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Biomass Fuels

Edgars Cubars?, Liena Pois&.
'Rezekne Academy of technologies, Geo technologg@nihdustry Research center,
AtbrivoSanas aleja 115/k-4, LV 4601, email: edgars.ce@inbox.lv;2email: lienapoisa@inbox.lv

Abstract. The study reveals research of ash content in different composite biomass fuels. It contains analysis of
samples obtained from various local Latvian biomass types, i.e. reed, wood, hemp, flax shives and peat, by combining
them in different proportions. Ash is a by-product derived from combustion process consisting mostly of inorganic
substances that are left after a fuel is burnt. High level of ash content in a fuel is undesirable because it causes problems
in automation of biomass combustion process. Previous studies carried out by the author show that average ash content in
reeds is 2%, which is a high index comparing with wood where ash content is approximately 0,5-1%. Thus, the high ash
content in reeds my cause problems in reed combustion in solid fuel boilers. Besides, it is not possible to ensure
permanent reed collection that would ensure continuous reed fuel generating process all year long. In order to reduce the
ash content to the optimal level and to diversify raw materials necessary for biomass fuel generating process, the author
suggests using composite fuels by combining different biomass types. The study contains optimal combining proportions
of different biomass types for composite fuel production basing on the ash content in them.
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I. INTRODUCTION subsidies are paid for cultivation of these plauwts,

One of the most popular renewable energyfor energy plants; besides, it is relatively coroaied
sources (RES) is biomass. Use of the biomass tkesto gather such plants mechanically and a special
considerable part in energy industry, mainly due toequipment is needed.
the use of timber that is one of the main natural Flax processing residues, i.e. shives, straw, hemp
resources in Latvia. However, recently an increasedibres, peat, hay, as well as other energy plaats ¢
attention has been paid to the use of cultivabtgg@n also be used. The main problem related to theiiisise
plants and water plants. the fact that these resources are available sdhsona

The use of such non-traditional sources isbesides, their thermal qualities are often worse if
disrupted by the fact that in Latvia there is ny an compared to timber. Therefore, it can be suggested
thorough assessment of the amount of RES, potentialse composite fuels where timber is used as a base,
and long-term availability of each energy source inwhile other energy plants are added as supplementar
the respective regions. For a rational and appatri fuels, e.g. in pellet production. Thus, when resesr
long-term use of RES, the available amount andare provided irregularly, they could be easily aged
quality parameters of the respective RES should bdy other types of biomass.
assessed [1]. Thus far, the potential of watertplan One of the most important fuel characteristics is
biomass in Latvia as an energy resource has nat betash content. Ash is a by-product of fuel combustion
taken into account. There is also insufficientiet¢  mainly consisting of inorganic substances obtained
in peat and various cultivable energy plants. Giverafter fuel combustion. High ash content is a niggat
Latvian conditions, reeds Phragmites australis feature because it makes the automation of biomass
(Cav.) Trin. Ex Steuylgrowing in natural or artificial combustion process more difficult [8].
water bodies could be used for energy generatioo The paper studies the ash content in fuels,
[2,3,4]. Researches conducted by foreign scientist depending on the amount of fuel added to wood. Ash
also indicate that reeds can be used as a rawialater content in fuels was assessed according to the
for fuel generation. [5,6]. Overall, reeds from mor Standard 1SO 17225-1: 2014 Solid biofuels. Fuel
than 2000 lakes located in Latvia may be used fo specifications and classes. Part 1. General
energy generation. [7] Use of reeds, compared wittrequirements [9]. According to this standard, the
cultivable energy plants, has its advantages anquality of composite fuel was evaluated basing sim a
disadvantages. The main advantage is the facitthat content.
is not necessary to occupy areas of agriculturadda Basic material for the research consisted of
and that no expenses are needed for settlement industrially produced wood pellets, which can be
plantations. The main disadvantage is the factnbat purchased in trading venues in Latvia; various $ype
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of local biomass, i.e. reeds, flax shives, peamme analysed trice, measurement error assessment was
fibre, hay, as well as fossil fuel, i.e. coal dusgre  also carried out [10].
added.

