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An energy audit is part of the development of energy efficiency in Finland. Ehergy
Efficiency Agreement, 1ISO 50001, and the Energy Efficiency Systdbs{Edefine the

basis for monitoring energy efficiency and energy use. An energy audit at the Pellos plywood
factory is conducted at least once every four years, aiming to identify areas for improvement
in energy efficiency and process productivity.

This reportreviews the concept of energy efficiency, the most common energy efficiency
indicators, the content of the Energy Efficiency Agreement, the ISO Si@06dardand the

EES+ system, which is strongly based thre ISO standardAdditionally, the aim is to
comprehensivelpresentthe energy consumption and major consumers of all production
lines andparts of the process the Pellos plywood factory. The energy audit at the Pellos
factory is statutory, and the content of the reporting is deterrbined t he Ener gy Al
regulations.

An important part of the energy audit is identifying new en&aying targets and
developing energy usendits monitoring. The work presents proposals for improving both
energy reporting and usage targets, as well as rough estimates of their economic impacts, if
possible. These proposals are reviewed during the audit, and further actions are decided
upon.
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Energiakatselmus  toimii osana energiatehokkuuden kehitystda ~ Suomessa.
Energiatehokkuussopimus, ISO 50001 ja enetglakkusjarjestelm@ETJ+) maarittelevat
pohjan energiatehokkuuden ja energiankdyton seurantallergiakatselmus Pelloksen
vaneritehtaalla suoritetaan vahintaan kerran neljassa vugdessatarkoituksena on loytaa
kehityskohteita energiatehokkuuden ja prosessin tuottavuuden parantamiseen.

Tassa tyossd kaydaan |api energiatehokkulésitteend, seka yleisimmat
energiatehokkuuden mittarit, energiatehokkuussopimuksen sisalt6, seka 1SQesfib@h
vahvasti perustuva ETJ+ jarjestelmidséksi tarkoituksena kerata kattavaBlloksen
vaneritehtaan kaikkien tuotantolinjojen ja prosessin osien enérgiaukset ja
merkittdvimmat kuluttajat Energiakatselmus orPelloksen tehtaalla lakisdateinen, ja
raportoinnin sisaltdé maaraytyy Energiavirastoaaraysten mukaan.

Tarked osa energiakatselmusta on uusien energiansadstokohtéigéminen ja
energiankaytobn tai sen seurannan kehittaminen. Tyossa esitalddotuksia niin
energiaraportoinnin, kuin kayttokohteiden parantamiseen, seka karkeat arviot niiden
taloudellisista vaikutuksista,mikali mahdollista. Nam&a ehdotukset kaydaan lapi
katselmuksen aikarja paatetaan jatkotoimenpiteista.



SYMBOLS AND ABBREVIATIONS

Roman characters

Co Specific heat capacity kJ/kgK
hy Saturated &pour enthalpykJ/kg

p Pressure bar, Pa
Q Thermalpower kW, MW
Om Mass flow rate kg/s

T Temperature °C, K

Greek characters

d Efficiency

Dimensionless quantities

Pos Valve position
Subscripts

Cold Heatexchanger inlet
fs Flash steam

max Maximumvalue
nom Nominal power

out Outlet

p Constant pressure

Valve% Valve position

Waste Wasted heat



Abbreviations

BAT

BFB

EES+

EK

EnMS

JSV

LaSa

LS

MDP

MEEP

NOC

P1

P2

P3

PDCA

PV

VRA

VSK

Best available technology
Bubbling fluidized bed
Energ Efficiency System +
Confederation of Finnish industries
Energy management system
JarviSuomen Voima
Condensate tank

Heat exchanger

Mill Data Platform

Measurs of energy efficiency
Normal operating conditions
Pellos 1 production line
Pellos 2 production line
Pellos 3 production line
PlanDo-CheckAct
Photovoltaics

Raw water

Soaking pool scrubber water



Table of

Abstract

contents

Symbols and abbreviations

N 1011 Yo [T £ o SR 8
2 ENergy effiCIeNCY.......ccoooiiiieii e 10
2.1 Measuring energy efficiency performance (MEER)...............ccoeeieiieeeinnnn. 11
2.2  Energy EfficienCy AQreemeENIS........cccuuuiiiiiiiiiiieeeiiiiniitie e e e e e e eeeeeeeeees 12
2.3 Energy audit report CONTEML..........uuuiiiiiiiiiie e e 13
2.4 1SO 50001 and Energy efficiency system+: 20BES) .............ccoeevvvveeeeeenee. 14
25 Finnish Forest Industri.es.f6..en.e.r.g.y6
3 PlywoOod ProQUCTION. ......uuiiiiiiiiiiiiiiiit ettt e nene s 17
I A S o T- 1 (] o TP PRTTPPP 17
A I {21 T PSP PPPPUPPPPIN 19

