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PRODUCTION TECHNIQUES AND PROPERTIES
OF FUEL PELLETS PRODUCED FROM POST-CONSUMER WOOD

An estimation of the energy potential has been made for woody biomass — wood waste and post-
consumer wood (PCW) — which amounted to 6.438 million tonnes in 2012, the share of PCW being 2.0
million tonnes. It has been substantiated that these resources, when converted info solid fuel, could en-
hance the energy potential from 2.703 to 3.548 million tonnes of equivalent fuel, that is by 24%. Up-to-
date production techniques have been developed and existing equipment has been improved to produce
fuel pellets from PCW as being high energy capacity raw material. Operating conditions of the produc-
tion process have been considered and the optimal pellet composition was determined with various con-
tents of solid and soft PCW particles from broadleaved and coniferous species, particles from composite
material, ect. based on their pressing capability. Also presented here are the results of comparative analy-
sis of properties of fuel pellets with varied PCW content for the following parameters: moisture content,
ash content, mechanical strength, wear resistance, calorific value, bulk density.

Keywords: post-consumer wood, biomass, classification of used wood, energy potential, pel-
lets, production techniques, properties of fuel pellets, socio-economic efficiency.

Topicality. In view of today’s tendency toward increase in the cost of conven-
tional types of fuel, the problem of searching for alternative sources of energy, particu-
larly for heating, has become especially pressing nowadays. The technological effec-
tiveness of utilizing wood waste from wood-processing industry and PCW is sufficient-
ly high at the forest and woodworking enterprises at the expense of reduced raw materi-
al cost. According to the draft of the updated “Ukraine’s energy strategy up to 2030”
[38, 39] and also in line with predictions made by the researchers G. Geletukha and T.
Zhelezna, the share of biomass in the total energy consumption in Ukraine is likely to
increase from 0.7% to 10% in 2030 (for comparison, this figure n the EU is to increase
from 6.7% to 19%). In 2010 use of woody biomass (wood waste) for energy purposes in
Ukraine amounted to 0.14% (including firewood — 0.34%) of the total supply of primary
energy. The EU countries have many years of experience with producing solid biofuel
such as wood pellets from wood waste. At present, about one thousand enterprises can
be counted in Europe producing biofuel pellets and briquettes; the demand for this kind
of fuel is to increase to 80-135 million tonnes by 2020. The major producers of biofuel
pellets are the USA (2 million tonnes per year), Sweden (1.7 million tonnes), Canada
(1.3 million tonnes), Germany (0.9 million tonnes), Austria (0.8 million tonnes). The
United Kingdom is planning to increase the consumption of biofuel pellets up to 5 mil-
lion tonnes by the end of 2013, while China has an intention to produce no less than 50
million tonnes of pellets annualy. In 2012, an estimated 810 thousand tonnes of solid
fuel was produced in Ukraine, including almost 150 thousand tonnes of fuel pellets
from wood waste. According to the Ukrainian Association of alternative solid fuel pro-
ducers, over a hundred of companies are now in this kind of business, while the country
as a whole is exploiting only about 3% of its potential in this sphere; Ukraine, however,
is able to produce no less than 20 million tonnes of fuel pellets annualy. A certain
amount of PCW is predicted to be used as energy resource of derivative raw material to
produce fuel pellets on the basis of improved technologies and by developing alterna-
tive approaches.
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Problem formulation. This paper covers the issues of generating energy from
additional wood resources, in particular PCW, by way of converting this into fuel pel-
lets. As of now, the problems of raw material and waste are sure to remain the “hottest”
problems in the woodworking industry and power economy all over the world and par-
ticularly in Ukraine. At least partial solution of the latter problem is a rational and holis-
tic approach to settle the first problem — the problem of raw material. PCW reserves are
potential resources and untapped base for wood raw material whose supplies are in-
creasing with the development of wood-processing industry and the economy as a
whole. The solution to the given problem is complicated through the existing varieties
in PCW and especially because of the presence of various impurities (antipyren, anti-
septic additives, insecticides, fungisides, biocides, complex compounds, etc.) which,
through inadequate sorting and cleaning, may cause significant divergence from the
predicted properties: calorific value, ash content, mechanical strength of fuel pellets
from PCW as compared with those obtained from primary raw material, this being un-
acceptable from the environmental and economic standpoint.

The works by the foreign and Ukrainian researchers on this problem are mainly
concerned with the use of wood processing residue without PCW involvement into pro-
duction of fuel pellets. The results of their studies show that the given problem has not
been solved yet, nor developed are the scientific basis or practical quidance for effective
prediction of PCW fuel pellets properties.

PCW issues have been much investigated by various researchers in many coun-
tries, special attention being given to the impurities which has become a determinant
factor as to PCW classification, that is its belonging to one or other category and, con-
sequently, the way of its usage. For example, “PCW management regulations” has been
adopted in Germany, in which the peculiarities of this waste management are given. In
particular, this document clearly specifies the permissible concentration of chemical el-
ements in PCW chips which can be used for energy purposes.

The production technology for fuel pellets was first proposed in 1947, this being
constantly improved and changed according to the requirements of modern techniques
and the peculiarities of one or other type of raw material used, in our case — the use of
PCW, which motivates improvement of the production techniques.

Thus, the development of science-based technical basis, improvement of the ex-
isting technologies, upgrading of PCW processing equipment, development of adequate
operating conditions and shaping practical advice supported by the results from experi-
mental investigations concerning the production of fuel pellets from PCW with speci-
fied properties — all this presents an important and topical problem of the present time.

According to the standards for PCW adopted in Ukraine [27], nonhazardous kinds
of the above kind of used wood are to be recommended for conversion into fuel pellets.

The objective of the study is to develop production techniques and improve the
existing equipment for manufacturing fuel pellets from PCW; to develop a science-
based, technical-and-technological, basis for effective prediction of the fuel pellets
properties as well as to work out hands-on guidelines for quality assurance of PCW-
produced fuel pellets.

The objective has been achieved by way of doing the following tasks:

e to carry out monitoring and make an estimation of the amount of PCW suitable for energy pur-

pose — the production of fuel pellets;
e to substantiate ways and methods for cleaning PCW from various impurities;
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e to develop production techniques, for manufacturing fuel pellets, through improvement of the exist-
ing technology: upgrading the system of automated control over the microprocessor-based autoproportion-
er; upgrading the blender for dry and wet chips with partial speed control of feed speed depending on the
engine drive loading; upgrading the gravity segregator of chipped material and foreign materials; to install
suspended magnetic strip and metal detector at the point of entry onto the vibrating screen;

e to improve tool equipment of the line for converting PCW into pellets, namely, the control sys-
tem of temperature conditions for pelletizing, the control system of the chips moisture content at the
entry as well as the digital moisture stabilizer at the point of exit;

e to validate experimentally the technological feasibility of obtaining fuel pellets from PCW in
terms of pressability without application of a binder;

e to make a particle-size distribution analysis for chipped PCW;

e to carry out experimental investigations in order to determine qualitative characteristics of the
pellets produced from softwoods and hardwoods species of PCW as well as from composite material;

e to check the influence of operating conditions of the fuel pellet production process on the con-
trolled parameters: moisture content, ash content, mechanical strength, wear resistance, calorific value,
bulk density;

e to make a comparative analysis with various PCW contents;

e to work out guidelines for practical implementation on the results obtained;

e to make an estimation of economic efficiency from the use of PCW for fuel pellets production.

The object of the study is the production process of fuel pellets from PCW by
using upgraded and improved equipment.

The subject of the study is the patterns of technological parameters influence on
the properties of PCW- produced fuel pellets in terms of predicting and quality assur-
ance.

The methods of the study. Theoretical and experimental investigation were car-
ried out with the application of a system approach involving computer engineering and
software.

The methods used to perform the task:

e of mathematical statistics: to study qualitative characteristics of fuel pellets and to process the
results;

e experimental methods for mechanical and thermomechanical cleaning; wood chipping; pellets
manufacturing — pressing;

e mathematical modeling — for construction of mathematical model,

e methods of comparison — for the analysis of PCW- produced pellet properties and the proper-
ties of pellets produced from wood waste;

e methods of measurement: dry weight method — for measurement of moisture content; perfora-
tion method — for measurement of impurities content in the PCW, calorimetric method — for measure-
ment of calorific value.

The means used to perform the task:

e upgrading automatic control system for pelletizing process by means of the microprocessor-
based autoproportioner;

e upgrading the blender for dry and wet chips with partial control of feed speed depending on the
engine-drive loading;

e upgrading the gravity segregator of chipped material and foreign materials;

e working out hands-on guidelines for manufacturing fuel pellets.

The approaches used to perform the task:

e application of methods for mechanical and thermomechanical cleaning of PCW;

e construction of the line for manufacturing fuel pellets from PCW;

e engineering study of suitability of certain categories of PCW as raw material for manufacturing
fues pellets.

Underlying ideas to perform the task:
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e improvement of the equipment to be used as the basis for constructing commercialized lines for
manufacturing fuel pellets form PCW.

e development of the operating conditions for manufacturing fuel pellets from PCW

e improvement of the equipment for temperature conditions control system

e improvement of the control system for chip moisture content at the point of entry and of the
digitat moisture stabilizer at the point of exit.

e installation of magnetic strip and metal detector at the point of entry onto the vibrating screen.

Working hypotheses used to perform the task:

e cnergy generation from additional wood resources in particular PCW, by way of turning them
into fuel pellets;

e improvement of the production techniques and equipment for manufacturing fuel pellets from
PCW;

e the application of wood flour pelletizer for experimental purpose;

e the advantages of fuel pellets: calorific value is 3,500-4,800 kcal/kg, moisture content within 8-
12%, smaller volume, increased homogeneity of the component particles, which makes the pellets
more convenient in handling and storing, also the use of pellets for heating makes it possible to apply
automated systems of fuel feed.

The study of energy potential of woody biomass (wood waste and PCW).

The determination of energy potential for wood biomass was done on the basis of
statistical data from the state agency of forest resources in Ukraine concerning timber
harvest in 2012 (Table 1). At a level of timber harvest of 12.18 million tonnes (17.4 mil-
lion m®) in 2012 [36, 40], the volume of technically available logging residue (an aver-
age of 50% of the total wood residue quantities) amounted to 1.072 million tonnes
(0.229 million tonnes of equivalent fuel), while the amount of by-products and residue
from wood processing industry made up 3.362 million tonnes (1.544 tonnes of equiva-
lent fuel) .

The total amount of green firewood (with moisture content of 45-50%) amounted
to 17% of harvested volume that is 2.071 million tonnes with the energy potential being
0.523 million tonnes at the given moisture content level.

It has been found that a certain amount of PCW waste in which the share of wood
amounts to over 50% — become available in Ukraine each year. Taking into account that
the level of wood consumption is dependent on export-import, which compensate each
other 1n the total balance of raw materials, the level of available PCW was calculated as
13% of the total harvested volume (a generally recognized way of calculation in the EU
countries), which made up 1.58 million tonnes in 2012. In addition, an average of 50 to
60 million tonnes of solid residential waste (SRW) is available in Ukraine each year, in
which the share of PCW amounts to 2 to 4%. According to the data from the ministry of
regional development, housing construction, residential and public utility services,
about 14 million tonnes of SRW was available in 2012, of which 0.42 million tonnes
(3%) was PCW.

Thus, 2 million tonnes of PCW was available in Ukraine in 2012, with energy po-
tential amounting to 0.936 million tonnes of equivalent fuel (27.442 PJ or 7.623 billion
kWh). On turning the PCW, that was available in 2012, into fuel (with the following
distribution: chips-50%, fuel pellets — 25%, fuel briquettes — 25%) it would be possible
to increase the energy potential to 1.024 million tonnes of equivalent fuel, that is by 9%.

With the energy potential (excluding firewood), obtained in 2012, of 6.438 million
tonnes (2.703 million tonnes of equivalent fuel or 79.4 PJ, or 22.056 billion kWh) it is
possible to enhance this potential by converting the given resources into energy kinds of
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fuel. The resulted calculations show that the increase is likely to amount to 24%, this
means that the energy value will rise to make up: 3.548 million tonnes of equivalent fuel
or 104.00 PJ, or 28.889 billion kWh. With the annual power output of 198 billion kWh in

2012 in Ukraine, this would amount to 14.6% or 19.2% of an amount consumption.

Table 1. The energy potential of waste wood and used wood in Ukraine in 2012
Net Calo- The coefficients Biomass - waste Logging | Energy potential / year
Wood biomass W- | rific Val- [ ¢ wood, - -
and biofuels o, ue, It Mikg | kWh % K % million million PJ billion
kkal/kg fe. tons tfe. kWh
Estimated numbers 7000 1 29.31 8.14 | 100.00 12.18
Logging residues:
Waste logging 60 1170 0.17 4.90 1.36 6.00 | 0.6 3.60 0.438 0.073 2.148 0.597
Green chips 60 1200 0.17 5.02 1.40 4.00 | 0.5 2.00 0.244 0.042 1.224 | 0.340
Chips of stumps and roots 40 2050 0.29 8.58 2.38 8.00 | 0.4 3.20 0.390 0.114 3.346 | 0.929
Total 18.00 8.80 1.072 0.229 6.718 1.866
By-products and residues WPI:
Cutter chips (5-50 mm) 45 1950 0.28 8.16 227 18.00 | 0.1 1.80 0.219 0.061 1.790 | 0.497
By-products and residues 47.00
o Furniture residues 20 3600 0.51 15.07 4.19 31.30 | 0.62 19.40 2.364 1.216 | 35.629 9.897
e Construction residues 45 2120 0.30 8.88 2.47 6.30 | 0.42 2.60 0.322 0.098 2.861 0.795
o Pulpwood residues 40 2370 0.34 9.92 2.76 6.30 | 0.33 2.10 0.253 0.086 2.513 0.698
o Plywood residues 30 2870 0.41 12.02 3.34 3.10 | 0.54 1.70 0.204 0.084 | 2.450 | 0.681
Total 65.00 27.60 3.362 1.544 | 45.243 | 12.567
Total by-products and residues 83.00 36.41 4.434 1.773 | 51.961 | 14.433
Firewood:
Forest firewood (25-3000 mm) 50 1620 0.23 6.78 1.88 12.00 1 12.00 1.462 0.338 9914 | 2.754
Smallwood (50-500 mm) 45 2120 0.30 8.88 2.47 5.00 1 5.00 0.609 0.184 5.406 1.502
Total 17.00 17.00 2.071 0.523 | 15.320 | 4.255
Total forest biomass 100.00 53.40 6.505 2.295 | 67.281 | 18.689
Used wood (RW, PCW): Mio.t
Commerce (package) 15 3850 0.55 16.12 448 | 0.301 | 0.15 15.00] 0.301 0.165 4.847 1.346
Construction waste 18 3700 0.53 15.49 4.30 | 0461 | 0.23 23.00| 0.6l 0.244 7.142 1.984
Wood-processing industry 20 3600 0.51 15.07 4.19 | 0.120 | 0.06 6.00] 0.120 0.062 1.813 0.504
Furniture 10 4100 0.59 17.17 477 | 0261 | 0.13 13.00f 0.261 0.153 4473 1.242
Municipal waste 40 2370 0.34 9.92 2.76 | 0.341 | 0.17 17.00| 0.341 0.115 3.381 0.939
Solid domestic waste 35 2600 0.37 10.89 3.02 | 0421 | 0.21 21.00] 0.421 0.156 4.582 1.273
Other 30 2870 0.41 12.02 3.34 | 0.100 | 0.05 5.00] 0.100 0.041 1.204 0.335
Total used wood mixtures 25 3280 0.47 13.73 3.81 | 2.004 100.0) 2.004 0.936 | 27.442 | 7.623
Total waste 6.438 2.709 | 79.403 | 22.056
Wood fuels:
Wood chips used wood 22 3250 0.46 13.61 3.78 50.00 1.002 0.465 | 13.637 | 3.788
Wood chips (5-50 mm) 30 3000 0.43 12.56 3.49 8.80 1.072 0.459 | 13.464 | 3.740
Log wood (200-2000 mm) 20 3520 0.50 14.74 4.09 4.00( 0.487 0.245 7.181 1.995
Firewood (150-1000 mm) 20 3600 0.51 15.07 4.19 8.00| 0974 0.501 14.688 | 4.080
Chunkwood (50-150 mm) 18 3700 0.53 15.49 4.30 5.00] 0.609 0.322 9.435 2.621
Wood pellet from virgin wood 7 4500 0.64 18.84 5.23
Wood pellet from waste wood 9 4300 0.61 18.00 5.00 27.61 3.362 2.065 | 60.537 | 16.815
Wood pellet from used wood 8 4100 0.59 17.17 4.77 25.00| 0.501 0.293 8.602 2.389
Wood briquette from virgin wood 10 3800 0.54 1591 4.42
Wood briquette from waste wood 15 3650 0.52 15.28 4.25
Wood briquette from used wood 12 3700 0.53 15.49 4.30 25.00 0.501 0.265 7.763 2.156
Char 8 7430 1.06 31.11 8.64
Energy potential of used wood 3850 0.55 16.12 4.48 2.004 1.024 30.00 8.334
Potential exluding firewood 6.438 3.548 | 104.00 | 28.889
Total energy potential 3700 0.53 | 1549 | 430 8.509 | 4.616 | 13531 | 37.584

Sources of waste wood — used wood (recovered wood, PCW).

A number of studies carried out previously have shown that waste wood arises
from several different waste streams and can be categorized into different waste
streams. It is important to try and categorize wood waste as it arises from a wide variety
of sources and, therefore, the amount of contaminants it contains varies also.

Approximately 2.0-2.8 million tonnes of waste wood are generated each year by
construction, demolition, commercial and industrial sectors in Ukraine (Table 2). Waste
wood can, therefore, be categorized as coming from the following waste streams:
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e Municipal waste stream;

e Commercial and Demolition waste stream,;

e Commercial and Industry waste stream.