II. MATERIALS AND METHODS

The study used industrially produced wood pellets
ground into powder using a mill. Various types of
local biomass available in Latgale region were ddde
to the wood chips, i.e. reeds, flax shives, peay, h
hemp fibre, as well as coal dust, that had preWous
been dried and ground into powder. In order to
determine the ash content dependence on the amount
of various types of biomass added to the wood,
respective samples were prepared and analysee in th
following proportions. Sample 1: 100% wood;
Sample 2: 90% of wood and 10% of other fuels; Fig. 3. Samples after combustion
Sample 3: 80% of wood and 20% of other fuels,
Sample 4: 60% of wood and 40% of other fuels; '”-_ RESULTS AND DISCUSSION
Sample 5: 40% of wood and 60% of other fuels; According to the Standard ISO 17225-1: 2014
Sample 6: 20% of wood and 80% of other fue|S;SOI|d b|ofuels_. Fuel specifications and classest Pa
Sample 100% other fuels. Ash content in the sample&€neral requirements (see the Standard below},fuel
was determined using the standard method CEN/T$asing on the ash content, are divided into tessels.
14775:2004 [10]. The samples were dried at theSee Table 1.
temperature of 105°C. They were later placed into
crucibles and weighted (Fig. 1).

Table 1
Classes of solid biofuels basing on ash conteht [9

AlA|IAA|AAA]A

Class |5 5/0.7/1.0{ 1.5/ 2.0/ 3.0[5.07.0 18' AL0.0+
ASh<§<<<<<<<>lO%

content,| 0,50,7| 1,0/ 1.5/ 2.0/ 3.0(5.0/7,0| 10| (Maximum

value to bg
0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
% % | % | % | % | % | % |%| % | % stated)

Ash content in timber without bark is around
0.3%, it is higher in the bark and amounts to 4-5%
[12.9] Ash content in wood pellets analysed in our
study amounted to 0.43 + 0.01%, which is a good
indicator. Pellets, basing on the ash content,

For combustion of samples the furnace correspond to the highest class A 0.5. Ash content
“Nabertherm” was used (Fig. 2). grows when reed biomass is added to the wood
(Figure 3). Ash content in 100% reed bhiomass
amounted to 2.39 * 0.11%, which corresponds to the
class A 3.0. In another study, ash content in reeds
also similar, i.e. 2.76% [13]. Thus, it can be
concluded that adding reed biomass to the wood
increases ash content and deteriorates fuel quality

Fig. 1. Samples analysed to determine the ashmonte

25
X 2 0
g 15 y = 0.0207x + 0.4347
R s R?=0.9711
S o5
; %
Fig. 2. The fu d to determine the ash nbnt < 0
ig. 2. The furnace used to determine the ash nbnte 0 20 40 60 80 100
After combustion in the furnace at the temperature Admixture of reed dry mass to the wood, %

of 550°C the crucibles with ash (Fig. 3) were taken _ _
out, cooled and weighted, the respective calcuiatio ~ Fig- 3. Ash contentin the wood-reed composite fuel
of ash content were also performed. Each sample was
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In order to determine the proportions of wood andnot exceed 0.3 %. In the class A 0.7 admixturdaf f
reeds in the composite fuel to meet certain qualityshives may amount to 0.3-1.4%, in the class A 1.0
standards, the following equation (Equation 1) wasadmixture of flax shives may amount to 1.5-3.1%, in
used: the class A 1.5 it may amount to 3.2%-5.9 %, in the

class A 2.0 it may amount to 6% - 8,7%, in the las
A =0,0207R + 0,4347 (1.) A3.0 it may amount to 8,8%-14,3 %, in the class

A 5.0 it may amount to 14.4-25.5%, in the class.@ 7

Where, A- Ash content in composite wood-reed it may amount to 25.6%-36.7 %, in the class A 10.0
fuel, % may amount to 36.8-53.6 %, while flax shive-wood

