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ABSTRACT 

The Swedwood Company is a supplier to IKEA of wood furniture. They have grown 
larger concurrently with IKEA and at present they have 47 production units spread 
over twelve countries of which most are located in Eastern Europe. 
One of the factories is Zbaszynek which is located in Poland. They manufacture so 
called board-on-frame furniture. A board-on-frame is basically made out of particle 
board frames which are filled with special design paper that enfolds air. The frames 
are then covered with their skin; thinner particle boards, so called High Density Fibre 
(HDF) boards, and then edge banded with plastic stripes and painted and lacquered 
into desired design. Find a sketch of the furniture technique below: 

 
This production generates not only furniture, last financial year Zbaszynek generated 
about 61 000 tons wood waste too. It can be compared to their total production of 
furniture which reached 439 000 tons during the same period of time. This 
generation of wood waste has caused a problem for Swedwood in general. A project 
called IKEA Goes Renewable (IGR) has started within IKEA with the aim to reduce 
the electric- and heat energy consumption and increase the use of renewable energy 
sources. But to be able to reduce the heat energy at a board-on-frame factory, such 
as Zbaszynek, there has to be an economic incentive to do so. But the wood waste 
is contaminated in comparison with waste from pure wood (free from adhesives, 
plastics etc.) so purchasers have been hard to find. And since the wood waste is 
used to generate the heat at the factories, the economic value has become relative 
low. Zbaszynek earn 1.4 €/MWh for their wood waste at present (energy value of 5.1 
MWh/ton), while for example recycled contaminated wood chippings (RT-chippings) 
are worth about 7.3 €/MWh in Sweden (energy value of 4.4-5.1 MWh/ton). RT-
chippings in Sweden are even allowed to contain more contaminations to receive 
that price, as long as it is not pressure creosoted. 1.4 €/MWh can also be compared 
to the economic value of coal which is about 13.7 €/MWh, and for district heating to 
households in Sweden was the average price about 68 €/MWh during 2007 
(Energimarknadsinspektionen, 2007). 
Therefore, the main task of this thesis has been to investigate if there are any 
possible solutions to increase the economic value of the wood waste in Zbaszynek. 
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There are more board-on-frame factories within Swedwood with the same problem, 
but Zbaszynek has been the pilot factory during this research. 
The first thing which should be considered in Zbaszynek is to keep the amount of 
waste as low as possible. The main task should be to reduce the amounts of wood 
waste; in the end it is a furniture factory and not a waste producer, which should be 
concerned before taking any further action. It is assumed though that this has 
already been thought through in Zbaszynek and further investigation of the waste 
has taken place.The wood waste has been sent to the Eurofins laboratory in Sweden 
for an analysis and the test results were then compared to wood waste of pure wood. 
The comparison indicates the nitrogen content being the main difference between 
Zbaszynek’s wood waste and pure wood. Nitrogen compounds, often referred to as 
NOx can cause severe damage to the environment and foremost lead to increased 
eutrophication (= Eutrofizacja (Polish) / Övergödning (Swedish)) when it is emitted to 
the air. Apart from the nitrogen contamination, other significant differences have not 
been found. The energy content of the wood waste has even revealed it would suit 
well as bio-fuel, on the condition that proper equipment to reduce the NOx emissions 
is present. It has been calculated that the energy content, of the generated wood 
waste in Zbaszynek during Financial Year 2008, reached 310 GWh. Which can be 
compared to the electricity consumption of 78 GWh as was bought during the same 
time of period.   
Four main possibilities have been investigated in this report and they are: 

- Selling the waste to cement producers as alternative fuel 
- Make new products and use for furniture production again 
- Make briquettes or pellets and sell as fuel 
- Start up a Combined Heat and Power plant and produce electricity 

All these alternatives have their advantages and disadvantages but they all seem to 
be realistic solutions, on a few conditions. 
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DEFINITIONS 

Chip and Dust system – A suction system that gathers production waste. 
FY – IKEA and Swedwood’s Financial Year (e.g. Sep 2007 – Aug 2008 is FY 2008). 
HDF – High Density Fibre board 
HHV – Higher Heating Value, MWh/ton 
Honeycomb – Paper glued together to an equilateral hexagon cell. Used as filling in 
the produced boards. All opposing sides shall have the same distance to each other.  
 

 
Figure 1: Equilateral hexagon cell    

IGR – IKEA Goes Renewable. It is a project within IKEA aiming to increase the use 
of renewable energy sources and reduce the total energy consumption. 
LHF – Low Hanging Fruits, energy saving actions feasible in the near future, due to 
a predicted low pay back time. 
LHV – Lower Heating Value, MWh/ton 
MDF – Medium Density Fibre board 
MPS – Multi Purpose Storages. It is a board-on-frame factory belonging to 
Zbaszynek which manufactures boards wrapped in foil which can fulfil several 
storage purposes. 
Primary energy – Energy contained in primary energy sources obtained directly 
from natural resources, both renewable and non-renewable. 
PLN – Polish currency (1€ = 3.45 PLN) 
PVAc – Polyvinylacetate, adhesive used in the production of board-on-frames in 
Zbaszynek 
RES – Renewable Energy Sources 
RT-chippings – Swedish abbreviation for Recycled Wood chippings (In Swedish: 
Retur Trä Flis) 
USD – United States currency (1€ = 1.47 USD) 
Voivodeships – Provinces of Poland 
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1 INTRODUCTION 

This chapter has the purpose to explain the underlying reasons for writing this 
master thesis. A small brief of background information is written and follows with a 
purpose and an explanation of the limitations creating the framework for this report. 

1.1 BACKGROUND 
Swedwood is an industrial group within IKEA and a supplier of wood furniture. Their 
process includes the stages of forestry, saw milling, production of boards and 
components, and the manufacture and distribution of furniture. They have production 
units spread over twelve countries and employ a staff of more than 
17 500 people. 
After the increased awareness of environmental issues within IKEA a project called 
IKEA Goes Renewable (IGR) has started. The aim of the project is to reach an 
independence of fossil based energy for electricity and heating and to reduce the 
over all energy consumption.  
During 2007-2008 energy mappings were done on all factories within Swedwood. 
They presented suggestions on how energy could be saved and where. A potential 
of reducing the total energy consumption were shown to be as high as 30-40 % 
around some factories. The actions which seemed possible to do with a potential 
short pay back time were separated from the others as Low Hanging Fruits (LHF), 
with the aim to be carried through as quick as possible. They are seen as an 
important first step to carry IGR through.  
Big shares of the LHF are heat saving actions which causes a problem for many 
factories. The heat is often produced from incinerated wood waste generated on the 
factories, and since a profitable market for wood waste is hard to find for many 
factories it is also hard to justify heat efficiency. A low economic value of wood waste 
results in a long pay back time for heat saving actions and therefore is saving of bio-
fuel unfounded. 
Ten of Swedwood’s production units are located in Poland of which all but one 
reports difficulties finding a market for their wood waste. The part of Swedwood 
which manufactures solid wood furniture (wood furniture not based on 
particleboards) are able to transform their wood waste into pellets or briquettes. They 
generate a profit, but the production units using particle or wood fibre boards are 
having bigger troubles (Swedwood, 2008). 

1.2 PURPOSE 
At the beginning the purpose of this thesis was to develop and finish proper 
investment templates for the LHF. They were supposed to serve as a tool for 
Swedwood’s factories and help them carry energy saving actions through. 
When most work was done with the investment templates it was realised the heat 
saving potential hided a dark truth. To be able to suggest heat saving actions on the 
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factories, the value of the wood waste had to increase. Many factories appeared 
having problems finding buyers willing to pay for their wood waste and thereby, with 
a low economic value of the wood waste, the heat saving actions were not feasible. 
The factory in Zbaszynek, Poland sells their wood waste for 7.4 €/ton 
(1.4 €/MWh), which is low considering the fact that the main share of the wood waste 
is bio-fuel and has a relative high energy content. The average price for district 
heating in Sweden was 68 €/MWh during 2007 (Energimarknadsinspektionen, 2007). 
This report was therefore decided to be concentrated on further analyses of the 
wood waste, in order to secure a shorter pay back time for heat savings. Waste 
fractions will be investigated and the possibilities for the wood waste on the market 
will be studied. Possibilities such as electricity generation and making new products 
of the wood waste will be analysed further. 
The focus in this report is to find potential solutions for the amount of wood waste 
produced today. Of course should the aim be to decrease these volumes as well at 
the factory. The question whether wood waste is the priority production or products 
should be thought through. But even if the total amount of wood waste would 
decrease in Zbaszynek, there are more factories still in Poland which are having 
problems selling their wood waste, why the conclusions in this report will still be 
valid. 
Questions which will be answered in this report are 

- What is the reason for the low economic value of the wood waste? 
- How much is it worth for the present wood waste purchaser? 
- How much would it be worth for Swedwood in other fields of applications? 

1.3 VISION 
The aim is to make sure every factory is informed about the investment templates 
and that they start saving energy by means of them, when this thesis has finished. 
Hopefully will this work also be the beginning of shorter pay back times for heat 
saving actions. 

1.4 DELIMINATIONS 
The Board-on-frame factory located in Zbaszynek, Poland will be in focus. They 
generate more than 60 000 tons of wood waste each year and is the biggest unit 
within Swedwood. Since this report will only investigate the situation in one factory, 
the discovered solutions might not be applicable on the rest of Swedwood’s 
factories. 
One specific issue which has been hard to figure out has been the Polish laws and 
regulations, especially concerning the definition of bio-fuel. The question has often 
appeared what classifies bio-fuel and when by products becomes waste. Databases 
and Internet sources have been searched through without positive results.  
 
Numerous regulations have been found in Polish but English copies have been 
harder to get a hold of. Therefore the author of this report has been forced to 
assume that Zbaszynek’s wood waste can be used as bio-fuel, as long as the right 
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equipment is used. The right equipment means equipment which eliminates any 
possible environmental impacts caused by the contaminants of the wood waste. 

1.5 TIME FRAME 
Part of the work on this thesis started off already in June 2008. But the investigation 
of the wood waste did not begin until August which has been planned according to 
Table 1 below. 

Autumn 2008
week 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 1 2 3

Literature search
Literature studies
Methodology
Introduction
Theory
Visit factory
Empirical
Analysis
Results & Conclusions
Presentation

Holiday

Aug Sep Oct Nov Dec Jan

 
Table 1: Time schedule for master thesis, autumn 2008. 
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2 METHOD 

A brief explanation of what methods that have been used during this thesis is 
presented in this chapter. There have been a lot of researching and discussions in 
order to create this report and only the main fields of sources and procedures are 
given.  

2.1 STUDY TOUR IN ZBASZYNEK 
This thesis started off with a visit to the Swedwood board-on-frame factory located in 
Zbaszynek, Poland. It was very good to see what the factory looked like and to get 
explained how everything was functioning at the plant. Three days were spent there 
and to answer all appearing questions were Tomasz Ochocki and Julita Galkowska 
assistant.  

2.2 RESEARCH 
To create the investment templates the energy mappings of Swedwood’s factories 
were read through. They complemented the already summarized list of Low Hanging 
Fruits (LHF) and out of these documents were the investment templates created. 
Many personal contacts helped out to form the theoretical basis. 
A literature study has been done in order to get enough knowledge about the 
subject. Both internal and external literature has been involved. The internal 
literature includes earlier projects within IKEA and other basic information on 
Swedwood while the external literature has involved scientific articles, books and 
other publications to understand the treated technology. 
The scientific articles have mainly originated from the database Science Citation 
Index. It is a database allowing the user to search for articles which have referred to 
the specific article of interest, i.e. the possibility to search ahead in written articles is 
enabled, while other databases only displays the references back in time. 
Information especially concerning energy production in Poland with emissions and 
other consequences have been found there, and also articles about bio-energy 
developments within the country. 
To keep this work on the right track, continuous discussions with supervisors and 
personnel at Swedwood and Linköpings Technical University have been held. 

2.3 CALCULATIONS 
At the end of this report calculations of different scenarios are presented. These are 
based on the pay back method, where the yearly profit is set into relation to an 
investment cost, to generate the period of time during the investment will pay back.   
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3 THE COMPANY 

This chapter presents the company Swedwood and serves the purpose to give the 
reader a better insight to the foundation of the issue in this report. The end of the 
chapter is a short summary about the pilot factory in Zbaszynek. 

3.1 ORGANISATION 
Swedwood group is a leading supplier to IKEA, which are also their owner and main 
customer. They established in 1991 as a subsidiary of the IKEA group and they still 
are, with an average growth of two to three new facilities every year. They started off 
cooperating with a few suppliers to IKEA and now they have 47 production units with 
the ambition to grow the company further to support IKEA in their progress. 
Swedwood’s organization is divided into four business sectors which each have 
operational responsibility for their specific production concepts. The different 
business sectors are: 

Business Sector Kitchen: Manufactures solid wood, veneered and pigment 
lacquered fronts for kitchen-, bathroom- and wardrobe-furniture. 

Business Sector Flat Line: Operates a production chain starting from particle 
boards that are covered with veneer, melamine or foil. The veneer is produced 
within the sector while the melamine and the foil are purchased from the 
suppliers. 

Business Sector Board-on-frame: Manufactures sandwich construction furniture 
such as tables, cupboards, shelves, beds and chests of drawers. The 
construction makes it possible to produce low weight, yet stable, structures in 
combination with significantly reduced consumption of raw materials by partly 
filling the components with honeycomb paper which enfolds air pockets in the 
board. Zbaszynek is an example of a factory within this sector. 

Business Sector Solid Wood: Operates production capacities in solid wood 
furniture. Manages and optimizes the whole material and production chain from 
forest to finished furniture. 

There is also a technical department within the organization responsible for the 
technical development on the factories. This department has thereby also the 
responsibility to carry the IGR project through, which this thesis is a part of.  
Swedwood (2008). 
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3.2 SWEDWOOD WORLDWIDE 
Swedwood has production units spread in east Europe and Sweden, but local 
production units can also be found in USA and Portugal and an administration office 
in China, to meet the increased demand for furniture. A view of Swedwood’s units in 
Europe is illustrated in Figure 2 

 
Figure 2: Map of Swedwood’s factories in Europe, where Zbaszynek is marked with the circle. 
Swedwood (2008) 

 

3.3 THE BUSINESS CONCEPT 
“ ’Making the most of every opportunity to obtain advantages in furniture production 
and distribution for the end costumer’ - Swedwood’s core business in a nutshell. This 
means every aspect, from forest to furniture to the IKEA store, is an essential part of 
Swedwood’s business and that is also why energy efficiency is increasingly 
important concurrently with increased energy prices.” Swedwood (2008) 

3.4 ZBASZYNEK 
Swedwood’s biggest unit is a board-on-frame factory and it is located in a small 
village in western Poland called Zbaszynek. The total area of the production unit is 
180 000 m² and they have more than 2100 employees.   
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They produced 60 600 tons of wood waste during FY (Financial Year) 2008 (Sept 
2007-Aug 2008), of which 5800 tons (a narrow 10 %) was used for heat production 
within the factory and the rest was sold, see Figure 3 for more information.  