Table 2. Sustainable potential of post-consumer wood in Ukraine[26-33]

Potential amount used wood (recovered wood, PCW)
Origin and source 2010 2011 2012
% Mio. t % Mio. t % Mio. t

Commerce (package) 13.00 0.363 12.00 0.288 15.00, 0.301
Construction waste 18.00 0.503 22.00 0.527 23.00/ 0.461
Wood-processing industry 7.00 0.196 6.00 0.144 6.00] 0.120
Furniture 12.00 0.335 12.00 0.288 13.00) 0.261
Municipal waste 16.00 0.447 16.00 0.383 17.00] 0.341
Solid domestic waste (SDW) 27.00 0.755 24.00 0.575 21.00f 0.421
Other 7.00 0.196 8.00 0.192 5.000 0.100
Total used wood mixtures 100.00 2.795 | 100.00 2.396 100.0{ 2.004
Estimated numbers

Uses of wooden resours (UWR) 15 13.600 15 12.140 13| 12.180
Solid domestic waste (SDW) 6 12.583 4.5 12.778 3| 14.033

Municipal waste. Municipal waste wood (used wood) consists of disposal by
households e.g. furniture (0.261 million tonnes), fencing, decking, wood cuts from DIY,
arboriculture arisings and wood packaging e.g. pallets. The two main categories of
waste wood collected are from civic amenity sites and packaging suppliers. It is normal
practice for Local Authorities to provide skips at civic amenity sites for the public to
leave their municipal wood waste which is then collected by waste handlers such as
premier waste where it is then taken to recycling facilities or disposed to landfill de-
pending on its quality.

The waste wood is usually collected through the following:

e Civic amenity sites (CA sites or Household Waste Recycling Centres)
e Kerbside collection of household waste
e Special collections by council (bulky waste)

In the past, sorting and segregating wood waste was difficult to do due to the fact
that the municipal waste stream contains mixed waste varying in its nature and compo-
sition. In recent years Local Authorities have improved the recycling facilities offering
separate skips for wood waste such as pallets etc. The figures reveal that in 2012 (Table
2), 0.341 million tonnes of municipal waste and 0.1 million tonnes of non-household
waste were potentially evaluated (potential amount), however these figures are not en-
tirely accurate nor do they give recycled waste wood figures.

There is no individual figure for the recycling rates of waste wood, therefore, it is
included in the ‘Other’ or the ‘Co-mingled’ category which could include waste such as
electrical goods and hence not giving a true representation.

Due to these gaps of information further research needs to be carried out in order
to find out how much of the ‘Other’ and ‘Co-mingled’ municipal waste sent for recy-
cling was wood.

Construction waste. It is estimated that 0.461 million tonnes of waste wood (used
wood) arises from the construction industry every year in Ukraine. The potential of the
used packaging for 2012 totalled 0.301 million tonnes.
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The construction and demolition waste stream is usually classed as one category;
however, it produces different waste streams such as:

e Construction — Includes off-cuts from structural timbers, timber packaging, scaffolding, clad-
ding etc.
e Demolition — Used structural timber, floorboards, joists, doors and frames etc.

These different waste streams cause a number of problems because it makes hard
for the recycling industry to segregate the wood waste into different categories and,
therefore, separate wood containing contaminants. In order to tackle the issue of mixed
waste streams and sorting difficulties, the Government have introduced a new require-
ment called "Procedure of Register of the origin, processing, and utilization of waste" —
the Resolution of the Cabinet of Ministers of Ukraine of August 31, 1998, No. 1360.

This demonstrates that greater support and recycling facilities are needed for
smaller businesses to efficiently recover and re-use wood waste from construction sites.
There seems to be a need for small sorting and segregation sites to which smaller indus-
tries could off load their waste so that the sorting process was carried out for them. This
may be a practical solution to help reduce the amount of wood ending up in landfill sites
as well as reducing charges from Landfill Tax. However, the problem of unidentified
contaminants that may be present on the waste wood would still need to be addressed.

Wood-processing industry. Some of the main sources of wood waste that come
from this sector include:

e Furniture manufacture;
e Wood waste during manufacture of packaging;
e Wood waste from wooden packaging

A large proportion of waste wood under this category is likely to be wood pack-
aging such as wood pallets producing the highest grade of waste wood. Most of this
waste coves from wood processing enterprises. The volume of wood waste (PCW
waste) that can be processed outside the enterprise amounted to 0.120 million tonnes in
2012.

The analysis of European standards. Over the past decade there has been a
substantial increase in the amount of biomass being used for energy in Europe [1]. As
trade between countries becomes more widespread, it is necessary to create international
standards to facilitate buying and selling biomass fuels. Solid biofuel is a wide field and
includes woody biomass (chips, hogfuel, firewood, wood pellets, briquettes). Demoli-
tion timber is considered a hazardous waste and is not included in the solid biofuel cate-
gory. The main standards in the area of biomass fuels are the EN 14961 series [4-9].

Under this code six European standards are already printed, and thus available, in
all the EU countries through their National Standardisation Bodies. These documents
are, at the moment, the unique European Standards dealing with solid biofuel specifica-
tions, and, even if they refer to biofuels for non industrial use (as stated in their titles),
they could also be used as a reference for industrial uses while waiting for more specific
standards (EN ISO 17225) [24, 25].

An overview of these standards is given in the box below:

e FEuropean Standard EN 14961-1:2010 (EN ISO 17225-1:2012) determines the fuel quality clas-
ses and specifications for solid biofuels originating from the following sources: a) products from agri-
culture and forestry; b) vegetable waste from agriculture and forestry; ¢) vegetable waste from the food
processing industry; d) wood waste, with the exception of wood waste which can contain halogenated
organic compounds or heavy metals as a result of treatment with wood preservatives or coating, and
which includes in particular such wood waste originated from construction and demolition waste; e)
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fibrous vegetable waste from virgin pulp production and from production of paper from pulp, if it is
co-incinerated at the place of production and heat generated is recovered; f) cork waste.

e European standard EN 14961-2:2011 determines the fuel quality classes and specifications of
wood pellets for non-industrial use. European standard EN ISO 17225-2:2012 determines the fuel
quality classes and specifications of wood pellets that are sold to be used as fuel in domestic pellet
stoves and pellet boilers as well as industrial heating systems. They can also be used for other applica-
tions such as horse bedding and pellet grill fuel. This European standards covers only wood pellets
produced from the following raw materials: Forest, plantation and other virgin wood; By-products and
residues from wood processing industry; Used wood.

e European standard EN 14961-3:2011 determines the fuel quality classes and specifications of
wood briquettes for non-industrial use. This European standard covers only wood briquettes produced
from the following raw materials: Forest, plantation and other virgin wood; By-products and residues
from wood processing industry; Used wood.

e European standard EN 14961-4:2011 determines the fuel quality classes and specifications for
non-industrial wood chips. This European standard covers only wood chip produced from the follow-
ing raw materials: Forest, plantation and other virgin wood; By-products and residues from wood pro-
cessing industry; Used wood.

e European standard EN 14961-5:2011 determines the fuel quality classes and specifications for
firewood for non-industrial use. This European standard covers only firewood produced from the fol-
lowing raw material: Whole trees without roots; Chemically untreated wood residues; Stem wood;
Logging residues (thick branches, tops, etc.).

e FEuropean Standard EN 14961-6:2012 determines the fuel quality classes and specifications of
non woody pellets for non-industrial use. This European Standard covers only non-woody pellets pro-
duced from herbaceous biomass, fruit biomass and their blends and mixtures. Herbaceous biomass is
from plants that have a non-woody stem and which die back at the end of the growing season. It in-
cludes grains or seeds crops from food processing industry and their by-products such as cereals.
Blends are intentionally mixed biofuels, whereas mixtures are unintentionally mixed biofuels.

EN 14961-1 is a very general standard that explains how to classify the biomass
to be used for energy purposes. Based on this classification, developed and detailed cat-

egory added is the used wood as a possible resource for the production of solid fuel.
(Table 3).

Table 3. Classification of woody biomass for fuel pellets [4, 24, 29]

No Sub-categories | Code | Group origin Sub-code | Sub-group source
1.1 Forest planta- | 1.1.1 | Whole trees | 1.1.1.1 Broadleaf
tion and other without roots 1.1.1.2 Coniferous
virgin wood 1.1.1.3 Short rotation coppice
1.1.1.4 Bushes
1.1.1.5 Blends and mixtures
1.1.2 | Whole trees | 1.1.2.1 Broadleaf
with roots 1.1.2.2 Coniferous

1.1.2.3 Short rotation coppice

1.1.2.4 Bushes

1.1.2.5 Blends and mixtures
1.1.3 | Stemwood 1.1.3.1 Broadleaf
1.1.3.2 Coniferous
1.1.33 Blends and mixtures
1.1.4 | Logging resi- | 1.1.4.1 Fresh/green, broadleaf (including leaves)
dues 1.1.4.2 Fresh/Green, Coniferous, (including needles)

1.14.3 Stored, Broadleaf

1.14.4 Stored, Coniferous

1.1.4.5 Blends and mixtures

1.1.5 | Stumps/roots 1.1.5.1 Broadleaf

1.1.5.2 Coniferous
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1.1.5.3 Short rotation coppice

1.1.54 Bushes

1.1.5.5 Blends and mixtures

1.1.6 | Bark (from forestry operations)

1.1.7 | Segregated wood from gardens, parks, roadside maintenance, vineyards and
fruit orchards

1.1.8 | Blends and mixtures

1.2 | Byproducts and | 1.2.1 | Chemically un- | 1.2.1.1 Without bark, Broadleaf

residues from treated wood | 1.2.1.2 Without bark, Coniferous

wood pro- residues 1.2.1.3 With bark, Broadleaf

cessing indus- 1.2.14 With bark, Coniferous

try 1.2.1.5 Bark (from industry operations)
1.2.2 | Chemically 1.2.2.1 Without bark

treated wood | 1.2.2.2 With bark

residues, fibers | 1.2.2.3 Bark (from industry operations)

and wood con- | 1.2.2.4 Fibers and wood constituents
stituents

1.2.3 | Blends and mixtures

1.3 | Used wood | 1.3.1 | Chemically un- | 1.3.1.1 Without bark

(recovered treated wood 1.3.1.2 With bark

wood,  post- 1.3.1.3 Bark

consumer 1.3.2 | Chemically 1.3.2.1 Without bark

wood) treated wood 1.3.2.2 With bark
1.3.2.3 Bark

1.3.3 | Blends and | 1.3.3.1 Wood-based panel (particleboards, MDF, OSB,
mixtures plywood and other composite materials)
1.3.3.2 Packaging
1.3.33 Waste wood from the construction industry
1.3.34 Furniture, with no halogenated organic com-
pounds in the coating

1.3.3.5 Municipal waste wood
1.3.3.6 Solid domestic waste wood

1.3.3.7 Other blends and mixtures

1.4 Blends and | 1.4.1 | Blends

mixtures. 1.4.2 | Mixtures

Following this general part, the most relevant standards for larger heating applica-
tions in the EN 14961 series are part 2 (wood pellet) and part 4 (wood chips).

EN 14961-2 defines the main parameters that should be considered for stating the
quality of wood pellet and for each of them typical values for three quality classes (A1,
A2 and B) are specified.

Class Al and A2 represents pellets from virgin wood or chemically untreated
wood residues. They differ mainly for the ash content, while class B allows chemically
treated industrial wood byproducts and residues, and used wood.

A note: the detailed research and practical recommendations to be written about
class B since not all the national legislations in EU allow the use of treated wood, thus
the standard contain deviations according with the situation in Ukraine.

The same approach is adopted by EN 14961-4 on wood chips that defines 4 clas-
ses (Al, A2, B1, B2). Class Al and A2 represent wood chips from virgin wood or
chemically untreated wood residues, in this case with different ash and moisture con-
tents. Class B1 and B2 extend the source of biomass to include (B2) chemically treated
industrial wood by-products and residues and used wood.
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All the quoted standards define a list of parameters to be used for stating the qual-
ity of each biofuel, and for each parameter a set of values is defined. The main parame-
ters to be considered for non-industrial pellets and woodchips are listed in Table 4.

Table 4. Key parameters for non-industrial pellets and woodchips according to
EN 14961-2 (EN ISO 17225-2:2012) and EN 14961-4 (EN ISO 17225-4:2012)

Parameter Meaning Notes for Pellet Notes for Wood Chip
Origin and | It has to be clearly stated according with the different
source sources allowed by each standards.
For pellet diameter could The dimension is im-
. portant for the appli-
Diameter, . . . vary from 6 to 8§ mm =+ 1 . )
D: It is a physical value that could influence the mm. A hicher diameter ance feeding systems;
Dimension plant/appliance feeding system. coui da ffei  the correct it also could lead to
functioning of the stove bridging phenomena in
& ) the bulk storage
. This parameter mainly affect the energy content and IE ha§ to be loyver than i Itis on of the key pa-
Moisture, .. 10% since an higher con rameter for the chips.
the storage. Moreover it is often used to define the .
M contractual price of the biofuel tent could scale and dam- For class A moisture
p ) age the pellet. could vary up to 35 %.
Ashes are the mineral residues remaining after a . .
complete combustion. Their amount has to be as low E;guh h(l?eh;z z:llllectog?elrzt
as possible. An high value means bad quality of bi- lower than 0.7%. A2 class Ash content for wood
Ash. A omass or a bad management during the production of allows a hi, hgr (up to chips is approached in
’ the biofuel. An high ash content leads to a more fre- 1,5%) ash cogntent \E)vhile a similar way as for the
quent maintenance of the plant/appliance/boiler (re- B’ a d:ni ts and ash (’:01’1 tent pellet.
moving of ashes in the combustion chamber or ub to 3%
cleaning of the glasses). P -
It represents the capability of pellets to resist to
Mechanical | crumble and break down to sawdust. It is one of the It has to be the hizhest
durability, main requirements for pellet since affects its storabil- more than 97 ngy ’ Not relevant
DU ity and integrity especially if pellet is subjected to =70
several handling steps
Fines at | Itrepresents the percentage of sawdust in the pack- )
factory age. Sawdust can't be handled by the feeding systems Irilgiz :ﬁ;iel gleiiogmzswt’ego Not relevant
gate, F of pellet appliances. ° )
Additives are materials which should improve the ef- F?ép:l::ﬁ a;?;;r:it ?szzto
Additives ficiency of pellet production. Pellet producers gener- case a ma};(imum'amour}:t Not relevant
ally use starch, corn or potato flour, vegetable oil. of 2% is allowed
0 .
It represents the energy content of the biofuel and is An hich calorific value
strongly connected with moisture content. Attention could ?nean that pellet is
Net Calorif- | has to be paid for the unit used to declare this param- made by other nrl)a terial
ic Value, Q eter. A typical mistake is to declare the gross value than \31/00 d (plastics
instead of the net, giving an overestimation of the lues eltjc ) ’
fuel energy content. glues, ctc.
Bulk Den- Ittiéss,? l;tezep?Zg:ﬁ;etrhteh:s;llﬁfv(srégsg 15?1?;6193&&?:{ It has to be higher than It has to be higher than
sity, BD -rep weig 600 kg/m® 150-200 kg/m’
unit volume.
Chemical compounds/elements have to be consid-
N, S, Cl, - . . .
As. Cd. Cr ered indicators of possible contaminants of the origi-
Cu’ Pb ’ H > | nal biomass. For this reason higher contents than ex-
Ni ’ 7n i pected can indicate a pollution (voluntary or involun-

tary) of the raw material.

In order to give an overview of the approach used by this EN, in Table 5 an ex-
cerpt from of EN 14961-2 is shown.
The size distribution of wood chips is somewhat complicated, which is why the
size requirements for the different classes are given in Table 6, while the full require-
ments for wood chips are given in Table 7.
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Table S. Specification of wood pellets for non-industrial use according to EN 14961-2 [5]

Analysis . Normative
Parameter method Unit Al AD B
Origin and | EN 14961-1 1.1.3 1'1'15 13 L1
source 191 1.14;1.1.6 1.2
1.2.1;1.3.1 1.3
D06, 6+1; D06, 6+1; D06, 6+1;
Diameter, D; EN 16127 3,15<1L.<40 3,15<1L.<40 3,15<L<40
Length, L mm D08, 8+1; D08, 8+1; D08, 8=1;
3,15<L.<40 3,15<L.<40 3,15<L.<40
as received,
Moisture, M EE }j;;j:; w-% wet ba- M10<10 M10<10 M10<10
sis (wb)
Ash, A EN 14775 w-% dry A0.7<0.7 A1.5<1.5 A3.0<3.0
Mechanical EN 15210-1 as received DU96.5<96.5
Durability, DU (ar), W-% DU97.5<97.5 DU97.5<97.5
Fines at facto- | EN 15149-1 W% ar. F1.0<1.0 F1.0<1.0 F1.0<1,0
ry gate, F
Net Calorific EN 14918 ar., MJ/kg | Q16.5:16.5<Q<19 | Q16.3: 16.3<Q<19 | Q16.0: 16.0<Q<19
Value, Q or kWh/kg Q4.6: 4.6<Q<5.3 Q4.5:4.52Q<5.3 Q4.4:4.4<Q<53
Bulk Density, BD EN 15103 kg/m3 BD600>600 BD600>600 BD600>600
Additives w-% dry <2w-% Types and amount to be stated
Nitrogen, N EN 15104 w-% dry NO0.3<0.3 NO0.5<0.5 NI1.0<1.0
Sulphur, S EN 15289 w-% dry S0.03<0.03 S0.03<0.03 S0.04<0.04
Chlorine, Cl EN 15289 w-% dry Cl10.02<0.02 Cl0.02<0.02 C10.03<0.03
Arsenic, As EN 15297 mg/kg dry <1 <1 <1
Cadmium, Cd EN 15297 mg/kg dry <0.5 <0.5 <0.5
Chromium, Cr EN 15297 mg/kg dry <10 <10 <10
Copper, Cu EN 15297 mg/kg dry <10 <10 <10
Lead, Pb EN 15297 mg/kg dry <10 <10 <10
Mercury, Hg EN 15297 mg/kg dry <0.1 <0.1 <0.1
Nickel, Ni EN 15297 mg/kg dry <10 <10 <10
Zinc, Zn EN 15297 mg/kg dry <100 <100 <100
Table 6. Product standard for wood chips EN 14961-4 — Particle size (P) [7]
Mlnlmum 75. w-% Fine fraction, Coarse fraction, w-% maximum length of parti-
Luokka (main fraction), o
w-%, <3,15 mm cle, mm
mm
<3% > 16 mm, and all <31.5 mm
P16A 3.15<P<16 mm <12% The cross sectional area for oversized particles <
1 cm?
<3% >45 mm, and all< 120 mm
P16B 3.15<P <16 mm <12% The cross sectional area for oversized particles <
1 cm?
< 6% > 45 mm, and all <120 mm
P31,5 8§<P<31,5mm <8% The cross sectional area for oversized particles <
2 cm?
< 6% > 6 mm and maximum 3.5 % > 100 mm,
P45A 8 <P <45 mm <8% The cross sectional area for oversized particles <
5 cm?

