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QUALITY AND SPECIFICATION OF SOLID BIOFUELS IN EURO PE
Summary

Ukraine has rather big potential of biomass available for energy production. Biomass (excluding the share that is used by
other sectors of economy) can cover up to 9% of the total primary energy demand. Technologies of biomass utilization are
mostly at the beginning of their development in Ukraine, but they have good prospects for commercialization in the near
future.

The quality classification is interesting for both small and big consumers. The quality classification is focused to the most
important commercial biofuels as briquettes, pellets, wood chips, crushed wooden fuel, wooden logs, sawdust, bark, straw
bales. That classification is flexible and thus manufacturer or customer can choose any properties class corresponding with
produced or required fuel quality. That free classification does not bind mutually different properties of individual fuels. Its
advantage is in fact that manufacturer and customer can agree with a certain characteristics for each simple case. In the
paper are presented European examples of specification of properties for briquettes, pellets, straw bales and for classes of
high-quality solid biofuels for household. Development of bioenergy technologies would reduce Ukraine dependence on im-
ported energy carriers, enhance its energy security at the expense of organizing energy supply based on local renewable
sources, create a lot of new jobs (mostly in rural area), contribute greatly to the improvement of ecological situation.

Introduction embedded in geological formations and transformefts-
sil belong:

Total energy potential of biomass in Ukraine isi-es - products from agriculture and forestry,
mated as 9% of the total primary energy consumpfldi'e - vegetable waste from agriculture and forestry,
most promising technologies are direct combustibhio- - vegetable waste from the food processing industry,
mass for heat production, production of biogas froa -
nure on large farms, extraction and utilizationlarfdfill
gas, co-combustion of biomass and fossil fuel fower
production. Technologies of direct combustion ofodp
first of all for heat and process steam producti@guire
prior development in Ukraine. It is due to rathewlelec- -
tricity price existing in Ukraine (0.03 $/kWh) atide same -
time quite high heat and fuel price. Implementatimih
small-scale power plants and CHP plants operatingotid
biomass (wood, straw and husk) will be profitableléctric-
ity price rises significantly or in the case of sigies. Heat
production from biomass is profitable now even Wit use
of foreign equipment. Besides, Ukraine has oppdstuio
launch its own production of wood and straw fireddss. The classification is based on the biofuel origind

Techno]ogies of straw combustion are very prorgisin source. In the hierarchical classification SySteTere 1)
for Ukraine as well. To implement them widely itrieces- the main origin-based solid biofuel groups are [5]:
sary to solve a number of problems connected with a® Wwoody biomass;
rangements on collection, baling, transportatioth storage * herbaceous biomass;
of straw. First of all 0.1-1 MW farm and neighbagating < fruit biomass;

metals as a result of treatment with wood presasmst
or coating, and which includes in particular suatod

waste from construction- and demolition waste,

cork waste,

fibrous vegetable waste from virgin pulp productard

incinerated at the place of production and heaegsad
is recovered.

Classification of origin and sources of solid biofals

boilers for implementation at agricultural entesps has
the best prospects. After demonstration of thewraathges
large-scale district heating plants also have ggmubrtuni-
ties for commercialization. As for 1-10 MMbiomass-
based CHP plants, we restrict their position in ¢hacep-

» blends and mixtures.

Woody biomass is biomass from trees, bushes
shrubs. Herbaceous biomass is from plants that aanan-
woody stem and which die back at the end of thevig
season. Fruit biomass is the biomass from the pmdrts

tion of bioenergy development in Ukraine only byotw plant which hold seeds. The term “Blends and mesuin
demonstrational plants (one wood-based and onev-straTable 1 refers to material of various origin withire given

based) until electricity price rises greatly.

The basic aim of specification of solid biofuelassifi-
cation is to promote the trade of biofuels, so that cus-
tomer and the seller can unanimously define thditgJa,
2, 3]. Solid biofuels are fuel produced directlyindirectly

box in the classification table and appears on feuels.
Blends are intentionally mixed biofuels, whereaxtares
are unintentionally mixed biofuels. The origin diet mix-
ture or blend has to be described using Table solifl bio-
fuel blend or mixture may contain chemically trebteate-

from biomass. Among basic biomass resources whieh arial it has to be stated. A blend or a mixture af. €hemi-

defined as a material of biological origin excluglimaterial
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cally treated wood and chemically untreated woaglthébe
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wood waste, with the exception of wood waste which
may contain halogenated organic compounds or heavy

from production of paper from pulp, if it is co-

and



classified as chemically treated wood. Groups in Table 1 are further divided into thirdda
The second level of classification in Table 1 dibss fourth level sub-groups.

fuels from different sources within the main groumpsmar- The purpose of Table 1 is to allow the possibiidydif-
ily stating whether the biomass is a by-producasesidue ferentiate and specify biofuel material based agimwith
from the industry or if it is virgin material. as much detail as needed.