Sold wood waste FY 2007 and 2008

0

2000

4000

6000

8000

Sep Oct
Nov Dec Ja

n
Fe

b
Mar Apr May Ju

n Ju
l

Aug

Month

To
ns FY 2007

FY 2008

 
Figure 3: Sold wood waste from Zbaszynek during FY 2007 and 2008 
 

The quantities are varying over the months according to the production intensity and 
even though it is rather stable, peaks and minimum amounts do occur over the 
months. The quantities are estimated figures of how much wood waste that has been 
produced. No equipment is installed to measure the waste flows, but the amount of 
filled trucks and the use of the boilers are the sources to these estimations. 

3.4.1 Energy consumption 
Zbaszynek are using two types of energy sources, electricity and heat. Heat is used 
for heating the factory and some process lines, but most of the energy consumed in 
the process lines in the factory is electricity. The heat is generated by wood waste in 
three boilers, two with the capacity of 2.5 MW and one with 5 MW. During FY 2007 
were about 6802 tons of wood waste used for heating which corresponds to roughly 
35 GWh (only considering the energy content of the fuel i.e. without considering the 
system and the boiler efficiencies) and during FY 2008 were the corresponding 
figure 5840 tons ~30 GWh. These figures are estimated, according to the amount of 
wood waste being fed into the boilers. Energy meters to measure the heat 
production will be installed during FY 2009. According to the energy mappings done 
at the Zbaszynek factory there is a potential to save 60 % of the heat consumption. 
This means a couple of thousand tons wood waste more than what is sold today 
could be available for customers in the future.  
The total electricity consumption amounted to 78 GWh during FY 2008, an amount 
corresponding to the electricity ~ 13 000 Swedish households of each four persons 
consumes in one year (Statens energimyndighet, 2007). The distribution over the 
year of Zbaszyneks consumption can be seen in Figure 4 on the next page and a 
load curve is illustrated in Figure 5.  
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Consumption of electricity FY 2008
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Figure 4: The total consumption of electricity in Zbaszynek during FY 2008. 
 

This consumption of electricity is measured and collected in a computer. Only the 
total consumption is displayed, data for specific electricity consumers are not 
gathered. 
Since the electricity is used for production purposes only, there are no peaks due to 
changed seasons. The only reason for increased or decreased electricity 
consumption is a variation of the production.  

Load curve FY 2008
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Figure 5: Load curves for Zbaszynek during FY 2008 based on each days peak load. 
 

The load curve in Figure 5 is generated by plotting the recorded maximum powers 
for each day during FY 2008. The curve shows the highest load peak during FY 
2008 was right below 12 MW. Zbaszynek subscribe to 14 MW, a load which has 
never been reached. The subscription is a deal that every industrial company has 
agreements on with the energy companies. It is sort of an insurance for the energy 
companies, enabling them foresee how much energy that must be produced. 
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4 INVESTMENT TEMPLATES 

The investment templates were accomplished during the summer 2008. Its purpose 
was to help the factories make energy saving actions and to show them how much 
money that will bring and how the actions can be pursued. This chapter explains the 
content of the templates and shows what is left to do before they can be thoroughly 
utilized. 

4.1 THE PROCEDURE 
In order to reach the energy efficient factories IKEA have stated through IGR there 
had to be a reliable run-through on Swedwood. Therefore consultants were asked to 
inspect every factory within Swedwood and map all the energy saving potentials they 
could find. This project resulted in several energy saving actions of which the ones 
with the shortest potential pay back times were sorted out and categorized as LHF. 
The list of the LHF can be reviewed in Appendix A, and an example of a summarized 
energy mapping is attached in Appendix B at the end of this report. 
When the LHF were summarized it was decided to create investment templates for 
all those actions. The purpose was to make the managers of the factories 
understand what a profitable offer it is to invest in the suggested energy saving 
actions.  
The categories, of which investment templates have been created, are taken from 
the summarized LHF and are shown in Table 2. 
 

 Category Creator 

1 Illumination, Ventilation and  Heating Therese Bjurman 

2 Compressed air Therese Bjurman 

3 Management Consultant: Tobias Hellgren 

4 Chip and Dust Therese Bjurman 

5 Boilers Per Brandes 

6 Drying Kilns Stefan Stenudd 

7 Production Systems Therese Bjurman 

Table 2: Categories of energy saving actions from which investment templates have been created, 
and their respective creators. 

4.2 THE CONTENTS OF THE INVESTMENT TEMPLATES 
The first document which will be sent out to the factories contains a manual of how 
the pay back times are measured and shows which data are needed, to carry the 
measures through. The instalments are also explained to obtain a better 
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understanding on how the actions should be carried through.  
An example of an energy saving action is the Illumination-part of the 1.Illumination, 
Ventilation and Heating template. That part is explained in the manual as follows: 
 

Technical description 
 
Lighting is generated by electricity. New technique allows the same 
quality of lighting but with lower electricity consumption. Two main 
procedures to achieve that are to install dual sensors in areas with 
random use, and to exchange old energy intensive lights with new 
ones with the potential to save ~ 80 % of the electricity that is often 
used for illumination today. The new illumination system will not only 
save energy due to lower power installation, the lifetime of the new 
lightings is much longer as well ~ 10 years (40 000-70 000 lighting 
hours). 

 
 

Installation 
 
The lightings in the ceilings are easy to exchange for low energy 
substitute. All it takes are new electric fittings in case of strip lights, or 
new bulbs if there are socket lights. The lighting that should be 
preferred is a fitting with three Esperia strip lights of ~54 W from IMS 
(Illumination Management Solutions). It can either be made of plastic 
or aluminium, where the first alternative is a little bit more expensive 
but has a longer lifetime and a wider coverage. The plastic design only 
fit two strip lights which cause the more limited coverage.  
To make sure the lights are turned off when not used, dual sensors 
should be installed where possible. Dual sensors are passive infrared 
and ultrasonic technology, together. This means they can detect 
infrared light from objects in its field of view and broadcast/analyze 
sound waves at frequencies much higher than the human ear can 
detect. As soon as the sensor notices a change of temperature or a 
difference in sound bounces they respond by turning the lights on. 
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Attached to the manuals are Excel sheets where the factories are allowed to use 
their own approximations of data to receive estimations of pay back times, specific 
for their factory. In Figure 6 on next page there is an example of this calculation 
sheet concerning the Illumination part of template 1.  
 

1. Illumination  
  
1.1 Low energy 
lights Saving energy by replacing energy intensive lightings   
                 
  Amount of electric fittings 30 30 30 Number  
  Specify their use of power 300 200 100 W  
                
  Lighting hours       6000 h/year  
  Area         250 m²  
                 
  Power in the replacing low energy lights   1500 W  
                 
  Electricity saving      99,0 MWh/year 
                 
  Investment            
    Amount of electric fittings   13 Number  
    New electric fittings 160 * €/electric fitting 
    Labour price 10 * €/h  
    Hours of work 40 * h  
    Other costs    €  
    Overall cost   2480 €  
               
  Pay-back       0,5 Years  
               
1.2 Dual sensor Install dual sensors for the illumination in areas with random use   
After 1.1 is 
accomplished              
                 
  Installed power in lights     1500 W  
  Estimate lighting hours     6000 h/year  
  Estimate necessary hours     1000 h/year  
                 
  Electricity saving      7,5 MWh/year 
                
  Investment            
    Dual sensor   100 * €  
    Labour price   10 * €/h  
    Hours of work    8 * h  
    Other costs      €  
    Overall cost     180 €  
                 
  Pay-back         0,5 Years  
                 

Figure 6: An example of the lay-out in the investment templates (* orange cell). 
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By using the Excel sheets it is possible to measure the electricity that could be saved 
by installing sensors to steer the illumination in a building. In the beginning of the 
documents is the cost for electricity and heat supposed to be filled in, in accordance 
with the tariffs, which is used to generate the resulting pay back times in the end of 
the documents. This is filled in by the users because the costs vary between the 
factories. The dark grey cells are automatically calculated or taken from another part 
of the template, the white cells are to be filled in by the user, and the orange cells 
(marked with *) are estimated prices by well informed technicians, but should be 
changed if other prices are found to be more valid. 

4.3 CONCLUSIONS FROM THE INVESTMENT TEMPLATES 
When all the approximated energy savings feasible in the factories were put 
together, it was stated the majority of all savings arise from heat saving actions. It 
would be just as good as electricity saving actions if it weren’t for the low economic 
value which the heat represents. Since the factories use their own wood waste as 
fuel in boilers to generate heat, it is important there is a demand for the fuel 
elsewhere to generate an economic value of the heat. Unfortunately is that not the 
case on many factories and therefore have the investment templates only become a 
tool for the factories with suggestions on how to accomplish energy savings. 
Demands for how much of their heat consumption that has to be reduced have been 
forced to wait, although the incentive to save money will hopefully lead to savings 
anyhow. Even if the heat savings will fail to happen at all plants. The factories are 
expected to report their energy saving actions and results during FY 2009. 
The templates have been sent out to the factories during the autumn of 2008. 
Seminars have been held where the contents and the purpose were explained and 
all factories questions, thoughts and ideas were discussed.  
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5 ENERGY SITUATION IN POLAND 

In this chapter follows a short review of Poland’s energy situation at present. 

5.1 POLITICAL BACKGROUND 
In addition to Poland’s energy policy there are three important aspects in relation to 
bio-energy development and they are: 

- Fuel and electricity prices 
- Renewable Energy policy 
- Financing of RES (Renewable Energy Sources) projects 

And those three aspects will be described further in this chapter, after a short 
introduction of Poland’s present energy situation. 

5.1.1 The energy situation in Poland 
The main carrier of energy in Poland is hard coal and lignite due to their own 
abundant reserves. It is predicted to be sufficient for about 60 years ahead at the 
current use (Nilsson et al, 2005). Their fuel mix for electricity generation is therefore 
not so diversified (URE, 2008), as shown in Figure 7. 

Gas

Other renewables

Co-firing

Hydropower

Hard coal

Lignite

 
Figure 7: Poland’s structure of energy carriers 2005 (Source: ERO, 2008). 
The electricity generation assets are 57 Combined heat and power stations, 20 
conventional power stations and 12 other plants, including hydropower stations 
(URE, 2008). There is yet no municipal waste incineration plant in Poland although 
public consultations, concerning such plants in major Polish cities, have recently 
started (Environmental expert, 2008). Nearly all the 13 Mton municipal waste 
produced in Poland each year is dumped at landfills and although they are planning 
to reduce the land-filled waste in accordance with EU ambitions, they have so far 
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met strong public resistance why it has only resulted in long lasting discussions at 
the scientific and governmental levels (Nilsson et al, 2005).  
Since coal is the absolute main carrier of primary energy in Poland, the carbon- and 
sulphur dioxide emissions reduction is a very important issue. They have signed the 
United Nations Framework Convention on Climate Change (UNFCCC) and the 
Kyoto protocol committing itself to reduce the greenhouse gases with 6 % during 
2008-2012.  
Poland has also signed the Second Sulphur Protocol and the Gothenburg Protocol 
where they commit themselves to reduce the sulphur dioxide emissions with 66 % 
during 1980-2010. In the year 2000 they had reached a reduction of 63 % (from 
4100 to 1511 kton) which means there is only slightly more than one hundred kton 
left until that goal is fulfilled.  
The membership in EU also requires limitation of emissions of pollutants into the air 
from large incineration plants. Limits for emissions of SO2, NOx, CO and particulates 
are valid for sources with an installed capacity above 1 MW. For smaller heat- and 
power plants an environmental fee is paid per tonne of used fuel, depending on fuel 
characteristics. But Poland’s entire energy sector is going through restructuring due 
to the membership of EU so further updates of the regulations is probably to come 
(Nilsson et al, 2005).  
 

5.1.2 Renewable energy legislation 
Poland has decided to increase the use of Renewable energy sources (RES) since 
they joined the EU 2004. Renewable sources include solar energy, wind, 
geothermal, hydropower, solid biomass, biogas and liquid biofuels. Environmental 
goals are stated by the union to increase the total share of RES in EU countries to 
20 % of total primary energy use until year 2020. In Poland there is therefore a state 
policy established by the government where figures are set to 7.5 % share of RES of 
the total primary energy use until 2010 and 14 % until 2020  (Berent et al, 2007).  
Bio-energy has been identified as the most important and promising alternative to 
reach the goal in Poland due to their unutilized assets of wood waste (Nilsson et al, 
2005). 
To obtain these goals, amendments were accomplished in the Energy Law of 
Poland, to support RES within the energy sector. The leading change was the 
introduction of the so-called “green certificates”. Every energy enterprises producing 
and selling electricity from RES are issued as many ROC’s (Renewable Obligation 
Certificates) as MWh they are producing. Those enterprises which do not use RES 
within their production must thereafter buy an amount of green certificates, stated by 
their amount of MWh electricity produced without RES. Or in case there is lack of 
ROC’s on the market they must pay a fee to the government stated in the law, fixed 
to 240 PLN/MWh (~ 70€/MWh) (TGE, 2008).  
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Imposed obligations have stated the share of electricity produced from RES in the 
amount of sold energy should amount to:  

- 3.6 % in 2006 
- 4.8 % in 2007 
- 6.0 % in 2008 
- 9 % in 2010 – 2014 

The regulations which steer the consumption of RES in Poland are: 
- Law of April 1997 – Energy Law (Journal of Laws 2006, No 89, item 625) 
- The Regulation of the Minister of Economy of 19 December 2005 on the 

detailed scope of obligations in connection with obtaining and presenting for 
remittance the certificates of origin, paying substitute fee and purchase of 
electricity and heat produced from RES (Journal of Law No 261, iten 2187) 

- Law of 25 August 2006 on bio-components and liquid bio-fuels (Journal of 
Laws No 169, item 1199) 

(Berent et al, 2007).  
The Energy Regulation Office (URE) which was founded 1997 is the government’s 
executive body. Their aim is to secure regulatory compliance as well as to protect 
consumer rights. Main tasks include licensing of energy production, transmission and 
trade, regulation of energy prices, and control of access to energy markets (Nilsson 
et al, 2005). 