The numerical values (P-class) for dimension refer to the particle sizes (at least 75 w-%) passing through the mentioned
round hole sieve size (EN 15149-1).
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Table 7. Some qualitative values for non-industrial wood chip according to EN 149614 [7]

Analysis . Normative

Property class method Unit Al A2 Bl B)
Origin and 1.1.1; 1.1.3 1.1.1; 1.1.3 1.1 1.2
source EN 14961-1 121, 1143 | 12,1141 | 121 | 13

. . EN 15149-1
Particle size, P EN 15149-2 mm To be selected from Table 1

) EN 14774-1 as received, M10<10 )
Moisture, M EN 147742 (ar.). w-% M25<25 M35<35 To be specified
Ash, A EN 14775 w-% dry A1.0<1,0 Al1.5<1.5 A3.0<3.0
Net Calorific a.r., MJ/kg Q13.0>13,0 Q11.0>11,0 .
Value, Q EN 14918 or kWhikg | orQ3.633.6 | orQ3.1>3,1 | 1o bespecified
Bulk Density, BD150>150 | BD150>150 .
BD EN 15103 kg/loose m3 BD200>200 | BD200>200 To be specified
Nitrogen, N EN 15104 w-% dry N0.3<0.3 NO0.5<0.5 N1.0<1.0
Sulphur, S EN 15289 w-% dry S0.03<0.03 S0.03<0.03 S0.1<0.1
Chlorine, Cl EN 15289 w-% dry C10.02<0.02 | Cl0.02<0.02 C10.05<0.05
Arsenic, As EN 15297 mg/kg dry <l <l <l
Cadmium, Cd EN 15297 mg/kg dry <0.5 <0.5 <02,0
Chromium, Cr EN 15297 mg/kg dry <10 <10 <10
Copper, Cu EN 15297 mg/kg dry <10 <10 <10
Lead, Pb EN 15297 mg/kg dry <10 <10 <10
Mercury, Hg EN 15297 mg/kg dry <0.1 <0.1 <0.1
Nickel, Ni EN 15297 mg/kg dry <10 <10 <10
Zinc, Zn EN 15297 mg/kg dry <100 <100 <100

Analysis data collections showed how inadequate is the current status of pellet
standardization and certification in Europe. The existing national standards with indi-
vidual quality requirements were not accepted by all stakeholders and did not spread
within Europe. In most European countries, pellet quality standards are not used at all.
Thus, national standards may have contributed to the development of single national
pellet markets but the absence of common European standardisation was an important
barrier to further development of the European pellet market in general and to increased
international pellet trade in particular.

It can be expected that this situation will improve greatly with the implementation
of new European standards for solid biofuels, including pellets.

The experience gained during the analysis was that standards alone are not suffi-
cient to promote European pellet markets. The diversity of raw materials, the rapidly in-
creasing number of producers and the critical importance of pellet quality for consumer
satisfaction and, therefore, for market growth in general make the reinforcement and
compliance with standards necessary. In order to reinforce the compliance with quality
standards, internal quality management needs to be accompanied by regular, external
and unannounced control at the production sites. The end-consumer needs a reliable and
recognisable quality label facilitating buying decisions. Quality labels also are an im-
portant marketing instrument for pellet producers. Finally, quality labels are used by
pellet appliance manufacturers in warranty conditions that exclude the use of pellets
without quality label.

All this can be provided by quality certification schemes that award a reliable
and recognizable quality label following regular external controls. Therefore, already in
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2013, recommended EN 14961, EN ISO 17225 and EN 15234 as a basis for a pan-
European certification system could be used across Europe and facilitate international
pellet trade and market development.

This recommendation will be followed by Ukrainian certification bodies who de-
cided to adapt their systems to the framework set by European standards.

The testing methods for in-house sampling and quality assurance.

The test of wood pellets for in-house sampling and quality control (physical and
mechanical properties) was conducted immediately after their manufacture. Wood pel-
lets have been tested in accordance with European standards biofuel soil (Table 8).

Table 8. The methodology for testing experimental fuel pellets [10-23]

Parameter Analysis method Unit Repeatability limit

1.2. Byproducts and residues from
Origin and source EN 14961-1:2010 wood processing industry
EN 17225-1:2012 1.3. Used wood (recovered wood,

post-consumer wood)
Sampling EN 14778:2011 kg ar individual samples
Sample preparation EN 14780:2011 kg ar individual samples
Diameter, D; EN 16127:2012 mm D06, 61
Length, L EN 16127:2012 mm 3,15<L.<40 (95 w-%)
Ash, A of dry basis (db i <2 % of the mean result (A>10 %
(550°C) () EN 14775:2009 w-% db < 0.2 % absolute EA<10 %3

<0.4 % absolute (DU>97.5 %)

. . 1. o
Mechanical Durability, DU EN 15210-1:2009 w-% ar <2 % absolute (DU<97.5 %)
Fines at factory gate, F EN 15149-1:2010 w-% ar < 0.2 % absolute (F<1.0 %)
Net Calorific Value, Q EN 14918:2010 MIJ/kg ar <120J/g (Q >16.0 MJ/kg)

. ) 3 <4 % (BD > 300 kg/m?)
Bulk Density, BD EN 15103:2010 kg/m <6 % (BD < 300 kg/m’)

Sampling [2, 3]. The sampling and sample portioning for the tests in the scope of external in-
spections are conducted according to EN 14778:2011 (Sampling) and EN 14780:2011 (Sample prepa-
ration). As the procedures listed in the respective standards are very extensive, a simplified procedure
for drawing samples for in-house analyses will be described in the following. Single samples (incre-
ments) should, if possible, be taken from the moving material, as the quality of the total batch can be
best indicated in this way. During sample partitioning for the individual analyses, it should also be
made certain that the respective subsamples represent the quality of the total batch. The subsamples
should be taken with a small sampling scoop in order to assure that the fine material quantity can also
be tested.

o From moving material. At least five individual samples, with a mass of 4 kg per sample, will
be taken. Attention should be paid that at least 20 kg of material passes through the sampling point be-
tween the individual sampling procedures. The individual samples will be thoroughly mixed and com-
piled into a cone. This will subsequently be pressed flat and divided into four equally large parts by a
vertically inserted scoop. The process is to be so often repeated until the required sample size for the
respective test is approximately achieved. Care must be taken to assure that all subsamples possess the
same consistency.

o From static material. At least five individual samples, with a mass of 4 kg per sample, are to
be taken at different points of the filling process. With bagged wood pellets, an individual sample will
be respectively taken from one bag. The individual samples will be thoroughly mixed and compiled in-
to a cone. This will subsequently be pressed flat and divided into four equally large parts by a vertical-
ly inserted scoop. The process is to be so often repeated until the required sample size for the respec-
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tive test is approximately achieved. Care must be taken to assure that all subsamples possess the same
consistency.

Mechanical durability (DU). The subsequent determination of the mechanical durability is
done on the basis of EN 15210-1:2009. Firstly, two subsamples drawn from the sieved pellets, with a
mass of (500+10) g respectively, are formed and weighed. They are successively put into the testing
chamber of the measuring device, which rotates at (50+2) revolutions per minute. After 500 rotations,
the drum is to be emptied and the fine material is to be sieved again. Afterwards, the remaining wood
pellets will be weighed and the mechanical durability will be determined using the following formula
(1):

DU = (ma/mg) % 100, (1)
where: DU — mechanical durability, w-%; ma — mass of the sieved wood pellets after the handling pro-
cess, g; mg — mass of the pre-sieved wood pellets before the handling process, g.

An average value will be generated from the results of the testing of both subsamples. On ac-
count of the expected divergence from the determination, a divergence of the mean value from the
threshold value of an abrasion of up to 0.2 % must be accepted.

Fine material amount (F). The mass will be determined by taking a sample of approximately
1.2 kg. Subsequently, the amount of fine material will be separated with a 3.15 mm — Certification of
Wood Pellets for Heating Purposes 31 sieve according to ISO 3310-1. When the sieving is done manu-
ally according to EN 15210-1:2009, care must be taken that, on one hand, all fine particles are separat-
ed and, on the other hand, that no new fine material forms through the mechanical strain. This can be
achieved by shaking the sample in 5 to 10 circular motions using a sieve with a diameter of 40 cm.
Then the sieved particles will be weighed. The fine material amount (F, w-%) will be calculated as fol-
lows (2):

F = (ma/mg) % 100, (2)
where: ma — mass of the sieved particles, g; mg — mass of the sample before sieving, g.

Bulk Density (BD). The determination of the bulk density follows on the basis of EN
15103:2010. Wood pellets will be poured from a height of 200 to 300 mm into a measuring cylinder,
with a volume of five liters and a defined diameter-height ratio, until the cylinder is full and a debris
cone has formed. Subsequently, the cylinder will be dropped three times from a height of 150 mm onto
a hard surface in order to consolidate the wood pellets. After excess material has been removed by
striking a straight edge along the top and larger cavities have been filled, the mass of the wood pellets
in the cylinder is determined.

The bulk density (BD) will be calculated using the following formula (3):

BD = (m2-m1)/V, 3)
where: BD — bulk density, kg/m?; m; — mass of the empty container, kg; m2 — mass of the full contain-
er, kg; V — net volume of the measuring cylinder, m>.

Afterwards, the sample material is poured out and mixed with the remaining wood pellets be-
fore the procedure is repeated. An average value will be generated from the results of both measure-
ments.

Moisture content (Mar). The determination of the moisture content follows on the basis of EN
14774-2:2009. First, the mass of the empty drying dish will be determined (accuracy: 0.1 g). Subse-
quently, the dish will be filled with at least 300 grams of wood pellets and re-weighed. The sample will
then be dried in a drying chamber (oven) at (105 £ 2) °C until constant mass has been achieved. After
the mass has been determined within 15 seconds of removing it from the drying chamber (weighing as
hot), the moisture content will be calculated using the following formula (4):

Ma=(m2-m3)/(m2-mi)x100, 4)
where: Mar — moisture content as received, w-%; m; — mass of the empty drying pan, g; m, — mass of
the drying pan and sample before drying, g; ms — mass of the drying pan and sample after drying, g.

Ash content (Ad). Ash content is another important test for determining wood fuel properties.
Ashing temperature for wood fuel standards is a significant point of difference with coal ashing stand-
ards. EN 14775:2009 describes the method for ash content of solid biofuels. Ash, the material remain-
ing, calculated on the basis of the dry weight of the original sample, after the sample is ignited at a
specified temperature. Ash at 5504 10°C, the ash content of the sample when the ignition temperature
is 550+10°C.
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Carefully clean the empty crucible and ignite in a muffle furnace at 550+10°C for 60 minutes.
After ignition, cool slightly and then place in a desiccator. When cooled to room temperature, weigh
the ignited crucible on the analytical balance to the nearest 0.1 mg. A 1 g sample is initially ashed at
250£10°C until volatiles are burnt off slowly (to avoid losing entrained particles with fast burning) and
then a heating regime is followed to finish with an ashing temperature of 550+10°C for at least 2
hours. When the specimen is completely combusted as indicated by the absence of black particles, re-
move the crucible from the furnace, replace the cover, and allow to cool somewhat; then place in a
desiccator containing indicating grade anhydrous alumina and cool to room temperature. Weigh the
crucible with ash to the nearest 0.1 mg. Repeat the ignition and weighing until the weight of the ash is
constant to 0.2 mg.

Calculate the ash content as follows (5):

Ad = (m3-my)/(m2-mj) % 100 % (100)/(100-Maqg), w-% (5)
where: m; — mass of empty crucible, g; m, — mass of crucible with breakdowns, g; m3 — mass of cruci-
ble with ash residue, g; Mad — mass shake in the moisture of analytical samples, w-%.

Report the ash content in the sample as an average of two determinations to the nearest 0.01 %
when the ash content is below 10 %, or to the nearest 0.1 % if the ash content is 10 % and higher.

Determination of calorific values. The net calorific value of solid fuels for dry matter is de-
termined in accordance with standard EN 14918:2010.

Gross calorific value is the absolute value of the specific energy of combustion, in joules, for
unit mass of a solid biofuel burned in oxygen in a calorimetric bomb under the conditions specified.
The products of combustion are assumed to consist of gaseous oxygen, nitrogen, carbon dioxide and
sulfur dioxide, of liquid water (in equilibrium with its vapour) saturated with carbon dioxide under the
conditions of the bomb reaction, and of solid ash, all at the reference temperature.

Net calorific value at constant volume is the absolute value of the specific energy of combus-
tion, in joules, for unit mass of the biofuel burned in oxygen under conditions of constant volume and
such that all the water of the reaction products remains as water vapour (in a hypothetical state at 0.1
MPa), the other products being as for the gross calorific value, all at the reference temperature.

As the third calorific value, the net calorific value as received can be given. This calorific value
is the lowest one, as the energy used for evaporating water contained naturally in the fuel and water
formed in combustion are reduced when calculating the calorific value. The calorific value is usually
given as megajoules for kg fuel (MJ/kg, 1 MJ =0.2778 kWh).

Gross calorific value. In EN 14918:2010 method about 1 g+0.1 of air-dry (equilibrium mois-
ture content) analysis sample is burnt in high-pressure oxygen in a bomb calorimeter under specified
conditions. The effective heat capacity of the calorimeter is determined in calibration experiments by
combustion of certified benzoic acid under similar conditions, accounted for in the certificate. The cor-
rected temperature rise is established from observations of temperature before, during and after the
combustion reaction takes place. The duration and frequency of the temperature observations depend
on the type of calorimeter used. The duration and frequency of the temperature observations depend on
the type of calorimeter used. Water is added to the bomb initially to give a saturated vapour phase pri-
or to combustion, thereby allowing all the water formed, from the hydrogen and moisture in the sam-
ple, to be regarded as liquid water. The gross calorific value is calculated from the corrected tempera-
ture rise and the effective heat capacity of the calorimeter, with allowances made for contributions
from ignition energy, combustion of the biofusels) and for thermal effects from side reactions such as
the formation of nitric acid. Furthermore, a correction is applied to account for the difference in energy
between the aqueous sulfuric acid formed in the bomb reaction and gaseous sulfur dioxide, i.e. the re-
quired reaction product of sulfur in the biofuel.

The net calorific value at constant volume and the net calorific value at constant pressure of the
biofuel are obtained by calculation from the gross calorific value at constant volume determined on the
analysis sample. The calculation of the net calorific value at constant volume requires information
about the moisture and hydrogen contents of the analysis sample. In principle, the calculation of the
net calorific value at constant pressure also requires information about the oxygen and nitrogen con-
tents of the sample. As the moisture content of the actual analysis sample is of interest merely in con-
nection with the calculation to other bases, it is recommended to calculate a value for the gross calorif-
ic value at constant volume for the dry fuel, using the following equation (6):

126



qv.erd = qv.grx100/(100-Magq) (6)
where: qv,gr,d — gross calorific value at constant volume of the dry (moisture-free) fuel, J/g; Mag — mois-
ture in the analysis sample, w-%; qv,e — gross calorific value at constant volume of the fuel as ana-
lysed, J/g.

The result shall be reported to the nearest multiple of 10 J/g with unambiguous statements con-
cerning the states constant volume, gross (liquid water), and moisture basis (e.g. dry or "as sampled").

Net calorific value. The energy of vaporization (constant volume) for water is at 25 °C is 41.53
kJ/mol. This corresponds to 206 J/g for 1% (weight) of hydrogen in the fuel sample or 13.05 J/g for 1
w-% of moisture, respectively. The net calorific value at content volume is derived from the corre-
sponding gross calorific value according to equation (7) (EN 149186:2010).

Qponetd = q.grd — 212,2 x w(H)a — 0,8 x [W(O)a + W (N)d] (7
where: qpnet,d — net calorific value for dry matter at constant pressure, MJ/kg; qv,gra — gross calorific
value for dry matter, MJ/kg; w(H)4 — the hydrogen content of the moisture-free (dry) biofuel (including
the hydrogen from the water of hydration of the mineral matter as well as the hydrogen in the biofuel
substance), w-%; H(O)q — the oxygen content of the moisture-free biofuel, w-%; w(N)4 — the nitrogen
content of the moisture-free biofuel, w-%.

Net calorific value of fuel as received (Qar). Net calorific value as received is calculated ac-
cording to equations 8. The calorific value can be either determined for that particular lot or a typical
value can be used. The net calorific value (at constant pressure) as received (the moist biofuel) can be
calculated on the net calorific value of the dry basis according to equation (8).

Qp.netar = Jpynet.d X (100 — Mar)/100 — 0,02443 X My, (8)
where: gp net,ar — net calorific value (at constant pressure) as received, MJ/kg; qp.net.d — net calorific value
(at constant pressure) in dry matter, MJ/kg; Mar — moisture content as received (total moisture), w-%;
0,02443 — the correction factor of the enthalpy of vaporization (constant pressure) for water (moisture)
at 25 °C (MJ/kg per 1 w-% of moisture).

The results of experimental investigation. The data obtained from physical and
mechanical testing of pilot PCW-containing wood pellets for moisture content, ash con-
tent, mechanical durability, fines at factory gate, net calorific value, bulk density, the

length and diameter are shown in Tables 9-14.