G R T I oY/ 1 o o PSP PPRPTPPPPN 22
3.4 Sorting, lining, gluiNg & StACKING.........uuiiiiiiiiiiiiiii e 24
3.5 Hot pressing, filling, trimming, and sanding...............ccccovviiccceiieeeeeee 27

4 POWET PIANL.... oottt e e e e e e e s e e e e e e e e as 32
4.1 BOIEr tYPES IN USE.. .o i i e e e e eeiieeeeeeeteeee et e e e e e e e e e e s 32
4.2  Natural and forced CirCUlation...............oooeiuiiiiiiiiiee e 34
G T |V = V1 o T o T | T TR 37
4.4 BaCKUP DOIEIS ... 40
4.4.1 LaMont grate fired DOIIEr............coooiiiii e 40
4.4.2 HOGIOrs Oil DUMEL.......o e 41
Energy reporting in PellOS. ... 42

6 Pellos energy statistics for energy audit.................ueeeeiieemiiiiiiiiiiiiiieeeee e 43
T R VY Y (=T U [ST= T | PPN 43
6.2 EIECHICILY USAQE ...euuttuuuiiiaii e e e e e ceeeeie s e e e e e e ettt neee e e e e e e e e e eeeseeneannnn s 44
TG N I =1 0 K51 o o ST PPPRIPRRR PPN 47
0 I 01T g g F= =T 1= ) 47

ef fi



6.5  POWET PIANL.......uiiiiiiiiiiii it 49

B.6  PEIIOS L.ttt 53
B.7  PEIIOS 2.ttt 56
6.7.1 Pellos 2 flash Steam............uuviieiiiiii e 59
6.8  PeIlOS 3. e e nnnr e e e eeeeeeneed 61
6.9 Soaking pool and other primary heat USES............cccovvviiiieeeiiiieeeeeeeeeeeen 64
6.10 HEAL TECOVEIY....uiiiiiii et eeeee ettt e et et e e e e e e e e e e eb e s ennmeened 66
A = (0] o0 5= To Jr= T 1] o 1= F PSSP 69
7.1 Pellos 2 flash steam UtiliSatiQN..........ccooeeeiieeiiiiceee e 69
7.1.1 Pellos dryers condensate removal valves.............ccceeevieeeeviiniiineenenn. 71
7.2  Soaking pool primary steam heating...............coovvvviieeiiiieieee e 72
7.3 SOlAr PV fOr OWN USE.....uuiiiiiiiiiiiiiiiiieseeeeieeeetetae e e e e e e e e e e e e s s ssmmme e e e e e e e s s s e snnnnnnnes 73
7.4  Compressed air [aKS.........ccciiiiiiiiiiiieee e 76
7.5  ENEIgY r€POIING....cceiiiiiiiiiiiieieeee ettt eeeees bbb e e e e e e e e e e e e e e eeans 77
7.6 Pellos 2 & 3 coravood ChIPPENS.........evvvviiiiiiiiie e eeeevieeen e B
7.7 Pellos 3 liquid reflnement..............cceeiiiiiiiiceeeiiceiee e ceeeeeeeeeeevveeeee e eeeeenn 9
S S O o] o o3 U1 o] o R 81
] (=] €= o =SSR 83
Appendices

Appendix 1. Electricity usage by production line 2023
Appendix 2. Switchboards explained

Appendix 3. 2018 Heat usage

Appendix4. 2019 Heat usage

Appendix5. 220 Heat usage

Appendix6. 2021 Heat usage

Appendix7. 2022 Heat usage

Appendix8. 2023 Heat usage



1 Introduction

UPM Pellos plywood milis conductingan energy audit in Q1 of 2025. This repisrta

collection of data for the audit amnsists of three different partsirst part explains the
energy efficiency as a concept, ways to measure the efficiency of a sgsigithe content
of the energy efficiency agreememinergy Efficiency System{EES+) and ISO 50001

standard

Energy audits mandatory for companies with over 250 employees or yearly turnover of 50

mu and a balance over 43 mu with exceptio
efficiency agreement and implemented an EES+ or certified ISO 50001 s{Estenyy
Authority, 2014) UPM Pellosexceed®dothstatistics EES+ is in use at Pellos, but they have
decided not to officialljhave it certified requiring them to have an energy audit at least once

in four years.

