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The influence of selected factors on the share of by-products in sawmill
processing
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Abstract: The influence of selected factors on the share of by-products in sawmill processing. The work
presents the results of character research and the share of by-products generated at the stage of processing the
raw material timber in sawmill plants. For identification purposes individual forms of by-products and their
participation in sawmill processes is important to separate the basic ones technological features that shape them.
Type and quantity of by-products are primarily dependent on the type being processed raw material and
production volume determining the technologies used processing. The research was carried out by means of a
diagnostic survey, in selected ones wood industry plants processing round hart wood and softwood. Medium and
small wood planis were included the most numerous group of sawmill enterprises, An analysis was made
indicative and comparative. Depending on the species layout, it was established share of piece products degree
of disintegration (chips, sawdust. wood dust, etc.). Factors that influence the quantity have been determined
generated by-products for use own and for sale to wood biomass customers.

Keywords: sawmill, round timber, by-products, efficiency

INTRODUCTION

Wood by-products are some of the most important components of solid biofuels,
which are a renewable energy sources (RES) [Frithwald 2003; Ratajezak et al., 2012, Vis et
al. 2016]. Solid biofuels include organic biological substances such as firewood (slivers,
round timber, woodchips), briguettes, pellets, forestry waste (branches, poles, cross-cuts,
shrubs, brushwood and root wood), waste from the wood industry (shavings, sawdust) and
from the paper industry. Plantation fuels providing energy and organic residues of annual
plants from farms and gardens are a separate group [Energy from renewable sources, 2017;
O'Brien andBringezu2018].

According to Directive 2009/28/EC [Directive 2009], the EU member-states need to ensure
that in 2020 energy from renewable sources will have a specific share in the gross final
energy consumption. Poland needs to achieve the target of 15%.

According to the data published by EUROSTAT [Eurostat 2018], in 2016 11 out of
the 28 EU member-states met the national targets assumed for 2020, It is noteworthy that
there was a high share of the post-communist countries in this group, but without Poland.

It is a matter of concern that the share of renewable energy sources in the final energy
consumption decreased in Poland. Between 2013 and 2016) this share fluctuated around 11%
[Eurostat 2018]. In view of this situation, meeting the target of 15% in 2020 is at high risk.
Regulations supporting the development of green, renewable energy [Hruzik 2006,
Chudobiecki et al., 2009; Verkerk 2011; Jonsson 2012] should be based on research on the
technological, economic and ecological aspects related with the formation and use of wood
by-products.

In view of this economic perspective, it seems justified to develop research so as to
optimize the use of wood by-products as wood biomass (Renewable Energy Sources Act,
Article 2, Point 3 [Ustawa.. 2015].

Sawmill waste (waste pieces, sawdust and shavings) plays a key role in the process of
using wood by-products. Timber production generates about 37.5% of by-products from the
in put material. As far as multi-stage processing is concerned (the production of floorboards,
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panelling, blockboards, etc.), the total amount of wood by-products may range from 43% to
58% [Mikotajezak 2011; Wieruszewski&Mikolajezak 2017].

The sawmill industry is particularly important in the wood sector due to the quantity of
raw material processed and the considerable use of wood by-products. About 40% of the
annual supply of wood in Poland is processed by the sawmill industry (Table 1).As can be
seen in the list, the supply of wood in Poland mostly corresponds to the structure of the forest
cover. Coniferous tree species are the most common (68.7%), and pine-trees are predominant
(58.1% of the forest area).Oak, beech, birch and aspen-trees are predominant deciduous
species. Spruce-trees or spruce and beech-trees predominate in the mountains. The share of
other species, chiefly deciduous ones, is increasing as they occupy more than 31.3% of the
forest areas. Species monocultures are being abandoned.