Table 1. Classification of origin and sources ditsbiofuels [5]

1. Woody 1.1 Forest and planta- 1.1.1 Whole trees 1.1.1.1 Deciduous
biomass tion 1.1.1.2 Coniferous
wood 1.1.1.3 Short rotation coppice

1.1.1.4 Bushes

1.1.1.5 Blends and mixtures

1.1.2 Stemwood 1.1.2.1 Deciduous

1.1.2.2 Coniferous

1.1.2.3 Blends and mixtures

1.1.3 Logging residues 1.1.3.1 Fresh/Green (including
leaves/needles)

1.1.3.2 Stored

1.1.3.3 Blends and mixtures

1.1.4 Stumps 1.1.4.1 Deciduous

1.1.4.2 Coniferous

1.1.4.3 Short rotation coppice

1.1.4.4 Bushes

1.1.4.5 Blends and mixtures

1.1.5 Bark (from forestry operations)

1.1.6 Landscape management woody biomass

1.2 Wood processing| 1.2.1 Chemically untreated 1.2.1.1 Without bark

industry, wood 1.2.1.2 With bark
by-products and residues 1.2.1.3 Bark (from industry opera-
residues tions)

1.2.1.4 Blends and mixtures
1.2.2 Chemically treated wood 1.2.2.1 Without bark
residues 1.2.2.2 With bark
1.2.2.3 Bark (from industry opera-
tions)
1.2.2.4 Blends and mixtures
1.2.3 Fibrous waste from the | 1.2.3.1 Chemically untreated fibrous

pulp and paper industry waste
1.2.3.2 Chemically treated fibrous
waste
1.3 Used wood 1.3.1 Chemically untreated 1.3.1.1 Without bark
wood 1.3.1.2 Bark

1.3.1.3 Blends and mixtures
1.3.2 Chemically treated wood 1.3.2.1 Without bark

1.3.2.2 Bark

1.3.2.3 Blends and mixtures

1.4 Blends and mixtures

2.Herbaceous| 2.1 Agriculture and | 2.1.1 Cereal crops 2.1.1.1 Whole plant
biomass Horticulture herb 2.1.1.2 Straw parts

2.1.1.3 Grains or seeds

2.1.1.4 Husks or shells

2.1.1.5 Blends and mixtures

2.1.2 Grasses 2.1.2.1 Whole plant

2.1.2.2 Straw parts

2.1.2.3 Seeds

2.1.2.4 Shells

2.1.2.5 Blends and mixtures

2.1.3 Oil seed crops 2.1.3.1 Whole plant

2.1.3.2 Stalks and leaves

2.1.3.3 Seeds
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Table 1 ¢ontinued)

2.1.3.4 Husks or shells
2.1.3.5 Blends and mixtures
2.1.4 Root crops 2.1.4.1 Whole plant

2.1.4.2 Stalks and leaves
2.1.4.3 Root

2.1.4.4 Blends and mixtures
2.1.5 Legume crops 2.1.5.1 Whole plant

2.1.5.2 Stalks and leaves
2.1.5.3 Fruit

2.1.5.4 Pods

2.1.5.5 Blends and mixtures
2.1.6 Flowers 2.1.6.1 Whole plant

2.1.6.2 Stalks and leaves
2.1.6.3 Seeds

2.1.6.4 Blends and mixtures
2.1.7 Landscape management herbaceous biomass

2.2 Herb processing | 2.2.1 Chemically untreated 2.2.1.1 Cereal crops and grasses

industry, herb 2.2.1.2 Oil seed crops
by-products and residues 2.2.1.3 Root crops
residues 2.2.1.4 Legume crops and flowers