Table 9. The results of testing PCW-containing wood pellets for moisture content

Factor value in the experiment ) o
No Lval Lval Moisture content measurements, w-%
actual values actual values
Pc Mc Ac X1 X2 X3 Yij Y2 ¥3i Y4i ¥si
1 0 8 0 -1 -1 -1 6.90 7.10 7.00 7.20 7.10
2 100 8 0 1 -1 -1 6.20 6.40 6.40 6.10 6.50
3 0 16 0 -1 1 -1 11.80 12.00 12.20 12.10 11.60
4 100 16 0 1 1 -1 11.10 10.90 10.80 10.90 10.80
5 0 8 3 -1 -1 1 9.80 9.90 9.70 9.60 9.90
6 100 8 3 1 -1 1 8.90 9.20 9.10 9.00 8.90
7 0 16 3 -1 1 1 10.80 10.90 10.70 10.80 10.90
8 100 16 3 1 1 1 9.80 9.80 9.90 10.00 9.90

Table 10. The results of testing PCW-containing wood pellets for ash content

Factor value in the experiment

Ash content measurements, w-%
No actual values actual values
Pc Mc Ac X1 X2 X3 Yij ¥Y2i Y3 Yii ¥si
1 0 8 0 -1 -1 -1 0.21 0.26 0.25 0.27 0.24
2 100 8 0 1 -1 -1 0.36 0.38 0.35 0.39 0.34
3 0 16 0 -1 1 -1 0.26 0.29 0.31 0.28 0.29
4 100 16 0 1 1 -1 0.46 0.42 0.46 0.48 0.45
5 0 8 3 -1 -1 1 0.53 0.57 0.55 0.59 0.54
6 100 8 3 1 -1 1 0.68 0.72 0.78 0.71 0.74
7 0 16 3 -1 1 1 0.62 0.64 0.63 0.65 0.65
8 100 16 3 1 1 1 0.86 0.88 0.84 0.94 0.90
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Table 11. The results of testing PCW-containing wood pellets for mechanical durability

N Factor value in the experiment Mechanical durability measurements, w-%
0 actual values actual values
Pc Mc Ac X X2 X3 Yij Y2i ¥3i Yii ¥si
1 0 8 0 -1 -1 -1 98.00 97.90 98.00 98.30 98.20
2 100 8 0 1 -1 -1 96.90 97.10 97.20 97.00 97.10
3 0 16 0 -1 1 -1 95.00 94.80 95.00 95.20 95.10
4 100 16 0 1 1 -1 94.00 93.80 94.20 94.00 93.90
5 0 8 3 -1 -1 1 98.90 99.00 98.70 98.90 99.00
6 100 8 3 1 -1 1 97.80 98.10 98.20 98.20 97.90
7 0 16 3 -1 1 1 97.10 97.30 97.30 96.90 97.00
8 100 16 3 1 1 1 95.90 96.00 96.20 96.20 96.30

Table 12. The results of testing PCW-containing wood pellets for fines at factory gate

Factor value in the experiment

Fines at factory gate measurements, w-%

No actual values actual values
Pc Mc Ac X1 X2 X3 i Y2 V3 Y4 ¥si
1 0 8 0 -1 -1 -1 0.99 0.98 0.97 0.99 0.96
2 100 8 0 1 -1 -1 0.88 0.95 0.97 0.95 0.95
3 0 16 0 -1 1 -1 0.87 0.92 0.95 0.88 0.93
4 100 16 0 1 1 -1 0.86 0.9 0.87 0.84 0.83
5 0 8 3 -1 -1 1 0.55 0.58 0.51 0.52 0.54
6 100 8 3 1 -1 1 0.48 0.53 0.49 0.49 0.46
7 0 16 3 -1 1 1 0.4 0.38 0.44 0.42 0.41
8 100 16 3 1 1 1 0.39 0.34 0.42 0.4 0.4

Table 13. The results of testing PCW-containing wood pellets for net calorific value

Factor value in the experiment

Net calorific value measurements, MJ/kg

No actual values actual values
Pc Mc Ac X1 X2 X3 i Y2 Y3 V4 ¥si
1 0 8 0 -1 -1 -1 19.21 19.20 19.32 19.28 19.08
2 100 8 0 1 -1 -1 19.10 19.11 19.16 18.92 18.95
3 0 16 0 -1 1 -1 18.14 18.15 17.96 18.12 17.98
4 100 16 0 1 1 -1 17.81 17.96 17.82 17.90 17.96
5 0 8 3 -1 -1 1 20.40 20.96 20.76 20.34 20.56
6 100 8 3 1 -1 1 20.15 19.97 19.88 20.22 20.16
7 0 16 3 -1 1 1 18.13 18.22 18.40 18.20 18.30
8 100 16 3 1 1 1 18.25 17.50 17.82 18.10 18.20

Table 14. The results of testing PCW-containing wood pellets for bulk density

Factor value in the experiment

Bulk density measurements, kg/m?

No actual values actual values

Pc Mc Ac X1 X2 X3 i Y2 V3 Y4 ¥si
1 0 8 0 -1 -1 -1 640 642 640 643 637
2 100 8 0 1 -1 -1 628 632 629 631 633
3 0 16 0 -1 1 -1 658 657 659 662 658
4 100 16 0 1 1 -1 648 651 651 647 652
5 0 8 3 -1 -1 1 662 660 659 659 661
6 100 8 3 1 -1 1 653 652 650 654 652
7 0 16 3 -1 1 1 678 675 674 675 677
8 100 16 3 1 1 1 668 667 665 669 668

On calculating mean values and sample variances, the check on variance homogeneity
in the experiments by means of Kohren G-criterion indicated that all the variances were ho-
mogeneous. By using similar procedure, the variances of reproducibility of measurements of

physical and mechanical properties of wood pellets were calculated: for moisture content:
Sre2 = 0.0201; for ash content: Sre> = 0.0007; for mechanical durability: Sre2 = 0.0239; for
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fines at factory gate: Sre> = 0.0007; for net calorific value: S’ = 0.0286; for bulk density: Sr.?
= 3.3625. The root-mean-square deviation for calculated coefficients of regression equations
made up: for moisture content: S{bi} = 0.0224; for ash content: S{bi} = 0.0041; for mechani-
cal durability: S{bi} = 0.02; for fines at factory gate: S{bi} = 0.0042; for net calorific value:
S{bi} = 0.03; for bulk density: S{bi} = 0.2899. On checking regression equations coefficients
for meaningfulness and establishing their confidence intervals, the calculations showed that
the regression equations coefficient are meaningful except for six ones (Tables 15-20), but
we do not ignore them in consideration of system approach.

Table 15. Checking regression equation coefficients for meaningfulness,
their confidence intervals for moisture content

Coefficient Coefficient value t(q,fy)S {bi} Conclusion bi_ii:g?ggce interval }i)(l)}:ziir;; ]
b, 9.465 0.046 Meaningful 9.419 9.511
b -0.435 0.046 Meaningful -0.481 -0.389
by 1.420 0.046 Meaningful 1.374 1.466
bs 0.410 0.046 Meaningful 0.364 0.456
bis -0.060 0.046 Meaningful -0.106 -0.014
bis 0.010 0.046 No meaningful -0.036 0.056
b3 -0.945 0.046 Meaningful -0.991 -0.899

Table 16. Checking regression equation coefficients for meaningfulness,
their confidence intervals for ash content

Coefficient Coefficient value t(q,fy)S {bi} Conclusion bi_ii:g?ggce interval }i)(l)}:ziir;; ]
b, 0.519 0.008 Meaningful 0.511 0.528
b 0.088 0.008 Meaningful 0.079 0.096
by 0.046 0.008 Meaningful 0.038 0.055
bs 0.182 0.008 Meaningful 0.173 0.190
bis 0.016 0.008 Meaningful 0.007 0.024
bis 0.016 0.008 Meaningful 0.008 0.025
b3 0.014 0.008 Meaningful 0.005 0.022

Table 17. Checking regression equation coefficients for meaningfulness,
their confidence intervals for mechanical durability

Coefficient Coefficient value t(q,fy)S {bi} Conclusion bi-g;ilfsi({iggce interval };?rziirslii ;
b, 96.790 0.050 Meaningful 96.740 96.840
b, -0.490 0.050 Meaningful -0.540 -0.440
by -1.230 0.050 Meaningful -1.280 -1.180
b3 0.755 0.050 Meaningful 0.705 0.805
bis -0.020 0.050 No meaningful -0.070 0.030
bis 0.025 0.050 No meaningful -0.025 0.075
b3 0.305 0.050 Meaningful 0.255 0.355

Table 18. Checking regression equation coefficients for meaningfulness,
their confidence intervals for fines at factory gate

Coefficient Coefficient value t(q,fy)S {bi} Conclusion bi-g;ilfsi({iggce interval };?rziirslii ;
b, 0.690 0.009 Meaningful 0.681 0.698
b, -0.020 0.009 Meaningful -0.028 -0.011
by -0.047 0.009 Meaningful -0.056 -0.039
bs -0.232 0.009 Meaningful -0.241 -0.224
bis 0.002 0.009 No meaningful -0.006 0.011
bis 0.002 0.009 No meaningful -0.006 0.011
b3 -0.010 0.009 Meaningful -0.019 -0.002
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Table 19. Checking regression equation coefficients for meaningfulness,
their confidence intervals for net calorific value

Coefficient Cocfficient value t(q,fy)S {bi} Conclusion bi—t(j;ilgl({isﬁce interval l;?rziirslii) -
b, 18.891 0.055 Meaningful 18.837 18.946
bi -0.144 0.055 Meaningful -0.199 -0.090
by -0.845 0.055 Meaningful -0.900 -0.791
bs 0.335 0.055 Meaningful 0.280 0.389
bis 0.030 0.055 No meaningful -0.024 0.085
bis -0.057 0.055 Meaningful -0.111 -0.002
bas -0.269 0.055 Meaningful -0.323 -0.214

Table 20. Checking regression equation coefficients for meaningfulness,
their confidence intervals for bulk density

Coefficient Cocfficient value t(q,fy)S {bi} Conclusion bi—t(j;ilgl({isﬁce interval t;:rtriiirslii) -
b, 654.400 0.591 Meaningful 653.809 654.991
b, -4.400 0.591 Meaningful -4.991 -3.809
by 8.550 0.591 Meaningful 7.959 9.141
bs 9.500 0.591 Meaningful 8.909 10.091
bis 0.050 0.591 No meaningful -0.541 0.641
bis 0.300 0.591 No meaningful -0.291 0.891
bas -0.850 0.591 Meaningful -1.441 -0.259

The regression equation coefficients obtained as a result of the full-factorial plan re-
alization possess a clean physical meaning. The coefficient b, is equal to the output value
and of all factors are fixed at the basic level. The sigh of the coefficient b; points to the na-
ture of corresponding factor influence: if bi>0, the output value tends to increase with an
increase of the factor X value, and vice versa. The absolute value of the regression coefti-
cient in the model points to the extent to which the response function is affected by the cor-
responding factor. The higher absolute value of the coefficient, the stronger influence on
the output parameter change has the factor to which the given coefficient corresponds.
Thus, the extent of the factors effect on the output values can be compared by means of lin-
ear regression model and so revealing the most important factors.

In order to evaluate the ability of the obtained models to describe output values
with the same degree of accuracy as the experimental results, the mathematical models
were checked for their adequacy by Fisher F-criterion by means of which the variances
of adequacy Saa® and reproducibility Sye* are compared.

The calculated adequacy variances for physical and mechanical properties of
PCW-containing wood pellets made up: for moisture content Saa®> = 0.009; for ash con-
tent Saq> = 0.0042; for mechanical durability Saa* = 0.009; for fines at factory gate Saa® =
0.0011; for net calorific value Saa® = 0.0043; for bulk density Saa®> = 0.9.

The calculated values for Fisher criterion for physical and mechanical properties
of PCW-containing wood pellets made up: for moisture content Fea = 2,236; for ash
content Fea = 1,592; for mechanical durability Fea = 2,653; for fines at factory gate Feal
= 1,549; for net calorific value Fea = 1,5; for bulk density Fea = 3,736.

The tabulated value for Fisher criterion is equal to Feupn = F(7; 5) =6,1. By com-
paring the calculated values for Fisher criteria with the tabulated ones, we can see that
the inequality Fea < Fup is accomplished for physical and mechanical properties of
PCW-containing wood pellets. That is, the mathematical models obtained are consid-
ered adequate and can be used to describe objects.
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Thus, the calculations done made it possible to obtain the following regression
equations of the full-factorial plan with actual factor values for physical and mechanical
properties.

M =2,225-0,0051Pc + 0,6063Wc¢ + 2,157Ac — 0,06PcWc¢ + 0,00013PcWc — 0,1575WcAc
A=0,216 + 0,00048Pc + 0,0042Wc + 0,083Ac + 0,00008PcWc¢ + 0,00022PcWc¢ + 0,0023WcAc

DU =101,095 - 0,0091Pc - 0,37875Wc — 0,1234Ac — 0,0001PcW¢ + 0,00033PcAc + 0,05083WcAc
F=1,062 - 0,00058Pc — 0,0981Wc —0,13583Ac + 0,00001PcWc¢ + 0,00003PcAc — 0,001 71WcAc
Q=20,464 — 0,0035Pc — 0,1517Wc + 0,7985Ac + 0,00015PcWc — 0,00076PcAc — 0,0448WcAc

BD =621,55-0,097Pc + 2,34Wc¢ + 7,83Ac + 0,00025PcWc + 0,0004PcAc — 0,1417WcAc

The data of regression equations describe the physical and mechanical properties
of PCW-containing wood pellets and allow output values to be calculated for any point
of the experiment zone provided that X; = [-1;+1], where i = 1, k.

Since the influence of factors and their interaction on the response function is best
analyzed graphically, six groups of diagrams were constructed by regression equations:
the relationship between output value (moisture content, ash content, mechanical dura-
bility, fines at factory gate, net calorific value, bulk density) and PCW content, chips
moisture at the constant values for the additives content at the minimum, mean, and
maximum levels (Fig. 1-6).

Ac=0 w-% Ac=1,5 w-%
1400 = S \
2 1200 A — = 00— —
21000 ———— -~ * E2 800¢— —
£ < 800 S ——————— " 53
S 8 6.00 —— We=8 % S 6,00 —— We=8 %
£ 16 g
_*E z 400 - — We=12 % F%‘ 4,00 — - —Wc=12
S 200 — = = Wc=l6 % = 2,00 — = We=16 %
0,00 ‘ ‘ ‘ 0,00 :
0 25 50 75 100
PCW content, Pc, w-% (db) 0 % 5%CW content7,5Pc, w-% (db; 00
a b
Ac=3 w% C
11,00 + o
o —. Fig. 1. The dependence of the
. 10,50 = - o
E2  F——__ —-— . _ moisture content of wood pellets on
£ < 10,00 == — - . .
53 4 W% A the content of PCW, chips moisture,
57 9% - - Wem12 % dditives:
content of additives:
s 9,00 e —Weel16%
o Vet a) Ac=0 %; b) Ac=1.5 %; c) Ac=3 %
Y 0 25 50 75 100
PCW content, Pc, w-% (db)

Graphical representation of the relationships obtained allows for revealing the
character of variable factors influence on the properties of the resulting wood pellets,
since the full-factorial plan was realized here, all the dependences have linear character.
The diagrams also show that the lines do not run parallel to one another, and the angle
of their slope varies as certain variable factors change. This points to the fact that the in-
fluence of factors interaction is just as significant as the influence of the individual fac-
tors.

As is easily seen from the diagrams, PCW content in fuel pellets has a linear de-
pendence (either increases or decreases) within a 0-100% range at different additive
(binder) content. In particular, at a 1.5% value for the additive content and chips mois-
ture content prior to pressing of 12% the ash content increases from 0.43 to 0.61% (by
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41.8%), while all the other tested pellet parameters decrease: the moisture content —
from 9.90 to 9.03% (by 9.8%), mechanical durability — from 97.28 to 96.3% (by 1.0%);
wear resistance — from 0.71 to 0.67% (by 5.6%), calorific value — from 19.04 to 18.75%
MlJ/kg (by 1.5%). For the first variable factor (PCW content), the change in moisture
content and wear resistance are of positive character, while all the other parameters
meet the requirements for fuel pellets for non-industrial use of B-class. The mechanical
durability value, though less than 96.5%, can be raised by slightly increasing the dose of
additives or by reducing the initial moisture level of the chips.
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The studies revealed that for pellets with a 100% PCW content with no additives,
the chips initial moisture content (8-16%) has varied effects jn their characteristics
namely, there is an increase in: ash content — from 0.364 to 0.464% (by 24.7%); mois-
ture content — from 6.32 to 10.9% (by 72.5%); bulk density — from 630.6 to 649.8
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kg/m3 (by 3%), while all the other tested pellet parameters decrease: mechanical dura-
bility — from 97.06 to 93.98% (by 3.9%); wear resistance — from 0.94 to 0.86% (by
8.5%); calorific value — from 19.05 to 18.89 MJ/kg (by 6.1%).
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For the second variable factor (chips moisture content), the change in the bulk
density is of positive character. All the other parameters need to be corrected by drying
wood particles and regulating surface moisture prior to blending in order to ensure the
moisture content within a 11-12% range, since smaller moisture level would lead to in-
creased energy consumption during the pellets manufacture.