Table 1. The wood assortment structure in Poland in 2016 (thousand m™)

Removals by assortments in those. m’
General .
. . purpose wood Special Industrial uses
Specification - Long wood .
Total (sawn wood, ) (fibrous masses, | Fuel
. wood {veneer, .
construction particle board)
, face veneer)
timber)
30078 13 502 269 87 14553 | 1666
Coniferous wood
(timber)
Non-coniferous 9052 2512 - 206 4 468 | 1866
(timber)
Slash 1771 - - - 382 | 1389
{coniferous and non-
coniferous wood)
Total 40901 16 014 269 293 19403 | 4921

Source: the authors ‘compilation based on [GUS, Legnictwo 2017]

In Poland medium enterprises are the most important entities %eneraﬁng by-products
as a result of primary wood processing. They process 20,000-50,000 m” of wood raw material
per annum. These enterprises are characterized by high technical and technological level.
They are equipped with modern band saws and circular saws, which guarantee individual
processing of valuable hardwood and process-oriented company management. Modemn
technology and agile management methodologies lead to high quality of production and
minimization of the amount of wood by-products [Mikolajezak & Wieruszewski 2017].

MATERIAL AND METHODS

The aim of the study was to determine the share of wood by-products in sawmill
processing in Poland. The study attempted to determine the form and amount of wood by-
products which could be used to supply energy. The range of the research was also defined.
The research was based on the assumption that the type and structure of wood by-products
made in wood-processing enterprises were mostly influenced by technological and species
factors related with the production process.

The research was conducted in selected enterprises which processed up to 50,000
m3of wood raw material per annum. These are medium enterprises, which are the largest
group of wood-processing enterprises. The research was based on the assumption that the
enterprises had similar technological equipment. Each of them had de barkers and wood
chippers, which enabled cutting pieces of wood (wings, slaps and edgings). Edgings were
usually processed by means of wood chippers.

Diversified species of softwood (pinewood, spruce-wood) and hardwood (oak-wood,
beech-wood, maple-wood, alder-wood and hornbeam-wood) were analyzed in order to find
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the model of the structure of wood by-products generated as a result of processing. Figure 1
shows the species structure of wood processed in the enterprises under study.
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Figure 1. Species structure of hardwood processing in analysed enterprises of the wood industry (sawmills)
Source: own ¢laboration

The following major groups of wood by-products were identified:
1) sawdust
2) wings, slaps and edgings
3) woodchips
4) bark.

The research was conducted in a selected region of Poland (Greater Poland, West

Pomeranian, Lower Silesian Voivodeships)., which was characterized by relatively high
concentration of medium wood-processing enterprises between 2013 and 2017. Five
enterprises processing hard wood and/or softwood (subject range) were selected for the
research. The study was based both on existing data and data acquired specially for the
research. Secondary data were acquired from sources of public statistics, including the
‘Forestry’ database of the Central Statistical Office in Warsaw. Primary data were acquired
directly in the enterprises under study.
The direct survey method was used in the study. The production processes in the enterprises
were analyzed in detail. The collected data were aggregated using basic measures describing
the volume of production and sales. In consequence, the results were summarized using the
methods of comparative and descriptive analysis.

RESULTS AND DISCUSSION
Sawdust

The amount of sawdust produced as a result of processing ranged from 4% to 14% of
the volume of round wood processed. The share depended on such factors as the type of tools
used for round woodcutting, the diameter of round wood processed and the type of the final
sawn product, i.e. the size of the cross-section of sawn timber.

As results from the analysis of data obtained in the wood-processing enterprises, the
smallest amounts of sawdust waste were generated when band saws working at a kerf width
of 2.2-2.8 mm were used for the production of timber. When circular saws were used, the
share of sawdust waste amounted to 12-16%.Much larger amounts of sawdust were generated
during wood processing on multi-blade circular saws, where the kerf width exceeded 4.8 mm.
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The amount of sawdust is determined by saw couplings (dependent on final products) and the
availability of optimal wood assortments. The production of sawdust waste increases along
with higher fragmentation of wood assortments and smaller diameters of raw material to be
sawn. These factors reduce timber production efficiency.