5.1.3 Financing of RES projects 
Since Poland is a member of EU they have also agreed to increase the use of RES 
as mentioned earlier. To support this development many kinds of bio-energy projects 
have been made with 30-50 % investment subsidies in Poland. The main supportive 
sources of subsidiaries are the National Fund for Environmental protection and 
Water Management (NFEP), Voivodeship Funds for Environmental Protection, the 
Ecofund Foundation (EF, capitalized through debt-for-nature swaps), Bank of 
Environmental Protection (BOŚ), Agricultural Property Agency (APA) and the Global 
Environment Facility (GEF). They all have broader environmental concerns but 
support for bio-energy and especially district heating applications have been an 
important part of their projects. It is estimated that over 17.4 million € grants and soft 
loans* have been handed to bio-energy projects since 1990, not including the 
support that has been given from Voivodeship funds (Voivodeships = Provinces of 
Poland). Future support may be available through European Union structural funds 
too. Currently there are also projects of biomass Combined Heat and Power (CHP) 
plants under discussion and analyses so the projects do vary. 
This topic is a part of this report only to illustrate the possibility for a company like 
Swedwood to seek for all possible solutions, even though the investment costs seem 
larger than what is believed possible to carry through. 

                                                      
* Loans with a low rate of interest. 
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5.1.4 Fuel and electricity prices 
The average electricity price in Poland during 2008 was 55.7 €/MWh (TGE, 2008), 
the comparative figure for Sweden was 51.7 €/MWh (Nordpool, 2008). Companies 
pay different prices for electricity depending on the voltage and the needed 
transmission service so for Zbaszynek is the corresponding figure lower.  
During FY 2008 they paid 4 410 000 € for electricity, which includes a price per MWh 
but also a fixed fee of 1 920 €/MW which is paid for the highest peak load each 
month. The highest peak load each month during FY 2008 reached a sum of 140 
MW, which corresponds to a fee of 140 * 1 920 = 268 800 € 
By subtracting the total cost for electricity with this fee of 268 800 €, and keeping in 
mind Zbaszynek purchased 77 400 MWh during FY 2008, it is calculated that 
Zbaszynek paid about 53.5 €/MWh during FY 2008. 
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6 WASTE FLOWS AND QUANTITIES 

In this chapter is the factory in Zbaszynek described further starting with describing 
the production and the material flows. How the wood waste is generated and how it 
is gathered and stored at the factory is also made clear, and the amounts of 
generated wood waste is presented in the end.   

6.1 PRODUCTION UNITS 
The production in Zbaszynek is mainly divided in ZB1 (Zbaszynek 1), MPS (Multi 
Purpose Storages), Warehouse and Cutting department. Figure 8 shows an 
overview of the buildings. 
 

 
Figure 8: Map over Zbaszyneks buildings. 
The cutting departments supply the whole factory with material for the wooden 
contents of the boards. There are particleboards, MDF and HDF (Medium and High 
Density Fibre boards) cut into proper sizes. ZB1 manufactures complete board-on-
frames and wood waste is produced all along the production lines. MPS has almost 
the same sort of production as ZB1 but with a different surface coating technique. In 
the warehouse are all finished furniture gathered and distributed. The Hogger cuts 
discarded pieces of boards into chippings, the silos collects the wood waste 
produced within the factory and the boilers generate heat with wood waste. 
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6.2 PRODUCTION PROCEDURES 
The board-on-frames produced in Zbaszynek are composed as shown in  
Figure 9 below. 
 

 
Figure 9: Components in a board-on-frame.  
 
The frames are made out of large particleboards that are cut into strips at the cutting 
department and glued together in frames. The cutting is done by Zbaszynek but 
other companies glue them together into frames. 
The next step in the production is the filling of the frames. Honeycomb is delivered to 
Swedwood in compressed pieces. It is blown up with heated air and is formed into 
the desired honeycomb shape and cut into proper sizes. Thereafter they are 
manually attached into the frames. 
When the frames are filled with honeycomb, High Density Fibre (HDF) boards are 
attached on the top and bottom. Those boards are also cut into suitable sizes in the 
cutting department. 
Glue is attached on one whole side of the HDF boards before they are manually 
attached on the honeycomb-filled frames. Stacks of glued frames are then sent to 
the press department for hardening. They are exposed for load during a pre-selected 
time and a pre-selected pressure. There are air slits cut on the sides of the frame to 
ease the hardening and allow humid air leave the board. The production is then 
different between ZB1 and the MPS as explained in the following two subchapters. 

6.2.1 ZB1 
When the board has dried and cured it is sent to the machine department for edge 
banding. The edges of the boards are cut off to secure a rectangular board and then 
plastic strips called ABS (Acrylonitrile Butadiene Styrene), are automatically cut into 
suitable pieces and glued onto the edges. This machine line also has the drilling 
process built in which drills the needed mounting holes in the board.  
Afterwards the boards are sent to the lacquering department where the top surface is 
sanded and lacquered and painted in several layers in turns.  
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6.2.2 MPS 
In the MPS the surfaces coated with glue and wrapped with foil instead of being 
painted. The foil is pre-colored or printed with a wooden pattern. This process is 
even faster than ABS-banding in ZB1. 
The produced boards are then stacked on a pallet and sent to packing and 
warehouse for further distribution. 

6.3 WOOD WASTE ORIGINS 
Wood waste is created all along the production lines. First off is the cutting line 
where big particle-, HDF or MDF boards are fed on stacks to the saw. Still lying in 
stacks they are cut into smaller pieces, suitable for specific products. The waste from 
this line is sawdust and edge pieces. The edge pieces are cut off to secure well 
angled (perfect shaped) and unbroken boards see Figure 10. The dust from this line 
is gathered through the chip and dust system and the edge pieces are crushed in a 
local hogger. 

 
Figure 10: Illustration of a stack of big particle boards and how they are cut along the dashed lines 
into proper sizes. 
 
Sawdust is also created in the edge banding process in ZB1. Sawdust out of particle- 
and HDF boards and a small amount of ABS plastic pieces is produced. In the 
lacquering line is the first sanding machine connected to the ordinary chip and dust 
system but after the first layer of lacquer is the sanding dust sent to a specific 
container which is sent to a separate waste disposal referred to as waste type 
080112 in Zbaszynek.  
In the MPS, as explained earlier, it is foil and glue instead of paint and lacquer, 
mixed with the sawdust. 
There are rejected pieces along all process lines which are either reworked or more 
often taken to the hogger to cut the material into chippings, which creates a separate 
wood waste fraction. 
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The material and waste flows are illustrated in Figure 11. 

 
Figure 11: Material flows in the Zbaszynek factory. 

6.4 WASTE MANAGEMENT  
All wood waste, except the chippings from the hogger, is gathered by the chip and 
dust systems and sent to different silos. An illustration of the six silos and the 
contents can be viewed in 
Figure 12. Explanation of the organization follows below the figure. 

 
 
Figure 12: Illustration of the contents in the silos in Zbaszynek. 
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Silos ZK 2 are located near the MPS production and they all collect wood waste from 
the production there and the Cutting department next to MPS. It is all mixed and 
used as fuel in boiler B1 (5 MW) located next to the silos, or sold. This wood waste 
contains both contaminated sawdust (residues from the production where both glue 
and other chemicals are added) and cutting sawdust (dust originating from particle 
board only). There are three silos ZK 2 collecting the same mixture of wood waste of 
which one is a little smaller and supports boiler B1 with fuel. 
Silo ZK 1/3 collects chippings from the hogger mixed with waste from the production 
in ZB1. The dust from the sanding machines are separated in its own waste fraction 
and not mixed with the production waste in this silo. This wood waste is emptied in 
trucks and distributed to the purchasers. 
Silo ZK 1/1 collects cutting sawdust from the cutting department on the right of ZB1, 
which means dust from particleboard, HDF and MDF. This silo is smaller than the 
others, just like ZK 2/1 and is also supporting boiler 2 with fuel. What is not needed 
in the boiler is sent to silo ZK 1/2. Trucks are emptying the silo and distribute the 
wood waste to the purchasers frequently.  

6.5 WOOD WASTE PURCHASERS 
At present Zbaszynek is cooperating with two companies purchasing the wood 
waste. One company is Sita Starol and they are producers of alternative fuels. After 
unknown treatment of the waste they sell it to several cement producers in Poland, 
which have equipment allowing incineration of all kinds of waste as long as the 
energy content is high enough and that limited figures for sulphur, chlorine, PCB and 
heavy metals are not reached (Mokrzycki et al, 2002). More about this cooperation is 
written in chapter 9. 
The other company buying the wood waste is their own board producer in Germany, 
GHP (Glunz Holzwerkstoff Produktions), this cooperation has been cancelled for a 
couple of months due to unknown reasons but according to Julita Galkowska at 
Swedwood, Zbaszynek it is about to restart shortly. They use the waste to generate 
heat as well. 

6.6 WASTE QUANTITIES 
During FY 2007 and FY 2008 were the amounts of sold wood waste, as shown in 
Table 3. Sold wood waste does not include the amount which is used to generate 
heat in the boilers. Therefore are these amounts a good figure of how much waste 
that could be utilized in a better way than selling it for a low prize. For a graphic view 
of this information see Figure 3 on page 7. 
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Month  2007 [tons]  2008 [tons]

  ZB1 MPS  ZB1 MPS
Sep  2743 527 4095 986

Oct  3195 466 3780 1243

Nov  3000 584 3935 767

Dec  2525 432 2456 566

Jan  2790 299 3789 1008

Feb  2660 390 3769 1208

Mar  3895 349 3178 1224

Apr  3515 454 4933 1367

May  3819 596 2630 1646

Jun  3750 1116 3300 1106

Jul  3002 1276 2392 1242

Aug  4486 1220  2651 1488 

Total  39380 7709  40909 13852 

Table 3: Quantities of sold wood waste during FY 2007 and FY 2008 

 
According to Tomasz Ochocki at Swedwood Zbazynek approximately 50 % of the 
figures for ZB1 originate from silo ZK 1/2 and 50 % from ZK 1/3. And since ZK 1/3 
has the mixture of contaminated sawdust 60 % and chippings 40 %, this is to say 
approximated figures for ZB1 are: 

- Cutting sawdust 50 % 
- Contaminated sawdust from ZB1 30 % 
- Chippings from the hogger 20 % 

The figures for MPS contain a blend of cutting sawdust and contaminated sawdust. It 
originates from silos ZK 2/2 and ZK 2/3, but the share of pure and contaminated 
sawdust in the total fraction of MPS is unknown since it has never been measured in 
Zbaszynek.  
In this report it will therefore be estimated that the relation between cutting sawdust 
and contaminated sawdust in ZB1 is accurate for MPS too, i.e. 50% and 30% = 5:3 
which turns out to: 

- Cutting sawdust 62.5 % 
- Contaminated sawdust from MPS 37.5 % 
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This could all be summarized as illustrated in Table 4 and  
Figure 13. 

2007 [tons] 2008 [tons] 
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Sep 1701 823 549 198 2664 1229 819 370 

Oct 1889 959 639 175 2667 1134 756 466 

Nov 1865 900 600 219 2447 1181 787 288 

Dec 1533 758 505 162 1582 737 491 212 

Jan 1582 837 558 112 2525 1137 758 378 

Feb 1574 798 532 146 2640 1131 754 453 

Mar 2166 1169 779 131 2354 953 636 459 

Apr 2041 1055 703 170 3321 1480 987 513 

May 2282 1146 764 224 2344 789 526 617 

Jun 2573 1125 750 419 2341 990 660 415 

Jul 2299 901 600 479 1972 718 478 466 

Aug 3006 1346 897 458 2256 795 530 558 

Total 24508 11814 7876 2891 29111 12272 8182 5194 

Table 4: Estimated volume of each wood waste fraction in the whole Zbaszynek factory 

 
Contaminated 

sawdust (MPS)
5194 tons

Heat
5840 tons

Chippings
8182 tons

Contaminated 
sawdust (ZB1)

12272 tons

Cutting sawdust
29111 tons

 
 
Figure 13: The proportions between the different wood waste fractions.  
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7 CONTENTS AND PROPERTIES 

The contents of the waste are described more in detail in this chapter. Every 
department’s waste generation is investigated further, focusing on each addition and 
their contents. Laboratory results of the waste are presented as well. 

7.1 WASTE CONTENTS 
The materials described in the following sub-chapters are added along the process 
and are thereby possible contents in the wood waste fractions, although waste from 
particleboards, HDF- and MDF boards hold the biggest part of the total. 
Each step in the production increases the amount of used adhesives so each step is 
investigated separately. 

7.1.1 Cutting department 
First off in the production is the cutting machine that generates sawdust from 
particleboard, HDF and MDF. All boards are purchased from GHP (Glunz 
Holzwerkstoff Produktions) in Beeskow, Germany and Homanit, Germany. The 
boards are produced out of pure wood particles that are mixed with glue and pressed 
together into desired size and density. Following amounts of particle boards were 
ordered to Zbaszynek during FY 2008 (Galkowska, 2008). 

Particleboard (~690 kg/m3) 132 000 tons/year 

HDF (~770 kg/m3) 77 000 tons/year 

MDF (~800 kg/m3) 74 000 tons/year 

Approximately 86 % of the weight mass of the particleboards consist of wood 
(untreated), 8 % adhesive and chemicals and 6 % moisture. The corresponding 
figure for MDF and HDF are 90 % wood, 5.5 % adhesive and chemicals and 4.5 % 
moisture. The adhesive and chemicals are the same for all boards and they are:  

- Urea-Formaldehyde (UF-glue) 
- Paraffin 
- Urea 
- Ammonium sulphate 

UF-glue is a polymeric condensation product of the reaction of formaldehyde with 
urea. Formaldehyde is also called Methanal (formulated HCHO) and is an organic 
compound made of methanol (which in most cases is made from coal or fossil gas). 
Urea is originally the main nitrogenous end product of the metabolic breakdown of 
proteins in mammals, but for UF-glue is urea made from fossil gas, and the paraffin 
too is a fossil extraction (Encyclopedia Britannica, 2008). When the adhesive is 
manufactured the molecules of Formaldehyde and Urea are reacting and water is 
released. The reaction is then made in to desired molecule size and properties by 
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using alkali and base additions, which in this case are paraffin and a second amount 
of urea and ammonium sulphate. It is very important to control the size of the 
molecules since the properties change as they grow larger (Pizzi, 1994). Incineration 
of UF-glued particle boards increase the emission of nitrogenous compounds NOx, 
but apart from that are the emissions comparable to incineration of pure wood 
(Risholm-Sundman, 2005). More about the properties of the wood waste can be 
found in chapter 8 and forward. 