The results of the experiments also show that the properties of pellets, with a
100% PCW content and chips initial moisture of 12%, are strongly affected by the addi-
tive content (0-3%), that is there is an increase in: ash content — from 0.41 to 0.81% (by
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97.5%); moisture content — from 8.61 to 9.45% (by 9.8%); mechanical durability — from
95.52 to 97.08% by 1.6%); calorific value — from 18.47 to 19.03 MJ/kg (by 3%); bulk
density — from 640.2 to 659.8 kg/m3 (by3.1%), while wear resistance decreases from
0.9 to 0.44% (by 51.2%). For the third variable factor (additive content), the changes in
bulk density, mechanical durability, calorific value, and wear resistance are of positive
character. The increased ash content is accounted for by using starch as an additive the
ash content of which being 4%. Besides starch is able to intensely absorb the initial
moister, which results in increased moister content of the fuel pellets. Since the standard
EN 1496-2 does not allow the additives to exceed 2%, then it is possible, by meeting the
given requirement, to obtain fuel pellets for non-industrial use which would correspond
to class B. Moreover, the use of additives allows the pelletizing of chipped material to
be made at less energy consumption at an average pressure of 20-100 MPa.
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A change (decrease or increase) in the physical and mechanical properties of

wood pellets with increased PCW content is caused by the following reasons:

e age characteristics of PCW — 20-50 years;

e reduction of lignin content in PCW (by 18 to24 % for hardwood and for softwood from 28 to
30 %) as the main component of chips for quality bonding and pressing;

e contamination with soil or sand;
contamination during use, storage and transport;
presence or high content of bark;
presence or high content of inorganic or organic additives;
initial PCW ash content;
presence of coatings (paint);
chemical treatment;
the use of wood preservatives;
the presence of flammable substances (glue, tar, oil, plastics, laminates);
higher initial moisture of wood particles — 16%;
fractional composition of chips;
temperature of the chips.
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The large number of factors effecting the properties and quality parameters of
fuel pellets has motivated extension of the studies on fuel pellets production from PCW
of various origin and sources. In this connection, a classification of PCW, as raw mate-
rial for fuel pellets production, has been developed (Table 21) based on Table 3 and the
developed PCW classifier [20]

Table 21. Classification of woody biomass for experimental studies of test pellets

Code ‘ Sub-group source | Kind ‘ Varieties
By-products and residues from wood processing industry
Wood waste from Waste, cutgt}gs', shavmgls from solid
1.2.1.1 Without bark, Broadleaf woodworking and ; WoOC 11 its natur?l stat.e
machining Waste, cuttings, shavings from derived timber pr.oducts and
other treated wood (with no harmful contaminants)
Wood waste from Waste, cuttlrllgs., shavmgls from solid
1.2.1.2 Without bark, Coniferous woodworking and p WO(.)d n 1ts natur?l stat.e
machining Waste, cuttings, shavings from derived timber pr.oducts and
other treated wood (with no harmful contaminants)
Used wood (recovered wood, post-consumer wood)
1.3.1.1 Without bark, Broadleaf Blends Oak, beech, birch, ash, hornbeam, maple and other
1.3.2.1 Without bark, Coniferous Blends Pine, spruce, fir, larch, cedar and other
133.1 Wood-based panel Composite materi- | Particleboards (PB), MDF, OSB,.plywood and other compo-
als site materials
Palettes made from solid wood such as: Europalettes, industrial
Palettes palettes made from solid wood
Palettes made from derived timber products
Other palettes with composite materials
Transport cases, crates made from solid wood
1.3.3.2 Packaging Transport cases made from derived timber products
Boxes Boxes for fruit, vegetables and ornamental plants as well as simi-
lar boxes made from solid wood
Ammunition boxes
Cable reels Made from solid wood (made before 1989)
Made from solid wood (made after 1989)
Waste wood from . ' Solid wood in its natural state '
buil-ding sit Derived timber products, barked wooq, treated solid wood
ui g sites
(with no harmful contaminants)
Boards, false ceilings, planks from interior works (with no
Waste wood from harmful contaminants)
Waste wood from the con- . - -
1.3.33 struction industry tearing .down and Door leaves and frames (with no harmful contaminants)
sorting out Profile boards for the fitting out of rooms, ceiling panels,
ornamental beams etc. (with no harmful contaminants)
Waste wood from Chipboard used in construction
demolition and Wood used in construction for load-bearing elements
restoration work Timber framework and rafters
Furniture, solid wood in its natural state
1.3.34 Furniture Different setting Furniture, with no halogenated organic compounds in the
coating
Various wood used in horticulture and landscaping, impreg-
1335 Municipal waste wood Blends and mix- : nated garden ﬁ.lrnitu.re
tures Various wood used in agriculture
Other blends and mixtures
1.3.3.6 | Solid domestic waste wood Blends and mix- Blends and mixtures of woody biomass

tures

Re-use/recycling. The waste wood Sub-group source may be used for the manufacture of fuel

pellets, active carbon/industrial charcoal and the production of synthetic gas as well as in incineration
and gasification plants that are licensed pursuant to the Fourth Ordinance on the Imple-mentation of the
Federal Emission Control Act and with regard to emissions are subject to the Seventeenth Ordinance on
the Implementation of the Federal Emission Control Act. During these procedures, the organic pollutants
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contained in the waste wood are completely destroyed due to the high temperatures. Heavy metals are
bound as solid in the residues or dispersed during waste gas purification. Only certain pollution-free or
low-pollution waste woods can be considered for use in manufacturing derived timber products. Compli-
ance with this requirement is guaranteed by binding pollutant limit values, including relevant sampling
and analysis provisions, for the wood chips produced for use as raw materials for the manufacture of de-
rived timber products. Waste wood processed in this manner for the derived timber products industry
ceases to be waste and can be processed there as a primary raw material.

Comparative studies of fuel pellets with different PCW. The raw material for
the experiments on manufacturing fuel pellets was woody biomass, according to the
classification of PCW (Table 3, Sub-code). To compare the properties of pellets from
PCW, waste from virgin wood was taken. According to the developed technology for
producing fuel pellets from PCW with different woody biomass the following operating
parameters for pelletizing process were proposed:

e wood particles selected sample — 100%;

e particles moisture prior to pressing — 12%;

e fractional composition: less than 3.15 mm — > 97%; less than 2.0 mm — > 90%; less than 1.0
mm — > 50%; less than 0.1 mm — < 5%;
chips bulk density — 200-250 kg/m?;
additives — 0%;
hole diameter — 6 mm;
temperature range for compression — 90-100 °C;
compacting pressure — 20-150 MPa;
distance between the die and rollers — 0.3 mm;
the ratio of the length of the die channel to its diameter — 3.5;
Fuel pellets test was performed according to the standards EN methodology.
Results of comparative experimental study. Data obtained from the physical
and mechanical testing of experimental fuel pellets from different PCW (ten samples)
for moisture content, ash content, mechanical durability, fines at factory gate, net calo-
rific value, bulk density, diameter and length are given in Table 22.

Table 22. Comparative analysis of the properties of wood pellets from the virgin
wood and used wood, the results of the research

Method | Limit | The results of testing wood pellets from different origins and sources of biomass (Table 3)

Parameter | Unit

EN ENB | virgin wood used wood — recovered wood, post-consumer wood
Origin and 14961-1 1211 | 1.21.2 | 1.3.1.01 | 1321 | 1.33.1 | 1.332 | 1333 | 1334 | 1335|1336
source B Broadleaf Coniferous Broadleaf Coniferous WBP Coniferous Coniferous Furniture Blends Blends
g‘ameter’ mm | 16127 | 61 | 62 | 6.1 62 | 6.1 6.3 62 | 62 | 64 | 64 | 63

Length, L mm 16127 <40 <3.15 mm length <40 mm, maximum <45 mm (1 %

ﬁoisture, w-% 14774-2 <10 9.5 8.2 8.6 7.9 7.6 8.0 7.7 8.6 8.9 9.6
t[:flltl A con- - o 14775 <3.0 027 | 0652 | 041 | 2322|2952 | 1.685 | 1.363 | 3.111 | 4.424 | 3.825
Mechanical

Durability, w-% | 15210-1 | <96.5 | 96.55 | 99.2 | 95.52 | 98.31 | 95.64 | 96.65 | 97.25 | 93.44 | 92.63 | 92.81
DU

Fines at

factory w% | 15149-1 | <1.0 | 0.94 | 0452 | 09 | 0651 | 1.112 | 0.78 | 0.886 | 1.2 | 0.954 | 1.545

gate, F

Net Calorif- | /0| 14918 | <16.0 | 18.64 | 1928 | 18.47 | 17.62 | 158 | 1822 | 169 | 168 | 18.6 | 1536

ic Value, Q

?y“‘g]?em" kgm® | 15103 | >600 | 649.6 | 660.7 | 640.2 | 652.3 | 610.5 | 654.6 | 632.8 | 612.2 | 611.9 | 605.8

Additives W-% <2 0 0 0 0 0 0 0 0 0 0
Sample of wood pallets 1 2 3 4 5 6 7 8 9 10
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For the sake of convenience of analysing test parameters of all 10 samples, nom-
ograms for each fuel pellet characteristics have been constructed (Fig. 7-8).

Sample of wood pellets from used wood
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The nomograms, constructed according to the results of comparison studies, gave
an insight into the nature of the used biomass: two samples from virgin wool and eight
samples of PCW of various origin. The values for the controlled parameters of the sam-
ples were compared to normative values for fuel pellets of class B.

The value for ash content in samples 8, 9, and 10 exceeded the normative value of
3% and, respectively amounted to 3.11%, 4.42%, and 3.83%, which might have been
caused by PCW contamination introduced during the process of usage, storage, transporta-
tion; the presence of increased content of bark; the presence of increased content of either
organic or inorganic foreign material; chemical treatment ( wood preservation, impregna-
tion, modification); the presence of surface coating (varnish, paint, enamel, etc.).

The calorific value for eight samples were lower than the normative value of 16
MJ/Kg for fuel pellets of class B, which was due to the presence of flammable material in
some samples (resin, oils, plastic, laminate) that have high combustion heat level. Samples 5
and 10 showed reduced calorific value, which stems from natural ash content in PCW and
the presence of flammable material such as glues that have low combustion heat value.

The mechanical durability for five samples was lower than the normative value of
96.5%, which is explained by: age characteristics of the PCW; species composition; re-
duced lignin content in some PCW; presence of increased content of bark; particles ini-
tial moisture content; fractional composition of the chips; the temperature of the chips.
In the other five samples, the mechanical durability value was in compliance with
EN14961-2:2011 for pellets of class B. The parameter such as wear resistance had a de-
viation (1%) from the normative value, which was possibly due to contamination with
soil or sand; contamination introduced during utilization, storage, transportation; in-
creased particles initial moister content. The other controlled parameters such as bulk
density, moister content, diameter and length of the fuel pellets in all of the samples
were in compliance with EN 14961-2:2011 for pellets of class B.

The production process for commercial manufacturing fuel pellets from
PCW should include the following stages: segregation of the wood and foreign mate-
rial (contaminants), crushing the wood to a particle size of no more than 25%25%2 mm,;
drying; rechipping the particles to a size of more than 4mm; mixing of the chipped ma-
terial with water and vapor; pelletizing on the pellets making mill; the pellets screening
to separate the fines; packing the end-product. The production line and the auxiliary
premises should be located over an area of about 600-700 m?. The approximate con-
sumption of material resources will amount to: electric power — estimated 120 kW per
tonne of finished product; water vapor — 70 kg/tonne; water — 10 kg/tonne; heat con-
sumption for wood drying — about 1 MWh/tonne for dried wood with the initial moister
content of 35-40%. A team of 8 to 9 men will suffice to serve the line in operation. The
recoupment the enterprise will depend on the line production capacity, the type of
equipment installed, raw material cost, market price for the end-product, the level of
manufacturing expenses. The maximum economic gain is likely to be found at those en-
terprises which will make a maximum use of PCW since the raw material cost will be
minimal there. An estimated bound box of the line with a capacity of 2 tonnes per hour,
on condition of exporting the product at a price of 70-90 euro/tonne , will make up 15 to
20 working months. The analysis of the existing pelletizing lines shows the need for up-
grading individual units and installation of devices, which would jointly provide for
manufacturing quality fuel pellets from PCW.
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In this connection, the following measures have been taken:

e The improvement of the equipment of the fuel pellets production line.

e The improvement of the equipment of the drum chippers, in particular they need to be fitted with
a net-like insert for chip sizing. This will eliminate the need for further sizing and, consequently, further
chipping of PCW. In order to enhance the chippers cutting performance and improve the quality of the
produced chips, the cutting part of the machine needs to be made in the form of several sections where
the cutters in the adjacent section should be installed at the right angle relative to each other.

e The development of the temperature control system for the pelletizing die.

e Upgrading the system of control over the pelletizing process with the aid of microprocessor-
based autoproportioner.

e The improvement of the chips moisture content controller at the point of entry, and the digital
stabilizer of moisture at the point of exit.

e Upgrading the blender for dry and wet chips with partial control of feed speed depending on the
loading of engine drive.

e Upgrading the gravity segregator for the chipped material and impurities.

e Installation of metal detector on the line at the point of entry, a suspended magnetic strip and
magnetic vibrating screen — the moving floor.

Conclusions and recommendations
Conclusion with respect to the work as a whole:

e The topicality of PCW usage for fuel pellets manufacture has been substantiated.

e On the basis of ideas, hypotheses, approaches and means, there have been formulated the aim,
object, subject, and tasks of the studies.

e Carried out here was a detailed analysis of the European standards EN which set requirements
for solid biofuel (fuel pellets) depending on the biomass used, its origin; also these standards define the
main technical specifications, fuel quality and standardized methods for its determination.

e A thorough study has been conducted on the biomass raw material base including PCW for
manufacturing fuel pellets.

e A multifactorial experiment has been performed according to the procedure of the study.

e Investigated was the influence of the PCW content within a 0 - 100% range of chip moisture
content, and additive content upon the physical-and-mechanical properties of the fuel pellets: moisture
content, ash content, mechanical strength, wear resistance, calorific value, bulk density.

e A comparative analysis of physical-and-mechanical properties of fuel pellets for their compli-
ance with the standards has been made for 10 biomass samples: two samples included pure waste form
broadleaved and coniferous species, and eight samples — PCW of various sources and origin: in blend-
ed — and pure forms.

e The equipment for manufacturing fuel pellets form PCW has been developed for PCW prepara-
tion and pelletizing.

e An estimation has been made for socio-economic efficiency resulting from the implementation
of the practical recommendations for manufacturing fuel pellets from PCW.

Conclusions with respect to the studies:

¢ Blending waste (used wood) materials with wood sawdust to make pellets from such blends can
result in an acceptable pellet ash content, i.e., 3%.

e Blending waste (used wood) materials with wood sawdust to make pellets from such blends
produces pellets of acceptable mechanical strength.

e Blending waste (used wood) materials with wood sawdust exspands the raw material base
needed to make fuel pellets.

e Waste (used wood) biomass substances that are presently being landfilled can be used in pellet
manufacturing. This will reduce the pressure on landfills.

e Such waste biomass substances are available at a negative cost, unlike wood sawdust, so pellet
production costs will be lower.

Conclusion with respect to the PCW issue:

e Monitoring of PCW in Ukraine has been fulfilled
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e The sources and PCW origin have been examined: solid domestic waste, municipal waste,
commerce (package, pallets), construction waste, wood-processing industry by-products and residue,
and others.

e The amount of PCW produced in Ukraine has been estimated, which made up 2.0 million
tonnes in 2012.

e C(lassification has been developed with reference to the degree of PCW contamination, PCW
source and origin as well as corresponding categories and codes are provided.

e It has been found that the proposed classification, on the basis of the most important character-
istics, represents adequately the source and origin for production of solid biofuel — fuel pellets form
PCW.

e [t has been shown that there is an obvious need for PCW identification in order to obtain in-
formation on physical-and-mechanical properties considering that PCW is realizable additional bio-
mass for obtaining a quality product.

e [t has been proved that 50% of PCW (1.0 million tonnes ) is suitable for energy use in particu-
lar for producing fuel pellets.

Conclusions with respect to the analysis fo PCW-containing fuel pellets:

e For the purpose of the end — product identification, it has been proposed, by applying the above
mentioned classification, to perform differentiation of the biofuel, and PCW — made fuel pellets in par-
ticular, based on the raw material (here: PCW) origin.

e The determination of the particle-size distribution was done by using vibrating screen with
mesh size of 3.5Imm and under. The fraction composition of chip for various PCW samples, accord-
ing to the experimental results, made up: < 3.15mm — 97.2 — 98.1%; < 2.0mm — 90.3 — 91.4%; <
1.0mm — > 54.7 — 62.2%; < 0.1mm — < 2.8 — 4.3%, which is in compliance with the requirements of
EN 15149-2:2010 (DSTU-P CEN/TS 15149-2:2009).

e Investigated was the influence of PCW content, chips moisture content and additive content on
the physical-and-mechanical properties of PCW-containing fuel pellets: moisture content, ash content,
mechanical strength, wear resistance, calorific value, bulk density, — these having been determined by
standard methods.

e [t has been found that the PCW content within the range of 0-100% has a linear dependence on
various additive contents. In particular, at a 1.5% additive content and the chips moisture content of
12% prior to pressing, the ash the increases from 0.43 to 0.61% (by 41.8%), while all the other tested
parameters of the fuel pellets are reduced: moisture content — from 9.90 to 9.03% (by 9.8%), mechani-
cal strength — from 97.28 to 93.3% (by 1.0%), wear resistance — from 0.71 to 0.67% (by5.6%), calorif-
ic value — from 19.04 to 18.75 MJ/kg (by 1.5%), bulk density — from 658.8 to 650 kg/m> (by 1.3%).
For the first variable factor (PCW content), the change in moisture content and wear resistance is of
positive character, all the other parameters, are in compliance with the requirements for fuel pellets of
non-industrial use, class B. The mechanical property, though less than 96.5%, is possible to raise in
this case, by a slight increase in the additive content or by reducing the initial moisture content of the
particles.

e [t has been established that for the fuel pellets with a 100% PCW content and without additives,
the chips moisture content (ranging from 8 to 16%) has different effects on the change of fuel pellets
characteristics, namely, there is an increase in: ash content — from 0.364 to 0.464% (by 24.7%), mois-
ture content — form 6.32 to 10.9% (by 72,5%), bulk density — from 630.6 to 649.8 kg/m’ (by 3%),
while all the other tested parameters of the pellets decrease: mechanical strength — from 97.06 to
93.98% (by 3.9%), wear resistance — from 0.94 to 0.86 (by 8.5%), calorific value — from 19.05 to
17.89 MJ/kg (by 6.1%). For the second variable factor (chips moisture content), the change in the bulk
density is of positive character. All the other parameters need to be improved by way of drying the
wood particles and dosing the surface moisture content prior to blending in order to ensure the mois-
ture content prior to pressing to be within the range of 11-13% since lower moisture content leads to
increased energy consumption during the pelletizing process.

e [t has been revealed that the properties of pellets with a 100% PCW content and the chips ini-
tial moisture content of 12%, are essentially influenced by the additive content (0-13%), namely, there
is an increase in: ash content — from 0.41 to 0.81% (by 97.5%), moisture content — from 8.61 to 9.45%
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(by 9.8%), mechanical strength — from 95.52 to 97.08% (by 1.6%), calorific value — from 18.47% to
19.03 Ml/kg (by 31%), bulk density — from 640.2 to 659.8 kg/m> (by 3.1%), while the wear resistance
decreases from 0.9 to 0.44% (by 51.2%). For the third variable factor (additive content), the change in
bulk density, mechanical strength, calorific value, and wear resistance are of positive character. The
increased ash content is 4%, was used as an additive. Besides, starch as able to intensely absorb initial
moisture, which resulted in increased moisture content of the fuel pellets. Since the standard EN
14961-2 does not permit the additive content to exceed 2%, then, on satisfying this requirements, it is
possible to obtain fuel pellets for non-industrial use in accordance with class B. Besides, the use of ad-
ditives allows pelletizing of chipped material to be performed with lower energy consumption — at av-
erage pressure values of 20-50 MPa.

e Obtained are adequate mathematical models of the fuel pellets parameters depending on the
three variable factors: PCW content, chips moisture content, and additive content.

e A comparative analysis was made concerning the properties of fuel pellets made from PCW of
various origin for the following parameters: moisture content, ash content, mechanical strength, wear
resistance, calorific value, bulk density.

e [t has been found that the ash content exceeded the normative value (3%) in 3 of 10 samples,
which is possibly due to PCW contamination with dirt or sand; contamination in the process of usage,
storage, transportation; availability or high content of bark; availability or due to increased content of
either organic or inorganic matter; chemical treatment (preservation, impregnation, modification); the
presence of surface coating (varnish, paint, enamel) and others.

e It has been found: the lower ash content in fuel pellets, the higher their calorific value.

e [t has been revealed that mechanical strength (durability) for five samples was lower than the
normative value (96.5%), which is attributable to age characteristic of the PCW; the species composi-
tion, reduced content of lignin in some kinds of PCW, the presence of increased content of bark, higher
initial moisture content of the particles, fraction composition of the chips, the temperature of the chips.

e [t has been found that mechanical strength of fuel pellets made from PCW, as the main limiting
factor, can be increased by reducing the initial moisture content of the particles (energy consumption
increases in this case) and introducing additives to 2% (by the user’s agreement).

e [t has been established that PCW (in its characteristics) is not inferior to other kinds of biomass,
and can be used for manufacturing solid biofuel — fuel pellets.

e [t has been proved that fuel pellets made from PCW meet the requirements of the EN 14961-
2:2011 standard for pellets of class B.