Table 2 shows the amount of sawdust generated during the sawing of hardwood and
softwood. We assumed a standardized system of the processing of basic hardwood species,
where large-size raw material predominated, and the processing of softwood in the same
dimensional group. For comparative analysis the measurement data conccrningJ the sawdust
volume were standardized and expressed as steres (st) or cubic meters (m”), using the
conversion factor applied in the sawmills under study, i.e. 1 st=0.33 m’.

Table 2. The amount of sawdust generated by the wood-processing enterprises between 2013 and 2017 (1 st =
01.33 m’)

. Type of | Measurement Year
Specyfication wood | unit 2013 | 2014 | 2015 | 2006 | 2017

;\I ‘;‘:ﬁ:";‘c‘:“;mm m 24362 23131 22156 26340 25482
The volume of sawdust | Hardwood m 1876 1712 1507 2239 1309
¢ volume of sawdus st 5684 5187 4565 6785 5482
Share of sawdust Yo 7.7 7.4 6,8 8.5 7.1
:r‘gz':siz;“;::’mmm m' 31283 30223 27950 30719| 29781
S m 3676 3146 3248 3825 3574
) ) st 11139 9534 9842 11590 10829

Share of sawdust Yo 11,8 10,4 11,6 12,5 12,0

Source: the authors ‘compilation

The resecarch showed that the sawmills generated 6-8% of hardwood sawdust and 10-
12%o0f softwood sawdust from the input material. This value was comparable to the data
noted in research on other sawmills, which processed similar amounts of wood [Ratajczak et
al. 2011]. As the amount (volume) of hardwood sawn within a separate batch (order)
increased, so did the share of sawdust. The opposite tendency was observed in softwood
processing. This situation may have been caused by the increasing use of thinner hardwood in
the production. In consequence, the amount of hardwood by-products increased. It also
indicated that the cross-section of softwood was used better and that the production increased.

There are continuous attempts to completely minimize loss in the sawing process.
However, it 1s assumed that part of sawn material may be lost during storage and transport.
This situation is caused both by the process of depreciation and decompaosition of the structure
of wood by-products and by the mixing of fractions formed during sawing.

Larger wood by-products: wings, slaps and edgings

During the sawing of round wood larger pieces of wood by-products, i.e. wings , slaps
and edgings are also formed. They are mostly by-products formed during the production of
unedged timber. Further wood processing generates other pieces of waste, which are usually
used for heating.
The research was based on primary data concerning the sales volume during the period under
study, including production fluctuations. On average, the processing of round hardwood
generated 6.2% of larger pieces of wood waste. The share of these by-products resulting from
softwood processing was minimal and it did not exceed 2.5%. Wings and slaps were
predominant — they made about 73% of the total weight of larger pieces of wood waste. Table
3 shows detailed data on the amount of larger wood by-products. Volumetric measurement
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units, i.e. steres (st), are used in trade in larger pieces of wood waste. For comparative
analysis the data were standardized, using the conversion factor 1 st = 0,65 m’,

Table 3. The amount of larger wood by-products generated by the wood-processing enterprises between 2013
and 2017 (1 st=0.65m")

Snecification Type of | Measurement Year

pe wood unit 2013 2014 2015 2016 2017
Average volume w’ 24362 23031 22056  26340| 25482
processed  per annum
Wings and slaps m’ 1.175 931 740 1,547 1.125
Edgings [m’] m’ 457 39 345 507 379
Total volume of larget hardwood m' 1,632 1,249 1086|2055 1,503
wood by-products st 2,511 1,922 1.671 3162 2312
Share in weight of v 6.7 54 4.9 7.8 5.9
material sawn
Average volume w 3128337 3022282  27.950] 30,719.46 | 29,780.58
processed per annum
Wings and slaps m' 16 15 ] 28 164
Edgings [m’] m’ 9 659 31 200 500

softwood 3 -

Total volume of larger m 25 674 36 227 664
wood by-products st 185 10,369 559 3,497 10,217
Share in weight of W 0.08 2.23 0.13 0.74 223
material sawn