EES+ and ISO 50001 are both energy management systems used in Finland. ISO 50001 is
the foundation on which the EES+ is builhdis aninternationally accepted standard for
energy management systems. EES#ade by Motiva to be used in addition with energy
efficiency agreement in Finland tonprove and monitor energy efficiency of Finnish

organizations.

Second parists the main machinery and their purpose in production of plywood in Pellos
mill site. The process to make plywood from the raw logs arriving to the mill site uses
substantial amountof thermal energyin soaking and drying Largest electricity

consumption is from the lathedryers, and parts of the finishing anefinement.

Third partlists the mandatory information required in teergyaudit Energy reporting
system, hermal energy, electity, water usage and transports axplained, and energy
usages listed from 2018 to 202&en data is availabhleéSome reporting systems and
machinery have changeldiringthetime period and some data has not been collected until

lately.

The proposed actions &ehieve savings in energy usage are the reason these audits are held.
Scrutinizing the current systems and looking for wiysachieve savings with reasonable

financial investmentare the main focus when the-site audit is held. Theroposed actions



in this report are mainly simple ahalv investment actionsSome of these are achievable
with new instructions to operators, wheréager savings in stear electricity systems
will need some investments amebreplanning and calculations than presented in this report
The goal of this report #® provide different waysvith preliminary saving potentiafsom

whichto continue more accurate calculations for investment proposals.
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2 Energy efficiency

To understand energy efficiency, it is important to understand the energy flow from primary
energy to usable ener@ylorvaj & Bukarica, 201Q)Primary energy i.e., heavy fuel oil needs

to be processed to make itabide The laws of thermodynamics dictate that this process
cannot be withouenergylosses.In its simplest form, energy efficiency is calculated by
dividing the work produced by the end device by the energy contained in the primary energy

source.

Direct use
Primary energy Final energy
; . Secondary energy L Useful energy
(contained in energy frensfonmed)] ideliverd to aqd
carmiar) use sactors)

Transmissicn and Losses of
distribution losses inefficient
equipment,
Transformation processes and
behaviour

losses

Figurel: Energy flow from primary to useful ener@orvaj & Bukarica, 2010)

Energy losses from primargnergy to useful energy occur during production and
transformation of the energifor example, when heavy fuel oil is burned, heat is absorbed

by theenvironment and lost in flue gasses and ash. Secondary heat is in the medium heated
i.e., water/steam. Steam is used by turbine and more losses higgemerator transforms

the rotation of the turbine to electric current which goes through transformer to be fed in the
electricity network. Transmission lossescur inthe grid, ad the device that uses the

energy.

Transmission and distribution losses can mainly be affected by techndldgwaj &
Bukarica, 2010)Power productionheat recoverygeneratorsand transmission lines are

examples of losses that happen in the first three parts of energfFitnwe 1).
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2.1 Measuring energy efficiency performance (MEEP)

Measures ofenergy efficiency performance (MEEP) are metrics commonly used by

organizations to monitor their efficiency and profitabiliitanako, 2008)

MEEPsare useful tools to improve energy efficiency in industijhey are often tied to
anothercomparablevalue for example production amounts, to make them comparable to

other businessasith the same or similar productioiKanako, 2008)

Proficient use of MEEPs needs a documentation of the boundaries set when measuring these
metrics. Different organizations can have the same process but measure their energy usage
and production within different boundaries or have different processes \hingsame
boundaries(Kanako, 2008)

Cazoe (1)

(p), gk (5): same

Case (2)

(pl, (g): same

(=) mniot included in
B but only in A and
other object, C

Case (3)

(g). (s): same
{pl, (r): different

Figure2: Visualisation of boundaries within a procé€anako, 2008)

Different types of MEEPapplyto different situationsTwo of themost usedM e e @rétke
thermal efficiency of equipment and energy consumption intensity. Thermal efficiency is
simply calculated as output energy divided by input energy. For example, boiler efficiency
is the thermal output of the boiler divided by the fuel fed to the béanako, 2008)

Energy consumption intensity is the energy used by the process divided by some physical

value. In industry this is often production quantitiesoims or ni or themarketvalue of the
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work done by machinery. Thermal efficiency and energy consumption intensity are often

presented as a traditional energy efficier{anako, 2008)

Other industry used metrics are more situational and harder to m&@dseidesolute amount
of energy consumption and diffusion rates of energy efficiency facilities are more abstract

metrics and need additional documentation to be used as a measurement of efficiency.