R- admixture of reed dry mass to the wood % composite fuel where content of flax shives exceeds

This equation can be used to find critical ash53.6 % corresponds to the class A 10+. Therefore,
content values for each class. In the class A@8 r flax shives form a biomass with a high ash content,
admixture to the wood may amount to 3.2%, in thegrowth in the proportion of this material increases
class A 0.7 it may range from 3.3% to 12.8%, ia th rapidly the ash content in the composite fuel. Ash
class A 1.0 reed admixture may amount to 12.9 —content in flax shives is almost eight times higher
27.3%, in the class A 1.5 from 27.4% to 51.5%himt than the ash content in reeds and forty times lighe
class A 2.0 from 51.6% to 75.6%, while reed than in wood. The high ash content can cause
admixture exceeding 75.6%, basing on the reedoroblems in automation of combustion process.
content, corresponds to the class A 3.0. Adding peat to the wood increases the ash content

Thus, 3.2% of reed biomass may be added taFigure 5). In our research, ash content in thenbigs
wood pellets without decreasing fuel quality inmber  of pure peat amounted to 4.13 + 0.21%, which ranks
of ash content. If such a high quality is not neaeg, peat, basing on the ash content, into the clas)A 5
the amount of reed biomass admixture may beAdding peat to the wood increases ash content.
increased in accordance with the above-mentioned
ranges.

Adding flax shives to the wood increased rapidly
the ash content (Figure 4). Ash content in the laigsn
of pure flax shives was high, it amounted to 17476
1.05%, which ranks flax shives into the class A.10+ y =0.0364x +0.3143
Other researchers have also found such a high as R*=0.9871
content in rice straw, i.e. about 1 —20% [14] Adgin 0 10 20 30 40 50 60 70 8 90 100
flax shives to the wood increases rapidly ash cunte
and deteriorates fuel quality. Using flax shives i
production of biomass fuel might be difficult and  Fig- 5- Ash contentin wood-peat composite fuel
uneconomical because of the high ash content.

a

IS

N

Ash content ,%

o

Admixture of peat dry mass to the wood , %.

In order to determine the proportions of wood and

peat in the composite fuel to meet certain quality

< 20 standards, the following equation (Equation 3) was
e 15 used:
£ 10 = 0.1784x + 0.4465
g 5 y k2=o?(994i A =0,0364R + 0,3143 (3.
<

0 10 20 30 40 50 60 70 80 90 100 Where, A- Ash content in composite wood-peat

Admixture of flax shives dry mass to the wood,... fuel, %

R- Admixture of peat dry mass to the wood, %.

Fig. 4. Ash content in the wood-flax shives comfofiel This equation can be used to find critical ash

content values for each class. In the class A 0.5

In order to determine the proportions of wood andadmixture of peat to the wood may not exceed 5.1 %.

flax shives in the composite fuel to meet certainin the class A 0.7 admixture of peat may amount to
quality standards, the following equation (Equa@)n 5.2-10.6 %, in the class A 1.0 admixture of peaym

was used: amount to 10.7-18.8%, in the class A 1.5 it may
amount to 18.9-32.6 %, in the class A 2.0 it may
A=0,1784R + 0,4465 (2.) amount to 32.7-46.3%, in the class A 3.0 it may

amount to 46.4-73.8%. Admixture of peat to the
Where, A- Ash content in composite wood-flax wood chips exceeding 73.9% corresponds to the class
shives fuel, %; R- admixture of flax shives dry mas A 5.0.
to the wood, %. In 2016, in order to receive area payments for
This equation can be used to find critical ashtidying up permanent grasslands, the grass haeto b
content values for each class. In the class A 0.5mowed and removed from the field. Thus, the farms
admixture of flax shives dry mass to the wood maywithout livestock faced the problem of hay
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overproduction, which could be solved by using hay Figure 7. Ash content in wood-hemp fibre
as additional fuel. Ash content in canary seed maycomposite fuel.
range from 2.5 to 10%. [9] Overall ash contentrin d
grass is about 7% [12]. Festulolium, timothy, and
meadow fescue also have high ash content, i.e..6-89
[15] In our research, ash content in pure straw
amounted to 7.73 + 0.01%, which ranks pure straw
basing on the ash content, into the class A 10.0
Adding straw to the wood increased ash content in
the fuel (Figure 6). 0 10 20 30 40 50 60 70 80 90 100
In order to determine the proportions of wood and
straw in the composite fuel to meet certain quality
standards, the following equation (Equation 4) was
used:

y =0.0335x + 0.3623
R*=0.9945

Ash content ,%
o [ N w Ey

Admixture of hemp to the wood, %.

Fig. 7. Ash content in wood-hemp fibre compositel.fu

In order to determine the proportions of wood and
A=0,0728R + 0,2346 (4.) hemp fibre in the composite fuel to meet certain

) ) quality standards, the following equation (Equatin
Where, A- Ash content in composite wood-straw yas used:

fuel, %
R - admixture of straw dry matter to the wood, %. A=0,0335R+0,3623 (5.)
This equation can be used to find critical ash
content values for each class. Where, A-Ash content in composite wood-hemp
fuel, %
10 R- Admixture of hemp fibre dry mass, %.
: 8 This equation can be used to find critical ash
g 6 content values for each class. In class A 0.5
g 4 maximum amount of hemp fibre admixture to the
£ 2 y=0.0728x+0.2346 wood may be 4.1%. In class A 0.7 admixture of hemp
<o R® =0.9927 fibre may amount to 4.2-10.0%, in class A 1.0 ityma
0 10 20 30 40 50 60 70 80 930 100 amount to 10.1-19.0%, in class A 1.5 it may amount
Admixture of straw to the wood, % to 19.1- 34 %, in class A 2.0 it may amount to 34.1
48.9%, in class A 3.0 it may amount to 49-78.8%. If
Fig. 6. Ash content in wood-straw composite fuel the amount of hemp fibre admixture exceeds 78.9 %,

) it corresponds to the class A 5.0. Wood may be also

In class A0.5 maximum amount of straw mixed with various fossil fuels, which would inceea
admixture to the wood may be 3.6 %. In class A 0.7jts energy value. Coal dust may be used as orieeof t
straw admixture may amount to 3.7- 6,3 %, in classcomponents in composite fuels. Ash content in coal
A 1.0 it may amount to 6.4- 10.5 %, in class AL.5 yailable in Latvian markets was established. Ash
may amount to 10.6-17.4 %, in class A 2.0 it may content in pure coal dust was high, it amounted to
amount to 17.5-24.2%, in class A 3.0 it may amountg 27 + 0.39 %, which ranks it into class A 10.0.
to 24.3-38%, in class A 5.0 it may amount to 38.1- Adding coal dust to the wood increases ash coitent
65.4 %, in class A 7.0 it may amount to 65.5- 98%. ine fuel (Figure 8).
straw admixture to the wood exceeds 93%, it
corresponds to the class A 10. One of the mos
promising energy plants for cultivation is hemp.hAs
content in hemp varies in different studies: it nieey
2% [16] or around 3% [13]. In addition, it may also
vary for different parts of the plant, such as Egv

[y
o

(2]

y=0.0744x + 0.191

Ash content ,%

stems, etc., as it was revealed before in the stiidy 0 RZ=0.9744

corn plants, where ash content in leaves was 2stime 0 10 20 30 40 50 60 70 80 90 100
higher than in its trunk [17]. Furthermore, the ash

content in plants depends on the time of harvesting Admixture of coal dust to the wood, %.

is recommended to harvest the cultivated energy Fig. 8. Ash content in wood-coal dust composite. fue
plants as late as possible in the autumn [18].Un o

study, ash content in hemp fibres was higher and In order to determine the proportions of wood and
amounted to 3.78 + 0.09 %, which ranks pure hempcoal dust in the composite fuel to meet certairligua
fibre into the class A 5.0, basing on it ash conten standards, the following equation (Equation 6) was
Adding hemp fibre to the wood increased ash contenuised:

in the fuel (Figure 7).
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A =0,0744R + 0,191 (6.) Given that the heat of combustion of coal dust is
higher than that of the wood, such a combination
Where, A-Ash content in composite wood-coal could improve the overall fuel quality. In additjon
fuel,% changes in the heat of combustion should be
R- Admixture of coal dust to the wood, %. examined in the future.