Source: the authors ‘compilation

Woeodchips

Larger pieces of wood waste, including wings, slaps and edgings (products of primary
processing) are shredded into woodchips for easier storage and transport. Woodchips may be
contaminated with bark or they may be bark-free. depending on the debarking operation.
Those with bark are defibrillation and heating woodchips, which are used to manufacture
boards or as a fuel for heating. Bark-free wood chips, which are made from “clean ‘pieces of
wood waste, are used to produce paper and pulp chips. They are a valuable raw material for
boards and for the cellulose industry (except oak-wood and ash-wood chips).

The data on the sales volume between 2013 and 2017 were used to calculate the
amount of hardwood and softwood chips. During the period under study the processing of
round hardwood and softwood generated 14% of woodchips. Table 4 shows detailed data. The
conversion factor 1 st = 0.42 m® was used to convert the measurement units. The share of
defibrillation woodchips (with bark) amounted to 67%, whereas the share of paper wood
chips (without bark) amounted to 33%.

As far as the weight of wood sawn at the enterprises is concerned, during the period
under study the share of industrial wood chips was similar in individual years. Hardwood
processing generated 11-16% of wood chips, where as soft wood processing generated as
much as21-24% of woodchips. Deviations from the volume did not exceed 3%.




Table 4, The amount of industrial woodchips formed as a result of wood waste shredding at the enterprises
between 2013 and 20017 (1 st=0.42 m"]-

Suecification T}TIB of Mu?asuremem Year

P wood | UMt 2013 2014 2015 2016 2017
Average volume i 24362 23131 22156|  26340| 25482
processed per annum
The amount of m 1459 3678 3301 3372 2879
ot . hardwood
industrial woodchips st 8237 8757 7860 8027 6856
Share in the volume of v 14,2 15,9 14,9 12.8 113
sawn raw material
Average volume '’ 31283 30223 27950  30719] 29781
processed per annum
The amount of _ m’ 7580 7214 6387 6525 6680
industrial dehi softwood
industrial woodchips st 18048 17177 15206 15535 15926
Share in the vu]E:mr: of " 242 239 229 212 2.5
SAWN raw materlal

Source: the authors ‘compilation

Bark

Due to qualitative and technological reasons related with the optimization of
production, round wood is debarked before further processing. At present it is a standard
procedure applied to raw material before it is sawn at sawmills. However, full debarking (the
removal of bark and phloem with outer bark) is rare due to the limitation of debarking
devices, the dimensions of wood and its curvature. Round wood assortments with a high share
of outer bark are usually subjected to the debarking procedure. As far as medium-sized wood
and logs from tree tops (about 8% of round wood sawn) are concerned, even smaller amounts
of outer bark are removed during debarking.

So far research has shown that the average share of bark in hardwood (Table 4) ranged
from 6% to 21% (8% on average) of the volume of the tree trunk with bark (the bark density
18 about 300 kg-"m]). Beech bark 1s smooth in young trees. It tends to flake slightly in older
trees and its share amounts up to 6% of the volume of the tree trunk with bark. Its density is
about 340 kg/m’. The share of bark in oak wood or alder wood is larger and amounts to over
20%. Its density reaches 335 kgfma,

The actual amounts of bark acquired during wood processing were calculated on the
basis of primary data acquired from the enterprises under study, allowing for the share of
different species and dimensions of round wood (Table 5). It was assumed that apart from
medium-sized thin wood (8%), all the purchased raw material was debarked. As a result, the
share of bark in round beech-wood amounted to 4.5%. whereas the share of bark in round
oak-wood amounted to 14.6%.

The research showed that on average the share of all by-products amounted to 25% of
the round hardwood used as raw input material. The value of this indicator varied from 22%
to 27% due to the diversified assortment of final products (the demand criterion).

