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An energy audit is a part of the development of energy efficiency in Finland. The Energy 

Efficiency Agreement, ISO 50001, and the Energy Efficiency System (EES+) define 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 report reviews the concept of energy efficiency, the most common energy efficiency 

indicators, the content of the Energy Efficiency Agreement, the ISO 50001 standard, and the 

EES+ system, which is strongly based on the ISO standard. Additionally, the aim is to 

comprehensively present the energy consumption and major consumers of all production 

lines and parts of the process in the Pellos plywood factory. The energy audit at the Pellos 

factory is statutory, and the content of the reporting is determined by the Energy Authorityôs 

regulations. 

An important part of the energy audit is identifying new energy-saving targets and 

developing energy use and its 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 kehitystä Suomessa. 

Energiatehokkuussopimus, ISO 50001 ja energiantehokkusjärjestelmä (ETJ+) määrittelevät 

pohjan energiatehokkuuden ja energiankäytön seurannalle. Energiakatselmus Pelloksen 

vaneritehtaalla suoritetaan vähintään kerran neljässä vuodessa ja sen tarkoituksena on löytää 

kehityskohteita energiatehokkuuden ja prosessin tuottavuuden parantamiseen. 

Tässä työssä käydään läpi energiatehokkuus käsitteenä, sekä yleisimmät 

energiatehokkuuden mittarit, energiatehokkuussopimuksen sisältö, sekä ISO 50001 ja siihen 

vahvasti perustuva ETJ+ järjestelmä. Lisäksi tarkoituksena kerätä kattavasti Pelloksen 

vaneritehtaan kaikkien tuotantolinjojen ja prosessin osien energiankulutukset ja 

merkittävimmät kuluttajat. Energiakatselmus on Pelloksen tehtaalla lakisääteinen, ja 

raportoinnin sisältö määräytyy Energiaviraston määräysten mukaan. 

Tärkeä osa energiakatselmusta on uusien energiansäästökohteiden löytäminen ja 

energiankäytön tai sen seurannan kehittäminen. Työssä esitellään ehdotuksia niin 

energiaraportoinnin, kuin käyttökohteiden parantamiseen, sekä karkeat arviot niiden 

taloudellisista vaikutuksista, mikäli mahdollista. Nämä ehdotukset käydään läpi 

katselmuksen aikana ja päätetään jatkotoimenpiteistä.  
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1  Introduction 

UPM Pellos plywood mill is conducting an energy audit in Q1 of 2025. This report is a 

collection of data for the audit and consists of three different parts. First part explains the 

energy efficiency as a concept, ways to measure the efficiency of a system, and the content 

of the energy efficiency agreement, Energy Efficiency System+ (EES+), and ISO 50001 

standard. 

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

mú and a balance over 43 mú with exceptions to companies who have signed the energy 

efficiency agreement and implemented an EES+ or certified ISO 50001 system (Energy 

Authority, 2014). UPM Pellos exceeds both statistics. EES+ is in use at Pellos, but they have 

decided not to officially have 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 built and is an internationally accepted standard for 

energy management systems. EES+ is made by Motiva to be used in addition with energy 

efficiency agreement in Finland to improve and monitor energy efficiency of Finnish 

organizations. 

Second part lists 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 amounts of thermal energy in soaking and drying. Largest electricity 

consumption is from the lathes, dryers, and parts of the finishing and refinement.  

Third part lists the mandatory information required in the energy audit. Energy reporting 

system, thermal energy, electricity, water usage and transports are explained, and energy 

usages listed from 2018 to 2023 when data is available. Some reporting systems and 

machinery have changed during the time period, and some data has not been collected until 

lately. 

The proposed actions to achieve savings in energy usage are the reason these audits are held. 

Scrutinizing the current systems and looking for ways to achieve savings with reasonable 

financial investments are the main focus when the on-site audit is held. The proposed actions 
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in this report are mainly simple and low investment actions. Some of these are achievable 

with new instructions to operators, whereas larger savings in steam or electricity systems 

will need some investments and more planning and calculations than presented in this report. 

The goal of this report is to provide different ways with preliminary saving potentials from 

which to 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 energy (Morvaj & Bukarica, 2010). Primary energy i.e., heavy fuel oil needs 

to be processed to make it usable. The laws of thermodynamics dictate that this process 

cannot be without energy losses. 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. 