Conclusions with respect to solving socio-economic problems:

e [t has been shown that the implementation of the developed technological techniques concern-
ing the use of PCW for fuel pellet production will make it possible to enhance the economic efficiency
of their manufacturing as well as to achieve significant economy of primary wood raw material.

e It has been found that PCW-containing fuel pellets are particularly advantageous for premises
heating due to their high calorific value, they are convenient in storage and handling in automatic
combustion units, they are not flammable due to lack of dust in them, also they do not contain any al-
lergenic substances that could cause allergy in people.

e The use of PCW for fuel pellets production results in enormous saving on costs. The fabrication
of such pellets does not involve any chemical additives under high pressure. The environmental impact
from burning PCW-containing pellets in minimal since the amount of the resulting ash in the combus-
tion units is insignificant, There exist many other advantages, For example, energy-intensity of one
kilogram of woody pellets and 0.5 liter of diesel fuel is the same.

e [t has been estimated that about 2 million tonnes of PCW was produced in 2012 in Ukraine, the
energy potential being 0.936 million tonnes of equivalent fuel (27.442 PJ or 7.623 billion kWh). Con-
verting the amount of PCW produced in 2012 into fuel (by distribution: 50% — chips, 25% fuel pellets,
25% fuel briquettes), would make it possible to increase the energy potential to 1.024 million tonnes of
equivalent fuel, that is by 9%.

e The calculations show that with this sizable energy potential (excluding firewood) consisting of
wood waste and PCW produced in 2012 and estimating at 6.438 million tonnes (2.703 million tonnes
of equivalent fuel or 79.4 PJ or 22.056 billion kWh), it is possible to increase it by converting the giv-
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en resources into energy fuel. The resulting calculations indicate that the increase could make up to
249% that is the energy indexes will amount to: 3.548 million tonnes of equivalent fuel or 104.00 PJ or
28.889 billion kWh. With annual electricity production in Ukraine in 2012 being 198 billion kWh, this
would amount to 14.6% or 19.2% of the annual energy consumption.

Recommendations concerning raw material:

e PCW sorting is to be performed according to the established categories (degree of contamina-
tion): PCW-1 — virgin and mechanically processed wood with insignificant contamination by natural
compounds (paraffin, ceresine, petrolatum, wax, oil and others) as well as the wood coming from natu-
ral disasters; PCW-2 — wood and wooden items treated without wood preservatives and without halo-
genated organic compounds in surface coating; PCW-3 — wood and wooden items treated without
wood preservative and with halogenated organic compounds in surface coating; PCW-4 — wood and
wooden items treated with wood preservatives,

e For categories PCW-3 and PCW-4, thorough examination shall be done concerning the PCW
impurities composition, in particular for presence of wood preservatives: antipyren, antiseptic material,
insecticides, fungicides, biocides, complex compounds and others.

e PCW biofuel mixtures shall be excluded from manufacturing fuel pellets for household heating
as long as these contain halogenated organic compounds that had been used for preservation of virgin
wood.

e A PCW biofuel mixture containing both chemically treated and chemically untreated wood
shall be classified as that which is chemically treated.

e Rot PCW shall be excluded from manufacturing fuel pellets.

e PCW biofuel mixtures containing chemically treated material shall be checked for presence of
polychlorinated terphenyls (PCT), polybrominated biphenyls (PBB) with concentration of 50 mg/kg
and over, as well as fraction of coal tar, which contains benzapyren and its components exceeding the
normative values.

e An analysis of chemically treated wood shall be made concerning the presence of chemical el-
ements such as arsenic, cadmium, cooper, mercury, plumbum, sulphur, nitrogen, chlorine, zinc and
others as well as their compounds, in accordance with the standards EN 15289:2011 and EN
15297:2011.

Recommendation on the raw material preparation (treatment):

e [If the PCW contains some harmful elements or their compounds exceeding the normative val-
ue, it is necessary that a thermo-chemical treatment should be provided at a temperature of 100-130°C
or else burn the fuel in combustion units of capacity over 100 kW.

e Relevant methods and ways have been developed to remove various impurities from the PCW.

e The PCW suitable for fuel pellets manufacturing should be cleaned by one of the following
ways: surface cleaning (for solid PCW) on machine tools such as brushing machine, milling machine,
grinding machine, sandblast machine and other; internal cleaning (for chipped PCW) by equipment
such as air separator, vibratory feeder, air cleaner, magnetic strip, metal detector, swinging sieve.

e In order to reduce ash content in PCW-containing fuel pellets, it is necessary that the PCW
should be cleaned form dirt or sand; it is necessary to avoid contamination introduced during handling,
storage, transport; it is necessary that bark content should be reduced; the production process should be
kept free from PCW containing inorganic or organic impurities, chemically treated wood including fin-
ishing (varnish, paint, enamel and others).

e The used composite material, as a raw material of high calorific value, (WPB, OSB, MDF and
others) can be utilized for manufacturing fuel pellets only after they have been cleaned from polyvi-
nylchloride films (PVC), plastics, laminate.

Recommendations concerning the production process:

e With respect to the fuel pellets production process, the following measures have been realized:

e The improvement of the existing fuel pellets production techniques, which make use of tradi-
tional primary raw material, has been carried out.

e The development of the technological process for converting PCW into solid fuel: fuel pellets.
Accordingly, it was proposed to establish an area for PCW preparation which will involve: PCW sort-
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ing for contamination, wood species, the type of the used construction material, etc.; removal of impu-
rities and various foreign material; removal of plastics, non-ferrous and ferrous metals from both solid
(unchipped) and chipped PCW.

e The following measures should be effectuated: to install a metal detector at the point of entry —
before loading of the chipped material; to fix a suspended magnetic strip over the moving belt convey-
or and mount a magnetic vibrating screen called “moving floor” in the mechanized storehouse.

e To install a scraper conveyor for the purpose of providing a controlled speed of the raw materi-
al feed to the disk separator (gravity segregator) to remove stones, sand and other impurities.

e To install a dynamic segregator which, during the drying process, will separate the dry and fine
fraction form the wet and coarse particles returning the latter to the rotary chipper.

e The chipped and dried PCW chips are to be fed to the cyclone where they settle down due to
the centrifugal force and then are fed via the upgraded screw conveyor to the pellet mill bunker.

e To install inside the bunker a device which will prevent the chips form becoming caked (bridging).

e To upgrade the system of automatic control over the pelletization process by means of micro-
processor-based autoproportioner.

e To upgrade the blender for dry and wet chip with partial control of feed speed depending on the
loading of the engine drive.

e To equip the wood pellets line with control system of temperature conditions for the pelletiza-
tion process as well as with system of the chip moisture control at the point of entry together with a
device for water supply directly into the pellet mill.

e To equip the wood pellet line with a digital moisture content stabilizer at the point of exit since
the pellets after pelletizing have rather a high temperature and low mechanical strength.

e To provide transport of the hot pellets by an elevator (noria) to the cooler ensuring sucktion of
the non-pelletized PCW chip into the cyclone.

e To provide packing of the PCW-containing fuel pellets into bags weighing as much as 15 kg.

Recommendations for fuel pellet production:

1. Developed are operating conditions parameters for fuel pellet production process.

2. Determined is the rational composition of fuel pellets with various PCW contents
for broadleaved — and coniferous species (1:1), as well as composite material (not more
than 50%) with consideration of pressability.

3. According to the developed technology for producing fuel pellets from PCW with
different type ofwood biomass, the following operating conditions parameters for
pelletizing process have been proposed:

e wood particles selected sample — 100%;

e particle moisture before pressing — 12%;

e fractional composition: less than 3.15 mm — > 97%; less than 2.0 mm — > 90%; less than 1.0
mm — > 50%; less than 0.1 mm — < 5%;
chips bulk density — 200-250 kg/m?>;
additives — 0%;
hole diameter — 6-8 mm;
temperature range at pressing — 90-100 °C;
compacting pressure — 50-150 MPa;
distance between the die and rollers — 0.3-0.6 mm;
the ratio of the length of the die channel to its diameter — 3.5.

Additives might be binding agent or extraneous material: wet mass basis quantity
and type (e.g. starch, corn flour, vegetable oil) to be declared.

5 Bulk maximal temperature shall be checked when the pellets leave the final point
of loading for delivery to the end-user. i.e leaving the final storage point or the factory:
exact value must be declared and compared to ambiant temperature of delivery + 5°C

N o o o
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6 EN 14961-2 has ash melting informative (voluntary) and ENPlus DT temperature is requested
and ashing temperature 815 °C. Ash content is determinated at a temperature 550 °C.

7 Fines for domestic pellets "The amount of fines shall be checked when the pellets leave the fi-
nal point of loading for delivery to the end-user. i.e leaving the final storage point or the factory if de-
livering directly to the end-user". The amount of fines leaving the factory gate shall also be < 1% (un-
less there is a different agreement between the producer and their customer).

8 Raw material origin and source of PCW has to be stated according to table 1 in EN 14961-1
and Table 3 of this article (1.3 used wood). Chemically treated wood residues from wood, processing
and the production of panels and furniture (glued, painted, coated, lacquered or otherwise treated
wood, 1.2.1) or used wood (1.3.2, 1.3.3) is included in EN 14961-2, as long as they do not contain
heavy metals or halogenated organic compounds as a result of treatment with wood preservatives or
coating. Chemically treated wood must meet same threshold values as virgin wood.
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TexHoJ10Til BUPOOHUIITBA TA BJACTHBOCTI NAJMBHUX IPAHYJI i3 B/KMBAHOI JIePeBUHHU

Po3paxoBaHo eHepreTHYHMUN MOTEHINAN JIepeBHOI 6GiOMacH — BiAXOJIB AEPEBHHU Ta BXKUBAHOI
nepesunu (BXK/), sxuii cknaB y 2012 p. 6,438 miH. T, 30kpema, BXKJ[ — 2,0 muH. T. OOrpyHTOBaHO,
1110, TIEPETBOPUBILH JaHI PECYpCH y TBEp/i BUIU NaJIMBa, EHEPreTUYHUH noTeHIian 3pocte 3 2,703 1o
3,548 MuH. T y.1., TO0TO Ha 24%. P03p0o0aeHO TEXHONOTII0 Ta YJOCKOHAJIEHO O0JaAHAHHS BUTOTOB-
JIeHHs1 ManuBHUX rpany’d i3 BX/I, sk eHeproeMHoi cupoBUHH. 3apONOHOBAHO PEKUMHI NapaMeTpH
BUTOTOBJICHHS MAJMBHUX TPaHyJl, BU3HAUEHO PAlllOHaJbHUI CKJIaJ TpaHy’d 3 pI3HUM BMICTOM TBEPIUX
Ta M’ KkuX 9acTHHOK BXX][ nmucTsHuX Ta XBOHHUX MOpiA, KOMIO3UTHUX MaTepiaiiB i iH., BUXOIIYH 13
3IaTHOCTI 710 TpecyBaHHs. [IpoBeneHO MOPIBHSAIBHUN aHaji3 BIACTUBOCTEH MAJUBHUX TPaHYI 13 Pi3-
HuM BMicToM BXKJ] 3a TakuMu moOKa3HUKAaMH SIK BOJIOTICTH, 30JbHICTh, MEXaHIYHA MIIHICTh, CTUPAH-
HICTb, TEIJIOTBOPHA 3/1aTHICTh, HACUITHA ITIJIBHICTb.

BucHoBKkH Ta pekoMeHaamil

BucHoBKkHM 10 po00TH B LIJIOMY:

e OOrpyHTOBaHO aKTyaJbHICTh Ta MPOOIEeMHICTh BUuKopucTanus BIXK/] mis BupoOHHUIITBA MaIuB-
HUX FPaHYIL

e CdopmoBaHo, Ha TIACTaBI 1A€H, TiMoTe3, MIIXOIIB Ta 3ac00iB, METYy, 00’ €KT, MpEeaMET Ta 3a-
BIAHHS JOCIIIKEHD;

e [lIpoBeneHo aeranbHUN aHani3 €Bponeiicbkux ctannaprtiB EN, mo 3abe3neuyioTs BUMOTH 110
TBepAOro Oionanupa (MATMBHUX TPaHyJ) B 3aJIEKHOCTI BiJ O6ioMacH, ii MOXOKEeHHS, a TAKOX BH3HA-
Yal0Th OCHOBHI TEXHIYHI XapaKTePUCTUKH, SIKICTh IMaJIMBa Ta CTAHAAPTHI METOIM HOTO BUSHAYCHHS;

e [Ipoanami3zoBaHo cHpoBUHHY 0a3y Oiomacu, B Tomy urcii BXKJ[ mist BUTOTOBICHHS TTATMBHUX
TpaHyIL;

e Ilpoeneno GararodakTopHHil eKCEpHMEHT 3a BUKopucTanHs I1MII-2° ta peanizoBaHo mart-
PUIIIO TUTAHYBaHb 3T1THO METOJMKHU JOCIIIKEHb;

e Jlocmimxeno BmiuB Bmicty BXK/] B nianazoni 0-100 %, Boiorocti cTpykok Ta BMICTY 100aBOK
Ha (Pi3UKO-MEXaHIYHI BIACTUBOCTI MAJMBHUX T'PAaHyJ — BOJIOTICTb, 30JIbHICTh, MEXaHIYHA MIIHICTb,
CTUPaHHICTh, TETUIOTBOPHA 3/IaTHICTh, HACUITHA HTiIJIBHICTb.

e 3xiiicCHEHO MOPIBHAJIBHUN aHaMI3 (PI3UKO-MEXaHIYHUX BJIACTUBOCTEH MAJIMBHUX TPaHyJ 3a BU-
MOTaMU CTaHJAPTIB IS JeCATH MpoO OGioMacu: ABOX — 3 YMCTUX BIIXOJIB JIMCTSHUX Ta XBOWHUX TO-
pin; BocekMu — BXK]] pi3HOTO MOXOKEHHS Ta JPKepes OJepKaHHs B YHCTOMY Ta 3MIIIAaHOMY BHUTJISII,

e VYockoHaJIEHO 00JIafHAHHS ISl BUTOTOBJICHHS MAJTMBHUX Tpanyi i3 BXK/;

e Po3pob6reno TexHomoriunuii mporec 3 miaroroku BXX]I ta ii rpanymtoBaHHs;;

e Po3paxoBaHO cOLiaTbHO-€KOHOMIYHY €()EKTUBHICTH Bijl BIPOBAHKEHHS MPAKTUYHUX PEKOMEH-
JaIii BUTOTOBJICHHS NayMBHUX rpanyi 3 BXK/I.