7.1.2 Frame process 
The next added material is the hot melt glue holding the frames together. Hot melt 
adhesives are based on thermoplastic resins. They melt at higher temperatures 
without degrading and are applied as hot liquids on materials. Commonly used 
polymers are polyamides, polyesters, ethylene-vinyl acetate, polyurethanes, and a 
variety of block copolymers and elastomers (Britannica, 2008). 
In Zbaszynek’s frames were 145 tons hot melt used during FY 2008 by their frame 
producers (Peleszczak, 2008). 

7.1.3 Press department 
Later on PVAc (Polyvinylacetate) adhesives are used to fix the HDF boards onto the 
honeycomb-filled frames and during FY 2008 were 1 485 tons used by the press 
department. PVAc is a colourless, water-insoluble resin belonging to the family of 
organic polymers. It is common in paints, adhesives, lacquers, and cements 
(Britannica, 2008). 

7.1.4 Machine department 
The ABS plastic strips are only used in ZB1 and they are provided by three different 
companies but in total were 7126 tons used in Zbaszynek. One producer of the 
plastic strips has stated the contents of the strips to ABS plastic, different organic 
and inorganic compounds and epoxy resins. 
To attach the ABS plastic strips on the edges of the boards were 676 tons of hot melt 
glue used during FY 2008. The adhesive is hot melt glue based on ethylene vinyl 
acetate polymers (Swedwood Jowatherm, 2008), the others ground content is 
unknown but the fact that they are based on thermoplastics is known.   
The next step in the process is the drilling which creates waste containing sawdust 
and pieces of honeycomb. The honeycomb is delivered from another factory in 
Zbaszynek called Axxion. They declare that the material is recycled paper and 
adhesive based on PVAc. During FY 2008 were 13 654 tons of honeycomb used in 
Zbaszynek (Van der Most, 2008).  

7.1.5 Lacquering- or Wrapping department 
ZB1 
In ZB1 several paints and lacquers are used in the production. A complete list of 
those can be seen in Appendix D. The sanding machines in the lacquer and painting 
lines have their dust sent to a specific container which is not mixed with the regular 
production waste, so these chemicals are only involved in the chippings fraction.  
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About 96 % of the volume of Zbaszynek’s paints and lacquers are provided by Akzo 
Nobel and they amount to 1130 thousand litres (1700 tons). The main contents of 
the products can be summarized as shown below: 

 Organic bonding agents 46.6 %

Inert material 36.5 %

Titanium dioxide 16.3 %

Organic additives 0.5 %

Organic pigments 0.1 %
 

MPS 
In the MPS factory is the wrapping method used to finish the boards. There is a saw 
which cuts off the edges of the boards before a filling material creates a smooth 
surface and a sheet of foil is wrapped around the board. 
The filling material is provided by Becker but the contents of the products have not 
been received, so if this information is necessary for further investigations contact 
should be taken with them. 
The foil to MPS is delivered by a company called Dai Nippon Printing (DNP) and 
during FY 2008 they delivered 719* tons of foil to Zbaszynek. 
The contents of the foil are cellulose pulp (paper), synthetic resin and pigments 
(Swedwood DNP, 2008). 
The adhesive used to attach the foil is UF glue which contains these materials: 

Urea-forlmaldehyde resin 78 %

p-Toulensulphonic acid 8.8 %

Inert material 6.7 %

Organic bonding agent 5.9 %

Free formaldehyde 0.6 %

(Lagerström, 2008) 
During FY 2008 was 1 064 tons UF glue used to attach the foil on boards in the MPS 
(Peleszczak, 2008). 

7.1.6 Separate waste fractions 
Zbaszynek have more waste fractions apart from what is mixed in the wood waste. 
They have about 850 tons per year that contains rests from contaminated solvents, 
glue-water, laquering dust, waste released after cleaning rollers, foil, sand paper, 
sprays, oils and other waste from the machine department. 

                                                      
* Recalculated figure. 31 946 697 m2 /year was the original figure. Thickness of 0.0375 mm and a 
density of 600 kg/m3 have been estimated by the author. 
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7.1.7 Rejected boards 
The boards not fulfilling the tolerances are collected and either re-worked or sent to 
the hogger to be cut into chippings, which is mixed with the contaminated sawdust 
from ZB1 in silo ZK 1/3. 

7.1.8 Packing department 
The waste produced in the packing department is not mixed with the wood waste in 
the silos and is therefore not discussed further in this report. 

7.2 SUMMARY OF THE CONTENTS 
When the information of all supplied products is summarized it only reaches an 
amount of 310 thousand tons of raw material. This information is misleading due to 
the fact that 439 thousand tons of furniture was produced during the same time as 
well as an estimated amount of 61 thousand tons waste. The reason for this 
difference is unknown but the figures are all received from the factory and in some 
cases the suppliers. 
Although the figures fail to correspond with the production quantities, a summarizing 
list is created from the received approximated figures, to facilitate future 
investigations of the source of errors, see Table 5. A deeper study of each contents 
effect on the wood waste’s properties is not made in this report, but laboratory tests 
of the wood waste in total is described further in chapter 8.  

 Material Tons % of total 

Wood 249420 80.5

UF adhesive 34663 11.2

PVAc 1485 0.5

Hot melt 821 0.3

Honeycomb 13654 4.4

ABS edgebanding 7126 2.3

Paint and Lacquers, ZB1 1768 0.6

Foil, MPS 719 0.2

Total 309 656 100
Table 5: A combination of all received figures of ordered materials used in the board-on-frame 
manufacturing in the Zbaszynek factory 
 

The cutting sawdust fraction is only created in the cutting department described in 
chapter 7.1.1. 
Contaminated sawdust includes cutting sawdust contaminated with adhesives from 
the frame production and the press department, ABS edge band pieces and glue 
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used to attach the ABS edge bandings. Lacquer and paint are not found in this 
fraction. 
Chippings can contain all contents described in the subchapters to 7.1, but also a 
small amount of damaged pallets and package boxes of wood can be found.  
The main contents can be stated as wood, honeycomb and UF-glue. The contents 
affect on the quality of the wood waste is treated further in the following chapters.  
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8 LABORATORY TEST OF WASTE SAMPLES  

Samples were taken from the chip and dust system in Zbaszynek in September 2008 
and sent to the accredited Eurofins laboratory in Lidköping, Sweden for investigation. 
The purpose of the tests was to find out what properties the waste has and to enable 
comparisons with other materials. This chapter explains the results and the cause to 
them.   
 
One sample was taken from the cutting sawdust fraction in silo ZK ½, which is used 
in the boilers or sold at present. Another sample was taken from the hogger, silo ZK 
1/3 and since the hogger is a machine splitting finished but discarded furniture into 
chippings, it is a mixture of all materials added along the production lines. The third 
sample was taken from the production lines in ZB1, silo ZK 1/1, ABS and glue are 
mixed in the wood waste and it therefore goes under the name contaminated 
sawdust. Figure 14 shows staff from the factory in Zbaszynek collecting a sample 
from the contaminated sawdust fraction. See Figure 8 on page 17 for the locations of 
the silos.  
 

 
Figure 14: Piotr Golek and Andrzej Bryza, two Swedwood employees in Zbaszynek, are collecting 
wood waste from the contaminated sawdust fraction. 
No sample was taken from the MPS (silos ZK 2) since that production is very similar 
to ZB1. The waste from the MPS will be assumed equal with the cutting sawdust in 
ZB1, keeping in mind there is a small difference in reality due to the additive of foil 
and adhesives, although it is probably negligible in the whole picture.  
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Summarized were these three samples, shown in Figure 15, sent to the laboratory: 

   
Figure 15: Photographs of the three fractions, from left; Cutting sawdust, Contaminated sawdust and 
Chippings. The figures are preferably seen in colour print.  
Different properties had to be known to be able to compare methods to utilize the 
waste. The contents were therefore investigated, in order to know the exact contents 
of the fuel. The composition and contents of the ash, the calorific value, moisture 
content, amounts of important elements and the size of the particles were ordered 
from the laboratory.  
The results from the laboratory tests are summarized in Table 6 and Table 7 
(Axelsson, 2008). 

 
Cutting 
sawdust 

Cutting 
sawdust* 

Cont. 
Sawdust 

Cont. 
Sawdust* Chippings Chippings* 

Weight [g] 1540 1415 2003 1869 1986 1859 

Higher heating 
value HHV 
[MWh/ton] 5.1 5.5 5.2 5.6 5.1 5.5 

Lower heating 
value LHV 
[MWh/ton] 4.7 5.2 4.8 5.2 4.75 5.1 

Moisture 

[% of weight] 8.1 - 6.7 - 6.4 - 

Ash [%] 0.9 0.9 1.1 1.2 2 2.1 

Sulphur S [%] 0.05 0.05 0.04 0.04 0.06 0.07 

Chlorine Cl [%] 0.05 0.05 0.08 0.08 0.03 0.04 

Carbon C [%] 45 49 46 49.3 45.1 48.2 

Hydrogen H [%] 6.1 5.7 6.2 5.8 6.1 5.8 

Nitrogen N [%] 4.3 4.7 4 4.3 4.7 5 

Oxygen O [%] 43.6 39.6 42.6 39.3 42 38.8 

* Dried sample 

Table 6: Summary of the laboratory results. 
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The higher heating value (HHV) in Table 6 describes the total energy content of the 
waste and it could be utilized in heat plants, on the condition that all the moisture in 
the smoke gas is condensing.  
The lower heating value (LHV) on the other hand describes the energy generated 
during incineration, subtracted with the energy released in the flue gas. This is the 
true value for a boiler not utilizing the energy content of the flue gas. In Table 6 these 
values are represented for each fraction of waste in two different conditions, it is both 
showing the values for the waste as it is produced without treatment, but also after a 
drying process. Notice that a higher value of energy after the drying process might 
be misleading, due to the fact weight loss has also occurred. Energy has also been 
added to be able to release the moisture from the waste. The more water and ash a 
fuel contains, the lower is the energy value. 
The degree of measure accuracy of the contents in the wood waste varies. For 
chlorine the figure is ± 25 %, for the moisture is the corresponding figure ± 3 % and 
for the others it is ± 10 %. 
A sieve test of Zbaszynek’s wood waste was also done and the results are shown in 
Table 7 below (Axelsson, 2008). 

Cutting sawdust 
[mm] % of weight Cont. sawdust 

[mm] % of weight Chippings 
[mm] % of weight 

>3.15 3.8 >10.0 19.3 >50.0 0 

2.8-3.15 0.2 8.0-10.0 3.8 40.0-50.0 0 

2.0-2.8 0.6 5.6-8.0 5.2 30.0-40.0 1.8 

1.4-2.0 2.2 4.0-5.6 4.6 15.0-30.0 37.8 

1.0-1.4 3.7 2.0-4.0 3.6 8.0-15.0 40.4 

0.5-1.0 14.2 1.0-2.0 12.4 4.0-8.0 9 

0.25-0.5 19.2 0.5-1.0 17.7 2.0-4.0 4.7 

<0.25 56.2 <0.5 33.5 <2.0 6.3 

Table 7: Results from the sieve test 

These results are describing the shares of fractions containing specific particle sizes. 
This is necessary knowledge when choosing the right equipment for the waste 
management and when investigating different options to find out best use for the 
waste. The complete results of the laboratory tests can be found in Appendix C. 
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8.1.1  Explanation of the laboratory contents 
When a fuel is incinerated there are three main reasons for emission quantities and 
they are 

- The properties of the fuel 
- Incineration technology 
- Presence of purification technology 

Some emissions are mainly formed as a result of the elementary structure in the fuel 
and do not change with different incinerator technologies. A few examples of such 
common emissions are sulphur- and carbon dioxides (SO2 and CO2). The amounts 
of those emissions are entirely depending on the contents of the fuel. The more 
sulphur being content in the fuel, the greater are the emissions of SO2 and the more 
carbon and the lower share of hydrogen there is, the higher are the CO2 emissions. 
Other emissions are more dependent of the incineration technology. Examples of 
such are Carbonoxide (CO), Polyaromatic Hydrocarbons (PAH) and other 
Hydrocarbons. Principally it is the presence of oxygen, the incineration time intervals 
and the temperature determining the amounts of these emissions. 
There are also emissions released depending on both the contents of the fuel and 
the incineration technology, and such are among others the NOx emissions. 
(Uppenberg et al, 2001) 
To be able to analyze the results of the laboratory test the parameters of the waste 
contents need to be explained shortly. 
Ash 
The ash content is the share of the waste remaining after incineration. It consists of 
non combustible substances and non organic metal compounds. The quality of the 
ash mainly depends on the content of sodium, potassium, calcium, magnesium and 
chlorine, because those substances can melt and create dirty films of ash inside 
incinerators. (Novator, 1996). The ash which is left after incineration in Poland is 
often sent to landfill. It is an expensive disposal and is probably becoming even more 
expensive in the future, why a low share of ash in fuel should be preferred.  
Sulphur 
Sulphur can react with oxygen and create SO2, a compound leading to acidification 
of lakes, soil and groundwater. It is also unhealthy for humans. Sulphur emissions 
from wood are normally very low due to the basic substances in the material, which 
neutralizes the acid compounds of sulphur. (Novator, 1996). 
Chlorine 
Chlorine content in fuels can form dioxins if the incineration is imperfect (lack of 
oxygen). There is always a small dioxin formation but the quantity can be reduced by 
using good equipment and letting the fuel incinerate during a well suited time and 
temperature. Dioxins can be very harmful to animals and humans and cause serious 
damage to their bodies. (Nationalencyklopedin, 2008) 
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Carbon 
The carbon content in fuel cause CO emissions during incineration, which more or 
less transforms in to CO2. CO2 is not a toxic gas but a natural compound in the 
photosynthesis but also a contributory cause to the greenhouse effect. CO on the 
other hand is a toxic gas and it is formed during incomplete incineration but the more 
oxygen being present in the incinerator, the less becomes the amount of CO 
emission. (Novator, 1996). 
Hydrogen 
Incineration of hydrogen cause no damage, the only emission occuring is water. 
Nitrogen 
Presence of nitrogen in fuel causes compounds with oxygen, often referred to as 
NOx. NOx is a generic term for the two most common different compounds where 
nitrogen and oxygen binds in the structures of NO and NO2, normally is the share of 
NO much higher (about 95 %) than NO2. NOx is mostly created through:  

- Oxidation of the nitrogen content in the fuel’s initial state 
- Chemical reaction between oxygen and nitrogen 

The main properties leading to increased emissions of NOx, in an incineration plant, 
are the amount of accessible oxygen, incineration temperature and the nitrogen 
content in the fuel. (Uppenberg et al, 2001). NOx emissions are often divided in three 
categories: 

- Fuel-NOx, direct oxidation of organically bound nitrogen in a fuel. It can easily 
be formed already at low temperatures. 