 

 

Figure 1: Energy flow from primary to useful energy (Morvaj & Bukarica, 2010) 

Energy losses from primary energy to useful energy occur during production and 

transformation of the energy. For example, when heavy fuel oil is burned, heat is absorbed 

by the environment 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 happen; the generator transforms 

the rotation of the turbine to electric current which goes through transformer to be fed in the 

electricity network. Transmission losses occur in the grid, and the device that uses the 

energy. 

Transmission and distribution losses can mainly be affected by technology. (Morvaj & 

Bukarica, 2010) Power production, heat recovery, generators, and transmission lines are 

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

Measures of energy efficiency performance (MEEP) are metrics commonly used by 

organizations to monitor their efficiency and profitability. (Kanako, 2008) 

MEEPs are useful tools to improve energy efficiency in industry. They are often tied to 

another comparable value, for example production amounts, to make them comparable to 

other businesses with the same or similar production. (Kanako, 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 within the same 

boundaries. (Kanako, 2008) 

 

Figure 2: Visualisation of boundaries within a process (Kanako, 2008) 

Different types of MEEPs apply to different situations. Two of the most used Meepôs are the 

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 boiler. (Kanako, 2008) 

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

value. In industry this is often production quantities in tons or m3 or the market value of the 



12 
 

work done by machinery. Thermal efficiency and energy consumption intensity are often 

presented as a traditional energy efficiency. (Kanako, 2008) 

Other industry used metrics are more situational and harder to measure. The absolute 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 absolute amount of energy measures the total heat used by the process. This value has 

no meaning in energy efficiency perspective. It tells the absolute value of energy used 

without any comparison. To have any use, it needs another comparable value for perspective. 

It is also hard to compare between companies as the boundaries between companies in which 

the heat demand is measured can differ (Figure 2). (Kanako, 2008) 

The diffusion rate of energy efficient facilities is the rate at which commonly known 

equipment is deployed to industry. (Kanako, 2008) For 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 between the Finnish government and 

industrial/municipal associations as a tool to achieve Finlandôs EU energy efficiency 

obligations according to directive 2012/27/EU article 7 (European Union, 2012). This 

directive states, that more 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 since the 1990ôs and now cover over 60% of 

Finlandôs energy production. The latest agreement was signed in 2014 and continues until 

2025. (Energy Efficiency Agreements, 2014) 

This agreement in addition to certified Energy efficiency system+ :2014 (Motiva, 2015) or 

certified ISO 50001 energy management system (ISO 50001, 2018) exclude company from 

mandatory energy audit enforced by Finnish Energy Authority. (Energy 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 years. Pellos plywood mill uses EES+ system but has decided not to get it certified. 

This means the audit must be done according to laws and regulations stated by the Energy 

Authorityôs mandate. 

2.3  Energy audit report content 

The mandatory content in energy audit report is taken from an example report found on 

Finnish Energy Authorityôs home page. (Energy Authority, 2021) 

1. Basic information 

2. Energy consumption and cost 

3. Presentation of current situation 

4. Energy saving propositions/actions. 

Basic information includes the following. Business ID, address, responsible person, and 

reporting date. 

Energy consumption and costs must be presented monthly from the last calendar year, and 

yearly from last three years. This part must also contain an explanation of current energy 

usage by production and how it is divided between machinery. 

The current situation is presented by the need and usage of energy from 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 possible savings after the action, the economic, energy and 

preliminary profitability calculations of said proposed action. 
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2.4  ISO 50001 and Energy efficiency system+: 2014 (EES+) 

Energy efficiency system+ is based on ISO 50001 and goes hand in hand with the 

requirements and methods. The difference between these two is that EES+ is made by 

Finnish authorities and is not applicable outside of Finland as a certified energy management 

system. EES+ certification can be given by the same Finnish authorities as the ISO 50001 

certificate. (Motiva, 2015) 

SFS-EN ISO 50001:2018 standard enables organizations to develop and establish energy 

management system (EnMS) to continually improve performance and efficiency. The EnMS 

provided in this standard is based on Plan-Do-Check-Act (PDCA)(Figure 3) framework to 

establish continuously improving EnMS. (ISO 50001, 2018) 

