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Abstract: Sawdust briquettes are characterized by
different geometric parameters (length, diameter
and geometric form), depending on the briquetting
press characteristics. Geometric parameters of the
sawdust briquettes have an influence on the
energetic conversion. In the present paper we
examine the influence of the length of cylindrical
sawdust briquettes on the efficiency of their
conversion into heat. For this purpose, the
energetic efficiency of the conversion process for
cylindrical sawdust briquettes in different length
and from two different wood species has been
analyzed. The efficiency of the conversion process
was evaluated as the ratio between the energy
resulted at the end of the conversion process and
the energy introduced in the system through the
solid biofuels used. In order to assess the input
biofuel energy, the calorific value of each biofuel
was evaluated using the calorific method according
to the existing standards Also, a technical analysis
of the fuels was performed in order to assess the
ash content, the volatile matter and charcoal
content. In order to assess the thermal energy
obtained in the conversion process, and stored in
the thermal agent, a test bench was used, consisting
in a boiler with direct combustion and natural
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draft, radiators for domestic space heating, and a
data acquisition system with temperature sensors to
establish the thermal agent temperature variations
on tour and retour on a complete working cycle.
The heat embodied in combustion air was
neglected, being considered a limitation of the
system, because due to the natural convection of
the boiler it could not be evaluated accurately. The
sawdust used in experimental research was from two
wood species, fir and beech, collected from Apuseni
Mountains (fir) and Cluj-Napoca (beech). From the
collected sawdust three types of sawdust briquettes
were prepared, characterized by the wood species:
beech, fir and beech and fir mixed in equal
proportions of 50%, their geometrical shape —
cylindrical, variable length - 30mm, 50mm and
70mm and constant diameter — 55mm.The results
showed an influence of sawdust briquettes length
on the conversion efficiency. This is due mainly to
the variations in the energy stored in the thermal
agent varying with the length of the briquettes. The
analysis of energy consumed in the conversion
process through fuels shows that it is influenced by
the length briquettes use in a very low proportion.
This is especially influenced by the different values
of the calorific value and energetic density of fuels.

Key words: biomass, conversion efficiency, sawdust briquettes, thermal energy.

INTRODUCTION

Due to climatic conditions and geographical position, Romania has a technical

potential of biomass energy from estimated to be 0.318 EJ/year or 88.3 TWh/year [7]. At
national level the theoretical potential of biomass is characterized by it’s regional distribution.
Around 90% of fuel wood and 55% of wood wastes are located in Carpathian Mountains and
54% of agricultural wastes are in South Plain and Moldavia Regions.

The main source of fuel wood and wood wastes is the national forest fund. In 2006
[6], from total area of Romania, about 26.7% (6,382,200 ha) was covered by forests, and the
woody biomass potential was estimated at about 6.97x107 EJ, with a regional distribution.
According to Eurostat statistical data [6,7], the available sawdust quantity at national level is
about 1.5 million m%year, following an increasing trend in recent years, in correlation with the
increase in the volume of wood harvested annually.

Thus, sawdust is a viable source of bioenergy, especially in the Apuseni Mountains
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area, were a significant percentage of the national forests is located.

In the last years, due to the increase in the price of conventional biofuels, and mainly
methane gas, in our country, the use of wood boilers has increased both in rural and urban
environments.

The statistical data shows that currently about 90% of rural population using biomass
as a solid source of heat, particularly wood fuel and wood waste. Also, as a result of an
increase in forest found exploitation, the available sawdust quantity has also increased. This
has led to an increase in the degree of utilization of sawdust briquettes, of different geometrical
shapes and sizes, as a source of thermal energy for wood boilers

Sawdust briquettes are characterized by the different geometric parameters (length,
diameter and geometric form), depending on the briquetting press characteristics. The available
sawdust briquetting technologies offer the possibility to produce briquettes with different
length. Thus, in the present paper we examine the influence of sawdust briquettes length on the
efficiency of their conversion into heat.

MATERIAL AND METHODS

The efficiency of the conversion process was determined as the ratio between the

energy resulted at the end of the conversion process and the energy introduced in the system
through the solid biofuels used:
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where:

E.onv is the energy efficiency of the conversion process, [%];

V. — amount of the thermal agent from the boiler, [m*];

par — thermal agent density, p = 1000 [kg/m®] on the temperature range AT,

¢ - specific heat of water (¢ = 4,180 KJ/kgK), on the temperature interval AT;; and Va
constant;

mijco — the amount of the i type sawdust briquettes and j briquettes length (i = 1, 2, 3
and j = 30, 50, 70 mm), [kg];

Hi ;e — calorific value of the i type of solid biofuels, [MJ/kg];

A(Tjj) — the difference between the input thermal agent temperature and the output
thermal agent temperature on a complete working cycle.

The heat embodied in combustion air was neglected, being considered a limitation of
the system, because due to the natural convection of the boiler it could not be determined
accurately. The amount of the solid biofuel i and briquettes length j, mi;« was determined as
the average value of the amount of solid biofuel used in each of the experimental test.

The solid biofuel was manually fed in the combustion chamber at the beginning of
each experimental test. Fuel calorific value was determined experimentally using the
calorimetric method (Table 1).