- Prompt-NOx, unburned hydrocarbons reacting with nitrogen in air. 
- Thermal-NOx, is formed during a high temperature reaction (temperatures 

above 1200-1300 °C), between oxygen and nitrogen in the air.  
(Hedman et al, 2007) 

 

 
Figure 16: The correlation between fuel-NOx, thermal-NOx and prompt-NOx (Hedman et al, 2007) 
 

Fuel NOx Thermal NOx 

Prompt NOx 
Temperature 
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NOx emissions cause eutrophication (=Eutrofizacja (Polish) / Övergödning 
(Swedish)) and acidification. Eutrophication means the natural balance between 
vegetable growth and biodegradation on earth is disturbed. An increased biomass 
production is created, which the nature is not prepared to handle. NOx is also 
causing acidification, which leads to unbalanced nutrition accessibility for vegetables 
and an increased spreading of toxic metals, which in the end also affects animals. 
(Uppenberg et al, 2001). These emissions are so harmful that economic incentives 
and other means for control are set by EU. And stricter limitations are probably to be 
expected in the future. 
Approximately 4 % of the nitrogen content in particle boards (with a nitrogen content 
of 4.1 %) is converted to NOx emissions during incineration, when there is a 
temperature of 850°C and a good oxygen supply (7-11 %). But it varies with the 
temperature and the access to oxygen (Risholm-Sundman, 2005). 
  
Oxygen 
Higher share of oxygen in a fuel results in a more complete incineration which 
reduces the amount of formed hydrocarbons and CO (Lin, 2005). 
 

8.2 ANALYSIS OF THE LABORATORY RESULTS 
According to the information shown in Table 4 on page 23 and the information about 
Zbaszynek in chapter 3.4.1 are the total volumes of wood waste from each fraction 
as shown in Table 8 below. 

 2007 
 [tons]              [% of total] 

2008 
  [tons]            [% of total] 

Cutting sawdust 24508 45 29111 48 

Contaminated sawdust 11814 22 12272 20 

Chippings 7876 15 8182 13 

Foil contaminated sawdust 2891 5 5194 9 

Waste to boiler 6802 13 5840 10 

 53891 100 60 599 100 

Table 8: Estimated volume of each sold wood waste fraction in the whole Zbaszynek factory 

The volumes in Table 8 together with the calorific values of the waste in Table 6 
shows that all the sold wood waste from Zbaszynek during FY07 and FY08, 
corresponds to about 276 GWh and 310 GWh respectively. 
310 GWh can be set in relation to the fact of Zbaszynek purchasing 78 GWh of 
electricity during FY08. Less than a third of what was contained in the sold wood 
waste. It takes about 50 000 Swedish household’s electricity consumption in a year 
to reach 310 GWh. 
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Comparative figures for sawdust of pure wood can be seen in Table 9 below. 
 

  
Zbaszynek wood waste Wood used in briquettes on 

Swedwood Tikhvin, Russia 
(0.1 – 4.0 mm) 

HHV [MWh/ton] 5.1 - 5.2 5.4 

Ash [%] 0.9 - 2.0 0.7 

Sulphur S [%] 0.04 - 0.06 < 0.01 

Chlorine Cl [%] 0.03 - 0.08 0.02 

Carbon C [%] 45.0 - 46.0 48.4 

Hydrogen H [%] 6.1 - 6.2 6.6 

Nitrogen N [%] 4.0 - 4.7 0.2 

Oxygen O [%] 42.0 - 43.6 44.1 

Table 9: Comparative figures for sawdust of pure wood 

According to these figures it can be stated that the main contamination in the waste 
regards the nitrogen. A high contamination of nitrogen in a fuel affects the fuel-NOx 
but does not change the share of thermal- or prompt-NOx. The reason for the higher 
value of nitrogen in Zbaszynek’s wood waste is probably the use of formaldehyde 
adhesives in particle boards, since that is nitrogen based glue. The chlorine and the 
sulphur contents are also higher in Zbaszynek’s wood waste, although the difference 
is not as significant.  
These results are similar to what is found in a report from 2005, where the emissions 
from incineration of pure wood and particleboards, made with UF-adhesives, are 
compared. The only difference noticed is an increase of NOx emissions from the 
particleboards. It is concluded that 4 % of the nitrogen content in particle boards are 
transformed to NOx emissions during incineration as the rest is converted to nitrogen 
gas (N2), provided there are good incineration conditions (Risholm-Sundman, 2005). 
Nitrogen gas has a natural share of 78 % in the air on earth and is not harmful to the 
environment (Nationalencyklopedin, 2008). 
IKEA has a vision to eliminate the use of UF-glue in their products in the future, but 
alternatives being competitive enough have been hard to find. Although some 
factories within Swedwood has managed to replace some of their UF-glue usage 
with PVAc, the production speed can not always be reached with the alternatives, 
which have forced some factories to stick with the UF-glue until a better alternative 
appears. An alternative to the UF-glue in Zbaszynek is probably to come but they will 
have to stick to the nitrogenous glue until then. (Nordänger, 2008). 
In Sweden is a fuel based on wood used which is recycled contaminated wood 
waste (RT-chippings). The RT-chippings have an economic value of 7.3 €/MWh, 
although it is contaminated with chemicals such as paint and lacquers, metals and 
plastics (Strömberg, 2005). In 2001 a study was done on the RT-chippings being 
used as fuel in Händelö thermal power station, Norrköping and Idbäcken thermal 
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power station, Nyköping in Sweden. In total 27 fractions was gathered (2.5 kg and 4 
kg each) and sent for analysis. Idbäcken used two sorts of RT-chippings at the time, 
one imported and one originating from Sweden, and results were thereby received 
from three different fractions, see Table 10. (Jermer et al, 2001)  
 

 Moisture [%] Ash [%] Sulphur [%] Nitrogen [%] Chloride [%] 

Idbäcken, 
imported 

6.9 1.5 0.03 0.42 0.02 

Idbäcken, 
regional 

6.7 2.6 0.07 0.60 0.05 

Händelö 7.5 3.3 0.06 1.1 0.07 

Table 10: Contents of RT-chippings, used in two thermal power plants in Sweden. 
 
When these results are compared to Zbaszynek’s wood waste it is shown most 
figures are within the same intervals. But the nitrogen content seems higher within a 
range of 1-4 percentage units for Zbaszynek’s wood waste, i.e. there is a smaller 
difference when the RT-chippings is compared to pure wood. The values are 
probably not higher for RT-chippings because it allows more contamination than 
what Zbaszynek’s wood waste contains. And although the source to nitrogen in RT-
chippings originates from UF-adhesives and some paints, it is diluted with other 
contaminations, why the totals share is much less. (Jermer et al, 2001). The 
economic value of this fuel is what will be used when calculating the value of 
Zbaszynek’s wood waste in Sweden. There is a possibility the waste fractions are 
not comparable in such way but it is the best found option. The RT-chippings have 
only one advantage from what has been found and it is the lower nitrogen 
contamination. But on the other hand is the energy content of Zbaszynek’s wood 
waste a little higher, compared to RT-chippings in general. Another factor that can 
affect the formation of the price of Zbaszynek’s wood waste in Sweden compared to 
the RT.chippings could be the size of the fractions, only 25-40 % of the RT-chippings 
in Sweden contains dust smaller than 4 mm (Strömberg, 2005). The corresponding 
figure for Zbaszynek’s wood waste is approximately 77 % (according to Table 7 on 
page 31). 
What the laboratory results say about different field of applications is further 
explained in chapter 10 were such analysis is done together with a brief investigation 
of the profitability for different scenarios. 
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9 PRESENT HANDLING OF WOOD WASTE 

In this chapter is an economical value of the wood waste for the cement producers 
investigated and set into relation of what is received today. This chapter also 
describes why Swedwood in Zbaszynek are having troubles to sell their wood waste 
and presents how it is taken care of at present. 

9.1 PRESENT VALUE OF THE WOOD WASTE 
For the wood waste contaminated with glue, paint and lacquer 3 €/ton is received 
and for the cutting sawdust the corresponding figure is 6 €/ton. The average price is 
4.6 €/ton (44 SEK/ton) or 1.2 €/MWh (11.5 SEK/MWh) when considering the total 
volumes.  
The reason for such a relative low value of the wood waste is because of a special 
deal between Sita Starol and Zbaszynek. Zbaszynek have more waste fractions 
apart from the wood waste. They have about 850 tons per year containing rests from 
contaminated solvents, glue-water, laquering dust, waste released after cleaning 
rollers, foil, sand paper, sprays, oils and other waste from mechanic department. Sita 
Starol charges Zbaszynek about 80 €/ton for taking care of those fractions, which 
amounts to almost 68 000 €/year. Normally Sita Starol charges companies about 
270 €/ton for taking care of this sort of waste, which would amount to about 231 000 
€/year, but since Sita Starol want Zbaszynek’s sawdust to be able to produce 
alternative fuels they have negotiated a special deal. This means Zbaszynek are 
earning yet another 155 000 €/year on their wood waste, which increases the true 
value of the wood waste to 7.4 €/ton (70.9 SEK/ton) or 1.4 €/MWh (13.4 SEK/MWh). 
These prices are therefore what will be used in the measures of the theoretical 
values of the wood waste in chapter 10.  
 
Comparative figures for other energy carriers can be seen in Table 11 below.  

 HHV [MWh/ton] Price [€/MWh] 

Zbaszynek wood waste 5.1 1.5  

RT-chippings in Sweden 4.4 – 5.1 (Strömberg, 2005) 7.3 (Strömberg, 2005) 

Energy coal 7.6 (SKI, 2008) 13.7 (SKI, 2008) 

Lignite in Poland 2.4 (Mokrzycki 3, 2007) 5.4 (GUS, 2006) 

Table 11: Comparative figures for other energy carriers used in industrial companies 
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The total annual profit of the wood waste is calculated in Table 12. 

Cutting sawdust (29 111 tons, 6 €): 
Contaminated sawdust (ZB1 + MPS) (12 272 + 5 194 tons, 3 €): 
Chippings (8 182 tons, 3 €): 
Discount from Sita Starol: 

174 666 €
52 398 €
24 546 €

155 000 €

Total 406 610 € 

Table 12: Annual profit from the wood waste in Zbaszynek 
 

There are different reasons for this low economic value of wood waste. To start with 
is bio-fuel a rather new source of energy in Poland and there has been a lack of 
incentives to increase the use of RES (Renewable Energy Sources) up until this very 
year. Although they became a member of EU in 2004, and the issue of fossil fuels 
connection to green house gases was discussed then already, it still took a few 
years to generate tools to support it. Above that, Poland was expected to reach the 
stated environmental targets and commitments even without bio-energy. Energy 
efficiency actions and other fuels such as natural gas were predicted to reach the 
new stated limitations for emissions (Nilsson et al, 2005). This has all together led to 
putting all investment efforts towards decreasing pollution and increasing the power 
efficiency by modernizing old, and building new, capacities. But the new capacities 
are not often being adapted for anything else but conventional fuels such as hard 
coal and lignite (URE, 2008). In fact 94 % of their electric power is produced out of 
those energy carriers (Mokrzycki et al, 2007). So to sell wood waste to them is hard. 
This lack of equipment to utilize bio-fuels in Poland has created a poor market for 
Swedwood’s wood waste. Swedwood also have a standard saying they have to 
cooperate with big companies when disposing their wood waste. This is to guarantee 
the wood waste not ending up in small private heating plants without emission 
controls. If that happened it could generate a bad relation with the local authorities, 
since Zbaszynek would not be able to justify such use, due to lack of knowledge 
concerning the properties of their waste. They also have to secure getting rid of their 
big daily volumes of waste, why cooperating with many small companies is not a 
good solution since it would increase the risk of ending up with trucks not showing up 
on time, and other similar disturbances which could cost the company a fortune 
(Ochocki, 2008) 
To summarize the reasons for why it is so hard for Zbaszynek to find a market for 
their wood waste it could be stated – they have not found any energy consumer in 
Poland big enough and with the necessary equipment to use the created wood 
waste. Therefore Zbaszynek have chosen the solution to sell most waste to Sita 
Starol, a producer of alternative fuels, for a relatively low price. 

9.2 CEMENT INDUSTRY 
The main method for utilising waste in Poland is to sell it as fuel to the cement 
industry. They have a very energy intensive production and since the fuel prices 
have increased and fuel deficit has appeared they have been forced to seek for 
alternatives.  
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The equipment within the cement industry is favourable for the use of alternative 
fuels due to high incineration temperature, an alkaline environment, oxidizing 
atmosphere, a large heat-exchange surface, a god mixture of gases and products 
and a sufficient time for disposal of hazardous contents, due to the significant length 
of the kiln. Other advantages are waste treatment does not require any additional 
source of heat, there is no increase in emissions to the atmosphere and burning 
process complies with all requirements of the EU Directive 92/C130/01 concerning 
hazardous waste incineration (Mokrzycki E, Uliasz.Bochenczyk A, 2002). Since it is 
often a replacement of conventional fuels the alternative fuels brings both ecological 
and economic benefits. 
This is indirect the method used by Swedwood in Zbaszynek at present. Waste is 
sold cheaply to Sita Starol, a manufacturer of alternative fuels, who on their part sell 
it to cement producers in Poland after mixing it with other waste qualities.  