L
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Table 5. The amount of bark generated during raw material preparation at theenterprises between 2013 and 2017

Total in Year
Year
Specification
2013 2014 2015 2016 2017 2013-2017
[m’) [m’] [%2]
Average volume
processed per 24362 23131 22156 26340 25482 121471 100
annum
Kora lacznie 2600 2852 2162 3113 3272 13999 11,5
Wartosci ustalone dla dominujacych gatunkow (dab i buk)
Oak bark 2171 2340 1826 2600 20954 11890 9.8
Beech bark 340 445 261 433 229 1707 1.4
Bark of other
species of 89 67 75 80 L) 402 0,3
deciduous trees
Average volume
processed per 31283 30223 27950 30719 29781 149956 100
annum
Total 1411 1206 567 968 1697 5849 39
Wartosci ustalone dla dominujacych gatunkow (sosna i $wierk)
Pine bark 1323 1018 480 B8R 1572 5282 35
Spruce bark 53 156 65 60 88 421 0.3

Source: the authors “compilation

CONCLUSIONS

In view of the considerable diversity of processing on the market of sawmill products,
the structure of the forms of by-products generated by the wood sector in Poland may help to
develop the cognitive area related with this issue.

The form of wood by-products is closely related with production technology and the
selection of tools. Most by-products are generated during primary wood processing in a
sawmill. At the stage of further processing — prefabrication (secondary production), the
amount of wood by-products can be significantly reduced.

The structure of wood by-products generated as a result of the processing of round
hardwood was predominated by larger pieces of wood waste, intended for further use.
Waoodchips were mostly generated as a result of softwood processing,.

Wood by-products are handled at the places of their formation or they are offered for sale.
The enterprises used most of the wood by-products generated at the place of their formation
for heating.

Woodchips are mostly offered for sale. Sawdust, shavings and other larger pieces of

wood waste are processed into heat (for technological and social purposes).
The research confirmed that the structure of wood by-products was mostly affected by
production and technological factors. The attempts to shred by-products finely resulted from
the possibility to use them for heating. In consequence, the profitability of the enterprises
increased.

The work is part of a research project fimded by the National Center for Research and
Development under the BIOSTRATEG program (BIOSTRATEGS3 / 344303/14 / NCBR / 2018)
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Streszezenie: Udzial  produktow  ubocznveh w  przerobach  srednich  przedsighiorstw
tartacznyeh. Przerdh surowea drzewnego w  zakladach tartacznych pociaga za soba
powstawanie produktow ubocznych (towarzyszgcych). Udzial poszczegdlnych grup tych
produktow oraz ich postaé zalezg od wielkosci produkeji i stosowanych technologii. Na
rodzaj generowanych pozostatosei 1 stopien ich rozdrobnienia maja tez wplyw inne czynniki,
migdzy innymi gatunek 1 rozmiary przecieranego surowca. Czynniki te determinuja
mozliwosci racjonalnego zagospodarowania drzewnych produktow ubocznych — biomasy
drzewnej o duzym znaczeniu dla przemystu phyt drewnopochodnych, celulozowo-
papierniczego oraz dla producentéw materialow energetycznych. Ze wzgledu na dominacje
matych i Srednich firm w mechanicznym przerobie drewna, najwicksze znaczenie, jako
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dostawcy drzewnych pozostalosel majg srednie przedsigbiorstwa. W opracowaniu okre$lono
udzial roznych postaci produktéw ubocznych, powstajgcych w procesie przetarcia surowca
iglastego: sosny i swierka. Zbadano wplyw wielkosci przerobu i sortymentacji wytwarzanych
materialow na rodzaj generowanych pozostalodei poprodukeyjnych: kory, trocin, zrebkéw i
odpadow kawalkowych, a nastgpnie dokonano analizy wynikow opisujacych wplyw
zmiennodei  rodzajowej, jakoSciowej i wymiarowej surowca. Weryfikacje procesow
przeprowadzono w warunkach zakladowych — w tartakach sredniej wielkosci. Zakresem
badan objeto lata 2013-2017.
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