The dsolute amount of energy measutiestotal heat used bthe process. This value has

no meaning in energy efficiengyerspective It tells the absolute value of energy used
without any comparisorf.o have any use, iteeds aother comparable valdier perspective

It is also hard to compare between companies as the boundaries between companies in which
the heat demand is measured can d{ffegure 2). (Kanako, 2008)

The dffusion rate of energy efficient facilities is the rade which commonly known
equipment is deployed to indust{)Kanako, 2008}-or example, best available technology
(BAT) in energy efficiency for heat recovery and its deployment can be measured and
calculated towards enhanced energy efficiency in heat recovery systems.

2.2 Energy Efficiency Agreements

Energy efficiency agreements are made betwdka Finnish government and

i ndustrial/ munici pal associations as a t
obligations according to directive 2012/27/EU articl§Etiropean Union, 2012)This

directive states thatmore drastic measures need to be taken to achieve 20% savings from
projections in primary energy consumption made in 2007. This agreement fulfils the

obligations without legislative reforms.

These agreements have been implemented $ece 9 906 s and now covVve.l
Finlandods e n &he tatgstgreernettwastsigneeh2014 and continuesntil
2025.(Energy Efficiency Agreements, 2014)

This agreement in additico certified Energy efficiency system+ :20{Mlotiva, 2015)or

certified ISO 50001 energy management syst&® 50001, 2018¢xclude company from
mandatory energy audit enforced by Finnish Energy Authdiiigergy Authority, 2014)

Both EES+ and ISO 50001 provide a system and requirements for energy measurement
systems and how to use them to continuously improve energy efficiency.
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However, even though UPM Kymmene has signed the agreement, not all units and
businesses have been certified and need to perform a mandatory energy audit at least every
four yeas. Pellos plywood mill uses EES+ system but Hasided not to get itertified

This meanghe audit must be done according to laws and regulations Statée Energy

Aut horityds mandat e.

2.3 Energy audit report content

The mandatory content energy audit reporis taken froman example report foundn
Finnish EnergyA u t h o home page(&nergy Authority, 2021)

1. Basic information

2. Energy consumption and cost

3. Presentation of current situation

4. Energy saving propositions/actions.

Basic informationincludes thefollowing. Business ID, address, responsible person, and

reporting date.

Energy consumption and costs must be presantadhly from thelastcalendaryear, and
yearly from last three years. This pamust alsocontain an explanation of current energy

usage by production and how it is divided between machinery.

The arrent situation is presented theneed and usagd energyfrom different parts of the
energy system, the efficiency of systems in place, control methods of the system, parameters

used and their appropriateness, and possible energetics.

Finally, the proposed actions to improve energy efficiency are presented as the current
situation compared to possibkavings after the action, the economenergy and

preliminaryprofitability calculations of said proposed action.
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2.4 1SO 50001 and Energy efficiency system+: 2014 (BES

Energy efficiency system+ is based on ISO 50001 and goes hand in hanthavith
requirements and methodBhe dfference between these two is that EES+ is made by
Finnish authorities and is not applicable outsitiéinland as a certified energy management
system. EES+ certification can be giventbg same Finnish authorities as the ISO 50001
certificate.(Motiva, 2015)

SFSEN ISO 50001:2018tandard endés organizations to develop and establish energy
management system (EnMS) to continually improve performance and efficiency. The EnMS
provided in this standard is based on HlmRCheckAct (PDCA)Figure 3)framework to
establish continuously improving EnM@&SO 50001, 2018)

A Needs and
Internal and Context of the organization expectations of
external issues interested parties

X" Scope of the energy management system X“

Support and
A operation D
Performance
evaluation
— /

Intended outcomes of
the energy

management system

Figure3: PlanDo-CheckAct Cycl€lSO 50001, 2018)

This EnMS highlights the importancé top management and leadershipp management
starts the planning from the ground up. Understanding the needs and expectations of
interested partieswvhich in this casare theFinnish Energy Authorityand the Finnish
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government Determining the scope and boundaries of the EnMS to clearly divide the
internal and external factors and tasks for the responsible parties ensures everyone
understands their part of the EnM®adership needs to be invested and provide the support
for their employees and external organizations to ensure the policies are implemented,
monitored, and reported SO 50001, 2018)

The aganization establishes clear goals and targets for energy usage and<iewattoi
measure energy efficiency in a way that these improvements can be monitored. These objects
need to be in accordance with energy policy, communicated clearly to the interested parties
in and outsidef the organization, and updateable when applicil3€ 50001, 2018)

After goals are clear and tools to meaghesbaseline are readsyhe organization needs to
determine and provide resources necessary to achieve theseTgealisicludesfinding
competent employees to oversee the operations and forming a clear communication and
reporting pipeline between top management, operational personnel, and outside parties.
Operational planning, design and actions are based on the EnMS plan anthegiidel
provided by top managemeiSO 50001, 2018)