2.2.1.5 Blends and mixtures

2.2.2 Chemically treated herb| 2.2.2.1 Cereal crops and grasses
residues 2.2.2.2 Oil seed crops

2.2.2.3 Root crops

2.2.2.4 Legume crops and flowers

2.2.2.5 Blends and mixtures

2.3 Blends and mixtures

Specification of solid biofuels based on traded fons
and properties

Solid biofuels are traded in many different sizesl
shapes. The size and shape influence the handfiriigeo
fuel as well as its combustion properties. Biofuslay be
delivered for example in the forms shown in Tahle 2

At the standardized symbols:

d dry (dry basis),

dafdry, ash-free,

ar as received,

A designation for ash content (w-%, dry basis),

o density [kg/m],

BDdesignation for bulk density,

DE designation for particle density as receiveddkj],

D designation for diameter,

DU designation for mechanical durability,

E. energy density as received [MWH/nose, solid or
stacked volume (amount of energy/volume unit)],

E designation for energy density as received [kWhim
kWh/kg, unit is to be stated in brackets],

F designation for amount of fines (< 3,15 mm, w-%),

L designation for length,

Mg total moisture content as received [w-%] on wedifia

M designation for moisture content as received,

P designation for particle size distribution,

Ov.gr gross calorific value [MJ/kg] at constant volume,

Opnet  Net calorific value [MJ/kg] at constant pressure.

Fig. 1. Examples of various forms of solid biofuels

Examples of various forms and differences of sbl@  Fig. 2. Difference between wood chips (left) andstred
fuels present Fig. 1 and 2. wood fuel (right) [5]
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Table 2. Major traded

forms of solid biofuels [5]

Fuel name Typical particle size Common preparatioomethod
Briquettes @ > 25 mm Mechanical compression
Pellets @ <25 mm Mechanical compression
Fuel powder <1mm Milling
Sawdust 1 mmto5 mm Cutting with sharp tools
Wood chips 5 mm to 100 mm Cutting with sharp tools
Hog fuel Varying Crushing with blunt tools
Logs 100 mm to 1000 mm| Cutting with sharp tools
Whole wood > 500 mm Cutting with sharp tools
Small straw bales 01m Compressed and bound to squares
Big straw bales 3,7m Compressed and bound to squares
Round straw bales 2,1 Compressed and bound to cylinders
Bundle Varying Lengthways oriented & bound
Bark Varying Debarking residue from trees Can lredthed or un-
shredded
Chopped straw 10 mm to 200 mm Chopped during htnges
Grain or seed Varying No preparation or drying
Shells and fruit stones 5 mmto 15 mm No prepanatio
Fibre cake Varying Prepared from fibrous waste éyatering

NOTE: Also other forms may be used.

Presents on example of the specification of pitigsefor briquettes Table 3, pellets Table 4, stbaes Table 5.

Table 3. Specification of properties for briqueffels

Master table

Origin: Woody biomass (1)

According to Table 1 Herbaceous biomass (2)

Blends and mixtures (4)

Traded Form (see Table 2) Briquette

Dimensions (mm) Diameter (D) or equivalent (diadarecross cut), mm

D40 255 D<40 %

D50 <50 D D||

D60 <60 \

D80 <80 — I NN

D100 <100 L

D125 <125 v

1
D125+ > 125 actual value to be stated p ) ) DJ_Q:Ij
Length (L) /) j)

L50 <50 S X T
o |L100 <100 L
Z L1200 <200
© L300 | <300 & | ®I |
E |L400 | <400 - C
> | L400+ 2 400 actual value to be stated g, njes of briquettes

Moisture (w-% as received)

M10 <10 %

M15 <15%

M20 <20 %

Ash (w-% of dry basis)

A0.7 <0,7%

Al.5 <15%

A3.0 <3,0%

A6.0 <6,0%

A10.0 <10,0 %
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Table 3 ¢ontinued)

Sulphur (w-% of dry basis)

S0.05
S0.08
S0.10
S0.20
S0.20+

<0,05%
<0,08 %
<0,10 %
<0,20 %
> 0,20 % (actual value to be
stated)

Sulphur is normative only for chemically treatedrbass
or if sulphur containing additives have been used

Particle density (kg/df

DEO.8
DE1.0
DE1l.1
DE1.2

0,80 to 0,99
1,00 to 1,09
1,10t0 1,19
>1,20

Additives (w-% of pressing mass)