9.3 GENERATE HEAT IN BOILERS 
Although all the waste in Zbaszynek is classified as bio-fuel and has the permission 
to be burned in the boilers at the factory, there are still strict regulations on the 
emission quantities. Therefore Zbaszynek are only using cutting sawdust in the 
heating plants as much as possible.  
There are three boilers to support the Zbaszynek factory, HOTAB 5.0 MW at the 
MPS factory and two WEISS boilers of 2.5 MW each at the ZB1 factory. They are all 
possible to connect to both factories in case of maintenance or other disturbances.  
Zbaszynek has two different types of boilers installed, and they have different 
regulations concerning emissions where the age of the equipment is the determining 
factor. For the older boilers WEISS are the regulated emissions higher than for 
HOTAB which is recently installed at the factory. It should be noted HOTAB has not 
got any special NOx reducing equipment installed but are fulfilling the emission 
regulation anyway. The emissions from the boilers were in March 2008 as shown in 
Table 13. 
 

 Substance 
Average 
emission 

[kg/h] 

Measured 
Concentration

[mg/nm³] 

Emission 
regulation 
[mg/nm³] 

Dust 0.519 226 630 
SO2 - - 800 

WEISS No1 2.5 MW

NO2 1.127 520 400 
Dust 0.503 196 630 
SO2 - - 800 

WEISS No2 2.5 MW

NO2 1.386 541 400 
Dust 0.128 78 100 
SO2 - - 400 

HOTAB 5.0 MW

NO2 0.790 215 400 

Table 13: Emission quantities from Zbaszynek factory in March 2008   
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The only values not fulfilling the regulations at present, are the emissions of NOx in 
the WEISS older boilers, which is marked with extra bold type. These higher values 
of emissions are due to thermal NOx e.g. nitrogen from the air caused by deficient 
design of the incineration chamber. 
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10 THEORETICAL VALUE OF THE WASTE 

In this chapter are different scenarios of solutions being discussed and their 
profitability roughly calculated. The occurring text boxes are framing calculations 
carried through by the author of this report, and they are based on partly estimations 
and partly known figures. 

10.1 SELL TO CEMENT INDUSTRY OR CO-FIRING 
Poland is a country with a long tradition of cement production; there are 19 plants in 
operation at present of which six are using alternative fuels. The production is a 
highly energy consuming process which requires 3.3 GJ (~0.92 MWh) energy to 
produce one ton cement. The costs for energy amount to 30-40 % of a cement 
plant’s total expenses. One example of cement plants using alternative fuels from 
waste to produce energy is Malogoszcz. Malogoszcz has got an approval to cover 
up to 40 percent of its heat demand with alternative fuels made from waste. Two fuel 
types are being used there and the outcome from using those alternative fuels is 
presented below. 
One of the alternative fuels is called PASi (Polish abbreviation) and its contents are 
sawdust or tobacco dust mixed with waste originating from paint, varnish and 
diatomaceous* earth contaminated with petroleum-based waste etc. i.e. waste types 
far more contaminated than the wood waste in Zbaszynek. The other fuel type is 
PASr (Polish abbreviation), which is paper, cardboard, foil, cloth, textile, plastic 
containers, tapes, cables and cleaning agents which is all milled to a grain size. 
PASr could also be contaminated with oil, fat, lubricants and paint etc. 
Characteristics for PASi and PASr are shown in Table 14 (Mokrzycki et al, 2002).  
 

 PASi PASr Cutting 
sawdust 

Cont. sawdust Chippings 

Higher heating 
value [MWh/ton] 2.5 6.7 5.1 5.2 5.1 

Moisture [%] 30.45 3.19 8.1 6.7 6.4 

Ash [%] 24.13 7.98 0.9 1.1 2.0 

Chlorine [%] 0.24 0.42 0.05 0.08 0.03 

Sulphur [%] 0.28 0.23 0.05 0.04 0.06 

Table 14: Characteristics for the alternative fuel PASi used in Malogoszcz cement plant 2003, 
compared with Zbaszynek’s wood waste (from Table 6). 

                                                      
* Fossilized remains of diatoms, a type of hard-shelled silicon algae (Nationalencyklopedin, 2008) 
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The characteristics in Table 14 also show the corresponding figures for the 
laboratory results of the wood waste from Zbaszynek. It can be stated all these 
figures are far better for Zbaszynek’s wood waste than for the alternative fuels, from 
an environmental point of view. The heating value of the most contaminated waste 
PASr is a little higher than for the wood waste, but the contamination of the wood 
waste is instead much less. 
Zbaszynek’s wood waste is the base material in the fuel type PASi at present 
(Ochocki, 2008). The other additions are mixed in the alternative fuel by Sita Starol. 
There are many kinds of waste fractions that could be utilized in the cement 
industries. Examples of such fractions are car tyres, expired medicines, combustible 
municipal wastes and others. Following criteria have to be fulfilled to be used as 
alternative fuels in a cement industry in Poland, due to technological and ecological 
factors: 

- A calorific value higher than 3.9 MWh/ton 
- A chlorine content less than 0,2 % 
- A sulphur content less than 2,5 % 
- PCB (Polychlorinated biphenyls) contents less than 50 ppm 
- A content of heavy metals less than 2500 ppm 

o Hg (Mercury) less than 10 ppm 
o Hg (Mercury), Cd (Cadmium) and Tl (Thallium) in total less than 100 

ppm. 
Also the self-ignition temperature, the moisture and ash content and the size of the 
particles in the fraction matters although the regulations vary in that matter. Nor can 
the use of alternative fuel not have a negative impact on the furnace operation, or 
the quality of the produced clinker. And of course should it neither result in increased 
pollution of gases emitted to the air. (Mokrzycki et al, 2002). 
The restricted chlorine content in the criteria above is lower than the values for PASi 
and PASr. The author of this report has not been able to find an explanation to this, 
but both values are taken from the same source, so PASi and PASr are assumed to 
be exceptions from the restriction. It does not however affect the ability for 
Zbaszynek’s wood waste to be sold as alternative fuel so this difference will not be 
investigated further. 
The limitations above do not mention nitrogen, which is stated earlier as the main 
contamination in Zbaszynek’s wood waste. But since Zbaszynek’s wood waste is 
used as base material in PASi at present, it is estimated there is a possibility to sell 
the wood waste as alternative fuel without Sita’s cooperation. 
Therefore; if it is estimated Zbaszynek’s waste could be used as alternative fuel in 
Malogoszcz’s cement plant in its initial state, it is calculated what Zbaszynek’s wood 
waste is worth in the following textbox. 
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Malogoszcz Cement production: 
Malogoszcz has a capacity to produce 17 Mton cement per year 
(CemBusiness, 2006). If it is assumed they are producing at 80 % of 
their capacity, the production is 13.6 Mton cement per year. 

Malogoszcz  Energy consumption: 
0.92 MWh/ton produced cement (Mokrzycki et al, 2002) 

PASi: 
Usage – 35 thousand tons (Mokrzycki et al, 2002) 
HHV – 2.54 MWh/ton 

PASr: 
Usage – 45 thousand tons (Mokrzycki et al, 2002) 
HHV – 6.77 MWh/ton 

Coal: 
HHV – 7.6 MWh/ton (SKI, 2008) 
Price – 104 €/ton (SKI, 2008) 

Zbaszynek’s wood waste: 
HHV – 5.1 MWh/ton 
Price – 7.4 €/ton 

 

 

With the figures above it can be calculated Malogoszcz are using 12 512 GWh 
per year in their cement production. By using 35 thousand tons of PASi and 45 
thousand tons of PASr is about 394 GWh covered with alternative fuels (~ 3.1 
% of their annual energy consumption). 
394 GWh coal cost about 5.4 millions € when the price is 13.7 €/MWh, which 
represents an economic value for the alternative fuel of 67.3 €/ton. This could 
be compared to the value of Zbaszynek’s wood waste 1.4 €/MWh and 7.4 
€/ton. 
If it is estimated the cement plant get this fuel at cost price from Zbaszynek, 
the cement company would earn 4.8 millions € compared to burning coal. 
Money that today goes to Sita Starol, which on top of that earns money by 
getting rid of other materials they are paid to take care of. 
Zbaszynek do not have access to 80 000 tons of waste yearly (as many tons 
as Malogoszcz use of alternative fuels), but they do have about 55 thousand 
tons wood waste for sale, which is equal to 280 GWh and an economic value 
of more than 3.8 million € if it would have been coal, a black energy source 
from an environmental point of view. 
Considering the fact Zbaszynek’s wood waste only exist in the alternative fuel 
PASi at present (in an unknown share), the following conclusions can be 
stated: 35 000 tons of PASi fuel corresponds to 17 431 tons of Zbaszyneks 
wood waste when comparing their energy contents. And since Zbaszynek 
receive 7.4 €/ ton for their wood waste that is worth 129 000 € for them, but for 
the cement plant it is worth 35 000 * 2.54 / 7.4 * 104 ≈ 1.2 millions €, since a 
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similar amount of energy from coal would have had that cost. In other words; it 
can be stated, Zbaszynek are receiving 11 % of the economic value for coal. 
It is not stated what the Malogoszcz cement producer pay Sita Starol, but 
alternative fuels should be more worth than 11 % of the price of coal. Sita 
Starol on top of that adds other waste types in the wood waste, which probably 
increases the value of the alternative fuel for Sita Starol even more, since that 
decreases the amount of waste having to be taken care of in other ways.  
If Zbaszynek hypothetical started to sell their wood waste to the Malogoszcz 
cement plant instead of Sita Starol and received half price of coal (6.8 €/MWh 
instead of the present price 1.4 €/MWh) they would earn 1 907 387 € instead 
of 406 610 € which is received today. In other words would they earn yet 
another 1.5 million € per year on their wood waste.  

 
This previous calculation could also be applicable in the option to sell the wood 
waste to a coal condensing power plant and co-fire it with coal. Co-firing biomass 
with coal in modern large scale coal power plants is efficient, cost effective and 
requires small additional investments. Approximately 5-10 % of the fuel in a coal 
condensing power plant could often be replaced with biomass without having to 
make any significant changes to the handling equipment at the plant, or run the risk 
to degrade the boiler (IEA, 2007). 

10.2 NEW PRODUCTS 
The possibility to replace particle boards with wood waste in new products has been 
discussed earlier at Swedwood. Yet has no action been taken to implement this 
knowledge although the profitability of such project is estimated to be high. 
There have been calculations done on this area earlier and one example concerns 
blocks of the format 44 x 44 x 44 mm. The technique that would be used to make 
these blocks out of wood waste is compression moulding. A long beam of 
compressed wood waste and additives is fed through a mouthpiece splitting the 
beam into four beams that are cut into pieces of 44 mm thickness. Although there 
are glue-, ABS-, honeycomb-, paint- and lacquer contents mixed in the waste, it does 
not prevent the material from being possible to use according to Bo Nilsson, 
Swedwood Hultsfred. A calculation of how much Zbaszynek’s wood waste would be 
worth in a production of blocks is shown in the textbox below.  
 

Figures are estimated by Nilsson, 2008 
Present blocks for table legs: 

Weight: 55.4⋅10-3 kg 
Price: 0.012 €/block 

Blocks made from waste: 

87.0 % - Waste from Zbaszynek: 7.4 €/ton 
19.8 % - Glue: 208.7 €/ton 
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0.8 % - Wax: 292.2 €/ton 
0.8 % - Hardener: 187.8 €/ton 
0.8 % - Urea: 177.4 €/ton 

→ With an estimated material loss of 10 % the price becomes 2.6⋅10-3 €/block.
With these data the value of the wood waste is calculated and it is found, when the 
material is used for production of blocks it is worth 206 €/ton.  
To be able to produce these pieces new investments are required. New machines 
have to be bought and perhaps the building has to be enlarged. Following 
investment costs and running expenses are estimated: 

Investment costs: 
Machine: 730 thousand € (capacity: 32 313 thousand blocks/year) 
Building expanses: 104 thousand € 
Interest of investment – 6 %: 50 thousand € 
Yearly incomes: 
Reduced material costs: 302 thousand € 
Running expenses: 
Personnel: 1 person, 5 shifts: 50 thousand € 
Energy costs: 104 thousand € 

 

With these data above the profitability from producing blocks with the wood waste 
becomes 148 thousand €/year, assuming there is a demand for 32 313 thousand 
blocks/year (About a third of Swedwood’s total yearly demand (Nilsson, 2008)). The 
pay back time for the machine, building and the estimated rate of interest reaches 
6.0 years. 
Note, the amount of needed wood waste for producing 32 313 thousand blocks only 
amounts to 1 635 tons, including a 10 % loss. 

10.3 BRIQUETTES OR PELLETS 
To enable transportation of dusty fuel it is common to produce pellets or briquettes 
out of the material first. The load and the handling of the fuel are simplified and the 
cost for the equipment is often carried by the reduced transportations and the 
increased value of the fuel. One thing that has to be secured before starting to 
produce briquettes is the demand for a purchaser near within. Otherwise the 
transportation costs run the risk to become higher than the profits. 
Making briquettes or pellets out of wood waste have no technical limits; they can be 
made out of all sorts of materials. Although additives could be required in some 
cases if the wood content is not enough. Briquettes made of 100 % wood are namely 
not falling in pieces due to the natural chemical compound lignin, but when the share 
of wood is scarce some extra adhesive can be necessary. Also the moisture content 
has to be within a certain range. A good quality briquette should contain a 12 % 
share of moisture. Zbaszynek’s wood waste has a corresponding figure of 6-8 %, but 
other adhesives than water should not be necessary (Sjöstrand, 2008).  



    

   

   

   

  

46

The question whether or not to pursue with a briquette or pellets production depends 
on the equipment that shall later use them as fuel and the country where the 
equipment is installed, and here the important restriction appears. If there is no 
equipment nearby with the possibility to utilize the energy of the briquettes or pellets, 
neither is there a use for such a production, because the transportation efforts can 
reduce the environmental and economical benefits (Lagergren, 2008). 
In Table 15 below is an example from a Swedwood factory in Tikhvin, Russia. It is a 
solid wood factory with pure wood sawdust. They have investigated the best use for 
their fuel, and among other options they investigated the possibility to sell their fuel 
to Sweden, where it was supposed to be used as fuel in a converted coal furnace. 
Another option was to start selling pellets to private households. In Table 15 are the 
requirements shown for burning the waste in the converted coal furnace, the 
qualities of the wood waste from Tikhvin and the qualities of the wood waste from 
Zbaszynek. 
 