BucHoBku a0 I[OC.Hi)I)KeHHﬂ:
e 3MinIyBaHHS BiIXOAIB (BKUBAHOI ACPEBUHH) 3 TAKUM MaTepiajioM SIK JepeBHA TUPCA JI03BOJISIE
0JICOYKaHM TPAHYJIM 3 TAKUX CyMIlIel 3 MPUHHATHUM BMICTOM 30111, TOOTO 3%.
e 3MilIyBaHHS BIAXOMIB (BXKMBAHOI AEPEBUHU) 3 TAKMM MaTepiajioM sK JIepeBHA THpCa J03BOJISIE
0JICOXKaHU TPAHYJIH 3 TAKUX CyMIIICH 3 TPUHHATHOI MEXaHIYHOIO MIITHICTIO.
e 3MimIyBaHHS BiJIXO/liB (BKHBAHO1 JIEPEBUHHN) MaTepialiB 3 AEPEBHOIO TUPCOIO 30UIBIIYE MOCTa-
BKM CUPOBHHHOI 0a3u, sika HeoO0Xi/1Ha BUPOOHHIITBA ATMBHUX TPaHYIL.
¢ Binxonu (BXK]]) 6iomaca pedoBuH, 5iKi, B JaHUH 4Yac, € HA 3BAIUIIAX, MOKYTh OYTH BHUKOpPHU-
CTaHi y BUpOOHMIUTBI Tpanyil. Lle 703BONUTh 3HU3UTH HABAaHTAXKEHHS Ha 3BAIMIIIA.
e Taki pedyoBHMHM BiAXOHiB OiomMacH, Ha BIAMIHY BiJI THUPCH, € TOCTYITHUMH 4Yepe3 HU3bKY
c00iBapTiCTh, TOMY BUTpPATH BUPOOHHUIITBA MEJIET OyIyTh HUKIHNMHU.
BuCHOBKM /10 BKMBAHOI IepeBUHM:

e [IpoanamizoBano mxepena nmoxomkeHas BXK/I: TBepai moOyToBi BiAX0au, MyHIIIUIIATbHI Bif-
XOJIH, TOPTiBMs (Tapa, MiAI0HH), OyAiBeNIbHI BiIXOAM, TOCMOAPChKA MisTbHICTh, IepepoOHa IPOMUC-
JIOBICTB Ta 1HIIII;
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e 3niiicieno monitopunr BX/I B VkpaiHni;

e Pospaxosano kinpkicTh BXK]] B Ykpaini, sixa ctanoBuna y 2012 porti 2,0 MiH. T;

e Pospobiieno knacudikarito BXXJ[ 3a crynenem 3a0pyaHeHHs Ta 3a JpKepejaaMu MOXO/KCHHS 3
BiJIMOBIHAUMH KATETOPISIMU Ta KOJIAMU;

e 3’scoBaHO, II0 3alPOIIOHOBAaHA KJIacH(]iKallisl, HA OCHOBI HAWOLIbII XapaKTEpPHUX O3HAK, TTOBHO-
IIHHO Bi0Opa)kae MOXOKEHHS Ta JDKEpena oOJIepyKaHHs TBEPIOro OionaivBa — NaTuBHUX TpaHyi 3 BXK/I;

e JloBeneHo HeoOXimHICTh 3a1cHeHH ineHTUdiKamii BXK][ mis otpumanns iHpopmarrii nmpo ¢i-
3WYHI Ta XIMiYHI BIIACTUBOCTI SIK PeabHOI T0IaTKOBOT OioMacH ISl SIKICHOT MPOJIYKIIii;

e OOGrpynroBano, mo 50 % BX/] (1,0 MaH. T) € npuIaTHOIO I €eHEPreTHYHOTO BUKOPUCTAHHS,
30KpeMa, JIJIsl BATOTOBIICHHS TAJIMBHUX TPAHYI;

BucHoBKM 10 aHAJII3Y BJIACTHBOCTEN MaJMBHUX rpanyJ 3 BAK/I:

e 3anpornoHOBaHO Ha MiJICTaBi po3polieHoi KiIacudikamii TpoBoAUTH AudepeHiamio dionanu-
Ba, 30Kpema nanuBHUX rpany’d 3 BXK/], na ocHoBi moxomkenus BXX]] mis MoXIHUBOCTI MpoBEaEHHS
imenTudikamii 1aHoi MPOAYKIIiT;

e BuzHaueHO rpaHyJIOMETPUYHHMNA CKJIa] 3 BUKOPUCTAHHAM BiOpaliifHOro perera 3 orBopamu 3,15
MM 1 MeHIe. OpakmiiHui CKIaa CTPYXOK Juis pisHuX 1pod BIK]] 3a pe3ymnbratamu eKCIEpUMEHTIB CTa-
HOBHUB: < 3,15 MM — 97,2- 98,1 %; < 2,0 MM — > 90,3-91,4 %; < 1,0 Mmm — > 54,7-62,2 %; < 0,1 MM — < 2,8-
4,3 %, mo Bianoigae umoram cranaptiB EN 15149-2:2010 (JACTY-IT CEN/TS 15149-2:2009);

e Jlocmimxeno BrumuB BMicTy BXK/I, BosorocTi cTpy»oK Ta BMICTy 100aBOK Ha (hi3MKO-MEXaHIIH1
BIIACTMBOCTI ManuBHUX rpany’n 3 BXK]] — BoioricTh, 3071bHICTh, MEXaHIYHA MII[HICTh, CTUPAHHICTD, Te-
IJIOTBOPHA 3/1aTHICTh, HACHUITHA IIUIBHICTb, K1 OYJIM BU3HAYEHI CTAHIAPTHUMHU METOaMHU;

e Bmsnaueno, mo Bmict BX]] B mianazoni 0-100 % B manuBHHX rpaHyiax Beae ceOe OJHAKOBO
IIPU Pi3HOMY BMICTi J0OABKH (B’sDKy40ro). 30kpema, pu BUTpati 100aBKku 1,5 % Ta BOJIOrocTi CTPYykOK
nepes npecyBanHsaM 12 %, 30mbHICTB 3poctae Big 0,43 mo 0,61 % (41,8 %), a Bci iHII TecTOBaHi Mapa-
METPH TPpaHyJl ClaJaloTh: Bosoricts — 3 9,90 no 9,03 % (ua 9,8 %), Mmexaniuna MirHIicTs — 3 97,28 10
96,3 % (na 1,0 %), ctupannicts — 3 0,71 no 0,67 % (Ha 5,6 %), TemnoTBopHa 3aaTHICTH — 3 19,04 10
18,75 MJIx/kr (1a 1,5 %), HacuIHA MiTBHICTE — 3 658,8 10 650 kr/™> (Ha 1,3 %). {1 mepIoro 3MiH-
Horo (aktopy (BmicTy BXKJ]) 3mMiHa BOJIOTOCTI Ta CTUPAHHOCTI MalOTh MMO3UTUBHUN XapakTep, BCl 1HIII
napaMeTpy BiAMOBITAIOTh BUMOTaM JI0 MaJIMBHHUX TPaHyJI HEMPOMHUCIOBOIO BHKOPHCTaHHsS B kiacy.
MexaniuHa MIIHICTh X04 Ma€ 3HaYEHHS MEHIle, HiX 96,5 %, ane miaHATy 1i, y JaHOMY BHUIIAKY, MOX-
JIMBO — HECYTTEBO 30UIBIIMBIIN BMICT 100aBKH a00 3MEHIIMBIIN TTOYaTKOBY BOJIOTICTh YaCTUHOK;

e BcranosneHo, mo st rpanyin i3 BmictoM BXXJ[ 100 % Ta 6e3 mo0aBKHM BOJIOTICTH CTPYKOK
(npu i 3MiH1 Big 8 1o 16 %) mo pi3HOMY BIUIMBA€E HA 3MiHY XapaKTEPUCTUK MAIUBHUX IPaHyI — 3pOC-
TarTh: 30bHICTB Big 0,364 10 0,464 % (Ha 24,7 %), Bosoricth — 3 6,32 m0 10,9 % (Ha 72,5 %); Hacu-
IHa WinbHICTh — 3 630,6 10 649,8 kr/M° (Ha 3 %), a BCi iHIII TecTOBaHi MapaMeTpy IpaHyll CaaloTh:
MexaHiuHa MiHicTh — 3 97,06 10 93,98 % (ua 3,9 %), ctupannicts — 3 0,94 mo 0,86 % (Ha 8,5 %), Te-
IJI0TBOpPHA 31aTHICTE — 3 19,05 1o 17,89 M/Ix/kr (Ha 6,1 %). [nst npyroro 3miHHOTO (pakTopy (BMICTY
BOJIOTH CTPY’KOK) 3MiHa HAaCHITHOI LIUIBHOCTI Ma€ MO3UTUBHUM XapakTtep. Bei iHmi mapameTpu HE0O-
X1IHO KOpETyBaTH IUIIXOM BHCYIIYBAaHHS JIEPEBHUX YACTHHOK Ta JO3YBaHHSM IOBEPXHEBOI BOJOTH
nepe] 3MIITyBaHHAM Ui 3a0e3MeueHHs] BMICTY BOJIOTH Iepes] mpecyBaHHsAM B Mexax 11-13 %, ocki-
JIBKU MEHIIIE 3HAYCHHS 11 MPUBOIUTH 10 30UTBIICHHST €HEPro3aTparT ITiJl YaC BUTOTOBJICHHS TPAHYI;

e BusieneHo, 1o Ha BiaacTuBocTi rpanyin 13 BmictoM BXXJ[ 100 % Ta mo4aTkoBOIO BOJIOTICTIO
cTpyxok 12 % cyrreBo BmmuBae BMIcT q06aBku (0-3 %) — 3pocTarots: 30mbHICTH Big 0,41 mo 0,81 %
(1a 97,5 %), Bomoricth — 3 8,61 10 9,45 % (Ha 9,8 %); mexaniyHa MiHICTH — 3 95,52 o 97,08 % (Ha
1,6 %), TeruioTBOpHA 3MaTHICT — 3 18,47 no 19,03 MJx/kr (Ha 3 %), HacumHA MWTBHICTE — 3 640,2 10
659,8 xr/m> (1a 3,1 %), a cTupannicth cnagae 3 0,9 10 0,44 % (ua 51,2 %). Jlnsg TpeThoro 3MiHHOTO
¢bakTopy (BMiCTY 10OaBKM) 3MiHA HACHUITHOI IIIJIBHOCTI, MEXaHIYHOI MIIIHOCTI, TETNIOTBOPHOI 371aTHOC-
Ti Ta CTUPAHHOCTI Ma€ MO3UTUBHUHN XapakTep. 3pOCTaHHS 30JbHOCTI 3yMOBJICHE THM, 110 B SIKOCTI1 JI0-
0aBKHM BHKOPHCTOBYBABCSl KPOXMallb, KM Mae€ 30JbHICTH 4 %. KpiM Toro, kpoxmanab Ma€ 37aTHICTh
IHTEHCHUBHO TIOTJIMHATH MTOYATKOBY BOJIOTY, IIIO TIPU3BEJIO 10 3POCTAHHS BOJOTOCTI MAJIMBHUX TPaHYII.
Ockinpku crangapt EN 14961-2 no3Boisie 3aiiicHIOBaTH JOOABKH y KUTBKOCTI He Ounbiie 2 %, To, 3a-
Oe3MeynBINY JaHYy BUMOTY, MOXKIIUBO OJICp)KAaTH TMAJIHMBHI TPAHYJIN HEMPOMHCIOBOTO BUKOPHUCTAHHS,

147



110 BiamoBigaroTh B kimacy. Kpim Toro, BukopucTaHHs J00aBOK J03BOJISI€ TPOBOJAUTH TPAHYIIALIIO TIO-
JIpiOHEHOTO MaTepially 3 MEHIITUMHU €HEPTeTUUYHUMH 3aTpaTaMu — IIpH cepenHix Tuckax 20-50 Mlla;

e OpepxaHO aJeKBAaTHI MAaTeMAaTHYHI MOJIEl 3aJIeKHOCTI TMOKAa3HUKIB TMAJIMBHUX TPaHYN Bif
TPbOX 3MiHHUX (pakTopiB: BMicTY BXK/I, BOJIOTOCTI CTpYXKOK Ta BMiCTy J0OaBOK;

e [IpoBeneHO MOPIBHAJIBHMI aHali3 BIacTUBOCTEH manuBHUX Tpanyn 3 BXXJ[ pisnoro moxo-
JOKEHHS 32 TAKWUMH ITOKa3HUKAMU SIK BOJIOTICTh, 30JIbHICTh, MEXaHIYHA MIIHICTh, CTUPAHHICTb, TEIIJIOT-
BOpHA 3/IaTHICTh, HACUITHA IIJTLHICTb.

e BcraHOBIIEHO, II0 30JIbHICTh NEpEBHUINyBajla HOpMaTUBHE 3Ha4YeHHA (3 %) y TphoxX mpobax 3
JIECSTH, 1110 MOXKJIIMBO 3yMOBIIeHO 3a0pyanenHsM BXK/[ rpynTomM abo mickom; 3a0pyJHEHHSM B MIpoIe-
Cl BUKOPHCTaHHS, 30€piraHHs, TPAHCIIOPTYBAHHS; HASBHICTIO 200 MiIBUIIICHUM BMICTOM KOPH; HasIBHI-
CTIO a00 MiJBUIIEHUM BMICTOM HEOpPraHIYHMX a00 OpraHiuHUX J00aBOK; XIMIYHUM OOpOOJIEHHSIM
(KOHCEpBYBaHHSAM, MPOCOYYBAHHIM, MOAU(DIKYBaHHSM); HAsBHICTIO JlakodapOoBUX martepiaiiB (JIaK,
¢apba, emainp) Ta iHIIE;

e 3’sCOBaHO, UMM MEHIIIE 30U B AIMBHUX TPaHy/IaX, THM BHIIA X TEIUIOTBOPHA 3JaTHICTH;

e BusHaueHo, 110 MEXaHiuYHA MIIHICTh y IT'TH Npobdax Oyia HMKYOI0 32 HOPMATUBHE 3HAYCHHS
96,5 %, mo oOrpyHTOBYEThCS BIKOBOIO XapakTepuctukoro BXK/I; mopoaHuMm ckianom; 3MEHIIEHUM
BMICTOM JirHiHy y neskux BXK/I, HasBHICTIO 200 MiJBUIIEHUM BMICTOM KOPH; OLIBIIOI MOYAaTKOBOIO
BOJIOTICTIO YaCTHHOK; (PPAKIIHHUM CKJIAJIOM CTPYXKOK; TEMIIEPATYPOIO CTPYKOK;

e BcranosieHo, 1o 30UIbITyBaTH MEXaHIYHY MIIHICTH Tpanyn 3 BX]I, sk ocHOBHOTO 00MEXYy-
1090r0 (hakToOpy, MOKIMBO 3MEHIIYIOYHM TOYAaTKOBY BOJIOTICTh YAaCTHHOK (3pPOCTalOTh €HEpro3arparu
Ha IIpecyBaHH), 1oAar04uu 100aBKH 10 2 % (3a 3ro/I010 CII0KUBAYiB);

e 3’scoBano, mo BXK]] 3a cBoiMu XapakTepuCTHKaMHU HE MOCTYIMAEThCS 1HIIIHN AepeBHil Oiomaci i
MOKe OyTH BUKOPUCTAHHS JJIsl OIep>KaHHS TBEpAOTo OlomaanBa — MajJUBHUX TPAHYI;

e JloBeneno, mo nanuBHi rpanynu 3 BXK]] Binnosinatots BuMoram cranaapty EN14961-2:2011
115 Tpanyn B kiacy.

BucHoBKM 17151 po3B’si3aHHA COLiAIbHO-eKOHOMIYHMX MPO0JieM:

o BCTAHOBJICHO, II0 BIPOBA/PKEHHS PO3p0o00K 3 Bukopuctanus BXX]] mist BupoOHMIITBA TTaIMB-
HUX TpaHyJ JO3BOJIUTH MiJBUIIUTA €KOHOMIYHY €(DEKTUBHICTh X BUTOTOBJICHHS, a TAKOXX 3HAYHO 3a-
OLIA/INTH TIEPBUHHI CUPOBHHHI JIEPEBHI PECYpCH;

e  Jj0CTiDKeHO, monaauBHi rpanyau 3 BX]/] € edextuBHUM mamBoM Juis ONaneHHs MpUMIIeHb, OCKi-
JIBKY MAIOTh OUTBIITY TETJIOTBOPHY 3/1aTHICTb, T[] Yac 30epiraHHs BUMAraroTh HEBEJIMKOI IJIOI, € 3pYIHUMH
JUTS TIEPEMITIICHHS B aBTOMAaTHYHUX CUCTEMAaX CIATIOBAHHS, Ta HE MiIAFOTHCS CAMO3aIaTFOBAHHIO, OCKLTBKI
HE MICTATH MTUITY, a TAKOXK PEUOBHUH, SIKI MOYKYTh BUKIIMKATH aJICPTiiHY PEaKIIiio B JIIOJICH;

®  330MIA/UKCHHS KOILUTIB BEIUYE3HE, a/DKE ISl BUTOTOBJICHHS TaKUX TPaHysl BHKOPHUCTOBYIOTH
BXK/1. BupoOHHIITBO TaKuX JEpEeBHUX IpaHys BiOyBaeThcs 6€3 )KOIHUX XIMIYHUX J100aBOK i BHCO-
KHM THCKOM. A CITalIOBaHHS 1X y KOTEJIBHIX HE IMKOJIUTH JIOBKULIIO, 00 HaBITh KIJTBKICTh 30JU B KOT-
Jax € He3Ha4yHolo. IcHye I ynMMaro iHmmMx nepesar. Hanpukia, eHeproeMHICTh Kiorpamy JAepeBHUX
rpany’ i 0,5 mitpa Au3maauBa — OJHAKOBA,

o po3paxoBaHo, 1mo B Ykpaini y 2012 p. yrBopunocs 2 miH. T BX]I, 3 eHepreTHUHUM MOTEHITIa-
aom 0,936 miH. T y.ao. (27,442 [1Ix abo 7,623 mapa. kBr-ron). IleperBopuBimm yreopeny BXX/] 3a
2012 p. y manuBo 3a posnoainiom 50 % Tpicka, 25 % nanuBHi rpanynu ta 25 % nanuBHi OpUKETH MO-
JKJIMBO 301BIIUTH €HepreTHYHUH noreHian 10 1,024 muH. T y.o. , To6to Ha 9 %;

®  POpaxoBaHO, 110, MAIOYU 3HAYHUN €HEPreTUYHMUI MOTeHIian (0e3 BpaxyBaHHs JPOB) 3 BiIXO-
niB nepesuan ta BX] 3a 2012 p. y kigpkocti 6,438 muH. T (2,703 MuH. T y.. a6o 79,4 T1[x a6o
22,056 mupa. kB1-rox), MOXKINBO HOTO 301IBIINTH, IEPETBOPUBIIH JIaHI PECYpCH B EHEPreTUYHI BUIU
nanuBa. Pe3ynpTaTi po3paxyHKy CBiI4aTh, 110 3pOCTAHHSI MOXKE CTaHOBUTH 24 %, TOOTO eHepreTHYHI
MOKA3HUKH 3pOCTYTh 1 OyayTh CTaHOBUTH: 3,548 mMuH. T y.1. ab6o 104,00 I1/Ix a6o 28,889 mupx. kBt-
roa. [Ipu BupoOHUIITBI piuHOi enekTpoeHeprii B Ykpaini y 2012 p. y kinbkocti 198 mupa. kBt-rox, e
cknano 6 14,6 %, abo 19,2 % Bix piuHOTO CIIOKUBAHHS.