Performance evaluation is based on the or
what needs to be monitored. Evaluations are done to compare the planned actions and
savingsofthemand t o ensure the |l egality and comp

A tool required by ISO 50001 to evaluate performance is an internal audit which is conducted
in planned intervals mentioned in EnMS. Whaminternal audit is done by operational
personnel, management neéad review the EnMS and actions of operational personnel in
intervals mentioned in EnM$ISO 50001, 2018)

Based on the reviewsnprovements to the EnMS and the energy systems of the organization
aremade When a nonconformity is identified, actionsttoeedto betakenby determining

the cause, implementing actions, and if needed, improvements in EnMSli&@l160001,
2018)

This feedback loop of PDCA provides a system to constantly improve energy efficiency of
any organization, regardless of its size or structure. Finnish Energy authority uses certified
ISO 50001 in accordance with energy efficiency agreemeapesficient enough process

to monitor energy efficiency that companies with them are not required to do an energy audit

by law.
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25Finnish Forest Industriesdé energy el

Finnish Forest Industries and Confederation of Finnish Industries (EK) are the umbrella
organizations to all forest industry companies in Finland and have agreed to the Energy
Efficiency Agreement(MOTIVA, 2016). The agreement states the responsibilities and
goals for the umbrella organizations, government, energy ministry and

companies/organizations. The agreement also contains the action plans for these parties.

The main goal of the agreement is to achieve the energy efficiency directives energy saving
goals and achieve 80% coverage to all industries in Finland to be part of the agreement.
More specifically forestry industries are trying to achieve 1@0%nergy dependant forest
industrycompaniego be under this agreementin achieve 7,5% energy savings between
2017-2025.

To achieve these energy saving goals the agreement gives a framework for industries to work
with and mandateke organization® report the energy usage, production and actions taken

to improve this. (Energy Efficiency Agreements, 2014MOTIVA, 2016) Other
requirements in improving and managthg energy efficiency afrganizationsare listed in

ISO 50001 and EES+. Companies that sign the agreement are required to implement either

oneof these energy management systems but getting them certified is not mandatory.

Finnish forest industry is required to oversee pravideaid to its members, encourage its
members to sign the agreement and help develop the agreement in association with ministry
Energy Authorityand other umbrella organizatiofMOTIVA, 2016)
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3 Plywood production

This chapter describes the manufacturing procesguaesplywood in Pellos plywood mill.
The main machinery, byproducts and their uses, and thain characteristics of the states

of wood from log to plywood are explained.

Pellos plywood mill is the largest plywood factory in Europe at maximum calculated
capacity of 48@O00n? finished plywood and about 1mil.3used rawvood annually. Pellos
produces exclusively spruce plywood, and the mill has the equipment to further refine the

plywood with surface finishes to resist water or fire or apply a film finishing.

Plywood production uses peeled logs that are lathed to thin veneer and glued together to
form a plywood slat¢Figure 4). The pocess uses almost the whole log but generates a lot

of by-productsin theform of dust, chippings and rejected venddre pocess uses a lot of

heat to dry the veneer frothe green woodnoisture of about 560%to a moisture content

of 5-7%.

Wood procurement Soaking Debarking Scanning Cross-cutting Peeling Drying
and mill storing of logs

Veneer grading Gluing Pressing Sawing Sanding Plywood groding

Scarf jointing Composing Patching Coating Machining Edge Sealing Packaging

Figure4: Plywood productioUPM, n.d)

Pellos plywood mill has 3 production lines from which 2 and 3 are rather similar and modern.
Pellos 1 is the oldest line and uses different equipment in many parts of the process and relies

on human interactions much more thandtieer two lines.

3.1 Soaking

Before anything else, the logsesoaked in a pool of water for at leasti&urs(Figure5).

This soaking process aims to raise the core temperature of thehtpniperaturef the
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core woodhas major effects on the veneer from the lathe, check depth of the lathe and
deviations in thickness of the veneer. Generally, the higher the core temperature of the peeled
log, the longethe lifespan of the knife and better pliably of the wobdotigh the lathe.