 

Figure 3: Plan-Do-Check-Act Cycle (ISO 50001, 2018) 

This EnMS highlights the importance of top management and leadership. Top management 

starts the planning from the ground up. Understanding the needs and expectations of 

interested parties, which in this case are the Finnish Energy Authority, and 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 EnMS. Leadership needs to be invested and provide the support 

for their employees and external organizations to ensure the policies are implemented, 

monitored, and reported. (ISO 50001, 2018) 

The organization establishes clear goals and targets for energy usage and develops tools to 

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 outside of the organization, and updateable when applicable. (ISO 50001, 2018) 

After goals are clear and tools to measure the baseline are ready, the organization needs to 

determine and provide resources necessary to achieve these goals. This includes finding 

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 and guidelines 

provided by top management. (ISO 50001, 2018) 

Performance evaluation is based on the organizations and outside partiesô requirements of 

what needs to be monitored. Evaluations are done to compare the planned actions and 

savings of them, and to ensure the legality and compliance with outside partiesô mandates. 

A tool required by ISO 50001 to evaluate performance is an internal audit which is conducted 

in planned intervals mentioned in EnMS. When an internal audit is done by operational 

personnel, management needs to review the EnMS and actions of operational personnel in 

intervals mentioned in EnMS. (ISO 50001, 2018) 

Based on the reviews, improvements to the EnMS and the energy systems of the organization 

are made. When a nonconformity is identified, actions to it need to be taken by determining 

the cause, implementing actions, and if needed, improvements in EnMS itself. (ISO 50001, 

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 agreement as a proficient enough process 

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

by law. 
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2.5  Finnish Forest Industriesô energy efficiency agreement 

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 100% of energy dependant forest 

industry companies to be under this agreement and to 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 mandates the organizations to report the energy usage, production and actions taken 

to improve this. (Energy Efficiency Agreements, 2014) (MOTIVA, 2016) Other 

requirements in improving and managing the energy efficiency of organizations are listed in 

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

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

Finnish forest industry is required to oversee and provide aid to its members, encourage its 

members to sign the agreement and help develop the agreement in association with ministry, 

Energy Authority, and other umbrella organizations. (MOTIVA, 2016) 
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3  Plywood production 

This chapter describes the manufacturing process of spruce plywood in Pellos plywood mill. 

The main machinery, by-products and their uses, and the main 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 480 000m3 finished plywood and about 1mil. m3 used raw wood 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 slate (Figure 4). The process uses almost the whole log but generates a lot 

of by-products in the form of dust, chippings and rejected veneer. The process uses a lot of 

heat to dry the veneer from the green wood moisture of about 50-60% to a moisture content 

of 5-7%. 

 

Figure 4: Plywood production (UPM, 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 than the other two lines. 

3.1  Soaking 

Before anything else, the logs are soaked in a pool of water for at least 24 hours (Figure 5). 

This soaking process aims to raise the core temperature of the log. The temperature of the 
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core wood has 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 longer the lifespan of the knife and better pliably of the wood through the lathe. 

(Chen, et al., 2021) 

 

Figure 5: 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 heating. Considering the 

cost and benefit, the optimal peeling temperature is around 30-40 °C, depending on the 

species of the log (Table 1). (Chen, et al., 2021) 
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Table 1:Suggested peeling temperatures of different species (Chen, et al., 2021) 

Pellos Plywood mill uses only spruce as a raw 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 to 50-60 °C, as it is used as a heat sink either with low 

boiler loads or to relieve flash steams from condensates. During winter season, additional 

backpressure steam is also used to keep the temperature above 40 °C to ensure a high enough 

heartwood temperature for lathing. 

3.2  Lathing 

Logs from the soaking pool are moved through a de-barker to the peeling lathe. Lathe 

consists of a knife and a roller bar. The 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 aim 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 2.7mm (Figures 6&7). 