This equation can be used to find critical ash  The highest ash content was found in flax shives,
content values for each class. it exceeds the characteristics of wood by
In class A 0.5 maximum amount of coal dust approximately 40 times. Consequently, the useaof fl

admixture to the wood may be 4.1%. In class A 0.7shives in composite fuels is not recommended.

admixture of coal dust may amount to 4.2-6.8%, in

class A 1.0 it may amount to  6.9-10.9%, in class IV. CONCLUSION

A 1.5 it may amount to 11-17.6%, in class A2.0 it Wood is a fuel with a low ash content, and

may amount to 17.7- 24.3%, in class A 3.0 it mayadmixture of various biomass types available in

amount to 24.4-37.8%, in class A 5.0 it may amountLatvia, as well as admixture of coal dust to theodo

to 37.9- 64.6%, in class A 7.0 it may amount to/64. in composite duels, increases ash content in the

91.5%. If the amount of coal dust admixture to therespective fuels.

wood exceeds 91.5%, it corresponds to the class The lowest ash content was found in reeds, peat

A 10.0. and hemp fibre, therefore these types of biofueds a
High ash content is a negative feature in fuels,the most appropriate to be added to wood in

because it makes the automation of combustiorcomposite fuels.

process more difficult. Combustion of fuel with a Basing on experimental studies, equations have

high ash content involves additional expenseseaélat been created for calculation of amounts of fuelbdo

to ash disposal and maintenance of combustioradded to the wood.

equipment. It has been concluded that mixing wood The studied wood pellets, looking at the ash

and other biofuels or fossil fuels inevitably ineses  content, correspond to the highest class A 0.5. In

the ash content therein (Figure 9). order to keep ash content within the limits of slas

A 0.5, it is possible to add 3-4% of reeds, peamp

e WOOA+Straw

0
0 10 20 30 40 50 60 70 80 90 100——g— wood+hem 1]
Admixture of fuel to the wood, % p fibre

Fig. 9. Ash content in different composite fuelpeieding on
the amount of fuel added to the wood (2]

As we can see from the Figure 9, analysis of ash
content in fuels revealed that the best resultee$h
ash content) was in the wood-reed composite fuelf3]
ash content in the fuel containing admixture oftpea
and hemp was also relatively low. The study resultsy;
indicate that the wood, in order to keep ash cdrgén
the class A 0.5, can be mixed with a relatively kma
amount of these fuels, i.e. 3-5%. If the final prois [5]
intended for use in furnaces, which allows for a
higher ash content, the added amount of biomass can
be increased according to the estimates above. To
keep the ash amount corresponding to class AKeO, t [6l
wood may be mixed with 27% of reed, 18% of peat
and 19% of hemp. The second group, basing on th¢r]
results of the study, contains wood-straw composite
fuel and wood-coal dust composite fuel. In order to
correspond to the class A 0.5, wood can be mixedsg;
with about 3 or 4% of these fuels. For the ashemint
in class A 0.5, 10% of straw and coal dust may be
added. Use of such composite fuels is possible, bucyt,9
the increased amount of ash should be considered.
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20 4= wood- coal fibre, coal or straw. Ash content in flax shivedas
X dust content is forty times higher than ash content in
- 15 el woOd+reed . . .
£ wood, therefore the use of flax shives in composite
€10 tood fax fuels rapidly increases the overall ash contentiand
o shives
5 . wood+peat not recommended.
<
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