Type and content of pressing aids, slagging inbiibibr any other additives have to be stated

Nitrogen, N (w-% of dry basis)

NO.3
NO.5
N1.0
N3.0
N3.0+

<0,3%
<0,5%
<1,0%
<3,0%
>3,0 % (actual value to be
stated)

Nitrogen is normative only for chemically treated-h
mass

Net calorific valuegp netar(MJ/kg as re-
ceived) or energy densiti,, (KWh/nt loose

Recommended to be stated at the retail level

Bulk density as received (kgfrtoose)

Recommended to be stated if traded by velbasis

Informative

Chlorine, ClI (w-% of dry basis, %)

Recommended categories
Cl10.03, CI1 0.07, C1 0.10 and CI 0.10+ (if Cl > 0,% the
actual value to be stated)

Table 4. Specification of properties for pellets [5

Master table

Origin:
According

to Table 1

Woody biomass (1),
Herbaceous biomass (2),
Fruit biomass (3),

Blends and mixtures (4)

Traded Form (see Table 2) Pellets
Dimensions (mm)
JIOND
Y
< S
L
Diameter (D) and Length (1
D06 <6 mmz 0,5 mm and I< 5 x Diameter
D08 <8 mmz+ 0,5 mm, and I< 4 x Diameter
o |D10 <10 mmz 0,5 mm, and I< 4 x Diameter
2 |D12 <12 mmz+ 1,0 mm, and I< 4 x Diameter
< | D25 <25 mm+ 1,0 mm, and I< 4 x Diameter
E Moisture (w-% as received)
§ M10 <10%
M15 <15%
M20 <20 %
Ash (w-% of dry basis)
A0.7 <0,7%
Al5 <15%
A3.0 <3,0%
A6.0 <6,0%
A6.0+ > 6,0 % (actual value to be stated)
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Table 4 ¢ontinued)

Sulphur (w-% of dry basis)

S0.05 <0,05%

S0.08 < 0,08 %

S0.10 <0,10%

S0.20+ > 0,20 % (actual value to be stated)

Sulphur is normative only for chemically treated-bi
mass and if sulphur containing additives has beed u

Mechanical durability (w-% of pellets after testing

—

DU97.5 2975%

DU95.0 2950%

DU90.0 290,0%

Amount of fines (w-%, < 3,15 mm) after productidrfactory gate

F1.0 <1,0% % At the last possible place in the production site
F2.0 <2,0%
F2.0+ > 2,0 % (actual value to be stated)

Additives (w-% of pressing mass)

Type and content of pressing aids, slagging inbiibibr any other additives have to be stated

Nitrogen, N (w-% of dry basis)

NO.3 <0,3% Nitrogen is normative only for chemically treatdd-b
NO.5 <0,5% mass

N1.0 <1,0%

N3.0 <3,0%

N3.0+ > 3,0 % (actual value to be stated)

ergy densityE. (kWh/ nt loose)

Net calorific valuegp net,or(MJ/kg as received) or €

rRecommended to be informed by retailer.

Bulk density as received (kgfrroose)

Recommended to be stated if traded by volume bas

Chlorine, CI (weight of dry basis, w-%)

Informative

Recommentede stated as a category
Cl 0.03, C1 0.07, Cl 0.10 and CI 0.10+ (if Cl > 0,%
the actual value to be stated)

& Maximum 20 w-% of the pellets may have a lengtfi &6fx Diameter.

Table 5. Specification of properties for straw Isdle]

Master table

Origin:
According to Table 1.

2.1.1.2 Cereal crop straw
2.1.2.2 Grass straw
2.1.3.2 Oil seed crops stalks and leaves

Traded Form

Big Bale

Dimensions (mm), height ¢}, width (L) and length (L)

(O]

2z

©

£ Height (L) Width (L) Length (Ls)

o [P1 1 300 1 200 2200

< [pP2 1 300 1 200 2 400
P3 600 to 900 1 200 2 400
P4 1 300 1 200 1100 to 2 750
Bale density (kg/r)

BD130 <135

BD150 <150

BD165 <165

BD165+ > 165
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Table 5 ¢ontinued)

Moisture (w-% as received)

M16 <16 % No part over 23 %

M16+ <16 % Parts over 23 % acceptable
M23 <23% no part over 30 %

M23+ <23 % one or more parts over 30 %
M30 <30% no part over 35 %

M30+ <30 % one or more parts over 35 %
Ash (w-% of dry basis)

A05 <5%

Al10 <10%

A10+ >10%

Species of biomass

Has to be stated

Informative

Net calorific value g net,ar(MJ/kg as re- Recommended to be specified.
ceived or energy densiti,, (KWh/nT loose
Particle size distribution or structure It is recommended to declare production methodsitifiaence

the size of the straw particles. That is for instawhether the
crop has been trashed by rotation or oscillatiowlether it has
been chopped.

