tightly
Emissions to air
CQ Promotion of global high very low* In general, reple-
warming ing coal by tore-
fied pellets @-
creases the tota
CQ emissions
Malodorous gases Reduction of pleasdn | low medium
ness; Irritation of re-
piratory tract
CO from incomplete Promotion of ground low low
combustion level ozone formation
Dust Irritation of respiratory| medium low
tract
NQ, Harmful health 1n- | high low Low NQ technd-
pacts; formation of ogy adoption
ozone
SQ Harmful health 1n- | very low medium Wood is nearly
pacts; promotion of sulphurfree mate-
acid rain rial 4 minimal S@
emissions if any
Waste water and solid waste
Condensing water Altered chemical pmp- | low low Water treatment
erties; dissolved du (pH neutralisation)
stances before release to
drain
Stormwaters Increased COD low low No rainwater a&-
cess to torrefied
material
Solid residual of tog- | Fertilisation impact to| low low Careful collection
faction proces® a | & soll from torrefaction
chamber A bumn-
ing in Pursialg
power plant
Waste oil Contamination of soil | low low Appropriate  ha-
dling of waste oil

Some of the emissions have appeared in previoustaBles, such as dust and odowg-r
lease, but they aralso included in this table texamire the consequences of theier
lease to the environment. G@missions are actually an impact of normal operation, not
a risk. Also, when considering the Bgture the production and us of torrefied wood
pellets actually decrease the g@missions, when coal is replaced in energy production.
The risks of the output materiglare either low or mediugrbut with careful handling and
adoption of proper treatment technolgy, many of the emissions can be controlled-eff
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 dfiect
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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 sioprobably have an effecn the pilot plant

alsa Additionally,the seasons and extreme weather conditions may causskabut also
external people and foreign materials raw material stream can poserisk. The risks of
external factors are listed ihable9.

Table9 Environmental risks of external factors

Emission and it§ Environmental m- | Probability | Con®- Operational po-

source pacts guences posal

External factors

Seasons (heating up q Ignition; Increased medium low The consequence

freezing the raw mag- | energy demand of freezing or

rial or the pellets) heating up the raw|
material will be
clarified during the
piloting project

Storms: equipment Dusting, whirling of thg very low medium Strong capsules

(conveyors) breakage | material

Deluges; water flod- | Altered chemical fa- | very low medium High sills; all wate

ing on the piloting| tures of the water; should exit via

plant uncontrolled et A drainage A pre-

effects to soil and treatment of wa-
surface water ter

External people; va& | Almost any kind of low medium Well  controlled

dalism A disturb of | hazard: from dusting tg access to the

the operation explosion plant; minimizing
the possibilities for|
vandalism

Foreign materials i Uncontrolled torrefz- | low medium Material flow

raw material; different| tion process; ignition control (e.g. tras-

heat treatment prg- | or even explosion illumination)

erties

Disruptions in powen Almost any kind of low high

plant operation hazard

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 pbas@o env
ronmental impacts other than the ones of the excess energy production, should occur. In
the pilot plant the amountsof stored materials are so lothat the risk of ignition can be
estimated to be rather small. Storms and water floods woulturedly alsoaffect the ta-
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 equigraest in
pelletizing. Since the pilot plant is stronglgnnected 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 profiie of
Pursiala power plant is shown ihable 10. The number in each box represents the
amount of the identified risks in that category. For instance, thereaati@al of six risks
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found, of which the probability of receptors being exposed is medium, and the eens
guences 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

_ o High

o . —

> 3 2 Medium Low risk

= un un 1

o 5 0

8 % < = Low Low risk Low risk

cg @ 1 18

0o Very low | Very low risk Low risk Low risk
0 3 3
Very low Low Medium

Consequences of hazard being realised
Js)

The risks of Pursiala pilot plant project are all medium or flieks, and no high riske+
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 env
ronmental risks relate to dusting and malodorous rales.In addition,the unexpected
situations can cause high environmental risk, such as the access of oxyg#reitaoe-
faction chamber. The technical risks can mainly be prevented in adweititesufficient
security systems, e.g. by having more water vapour in the torrefaction chamber than
needed. However, the risks of human errors cannot be follgvented,since those are

the hardest to predict. The automation systems of the plant can anyhowentethe
worst possible scenario lisablingsome actions when the processes aregwing. All in

all, the Pursiala pilot plant seems to haweery small negative environmental impact and
alow risk profile, but its benefits can be significant.

10CASE RI®G

Ristina biesf 2 3A4GA 0 OSYGNB o6awAaftz23¢é0 Aa Is- 0A2
niemi area, Ristiina. The Risl@ggescaletorrefaction unit is estimated to produce 200

000 tons of torrefied wood pellet per year. The scope of Pellosreemithe planned area

of the biclogistic centre are shown iRicturel5. 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 biomasgo biofuels, such as torrefied pellets.

The location is ideal for bilmgistic centre, since all the transportation means exist at the
area already; there is a railway connection, a deeger harbour, and highways 13 and

15 nearby.
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Mikkeli25 km

/ URPM-Kymmene plywood production plant

Ristiina bidlogistic centre
«— Deepwater harbour

Highway 13

Picture15The scope of Ristiina bimgistic centre (Vallas 2011)

In orderto increase the energy densignd enhance the handling and usability properties

of the biomass, the refinement is needechelterminal is a natural place for increasing
the refinement level coseffectively. The refinement can either be improvement of the
composition and quality, orrmpcessing the product.hE 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 endiza SN ¢ KS wAiaf23Qa& | yydz f000G08 N2 dz3
solid n? of wood chps, of which 50 % will be sold to energy producers in approximately
100 km distance as traditional chips, and 50 % will be processed into torrefied wéod pe
lets. These will be sold to cefled power plants in Finland, and the future also to in-
ternational markets. In terms of raw material supply, the impaa of the Rislog covers
whole of Eastern and Soutkast Finland, but the total sphere of influence is larger if the
end users are taken into account as well. According to estimations of POyry Btaray
Consulting (2011), the bilogistic centre is about to employ 25 people at first: 1 omma
agement, 12 on purchase organization, 3 on administration and marketing, and 9-on te
minal operations. The forest energy harvesting is organised by contrastibabntrat-

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 matg@ral su
ply, logistic options, torrefaction technadg and torrefied wood pellet markets were-r
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 optimat logi
tical position. High local raw aterial potential enables the reliability of raw materialpsu

ply and the high quality of the end product. Synergy effect with ti3hmene Ltd. gt

wood plant is also seen as strength. The land use planning and the planning for organising
the traffic have strted in 2011, and they are about to be completed in 2013. Thes{orr

fied wood pellet production is about to be started in Ristiina in 2015.