The difference between the input thermal agent temperature and the output thermal
agent temperature on a complete working cycle was determined by monitoring and acquisition
of values resulting from the conversion process using a data acquisition system and an

experimental installation. IAT(”-) is the area between the variation curves of the input and

output temperature of the thermal agent, on a complete working cycle.
The same amount of solid biofuel (3 kg + 100 g), was used for each test. The amount
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of the solid biofuel was determined through weighing with a digital scale. The weighing
precision was 0,001g. Combustion air supply was achieved by opening the ash door with a 2
mm gap and then the door was stuck in this position.

The amount of the combustion air was variable during the operation cycle of the heat
generator, being influenced by natural draft of the generator. The variation of thermal agent
temperature was recorded automatically using a data acquisition system. The time interval
between two consecutive readings was 5 minutes. Also, the external factors with influence on
the energy efficiency of conversion process (atmospheric pressure, external temperature,
ambient temperature, air humidity) were measured.

A test bench was used to determine the energy efficiency of conversion process. The
main components of the experimental installation (Figure 1) were: a boiler with on-grate wood
combustion, with a 24 kW thermal capacity; 2 radiators used for domestic space heating; water
circulating pump; distributor and heating system and data acquisition system.

The sawdust used in experimental research was from two wood species, fir and beech,
collected from Apuseni Mountains (fir) and Cluj-Napoca (beech). From the collected sawdust
three types of sawdust briquettes were prepared, characterized by geometric parameters (diameter
D, length L, geometrical form), physical and chemical parameters and energetic parameters
(Table 1). The value of physical, chemical and energetic parameters of sawdust briquettes was
assessed experimentally.

% -

Figure 1. Test bench: 1 —bo

RESULTS AND DISCUSSIONS

The results of the experimental tests are showed in figures 2 and 3.

Comparative analysis of the useful energy stored in the thermal agent (Figure 2)
reveals that it is influenced by the length of sawdust briquettes used. The analysis indicates
significant differences between the values obtained using the same fuel with different lengths
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of briquettes (33.35 MJ for fuel 1, L = 70 mm and 22.01 MJ for L = 30 mm).

The calorific value and energy density having different value for each type of fuel
(15,988 MJ/kg for fuel 1 and 17,9054 MJ/kg for fuel 3) led to different values of the energy
embodied in heat agent.

This explains the minor difference between the values obtained for the energy stored
in the same type of fuel, but with different lengths of sawdust briquettes. This assertion is
demonstrated by the values obtained for the energy used with fuel 2, L=70 mm (53,65 MJ) and
L = 50 mm (53.63 MJ). Using experimental data, the energy efficiency of the conversion
process for each experimental test was assessed. The results are shown in Figure 4.

The main characteristics of sawdust briquettes used in experimental research

Table 1.

Geometric parameters of the cilindrical . " Elemental . . .
sawdust briquettes Humidit Technical analysis composition High calorific | Lower calorific
Fuel W, [% value value
) L %] [ yme [ oae [, C | H| O H, [MJ/kg] H; [M/kg]
[mm] [mm] [%] | [%] | [%] [%] | [%] | [%]
30
F(‘f‘ier')l 55 50 7042 [70,46852,065| 20,4240 |45,0730[5.4311(30,7518] 17,268 15,988
70
30
(':J‘;‘:'Cﬁ) 55 50 706 [67,408104,1136| 21,4182 [44,31415, 203138 5974 19,377 18125
70
30
(ﬁr'::‘;e'eih) 55 50 6784 [70,34982,823820,0423244,7761/5, 4030395794 10,174 17,905
70
BFuel1  OFuel 2
5 3 OFuel 3
=
=
> 30
% 25.8 26,08
22 46 2314 2332
y
25 1 22,01

L=70 mm

L=50 mm

L=30 mm

Figure 2. The variation of useful energy with fuel category
and sawdust briquettes length
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Figure 3. The variation of the consumed energy with fuel category

and sawdust briquettes length
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Figure 4. The variation of the efficiency of energy conversion process
with fuel category and sawdust briquettes length

Comparative analysis of the energy efficiency values of the conversion briquettes
process (Econv), Obtained in the same experimental conditions, indicates a variation of these
values with the sawdust briquettes length variation.

Data analysis (Figure 4) shows significant differences from the same type of fuel with
different lengths of briquettes: for fuel 1 and briquettes length L = 50mm, the energy efficiency
of conversion process was evaluated at 68,61% and respectively 51,94 % for L= 30 mm.
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CONCLUSIONS

The main objective of the research was to analyze the influence of sawdust briquettes
length on the conversion process efficiency of these into thermal energy. In this research
sawdust briquettes from fir, beech and fir and beech mixed, with three different lengths were
used together with a boiler with natural draft and manual fuel feeding.

The conversion efficiency was evaluated as the ratio between the useful energy
embodied in the thermal agent and the energy brought into the system through the utilized fuel.

The experimental results showed an influence of the sawdust briquetting length on the
energy efficiency of conversion process. We have observed a decrease of the energy efficiency
of the conversion process when the briquettes length decreases. This is due mainly to the
energy stored in the thermal agent depending on the length of the briquettes. The maximum
values for the energy efficiency were obtained for the maximum length of the briquettes used
in the experiment.

The analysis of energy consumed in the conversion process through fuels shows that it
is influenced by the length of the briquettes in a very low proportion. The energy utilized is
mainly influenced by the calorific value and energetic density of fuels.
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