  

 Requirements on 
briquettes used in a 
furnace converted 

from coal to bio-fuel 

 Wood used in 
pellets for 

Swedwood Tikhvin, 
Russia (0.1 – 4.0 

mm) 

 

Wood waste from 
Zbaszynek 

HHV [MWh/ton]  4.7 - 5.2  5.4  5.1 - 5.2 

Ash [%]  < 1.5  0.7  0.9 - 2.0 

Sulphur S [%]  < 0.05  < 0.01  0.04 - 0.06 

Chlorine Cl [%]  < 0.01  0.02  0.03 - 0.08 

Carbon C [%]  40 - 55  48.4  45 - 46 

Hydrogen H [%]  5 - 8  6.6  6.1 - 6.2 

Nitrogen N [%]  < 0.2  0.2  4.0 - 4.7 

Oxygen O [%]  40 - 50  44.1  42.0 - 43.6 

Table 15: Demands on the briquettes used in a Swedish furnace in Stockholm and the corresponding 
figures for the wood waste in Zbaszynek from Table 6. 
 

Tikhvin finally decided to make pellets of their wood waste and today they are selling 
them to private households in Sweden, although both options were possible 
solutions.  
When the demands on the briquettes in Table 15 are compared to the figures from 
the laboratory results of Zbaszynek’s wood waste, it can be stated the quality of the 
fuel is probably well suited for this sort of furnace. The only figure far out of the 
framework is the content of nitrogen, the same problem as experienced in 
Zbaszynek. Since nitrogen transforms to emissions of NOx when it is incinerated, it 
can be a problem for incineration plants due to the common extra fees being used 
when NOx emissions are released. Equipments for reducing such emissions are 
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namely rather expensive. Another value which seems higher than the reference is 
the chlorine content, although the difference between the values is not as significant 
and thereby probably not as restrictive as the nitrogen, when it comes to choosing a 
utilize method for the wood waste. 
In Sweden there is a standard written for pellets (SS187120), it specifies 
requirements of pellets being sold within the country. Europe has a standard as well 
(CEN/TS 14961). Zbaszynek’s wood waste does not live up to this framework mostly 
due to its content of nitrogen, but also the sulphur and chlorine slightly crosses the 
limits. 
Therefore it can be stated that Zbaszynek may not be able to sell their waste as 
pellets or briquettes according to the standards. But if the wood waste was 
transformed to briquettes only to enable a more effective transportation, they might 
be possible to sell to Sweden for the same price as if it were RT-chippings. 
The sieve test of Zbaszynek’s wood waste shows about 77 % consist of wood waste 
smaller than 4 mm (Table 7 on page 31). The corresponding figure for RT-chippings 
is 25-40 %. This issue is probably solved when the wood waste is compressed to 
briquettes though, but should be considered before this solution is carried through. 
In the following textbox the profitability of selling Zbaszynek’s wood waste to Sweden 
is calculated, to the price of RT-chippings. An investment of a briquette machine is 
included.   
 

Zbaszynek briquette production: 
Zbaszynek sold 54 759 tons of wood waste FY 2008. It is thereby estimated 
54 500 tons of waste is available for production of briquettes. 

Zbaszynek’s wood waste: 
HHV – 5.1 MWh/ton 
Price – 7.4 €/ton 

RT-chippings in Sweden (Table 11 on page 37) 
HHV – 4.4 – 5.1 MWh/ton 
Price – 32.1 – 37.2 €/ton (7.3 €/MWh) 

 

Electricity price 55.6 €/MWh (TGE, 2008) 
At the present value Zbaszynek earn 1.4 €/MWh on their wood waste. In Sweden 
would the same amount of RT-chippings be worth 7.3 €/MWh. It is to say 
Zbaszynek’s wood waste would be worth 2 million € in Sweden instead of 0.4 
millions € as were received during FY 2008. 
When the investment cost for briquette machines and running expenses are 
included it is calculated what the profit would be: 
 
Yearly Incomes: 
   54500 tons wood waste of 5.1 MWh/ton, price 7.3 €/MWh 
→ 2 029 thousand €/year 



    

   

   

   

  

48

Investments: 
   Briquette machine investment costs (Sjöstrand, 2008): 
 

 
 
 
   Running hours for the machines are ~ 8000 h/year (8760 h = one whole year) 
   Machines necessary are 4 * 90 kW and 1 * 55 kW ( = a capacity of 56 800 tons) 
   Investment of machines: 4⋅199 700 + 1⋅146 700 = 945 500 €    
   Building expenses: 104 thousand € (Same as for new products) 
   Estimated interest of investment – 6 %: 63 thousand € 
→ 1 113 thousand € 
Running expenses: 
   Personnel: 2 persons, 5 shifts – 100 thousand € (Same as for new products) 
   Electricity costs = 8000 * (90⋅4 + 55⋅1) ⋅10-3 ⋅ 55.6 = 185 thousand €/year 

   Transportation to Sweden:  
                  Distance – 500 km (Rough approximation) 
                  Price – 0.87 €/km and truck (3 PLN/km (Swedwood, 2008) 
                  Trucks – 25 ton/truck ~ 2180 trucks 
  Transportation costs: 2 ⋅ 500 ⋅ 0.87 ⋅ 2180 = 1 897 thousand €/year 
→ 2 182 thousand €/year 
 
The expenses would, according to the rough estimations above, not pay back due 
to the high yearly expenses. Especially the high transportation costs.  

Power Capacity Investment 

90 kW 1500 kg/h 199 700 € 

55 kW 1100 kg/h 146 700 € 

 
Even if this solution of selling the wood waste to Sweden seems to be unprofitable, 
the result could change when the assumed figures stated above are seen over. 
Therefore follows examples of Swedish energy thermal plants which all used RT-
chippings as fuel during 1999, if further investigation will be done: 
 
- Allöverket, Kristianstad 
- Flintrännans fjärrvärme central, Malmö 
- Händelöverket, Norrköping 
- Idbäckesverket, Nyköping 
- Igelstaverket, Södertälje 
- Lomma, Lund energi 

- Ryaverket, Borås 
- Svenljunga energi AB 
- Sävelundsverket, Alingsås 
- Tekniska verken, Linköping 
- Åbyverket, Sydkraft Värme Mälardalen AB 
 

 

(Andersson, 1999). 
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10.4 INCREASE PRODUCTION OF PURE WOOD PELLETS/BRIQUETTES 
Another option to increase the economic value of Zbaszynek’s wood waste could be 
to transport the wood waste to other factories within Swedwood, that has a briquette- 
or pellets production already installed. The gain from this alternative would be to 
decrease the amount of pure wood as these factories use to fulfill heating needs. 
Thereby, if some of Zbaszynek’s wood waste was used to generate heat there 
instead, the production of pure wooden pellets and/or briquettes can be increased. 
And the economic value of Zbaszynek’s wood waste would increase too, hopefully to 
the level of pure wooden briquettes/pellets subtracted by the transportation costs. 
It is calculated in the following textbox what the economic value of such an action 
would be. 

Available nearby pellets/briquettes factories: 
Resko: 

Heat consumption FY 2008 – 11 158 MWh 
Distance from Zbaszynek – 171 km 

Stepnica: 
Heat consumption FY 2008 – 20 250 MWh 
Distance from Zbaszynek – 176 km  

Goleniow/Golblat: 
Heat consumption FY 2008 – 20 985 MWh 
Distance from Zbaszynek – 161 km 

Chociwel: 
Heat consumption FY 2008 – 12 009 MWh 
Distance from Zbaszynek – 138 km 

An efficiency of the boilers on the factories is estimated to 90 % which means a total 
heat consumption of 64 402 MWh is generated by fuel with a total energy content of 
71 558 MWh. 
Swedwood’s factories above generate heat in wet boilers, which means they can 
only mix dry wood waste such as Zbaszynek’s to a share of 35-40 %. It is thereby 
estimated 35 % of their heat will be replaced with Zbaszynek’s wood waste. 
Zbaszynek’s wood waste: 

HHV – 5.1 MWh/ton 
Price – 7.4 €/ton 

→ 35 % of 71 558 MWh is equal to 25 045 MWh, which is equal to 4 911 tons of 
Zbaszynek’s wood waste (5.1 MWh/ton). 
Pellets/Briquettes: 

Price is estimated to 90 €/ton average for briquettes and pellets. The price 
seems to increase steadily for pellets while it is more unstable for briquettes 
(PiR, 2008). 

With the fact that 4 911 tons of Zbaszynek’s wood waste could be transported to the 
four factories mentioned above, it is now calculated what the profit would be. 
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How many tons wood waste each factory would get out of 4 911 tons: 
Resko – 11 158 / 64 402 = 17 % 
Stepnica – 20 250 / 64 402 = 31 % 
Goleniow – 20 985 / 64 402 = 33 % 
Chociwel – 12 009 / 64 402 = 19 % 
It is estimated one truck can load ~25 tons of Zbaszynek’s wood waste according to 
last FY statistics, which is used when calculating the necessary amount of trucks 
being needed to transport the wood waste to each factory. 
Amount of necessary trucks to send wood waste to each factory: 

Resko: 4 911 ⋅ 17 % / 25 = 34 trucks 

Stepnica: 4 911 ⋅ 31 % / 25 = 61 trucks 

Goleniow: 4 911 ⋅ 33 % / 25 = 65 trucks 

Chociwel: 4 911 ⋅ 19 % / 25 = 38 trucks 

With the distance mentioned at the beginning of this textbox is the yearly expenses 
for transportation calculated: 

Resko: 171 km ⋅ 0.87 €/km ⋅ 34 trucks = 5 058 €/year 

Stepnica: 176 km ⋅ 0.87 €/km ⋅ 61 trucks = 9 340 €/year 

Goleniow: 161 km ⋅ 0.87 €/km ⋅ 65 trucks = 9 105 €/year 

Chociwel: 138 km ⋅ 0.87 €/km ⋅ 38 trucks = 4 562 €/year 

Which result in a total yearly transportation expense of 28 thousand €/year. 
Since the total amount of wood waste from Zbaszynek would be 4 911 tons as 
explained earlier, that would approximately cause an increased pellets/briquette 
production of 4 911 tons. Which with the price 90 €/ton would amount to a yearly 
income of 442 thousand €. 
That yearly income subtracted with the transportation costs would increase the value 
of Zbaszynek’s 4 911 tons wood waste with 414 thousand €, which corresponds to 
84.3 €/ton or 16.5 €/MWh. 

The increase of income as calculated above is based on assumptions, and should 
therefore be recalculated with more accurate figures in order to generate a more 
realistic result. Especially the assumption of earning the total share of the price for 
the increased briquettes and pellets production should be controlled. 
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10.5 ELECTRICITY PRODUCTION 
A Combined heat and power (CHP) plant utilizes the energy content of a fuel to a 
very high extent. It heats up water steam which is led through a turbine and 
generating electricity. The heat left in the water after the turbine is then available to 
support a heat demand. A CHP plant therefore often reaches an efficiency of 80 % 
(Sustainability Northwest, 2007). This can be compared to Poland’s average 
efficiency of electric power production during 2005. It reached low 43 % due to their 
dependence of conventional coal condensing power plants where the heat is cooled 
off (Mokrzycki E, Uliasz-Bochenczyk A, 2007). 
A calculation of the profitability to set up a CHP-plant in Zbaszynek is done in the 
text box below. All assumed figures are taken from an earlier project within IKEA, 
were the profitability of setting up a CHP-plant at the big Sawmill in Wielbark was 
investigated (Stenudd, 2008). Two alternatives are investigated, a CHP-plant with a 
backpressure turbine and a CHP plant with extraction condensing turbine. The main 
difference is the higher total efficiency but a lower electricity output of the CHP plant 
with the backpressure turbine. The investment costs are recalculated with the 
estimation of a linear condition between stated investment costs and their sizes of 
the plants (the incineration heat power figure). 
 

The calculations below are intended for access to 60 000 tons wood waste. 
Production time is set to 8 000 hours/year. 
5.1 MWh/ton of the fuel and production time results in a total incineration power of 
38.25 MW. 
Profit from wood waste today: 406 610 € 
Electricity price 55.6 €/MWh (TGE, 2008) 
Green certificate – ROC price 69.5 €/MWh  
The investment cost cover all needed technology for burning waste of pure wood 
and also cover the cost of new building and outside facilities, planning, architects 
surverys and legislative costs. What could increase the investment cost further is 
technology for cleaner emissions regarding NOx and dioxins. Investment templates 
for the two CHP plants investigated in Wielbark can be seen in Appendix E. 

 

CHP plant - backpressure turbine 
Investment cost: 33.75 million € 
Incineration heat power: 38.25 MW 
System efficiency 61.7 % 
Electrical capacity: 6.2 MWel 
Electricity production: 49 600 MWhel 
Heat capacity: 17.4 MWth 
Heat production: 139 200 MWHth 

 

CHP plant - extraction condensing turbine 
Investment cost: 28.92 million € 
Incineration heat power: 38.25 MW 
System efficiency: 53.6 % 
Electrical capacity: 7.8 MWel 
Electricity production: 62 400 MWhel 
Heat capacity: 12.7 MWth 
Heat production: 101 600 MWhth 
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For the CHP with backpressure turbine is the yearly profit for electricity production 
and earned green certificates 6.20 million €, about 5.80 million € higher income 
than what is received for the wood waste at present. 
5.80 million € would pay back the investment of 33.75 million € in about 5.9 years 
assuming there is no value of the heat. 
 
The corresponding figure for a CHP plant with extraction condensing turbine is 7.81 
million €, about 7.40 million € higher profit than what is received today. 
7.40 million € would pay back the investment cost of 28.92 million € in about 4.0 
years assuming there is no value for the heat. 

 
The location for a CHP plant within Swedwood should be investigated further. Other 
factories generate wood waste too and if many sources of wood waste could be 
gathered at a location where the transportation distances were optimized, the CHP 
could gain efficiency. Because the more fuel available to the CHP plant, the better do 
their efficiencies become (Stenudd, 2008). 
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11 CONCLUSIONS 

This chapter summarizes the conclusions stated in the previous chapters, about the 
theoretical value of the wood waste in Zbaszynek. 
 