(Chen, et al., 2021)

Figureb: Soaking pool being unloaded UPM Pellos

However, soaking pool heating is a major heat sink especially during winter. Heat to the
pool generally disappears to the surrounding air and needs constant l@&atisigeringhe

cost and benefit, the optimal peeling temperature is aroustD 3€, depending on the
specias of the log(Table 1) (Chen, et al., 2021)
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Species Temperaturs Temperature
laboratory mill

Western white spruce  85-100°F (29-38 °C) B5-95°F (29-35°C)
Lodgepole pine B5—100FF (2938 "C) 95-100°F {3538 *C)
Duu::]:u: fir QO—100°F (32-38 °C)  110-120°F (4349 °C)

Tablel:Suggested peeling temperatures of different spe@@en, et al., 2021)

Pellos Plywood mill uses only spruce asa& material.The soaking pool is mainly heated

with recovered heat from dryer air outlets and condensate flash steams. During summer, the
temperature of the soaking pool rises te6BOC, as it is used as a heat sink either with low
boiler loads or to relieve flash steams from condensates. During winter saddional
backpressure steam is also used to keep the tempexbtwet0 °C to ensure high enough

heartwood temperature for lathing.

3.2 Lathing

Logs from the soaking pool are moved throwgHdebarker to the peeling lathe. Lathe
consists of a knife and a roller bahe log is spun from the ends against the knife and the
roller bar presses against the top of the knife to move the peeled veneer away from the log.
The am of the peeling is to produce a continuous plate of veneer without it cracking or

breaking, and at a constant thickness of 3.3mm or 2.{fgures6& 7).

Before the lathe, the geometric centre of the logs is determined with the help of machine

vision. Finding the centre of the log reduceshlgroductfrom rounding. Rotating log is
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slowly applied to the knife until log is almost perfectly round before the roller bar is applied

to the knife and veneer slate starts formifiggure 6)

G‘I\ .G

Big Roller Bar

Veneer

"

i b
Bar Diameter= 76.2mm \\

Exit Gap( E.G.}= 2.28mm
Vertical Gap| V.G.)= 10.46mm
Horizontal Gap| H.G.)= 2.49mm

Figure6:Demostrative picture of roller bar and knife of the veneer [§@feen, et al., 2021)

.

<

Al A e e
S e A i

Figure7: UPM Pellos 2 lathe
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Pellos 2 and 3 lines thecuts thezeneer sheetes measurement and sorts them automatically
by the moisture contenfigure 8). These sortedeneer sheetthengo to the wetveneer
storage, or to the wekneerpress(Figure 9), where a significant amouif water can be

extracted beforéhedryer, thus reducing the need of steam in the dryer.

Figure8: Cutting wet veneer after lathe UPM Pellos 2

Figure9: Wet pressing of stacks of veneer slates UPM Pellos 2
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Pellos mill site has total of 6 lathes for 7 dryers. The differences between lathes are in log
length and overall efficiency, as the production lines are built and modernizedraomdj
sites 60year lifespan. Pellos 3 and 2 are rather similar and modern lathes and only use certain

lengths of logs. Pellos 1 has four different lathes andgeatdifferent lengths of logs.

Pellos 1 peels the log as described but the long slate goes straight to the dryer. P1 has four
dryers for different widths of slates. These long slates cannot be wet pressedibefgre

so the drying process is not as efficient for the high moisture slates as it is in Pellos 2 and 3.

Theby-productfrom debarking is used as a fuel after being shreddad the rounding and

peelingby-productis sold as a raw material to UPdlp mills.

3.3 Drying

Drying is the mostmportant part of plywood production. Moisture is removed from the thin
veneer sheet® achieve around-3% moisture contenSheets that are too wean cause
bending and damage if left to the finished plywood whesksdss that are too dare prone

to breaking and cracking during the process.

Drying happens inhe dryerdike those found in pulp millsveneersheetsare fed tothe
dryer Figures10&11), in which temperature and moisture content is monitored and adjusted
according to the pahewdt SogingntHigh préssure steamlisdess
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through the heaters ithe dryer and replacement air is fed along the dryer to control the

moisture content in the drydf.the air is too dry, itan causeracking in thesheets.

Figurell:inside of dryer UPM Pellos 2
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After the hot parts of the dryer befdteedryeroutletis a coolingbox (Figure 12). Cold air
is blown in with high mass flow on top of tekeeto cool it off before stacking and moving

to dryveneerstorage.

Figurel2: Cooling box air inlet and outlet at exit end of dryer UPM P2llos

Pellos plywood mill has seven dryers in total. Four in P1, two in P2 and one in P3. P1 dryers
differ from the others by being net dryers. In this type of dryer, the slate is not cut to length
before drying, but is fed through the dryer in whole length. [6hg slate travels through

the storieof thedryer before exiting to be cut and sorted by quality.

3.4 Sorting, lining, gluing & stacking

Dry veneer slates are sorted by their qualtyameramonitorsthe holes and cracks the
sheetsand sorts them accordingly. Best quatibheetsare used as face veneer and others as
middle veneer. Incomplete or damaged slates are not discarded but sorted on their own and

transferredo the lining machinéFigure 13).