The following European examples are specificatimnshigh quality classes of solid biofuels reconmaled for house-
hold usage. Household usage needs special consideréor the following reasons:
- Small-scale equipment does not usually have amhchnontrol and gas cleaning
- Unprofessional management
- Often located in living and populated districts.

A.1  Wood briquettes

Origin:

Moisture content:
Basic density:
Dimensions:

Ash content:
Additives:

Net calorific value:
A.2  Wood pellets
Origin:

Moisture content:

Mechanical durability:

Amount of fines:
Dimensions:

Ash content:
Sulphur content:
Additives:

Energy density:

A.3 Wood chips
Origin:

Moisture content:
Dimensions:
Energy density:

1.2.1.1 Chemically untreated wood withbatk (Table 1)

M10 (moisture 10 w-% as received)

DE1.0 (particle density min. 1 169kg/dnd)

to be selected from Table 3

A0.74 0,7 w-% of dry basis)

< 2 w-% of dry basis. Only productsrfrahe primarily agricultural and forest biomasst thie
not chemically modified are approved to be added psessing aids. Type and amount of addi-
tive has to be stated.

E4.7 [KWh/KgKfp netar = 4,7 kWh/kg = 16,9 MJ/kg)

1.2.1.1 Chemically untreated wood withbatk

M10 (moisture 10 w-% as received)

DU97.5 (97,5 w-% of a peltatch of 100 g shall be uncrushed after testing)

F1.0 or F2.0 (percentage of fiagsong pellets sieved through > 3.15 mm sieve stadllex-
ceed 1 or 2 w-% at factory gate)

D06 or D08 (pellet diameter 6 mm 105 and length <5 x diameter or diameter 8 + 0.5 mm
and length <4 x diameter, max. 20% of the pelledy tmave a length of 7.5 x diameter)

A0.7 (< 0.7 w-% of dry matter)

S0.05 (<0,05 w-% of dry matter)

< 2 w-% of pressing mass. Only productsn the primarily agricultural and forest biomass
that are not chemically modified are approved t@tiéed as a pressing aids. Type and amount
of additive has to be stated.

E4.7 [KWh/KgH G net,ar> 4,7 KWh/kg = 16,9 MJI/kg)

1.1.2 Stem wood (Table 1)
M20 or M30
P16, P45 or P63
E0.9 [kWh/loose’h{E, = 900 kWh/loose )

A.4  Log wood(oven-ready) [5]

Origin:
Moisture content:
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Dimensions: P200, P250, P500 or P1000 (lengtlafid thickness [D] (maximum diameter of a singlepcho
L <200 mm and D < 20 ignition wood, L = 250 mi20 mm and 40 mma D < 150 mm, L =
500 mmz 40 mm and 60 mma D < 250 mm, L = 1 000 mm 50 mm and 60 mra D < 350

mm)

Wood: To be stated if coniferous or deciduous wisagsed

Classification: No significant amount of mould decay seen, the cut-off surface of the logs amnend
smooth.

Energy density: For deciduous wood E1700 [kWiietd ni] (E, = 1 700 kWh/stacked or for coniferous

or for mixture of deciduous and coniferous wood @18, > 1 300 kWh/stacked )

Technologies of biomass utilization are mostthet beginning of their development in Ukraine, they have good

prospects for commercialization in the near fu{6ie

Conclusion

» The purpose of quality classification and speciiara
of solid biofuels is to determinate their qualitythin
whole supply chain from origin until the certifieat
solid biofuel delivery and to assure corresponding-
fidence to the qualitative requirements. This ibasis
for market preparation and development with solat
fuels. Requirements for production will be met thgh
assurance of quality and its control. Principle tio¢
solid fuel quality assurance is based on its ofedd-

b

fined determination and limited demands for product
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