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

vision. Finding the centre of the log reduces the by-product from 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 forming. (Figure 6) 

 

 

 

Figure 6:Demostrative picture of roller bar and knife of the veneer lathe (Chen, et al., 2021) 

 

Figure 7: UPM Pellos 2 lathe 
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Pellos 2 and 3 lines then cuts the veneer sheets to measurement and sorts them automatically 

by the moisture content (Figure 8). These sorted veneer sheets then go to the wet veneer 

storage, or to the wet veneer press (Figure 9), where a significant amount of water can be 

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

 

 

Figure 8: Cutting wet veneer after lathe UPM Pellos 2 

 

Figure 9: Wet pressing of stacks of veneer slates UPM Pellos 2 
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Pellos mill site has a 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 modernized along the mill 

sites 60-year lifespan. Pellos 3 and 2 are rather similar and modern lathes and only use certain 

lengths of logs. Pellos 1 has four different lathes and can peel different 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 pressed before dryer, 

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

The by-product from de-barking is used as a fuel after being shredded, and the rounding and 

peeling by-product is sold as a raw material to UPM pulp mills. 

3.3  Drying 

Drying is the most important part of plywood production. Moisture is removed from the thin 

veneer sheets to achieve around 5-7% moisture content. Sheets that are too wet can cause 

bending and damage if left to the finished plywood whereas slates that are too dry are prone 

to breaking and cracking during the process. 

Drying happens in the dryers like those found in pulp mills. Veneer sheets are fed to the 

dryer (Figures 10&11), in which temperature and moisture content is monitored and adjusted 

according to the patchôs moisture class from the wet sorting. High pressure steam is fed 
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through the heaters in the dryer and replacement air is fed along the dryer to control the 

moisture content in the dryer. If the air is too dry, it can cause cracking in the sheets. 

 

 

Figure 10: Dryer feed end UPM Pellos 2 

 

Figure 11:Inside of dryer UPM Pellos 2 
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After the hot parts of the dryer before the dryer outlet is a cooling box (Figure 12). Cold air 

is blown in with high mass flow on top of the sheet to cool it off before stacking and moving 

to dry veneer storage. 

 

Figure 12: Cooling box air inlet and outlet at exit end of dryer UPM Pellos 2 

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. The long slate travels through 

the stories of the dryer before exiting to be cut and sorted by quality. 

3.4  Sorting, lining, gluing & stacking 

Dry veneer slates are sorted by their quality. A camera monitors the holes and cracks in the 

sheets and sorts them accordingly. Best quality sheets are used as face veneer and others as 

middle veneer. Incomplete or damaged slates are not discarded but sorted on their own and 

transferred to the lining machine (Figure 13). 

The lining machine consists of cutter and gluing machines. A camera determines the 

unusable parts of the slate and cuts them off to be crushed and used as a fuel in 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 efficiency is considered. 

Without lining, the amount of reject would be much higher, and the cost efficiency (ú/m3) 

would be considerably higher.  

 

Figure 13: Liner UPM Pellos 2 

Sorted and lined slates are then transferred to the gluing and stacking (Figures 14&15). 

Pellos uses lignin-based glue in lieu of traditional wood glues as it is more environmentally 

friendly. The problem with this glue is that it is extremely fast setting and even small delays 

in gluing and stacking can cause reject as the glue dries before it can be pressed. Glue 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 plywood slates are stacked in the same pile.  
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Figure 14: Glue applier UPM Pellos 2 

 

Figure 15: Stacking of glued veneer slates UPM Pellos 2. Face veneers in picture. 

After the glue is applied and slates are stacked, the window to move stacked ñopenò plywood 

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 processes for 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 glue and the curtain 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 the slate. Pellos 1 uses small 

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

3.5  Hot pressing, filling, trimming, and sanding 

After initial cold pressing the plywood slates are stacked in a hot press (Figure 16). In hot 

pressing a stack of plywood slates are individually placed on the shelves of the press and 

pressed in 140 ºC for about 6-8 minutes depending on the thickness of the plywood. This 

process dries the glue and distributes the glue even more evenly within the layers of plywood, 

ensuring that the veneer slates stick together securely. There is a total of four hot presses on 

the Pellos mill site. These presses are heated with condensate from the dryers. 
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Figure 16: Hot press UPM Pellos 2 

Some of the pressed plywood slates go through the filling line (Figure 17), where small 

cracks and holes are filled with putty to ensure the surface quality of the plywood. In Pellos 