The Ining machine consists of cutter and gluing machifesameradetermines the

unusable parts of the slate and cuts them off to be crushed and asfeelas the power
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plant. The usable parts of the slate are glued together from the ends with the help of liner
rope to get a complete slate to be used. These slates can then be used as middle veneer.
Lining is one of the most important parts of the process when efficiesncgrisidered.

Wi thout Il ining, the amount of reject? woul

would be considerably higher.

Figurel3: Liner UPM Pellos 2

Sorted and lined slates are theansferredto the gluing andstacking Figures 14& 15).
Pellosuses ligninbasedjlue in lieu of traditional wood glues as it is more environmentally
friendly. The problem with this glue is that it is extremely fast settingeardsmall delays

in gluing and stackingan cause rejecas the glue dries before it can be pressadde is

applied to the top of the veneer slate and stacked to the desired number of slates, before the

top face veneer is applied. Multiple plywoddtes are stacked thesame pile.
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Figurel5: Stacking of glued veneer slates UPM Pellos 2.\Feamaers in picture.

After the glue is applied and sl ates are s

slates to the cold press is only 10 minutes. After this, the glue sets too tightly for the cold
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press to be able to remove air from between the veneer slates and to evenly distribute the

glue.

Pellos 2 and 3 have similar procest®r all above processes. The main difference is the way
glue is applied to the slates. Pellos 2 uses curtain application, where the slate goes through a
constant curtain of clue. Pellos 3 uses air to foam the glutharairtain of foam is spread

on the slate.

Pellos 1 cannot use either of these methods as the drying process is different and the surface
of the dry slates is not as even as in 2 and 3. Curly slates would not get enough coverage for
them to consistently apply the glue to the whole surface of #te. $Pellos 1 uses small

constant streams that leave lines of clue to the slate to achieve even distribution.

3.5 Hot pressingfilling, trimming, and sanding

After initial cold pressing the plywood slates are stacked in @iess Figure 16). In hot
pressing a stack of plywood slates are individually placed on the shelves of the press and
presed in 140 °Cfor about 68 minutesdepending on the thickness of the plywood. This
process dries the glue adidtributes the glue even mareenlywithin the layers of plywood,
ensuring that the veneer slates stick together securely. Tlaeiaas of four hot presseam

thePellos mill site. These presses are hewiitdl condensate from the dryers.
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Figurel6: Hot press UPM Pellos 2

Some of the pressed plywood slates go through the filimeg (Figure 17), wheresmall
cracks and holes are filled with putty to ensure the surface quality of the plywood. In Pellos
2 and 3 this is done arobot but Pellos 1 the filling process is still done by hand and makes
it significantly more cumbersome. Pellos 1 tries to minimize the need of filling as much as

possible.
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Figurel7:Putty robot UPM Pellos 2

Filled plywood slates are then cutt@asurements$gure 18). Theveneer slates are always
a bit wider and longer than requiretd leave some room for error in stacking. These
trimmings are crushed and used as fuehapower plant. This is also the first part of the
process where sawdust is collected by vacuums to be burned. Pellos 2 and 3 only produce
certain measurements of plywood slates but Pellos 1 has two Schelling saws that can cut the

plywood to almost any measments required by the endet
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Figurel8: Side trimmer UPM Pellos 2

Before being packaged, the plywood slate ghesugh sandingHigure 19). This process
produces large amountf extremely fine and dry dust that is collected and processed
through the power plant. These finished plywood slatesthenbe packaged or further

refined by surface treatment or cutting tongunetgroove joints to the sides.
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Figurel9: Sanding machine UPM Pellos 2
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4 Power plant

Pellos plywood mill has its own power plant consisting of Kvaerner bubbling fluidized bed
natural circulation boiler (BFB), Ahlstrom LaMont grate fired forced circulation boiler and
Hogfors oil burner Figure 20). KveernerBFB boiler is used as the main boiler and can
provide all heat needs of the production lines. The two other boilers are used as a backup

boiler during maintenance of the main boiler.

KVAERNER HOGFORS LA MONT
74 MW 32 MW 23 MW
2002 1975 1963
13,9 kgls 8,4 kgls
26 bar 50 bar
220 °C 480 °C
£
I >4
X G)
Condensate
from mills
Steam
to mills
R
19,5
O bar
I g 220 °C

JSV Ristiina

Figure20: JSV Ristiina power plant process diagram

The pwer plant uses water from lake Saimaa as raw water. It has its own precipitation,
filtration, and salt removal units ithe form of chemical precipitation, sand filters and

electrolysis filters.