Laboratory results of the wood waste fractions cutting sawdust, contaminated 
sawdust and chippings indicate the contamination of nitrogen as the main difference 
between pure wood and the wood waste fractions. The relative high content of 
nitrogen originates from the UF-glue, used in the production process of particle 
boards. The UF-glue contains urea which is a nitrogenous chemical compound. 
Nothing through this research has indicated that the different fractions of wood waste 
in Zbaszynek would become more valuable by being separated differently, since the 
laboratory results were very similar. Such action would according to this study only 
be of interest where the size of the waste matters. 
There are different ways to reduce the effect nitrogen causes for Zbaszynek’s wood 
waste. The first and the best option would be to exchange the UF-glue in the particle 
board production. Such action would probably erase the contamination of the wood 
waste, provided that the alternative does not result in other contaminations. 
Assuming the wood waste will be in the same state as today, there are other options 
to utilize the wood waste and hopefully increase the economic value of it. It could be 
sold to a cement producer or a coal condensing power plant as alternative fuel, be 
the base material in new products within Swedwood, be transformed into pellets or 
briquettes, and be sold as bio-fuel (as long as the contamination of nitrogen is known 
to the purchaser) or, the Swedwood company could start up a CHP-plant and 
generate green electricity. All these solutions need to be investigated more in detail, 
but brief calculations of the profitability of all these options indicates high potential. 
There are three questions stated in the purpose of this report and they are here 
below. 

- What is the reason for the low economic value of the wood waste? 
The wood waste has had an unknown quality to the purchasers. The fact that 
it is wood waste from a production unit based on particle boards, has made 
some authorities in Poland claim it is not bio-fuel, and can therefore not be 
burned in energy plants throughout whole Poland. Zbaszynek are also very 
dependent on customers to ensure getting rid of their generated daily 
amounts of wood waste, why they have ended up in a weak position for 
negotiations. The purchasers have not been willing to pay more and 
Zbaszynek have been forced to agree. 

- How much is it worth for the present wood waste purchaser? 
The wood waste is sold for about 7.4 €/ton or 1.4 €/MWh at present. For a 
cement company which uses this wood waste as alternative fuel is the 
primary energy source coal worth 13.7 €/MWh. Zbaszynek thereby receive 
almost 11 % of the price for coal. It is hard to compare this economic value 
with a price for heat, but the average price for district heating in Sweden was 
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68 €/MWh during 2007, which corresponds to a 98 % higher economic value 
than for Zbaszynek’s wood waste. 

- How much would it be worth for Swedwood in other fields of applications? 
The five different scenarios that are further investigated in this report all seem 
as possible solutions, provided the necessary conditions are fulfilled. Two of 
the scenarios only increase the value of a small share of the total wood waste 
quantities, while the others have the potential to become the only solution. 
Below is a table of the calculated figures for the scenario’s economic values. 
 

Scenario Economic value [€/MWh] 

1. Alternative fuel ± 5.4 

2. Make blocks * 40.0 

3. Briquettes for transportation to Sweden - 

4. Increase existing briquette/pellets production * 16.3 

5. CHP plant 23.9 

* This scenario only has the potential to increase the economic value of a share 
of the total wood waste amounts. 

Table 16: The economic values for the five investigated scenarios. 
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12 DISCUSSION 

In this chapter are the results of this report discussed and questions that have 
appeared to the author during this research is presented and analysed. 
 
The first thing which should be considered in Zbaszynek is the amount of wood 
waste, which must be kept as low as possible. The main task should be to reduce 
the amounts of wood waste; in the end it is a furniture factory and not a waste 
producer, which should be concerned before taking any further action. Another 
consideration that should be made is if electricity consumption can be replaced with 
heat in the production units. 
Hopefully and probably has those issues already been treated in Zbaszynek and the 
second step is ready to be investigated further; to find a solution for the wood waste 
with a better profitability. 
The four different solutions treated in this report all have different obstacles and 
advantages and they will be dealt with in the following subchapters. Since this report 
has been concentrated on Swedwood’s factory in Zbaszynek only, it should be noted 
that the potential of the solutions below could be even bigger when summarizing all 
Swedwood’s board on frame factories. That would namely result in larger volumes of 
available wood waste. According to the energy mappings done in Zbaszynek, there 
are potential heat savings to carry through too, which can increase the available 
wood waste with yet another couple of thousand tons 

12.1 ALTERNATIVE FUEL FOR CEMENT PRODUCER 
A cement kiln can burn all kinds of waste without emitting more hazardous emissions 
than a conventional incineration plant. This fact might reduce the good of using this 
relative pure bio material as alternative fuel in such equipment. There should be 
other users which could reduce their negative environmental effects by using this 
wood waste instead. But the effect on the global warming would decrease anyhow, 
which could be the main issue at this point. 
The first thing that must be investigated further within this possible solution is if there 
are any reason for why Sita Starol is mixing the sawdust with other kinds of waste 
before selling it as alternative fuel. The heating value of Zbaszynek’s wood waste 
seems good enough and the contents look even better than for the alternative fuels. 
When looking at the figures in Table 14 on page 41 it can be stated the moisture 
content for Zbaszynek’s wood waste is much lower than for the PASi fuel, but it is 
also higher than in the PASr fuel, so there are probably no technical limits beyond it. 
The amounts of ash in the alternative fuels are much higher than for the wood waste 
too, which should probably be better from a disposal point of view. Often are ashes 
from incineration plants namely disposed in land-fills, so the less that has to be sent 
there the better and more economical valuable. 
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This solution might not be applicable for Zbaszynek but from what has been known 
to the author during the making of this report, there is nothing proving why it could 
not. 

12.2 NEW PRODUCTS 
This issue has been investigated earlier within Swedwood as told earlier, but still has 
no action been taken to carry it through. Probably due to the relative high investment 
cost. But after talking to Bo Nilsson at Swedwood in Hultsfred it can be stated this 
option should be the first choice. There are no technical limits in turning this sort of 
waste into new products and since the material gets a  longer life cycle it will 
decrease the use of new raw material and thereby be one of the best methods to 
decrease IKEA’s affect on the environment. If the investigated blocks in chapter 10.2 
are possible to manufacture and use, maybe other products could be made with this 
material too. If particle boards were possible to create out of this wood waste it would 
probably generate major savings. The one problem with this investment investigation 
is the amount of needed wood waste. For this production it is rather low, only ~3 % 
of the wood waste available today would be utilized. 

12.3 BRIQUETTES AND PELLETS 
Only one reason has been found that speaks against the possibility to make 
briquettes or pellets of Zbaszynek’s wood waste. Equipment able to handle 
nitrogenous wood waste has to be found within a certain distance to Zbaszynek or 
the briquette/pellets production. The transportation to Sweden was shown to be too 
far to maintain the profits. Since it is possible from a technical point of view to make 
briquettes and pellets it does not seem to be any other obstacles. Another solution to 
finding proper equipment is to exchange the glue in the particle boards for 
alternatives not as nitrogenous as UF-glue, as long as the alternative is not creating 
new problems. 

12.4 ELECTRICITY PRODUCTION 
To start up a CHP plant demands a large investment cost, but in the same time there 
is much to gain. A CHP-plant could utilize all the wood waste with the low economic 
value within Swedwood, which would generate a lot of green electricity and support 
the reduction of fossil fuels according to IGR. The calculations of the pay back times, 
done in chapter 10.5, is based on the estimation that there is no economic value of 
the heat. But the heat will still be produced. Therefore a solution for taking care of 
the heat must be thought of, before choosing this path. Possible solutions could be 
to install a district heating system to the town Zbaszyn, located nearby the factory. 
Another option could be to cooperate with other factories and companies. For some 
companies a greenhouse with access to very cheap heat can seem interesting. It 
could also be cooled off, but that should be the last option from an environmental 
point of view. District heating is not as developed in Poland as in Sweden and 
therefore it is hard to sell the heat to households. There have to be negotiations with 
companies and local authorities in order to find and create demand for heat. Making 
electricity of the fuel is therefore possibly the most challenging option. But the 
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increasing possibility to apply for subsidies or soft loans for RES projects should be 
in mind before this option is dropped out. 
Since Poland now are forced to reduce their environmental impact on all levels, due 
to their membership in EU, better conditions to utilize this sort of waste is probably to 
come. That will hopefully and probably help Swedwood on the way to achieve the 
goals of IGR.  
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Appendix A : Low Hanging Fruits 
 

1. Ventilation Heating Illumination 
a. Install Low energy lights. 

b. Install dual sensors in areas with 
random use 

c. Decrease operating hours in ventilation 
system 

d. Decrease inlet temperature in 
ventilation system 

e. Install heat recovery in ventilation 
system 

f. Install fast opening and closing gates 

g. Use two way connection with frequency 
controlled pumps in heating system 

h. Divide heating system in high and low 
temperature systems 

i. Install tropical fans in ceilings 

j. Insulate heating pipes 

k. Seal leakages in the building 

2. Compressed Air System 
a. Decrease temperature of intake air 

b. Reduce the operating time 

c. Lower the system pressure 

d. Seal leakages in the supply system 

e. Heat recovery 

3. Chip and Dust System 
a. Decrease total operating time for the 

chip and dust system 

b. Install one separate fan for each 
process line 

c. Decrease the air velocity in the whole 
system 

d. Seal leakages 

e. Remove unnecessary ducts from the 
system 

f. Utilize return air from the system 

4. Management 
a. Start and energy saving campaign 

b. Introduce checklist for IGR  

5. Boiler Systems 
a. Connect the biomass boilers to the 

district heating system. 

b. Install accumulation tanks to reduce the 
peak loads. 

c. Heat exchange of exhaust gas. 

6. Drying Kilns 
a. Progressive Kilns – Install heat recovery 

Systems. 
7. Production Systems 

a. Stand-by button in the production lines 

b. Improve Overall Equipment 
Effectiveness (OEE) 

c. Use right Hoods and Tooling 

d. Decrease the use of compressed air 

e. Heat exchangers in certain processes 

f. Exchange old pumps for diaphragm 
pumps 

 

 

 

 

 

 

 

 

  



Appendix B : Energy mapping of the Board-on-frame factory ZB1 
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→ The graph shows supplied energy to the factory today (left) and after the 
measures are performed (right).



Appendix C (1/4): Laboratory results and sieve test 



 

Appendix C (2/4): Laboratory results and sieve tests  



 

Appendix C (3/4): Laboratory results and sieve tests  



Appendix C (4/4): Laboratory results and sieve tests  

 

SIEVE ANALYSIS Cutting sawdust 0,25 - 3,15 mm 
(Saw)  

SS-ISO 2591/ SS 187174   
Fraction (mm) Weight Weight % Ack. weight % 

>3,15 58,4 3,8 96,2 
2,8 - 3,15 2,5 0,2 96,0 
2,0 - 2,8 9,6 0,6 95,4 
1,4 - 2,0 34,3 2,2 93,2 
1,0 - 1,4 56,2 3,7 89,5 
0,5 - 1,0 218,7 14,2 75,3 
0,25 - 0,5 295,4 19,2 56,2 

<0,25 864,6 56,2 0,0 
  1539,7 100,0   
    

SIEVE ANALYSIS Cont.sawdust 0,5 - 10,0 mm (Homag)  
SS-ISO 2591/ SS 187174   

Fraction (mm) Weight Weight % Ack. weight % 
>10,0 387 19,3 80,7 

8,0 - 10,0 76 3,8 76,9 
5,6 - 8,0 104 5,2 71,7 
4,0 - 5,6 92 4,6 67,1 
2,0 - 4,0 73 3,6 63,5 
1,0 - 2,0 248 12,4 51,1 
0,5 - 1,0 354 17,7 33,5 

<0,5 670 33,5 0,0 
  2002,7 100,0   
    

SIEVE ANALYSIS Chippings 2,0 - 50,0 mm (Hogger)  
SS-ISO 2591/ SS 187174   

Fraction (mm) Weight Weight % Ack. weight % 
>50,0 0 0,0 100,0 

40,0 - 50,0 0 0,0 100,0 
30,0 - 40,0 36 1,8 98,2 
15,0 - 30,0 751 37,8 60,4 
8,0 - 15,0 803 40,4 19,9 
4,0 - 8,0 178 9,0 10,9 
2,0 - 4,0 93 4,7 6,3 

<2,0 124 6,3 0,0 
  1985,7 100,0   

 



Appendix D : Complete list of used paints and lacquers 

ZB1   
Product name volume l/rok Producer 

Basecoat white 5 927-4259 30000 Akzo Nobel 
Basecoat white 5 927-4259 51000 Akzo Nobel 
Basecoat white 5 927-4258 102000 Akzo Nobel 
Print Coat 928-4306 new birch 36000 Akzo Nobel 
Ink Silver 65863 360 Akzo Nobel 
Ink Tinter Birch 1 65896 360 Akzo Nobel 
Ink Tinter Birch 2 65897 360 Akzo Nobel 
Ink Tinter Birch 3 65898 240 Akzo Nobel 
Ink Clear 36166 39000 Akzo Nobel 
Embossing 65519 130 Akzo Nobel 
EG/69188-62 Red 26 2400 Becker Acroma 
UV TOP 138-4340 160000 Akzo Nobel 
TW 300 32000 Akzo Nobel 
UV BASECOAT RED 26 /  927-8526 1400 Akzo Nobel 
UV TOP RED 26 / 138-8726 1800 Akzo Nobel 
INK - TINTER EMBOSSING / 65704 100 Akzo Nobel 
UV TOP COAT / 437-4056 26000 Akzo Nobel 
PRESSCOUT / 46345 49000 Akzo Nobel 
UV BASECOAT 928-9029 34000 Akzo Nobel 
INK - TINTER BLACK 9 - 1 / 65835 1080 Akzo Nobel 
INK - TINTER BLACK 9 - 2+3 / 65836 1340 Akzo Nobel 
AKZO CLEAN / 65588 2600 Akzo Nobel 
UV BASECOAT SIGNAL RED (1) / 927-8015 15700 Akzo Nobel 
Lakier Top 58911 33600 Akzo Nobel 
4250-151001-200 UV Base Coat Ikea Dark Turquoise (36834) 1800 Akzo Nobel 
4250-251001-200 UV Base Coat Ikea Pink (8005) (36832) 3000 Akzo Nobel 
4120-014251-200 UV Top Coat Let Down 15000 Akzo Nobel 
Basecoat UF1186-7001 5400 Akzo Nobel 
UV Top UH/61616-3 Black1 5700 Akzo Nobel 
UV BASECOAT 928-8304 12000 Akzo Nobel 
UV BASECOAT SIGNAL RED (1) / 927-8015 6600 Akzo Nobel 
Lakier Top 58911 5280 Akzo Nobel 



Appendix E (1/2): Investment template - CHP backpressure turbine 



Appendix E (2/2): Investment template - CHP condensing turbine 

 
 