2 and 3 this is done by a robot 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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Figure 17:Putty robot UPM Pellos 2 

Filled plywood slates are then cut to measurements (Figure 18). The veneer slates are always 

a bit wider and longer than required, to leave some room for error in stacking. These 

trimmings are crushed and used as fuel in the power 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 measurements required by the end user. 
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Figure 18: Side trimmer UPM Pellos 2 

Before being packaged, the plywood slate goes through sanding (Figure 19). This process 

produces large amounts of extremely fine and dry dust that is collected and processed 

through the power plant. These finished plywood slates can then be packaged or further 

refined by surface treatment or cutting tongue-and-groove joints to the sides. 
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Figure 19: Sanding machine UPM Pellos 2 
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4  Power plant 

Pellos plywood mill has its own power plant consisting of Kværner bubbling fluidized bed 

natural circulation boiler (BFB), Ahlström LaMont grate fired forced circulation boiler and 

Högfors oil burner (Figure 20). Kværner BFB 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. 

 

Figure 20: JSV Ristiina power plant process diagram 

The power plant uses water from lake Saimaa as raw water. It has its own precipitation, 

filtration, and salt removal units in the form of chemical precipitation, sand filters and 

electrolysis filters. 

4.1  Boiler types in use 

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

is suspended in a fluidized 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 material and the lighter particles above 

the bed in the air flow. BFB boilers are not susceptible to small swings in fuel quality or 

feeding thanks due to the high heat capacity of the bed. (Vakkilainen, 2016) 

 

Figure 21: Kværner BFB boiler UPM Pellos 

Grate fired boilers (Figure 22) are the earliest boiler type developed and they 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 by mechanised grate. Burning 

happens gradually as the fuel moves downwards and ash exits from the bottom. Because of 

the way fuel is fed and goes through the grate in constant speed, ash usually contains 

relatively large amounts of unburnt material. (Vakkilainen, 2016) 
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Figure 22:Grate fired boiler principle (Vakkilainen, 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 are ways to circulate drum water through the boiler 

evaporation surfaces. Natural circulation (Figure 23) 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 pumps. (Vakkilainen, 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 need to be designed 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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Figure 23:Principle of natural circulation (Vakkilainen, 2016) 

Forced circulation (Figure 24) is used when higher pressure is needed, or the height of the 

boiler does not allow a 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 in parallel (Figure 25) to prevent system failures. These pumps are 

designed for high pressure, flowrates, and temperatures. Initial costs and maintenance can 

be expensive and most definitely is more expensive than natural circulation. 
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Figure 24:Ahlström LaMont grate fired forced circulation boiler UPM Pellos 

 

Figure 25: Ahlström LaMont circulating pumps 1 (electric) and 2 (steam turbine) UPM Pellos 
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4.3  Main boiler 

Kværner BFB boiler acts as the main boiler for the whole site and can in normal operating 

conditions (NOC) provide backpressure and low-pressure steam to all production lines and 

heating for the buildings. Superheated steam pressure is lowered to 19.5 bar trough a small 

10MW turbine that during NOC achieves about a power output of 1-3MW. 

The boiler uses the by-products from plywood manufacturing as a fuel. This mix consists of 

bark and lathing by-product, dry woodchips from trimming, cutting and reject plywood, and 

dust from sanding (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 even during the coldest winter months. If outside fuel is used it consists of forest 

residues. The heating value of the mix is unpredictable and contains sand and other 

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

The unusual aspects of this boiler are the additional dust burner, (Figures 26&27) and use of 

diabase as a bed material. Diabase was chosen as a bed material to combat sintering and 

agglomerations in relatively high bed surface temperatures at +900 ºC. 

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 dust. Dust is gathered and moved to 

the power plantôs dust silo from storage silos around the site. From the power plantôs silo, 

the dust is moved by fans to the dust burner located just above the starter burner on the front 

wall of the boiler. Dust is sprayed with compressed air into the boiler, like the oil burners. 

Ideally, the flame is kept constant with steady flow of dust and air. The goal is to burn the 

dust before it raises to the superheaters with the flue gas draft. 
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Figure 26: Dust burner flame from 3rd floor of the main boiler 

 

Figure 27: Dust burner in floor 2.5 of the main boiler 

 

 




























































