Pexomenaaitii 10 CHpOBUHH:

1. 3miiicatoBatu copryBanHs BXX]l 3a po3poOiiennMu KaTeropismMu (CTymeHsSIMU 3a0pyIHECHHS):
BXXI-1 — npupoana Ta TiIbKM MeXaHIYHO 00po0JieHa 1epeBHHA 3 HE3HAUHUMU 3a0pyIHEHHSIMH HaTY-
panpHUMH 3B’si3KaMu (TlapadiH, 1Eepe3nH, MeTPoIaTyM, BICK, MACTHIIO Ta 1H.), @ TAKOXK JIEPEBUHA Bij
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cruxiitaux karakiizmi; BXK/I[-II — oO6pobiiena nepeBuHa Ta JepeBHI MaTepianud 06e3 peyOBUH 3aXUCTY
JEPEBUHU Ta 0€3 rajJoreHoopraHiyHux 3B’ s13KiB y TokpuTTsax; BXKJI-1II — o6pobnena nepeBuna Ta je-
peBHI Marepianu 0e3 peuOBUH 3aXUCTY JCPEBUHH Ta 3 TaJIOT€HOOPTaHIYHIUMH 3B’ SI3KaMU Y TOKPUTTSIX;
BXJI-1V — nepeBuna ta nepeBH1 MaTepiaim, siki 00po0JIeHI pe4OBUHAMU 3aXHUCTY;

2. Hnsa xareropiii BXKJI-III Ta BX/-IV geransHO mocmimpkyBaTu CKIaa Ta MaTepial 3a0pyaHIO-
BauiB BX], 30kpemMa, Ha HasBHICTh PEUOBHH 3aXWCTY JCPEBUHM: aHTHUIIPEHIB, aHTUCENTUKIB, 1HCEK-
TULUAIB, QYHTIIUAIB, O10IH/1iB, KOMIUIEKCHUX MpErapaTiB Ta iH.

3. He oGmikoByBatu 6ionanusHi cymimii 3 BXK][ pi3HOTO MOXOKEHHS Ta CKIIaMy I BUPOOHHUIIT-
Ba MAJMBHUX T'PaHyJ IS MOOYTOBUX MOTPEO, AKIIO BOHU MICTATH TAJIOTEHOOPTaHIuHI CIIOJNYKH Ta Ba-
KK1 MeTaiH, siKi OyJu 3aisiHI U1 3aXUCTy (KOHCEpPBYBAHHS ) IEPBUHHOI IEPEBUHH;

4. KnacudikyBatu OionanuBHy cymint 3 BXX]I, ska ckimamaeTbest 0fHOYACHO 13 XIMIYHO 00po0IIe-
HO{ 1 XIMiYHO HEOOpOOJICHOT IEPEBUHH, K XIMIYHO 00pOOIIeHY;

5. He momyckaTtu aJis BUpOOHUIITBA NTAJTUBHUX Tpany rHuinoi BXK/I.

6. IlepeBipsatu O6ionanuBhy cymim 3 BX/I, sxa micTuTh XiMiuHO 00poOieHuil MaTepial, Ha BMICT
HeOEe3MEeYHNX CKIJIAJIHUKIB, sKI MICTATHh modjixiopoBaHi Oideninm (I1XB), momixiaoposaHi TepdheHiTn
(ITXT), momibpomonani 6ideninu (I1bb) konnenrtparmiero 50 mr/kr i Oinmbiie, a Takox (pakuii
Kam’STHOBYT1JILHOT CMOJIH, SIK1 MICTSTh OeH3(a)ImipeH Ta HOTro CHOJYKH OLTbIIIE HOPMH Ta IMOPIBHIOBATH
3 JOMYCTUMUMH HOPMATUBHUMH 3HAUECHHSIMHU.

7. TlpoBoawTm aHami3 XIMIYHO 3a0pyaHEHO! JEPEBMHUW HA HASIBHICTh XIMIYHHMX €JIEMEHTIB
(Mumn’ K, KaaMii, Mijib, pTyTh, CBUHEIIb, CIPKa, a30T, XJIOP, IIMHK Ta iH.) Ta X CMOJYK Y BiMOBIAHOCTI
710 METOiB 3a3HaueHux y ctagaaprax EN 15289:2011 ta EN 15297:2011;

Pexomenaamnii 10 niaroroBku (0YMIEHHN) CHPOBUHU

8. 3a masBHOCTI Y BX]] mKigmuBUX €IEeMEHTIB Ta iX CHOJIYK OLIbIIE HOPMH HEOOXITHO TIPOBOIU-
TH TepMO-XiMmiuHe ounnieHHs npu Temmneparypi 100-130 °C abo crnanroBaTH B KOTEJIBHUX YCTaHOBKaX
noTyxkHicTio 6inbme 100 kBT;

9. OOrpyHToBaHoO criocodu Ta Metoau ouuiieHHs BXK/] Bix pi3HUX JOMIIIOK;

10. [IpupatHy [UIsl BUTOTOBJICHHS ManuBHUX rpanyn BXX][ HeoOXigHO OYMIATH OIHUM i3 CIIO-
co0iB: moBepxHeBUM (111 MmacuBHOI BXK][) — MmonmepHizoBaHMMHU BepcTaTamu (IIITKOBUM, (hpE3epHUM,
roJIKo (pe3epHuM, HUTiPyBaIbHUM, MICKOCTPYWHUM, METIOCTKOBHM); BHYTPIIIHIM (7151 1OApiOHEHOT
BXX]JI) — ycrarkyBaHHsSM (MOBITPSIHHUIA cenapatop, BiOpariiHuii ¢inep, MOBITPSIHUN OYHUIIYBad, Mar-
HITHA CTPiYKa, METAJIOIETEKTOP, AMHAMIYHE PEIIETO);

11. JInst 3MeHIIeHHs 30/1bHOCTI MaJMBHUX rpanyid 3 BXK]] HeoOximHo ounmaTu ii Big rpyHTYy abo
MICKY; YHHKATH 3a0pyAHEHHS B Ipoleci BUKOPUCTaHHSA, 30epiraHHs, TPAHCIIOPTYBAHHS; OYUINATH Ta
3MEHIITYBaTH BMICT KOPH; HE JIOMyCKATH MOMaJaHHs y TexHoyoriyaui mpouec BX]] i3 BMmicTom Heop-
raHiyHUX a0o OpraHiyHMX 100aBOK; XIMIYHO 3a0pyAHEHOi AEPEeBHHH, Y TOMY YHCHTI JakodapOoBUX
MarepianiB (Jiak, ¢papOa, eMass) Ta iHIIe,

12. Bxxuani komno3uttiitai marepianu (JCII, OCh, MI® Ta iHmri) noBHHHI OyTH OYHIIEHHI Bif
nomBiHUTXJIOpUAHKEX 1iBOK ([IBX), macTuka, mamiHary i, TOMi, MOXYTh OyTH BUKOPUCTaH1 y BUPOO-
HUITBI TAJIMBHUX TPaHYJ, SIK CHPOBHHA 3 BUCOKOIO TEIIOTBOPHOIO 3/IaTHICTIO;

PexoMeHnaairii 10 TeXHOJIOTIYHOT 0 MIPoOLIECY

13. Y 1ockOHaNEHO iICHYI0UY TEXHOJIOTiI0 BUPOOHMIITBA NAJIMBHUX TPAHYJ, SIKa BUKOPHCTOBYE Tpa-
IMIIIHY IEPBUHHY JIEPEBHY CUPOBHUHY;

14. Po3po6neHo TexHoJoTriuHMiA mporiec nepetBopenHs BXX]] y TBepae manuBo — majauBHI rpaHy-
7U. 3amporoOHOBAHO y HOBIM TEXHOJOTI] 3ampoBaANTH AUTBHUII0 3 miarotoBku BXK], ska Bkitouae
COpPTYBaHHSA 3a 3a0pyIHEHHsIM, 3a MOPOJIOI0, 32 KOHCTPYKI[IMHUMH MaTepiajlaMy Ta 1HIIE, OYUIICHHS
BiJl IOMIIIKIB Ta Pi3HOMAaHITHUX BKIIOYEHb; BUIYYEHHS IUIACTMACH, KOJHOPOBUX TA YOPHUX METAJIB
SIK 3 MAaCHBHOI, TaK 1 3 moapioHenoi BXK/I;

15. BcTaHOBUTH Y TEXHOJIOTIYHOMY IPOLIEC] JETEKTOP-METAIONIYKay Ha TIOYaTKOBOMY €Tarli — Iie-
pel 3aBaHTaKEHHSM IMOJAPIOHEHOI CHPOBUHU; 3aKPIMHUTH IMABICHY MiJMarHideHy CTpPIiUKy HaJa pPyXo-
MHUM CTPIYKOBHM TPAaHCIOPTEp Ta BMOHTYBATH MarHiTHHH MpOCitoBayd-BiOpaTop mij Ha3BOIO «pyxoma
TiJIJIOTa» Ha MEXaH130BaHOMY CKJIa/Ii;

16. 3a0e3neunT CKpeOKOBUM TPAHCHOPTEPOM pErylbOBaHY MIBUAKICTh MOJadi CHPOBHHHU JI0
JMCKOBOTO cerapaTtopa (TpaBiTallifHOro po3AUIIoBava) jIsl SIKICHOTO BiAUICHHS BiJl KAMEHIB, MICKY Ta
IHIITUX JOMIIIOK;
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17. BcTaHOBUTH TUHAMIYHHMNA PO3JIUTIOBAY, SIKHM B MPOLIEC] CYIIIHHS PO3JUIA€E CyXy 1 ApiOHY ppak-
1110 BiJ] BOJIOTHX Ta BETUKHUX YACTHHOK, TTOBEPTAIOYH X JJO pOTOpa-TMOaApiOHIOBaYa;

18. Iloapibueny Ta BucymeHy cTpyxky BXX/] momaBatu B ocajoBHil IIUKJIIOH, B SIKOMY BOHa 3a
pPaxyHOK BIJILIGHTPOBOI CUJIM OCIJIa€ Ha JIHO, 1, 3aBIIIKH MOJIEPHI30BAaHOMY ITHEKOBOMY TpPaHCIOPTEPY,
IiABO3UTH 10 OyHKEpa IpaHysIsTopa;

19. BctanoBuTtn y cepeauHi OyHKepa TpaHyJISITOpa MPHUCTPIA, SIKAWA TMEPENIKOKAE 3JICKYBAHHIO
CTPYXKKH;

20. MonaepHi3yBaTH CHCTEMY aBTOMATHYHOTO KEPYBAHHS MPOIIECOM IPaHyJIIOBAHHS 3a JJOTIOMOTOI0
aBTOMATH30BAHOTO J103aTOPA 13 MIKPOIPOIIECOPHUM KEPYBAHHSIM;

21. MopaepHizyBaTu 3MilTyBad CyXxoi Ta BOJIOTOI CTPY>KKH 13 YaCTKOBUM PETYJIFOBAHHSM IIBUAKOCTI
M0/1a4i 3aJICKHO BiJl 3aBaHTAXKEHOCTI MIPUBOJY IBUTYHA;

22. BcranoButu B o0siamHanHs JdiHii nepepobisenns BXK][ Ha rpaHynu cucteMy KOHTPOJIIO TEMITe-
paTypHOTO peXMMY TPaHYJIIOBAHHS Ta CUCTEMHU PETYJIOBAHHS BOJIOTOCTI CTPYKKHM Ha BXOJII 3 MpH-
CTPOEM TT0/1a4i BOJM OE3MOCEPETHBO B TPAHYJISATOD;

23.3anpoBauTy y BUPOOHUYMH mporec IU(poBHii cTabiizaTop BOJOTH Ha BUXOMl, OCKUIBKH
TpaHyJIH, sIKi BUXOSATh 3 MaTPHIll, MAIOTh BUCOKY TEMIIEPATYPy Ta HEMIIIHI;

24.3a0e3neuuT TPAHCIIOPTYBAHHS rapayux TpaHysl BEPTHKAIBHUM TPAHCHOPTEPOM — HOPIEIO B
OXOJIOJIKYIOUY KOJIOHKY, 3a0€3Meuy0uH BiICMOKTYBaHHS HE3paHy/IboBaHO1 cTpykku BIXK/] B 1iukiion;

25. 3nilicHioBaTH 103yBaHHS NaMMBHUX rpanyn 3 BXK/] y mimku Baroto 15 kr.

PexomeHnaairii 10 BUTOTOBJICHHSI MAJUBHUX IPaAHYJI

1. Po3po06ieHo pexxrMHi TapaMeTpy BUTOTOBJICHHS TAJTMBHUX TPaHY!I,

2. BwuszHaueHO pallioHaNbHUH CKIa] TpaHy 3 pisHUM BMicToM BXK/] mucTsHUX Ta XBOWHHUX MOpPiA
(1:1), xomno3uTHUX MaTepiaiiB (He Oubiie 50 %), BUXOASUYH 13 3aTHOCTI A0 IPECYBAHHSI.

3. VY BiANOBIAHOCTI 10 pO3p00IIEHOT TEXHOMOTIT 111 BUTOTOBJICHHS MaNIMBHUX rpany’ i3 PCW 3 piz-
HOI JiepeBHOi 0ioMacH 3alpONOHOBAHO HACTYITHI PEKHUMHI TTapaMeTpHu TPOIIeCY TPaHYIIIOBAHHS: JIEPEBHI
qacTUHKM BUOpaHoi npodu — 100 %; BOJOTiCTh YaCTMHOK meped npecyBaHHAIM — 12 %; ¢pakiiiHumii
ckiam: < 3,15 MM —> 97 %; < 2,0 MM — > 90 %; < 1,0 MM — > 50 %; < 0,1 MM — < 5 %; HacHIIHA IIIJILHICTh
cTpykok — 200-250 kr/m>; mo6aBku — 0 %; JiamMeTp OTBOPIB — 6 MM; iama3oH TeMIepaTypH HPeCyBaHHs —
90-100 °C; Tuck mpecyBaHHs (B PEry/sATOPl JO3y MK Marpuieto ta poaukamu) —10-150 MlIla; Bimnams
MK MaTpHLero Ta porkaMu — 0,3 MM; CITIBBITHOILICHHS JJOBKWHM KaHAITy MaTpuIli 10 i Jiamerpa — 3,5.

4. JlobGaBKM MOXYTh OyTH y BHUTJISAI B SKydoro a00 HaloOBHIOBava: THN (HAMPHUKIIAM, KPOXMalb,
KyKypyI3siHa MyKa, OJIisl) Ta KUIbKICTh 10 OCHOBHOI MacH IrpaHyJI IOBUHHI OyTH 3a/1€KJIapOBaHi.

5. 3arajpHa MakcHMMallbHa TEMIIEpaTypa TpaHysl MOBHHHA OyTH TepeBipeHa, KoM BOHM 3ajIHIa-
I0Th KiHIIEBY TOYKY BiJBAaHTa)KEHHS JIJIsl JOCTABKH KIHIIEBOMY KOPUCTYBaueBi, TOOTO 3aUIIMUBIIU KiH-
IIEBUI MYHKT 30€piraHHs 4u 3aBony, Mae OyTu 3adikcoBaHa TOYHA TeMIlepaTypa y BIAMOBIAHOCTI 10
ymoB aoctaBku (+5°C).

6. VY BianmoBigHocTi 10 crangapty EN 14961-2 BupoOHMK MOBHHEH HaJaBaTH iH(OPMAIIIIO 100
TEeMITepaTypH TUIABJICHHS 30J1M JOOPOBUIBHO, a 3a crangaptoM ENplus DT TemnepaTtypa Mae craHoBH-
i 815°C. 30mpHICTH HEOOXIIHO BU3HAYATH 3a Temnepatypu S50°C.

7. CTUpaHHICTH ISl TPaHYJI, sIKI BAKOPUCTOBYIOTHCS ¥ JOMAIIIHIX YMOBaX, HEOOXITHO TIEPEBIPATH
KOJIM TPaHy/IM 3aJIMIIAIOTh KIHIEBY TOUKY BIABAHTAXECHHS JUIA JOCTaBKM KIHIIEBOMY KOPHCTYBAudeBi,
TOOTO KOJIM BOHM 3QJIMIIAIOTH KIHIIEBHM IMYHKT 30€piraHHs 4 3aBOAY. 3arajbHa CTHPAHHICTH TPaHyJI
miciis 3aBojly MOBUHHA OyTH < 1% (K10 HEMaE 1HIIOT YyroIu Mi>K BUPOOHUKOM 1 KIIIEHTOM).

8. TloxomxenHs cupoBuHH 1 mKepen BXX]] moBuHHO OyTH BKazaHo y BimmoBimHocTi 3 Tadbm. 1 (EN
14961-1) 1 Tabm. 3 wmiei crarti (1.3 — BXK/). XimiuHo o0poGiieHa nepeBrHa, sSika yTBOPIOETHCS IMiJ] 4ac 00-
poOJIeHHS IEpEeBUHH Ta BUPOOHUIITBI TUTUT 1 MeOJIiB (CKiIeeHa, modapOoBaHa, TOKPUTA IUTIBKaMH, JIAKOBa-
Ha a0o IHIIMM YHHOM 00pobieHa aepeBuHa, 1.2.1) abo BXK/] (1.3.2, 1.3.3) y BignosigaocTi 10 EN 14961-
2, MOX€ BUKOPHCTOBYBAaTUCh Y BUPOOHHIITBI MAJIMBHUX TpaHYJ, SKIIO BOHA HE MICTATh BAKKUX METAJIIB
a00 TaJIOTeHOOPraHiYHUX CIIONYK, YTBOPEHHUX B Pe3yJIbTaTi 0OpOOKH JAEepeBHHU a00 y MOKpUTTIX. OOMe-
YKEHHS JUTs1 XIMIYHO 0OpOOJICHOT IEpEBUHU € OJJHAKOBUMHU, 110 ¥ JIJIs1 IEPBUHHOT IEPEBUHHU.

KarwouoBi cioBa: BxuBaHa JepeBHHa, OioMaca, eHEpPreTUYHUNA MOTEHIial, NaJWBHI TPaHyIH,
TEXHOJIOT1s1, BJIACTHBOCTI TPaHyJI, COI10-€KOHOMIUYHA €(DEKTUBHICTb.
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