4.1 Boiler types in use

BFB boiler (Figure 21) uses sandr other sand like material as a bed material. Bed material

is suspended iafluidized state with air flow from the bottom and the fuel is fed to the bed
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from top. Heavier particles dry and burn in the bed mateni@ttze lighter particles above
the bedin the air flow BFB boilers are not susceptible to small swings in fuel quality or
feeding thankslue tothe high heat capacity of the bédakkilainen, 2016)

s B _E

\ Ca

Clo

Figure21: Kgerner BFB boiler UPM Pellos

Grate firedboilers fFigure 2) are theearliestboiler type developed anthey can be
extremely simple and easy to manufacture. Grate firing can be used to burn all kinds of
biomass if it is solid and somewhat constant in particle size. Fuel is fed from the side and
moves downwards either by gravity and manual stoking, or lhamesed grate. Burning
happens gradually as the fuel moves downwards and ash exits from the bottom. Because
the way fuel is fed and goes through the grate in constant speedsusly contains
relatively large amounts of unburnt mater{@akkilainen, 2016)
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Figure22:Grate fired boiler principl@/akkilainen, 2016)

Oil burner in this case is very simple. It uses heavy fuel oil as a fuel to generate steam to

keep constant pressure in steam lines.

4.2 Natural and forced circulation

Natural and forced circulations amgays to circulate drum water through the boiler
evaporation surfacedlatural circulation Figure ) is based on the density difference of
saturated water in downcomers and partially evaporated water in the raisers, where the heat
is applied. In forced circulation, the water from the steam drum is circulated to the
evaporative surface by pumg¥akkilainen, 2016)

Both types have their uses. Natural circulation is simple, reliable, and safe to operate with
lower initial and maintenance costs as the equipment is cheaper and the circulation does not
require pumps. However, the flow rates are lower, and risers néeddesigned with care

to avoid cold or hot spots. Slower flowrates also mean less efficient heat transfer. Stalling is
also a possibility if the density of risers is too close to downcomers as the only driving force
is from this difference(Vakkilainen, 2016)
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Figure23:Principle of natural circulatiofVakkilainen, 2016)

Forcedcirculation Figure 24) is usedwhen higher pressure is needed, or the height of the

boiler does not allow high enough difference in densities between downcomers and raisers.
Adding the pump to control the flow in the raisers ensures steady and controllable flow.
Higher flow speeds in the risers raises the heat transfer coefficient of the liquid and

possibility of cold and hot spots diminishes.

However, forced circulation is completely relying on the pumps to maintain the flow and
pump failures can cause large damage to the system. For these reasons systems usually have
at least two pumps iparallel Figure %) to preventsystem failures. These pumps are
designed for high pressure, flowrates, and temperatures. Initial costs and maintenance can

be expensive anahost definitelyis more expensive than natural circulation.



Figure25: AhlstromLaMont circulating pumps 1 (electric) and 2 (steam turbine) BENbs
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4.3 Main boiler

Kvaaner BFB boileractsas the main boiler for the whole site and can in normal operating
conditions (NOC) provide backpressure and-fm@ssure steam to all production lines and
heating for the buildings. Superheated steam pressure is lowered to 19.5 baa soadh
10MW turbine that during NOC achieves abauiower output of -BMW.

The tiler uses théy-productsrom plywood manufacturing as a fuel. This mix consists of
bark and lathindpy-product dry woodchips from trimming, cutting and reject plywood, and
dust fromsanding Table 2)(Puttonen, 2019)Overall, the fuel mixture is high quality and
consistency and if the plywood production is continuous there is no need to buy fuel from
outside everduring the coldest winter months. If outside fuel is used it consists of forest
residues The heating valueof the mix is unpredictable and contains sand and other

impurities, making it unideal for long time use in BFB boiler.

The unusual aspesdf this boilerarethe additional dust burngiFigures 26& 27) and usef
diabase as a bed materiBiabase was chosen as a bed material to combat sintering and

agglomerations in relatively high bedrfacetemperatures at390°C.

Plywood production generates a lot of dust, and it needs to be constantly burned as the dust
silos can only hold about two days production worth of ddsst is gathered and moved to

the power plands dust silo from storage silos around the site. Rtoepower plands silo,

the dust is moved by fans to the dust burner located just @testarter burner on the front

wall of the boiler. Dust is sprayed with compressedradr the boiley like the oil burners

Ideally, the flame is kept constant with atly flow of dust and aiiThe goal is to burn the

dust before it raises to the superheaters with the flue gas dratft.



Figure26: Dust burner flame from 3rd floor of the main boiler

Figure27: Dust burner in floor 2.5 of the main boiler
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