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With the increasing production of biodiesel fuel, we encounter the problem of how to make use
of the glycerol by-product. The purpose of this research was to evaluate the possibility of using
technical glycerol (80% purity) and the glycerol fraction (up to 60% purity) for heat genera-
tion.

The research examined the use of glycerol to produce “fuel emulsions” which are emulsions
containing heavy fuel oil. The use of these HFO directly as heat sources is limited because of
their high sulphur content. In this study, the stability of the emulsions was assessed based on
their composition. The results show that stable emulsions can be prepared when they contain
27-34% of glycerol and 27-34% of heavy fuel oil. Emulsifiers can also be used to increase the
stability of emulsions; two examples of emulsifiers are fatty acid monoglycerides (optimal con-
centration, 1.5-3%) and soaps (optimal amount, 1.3%), both being found in the glycerol fraction
obtained as a by-product during the production of biodiesel fuel.

This article presents the results and analysis of comparative combustion investigations car-
ried out on samples of stable emulsions and of technical glycerol. Over the entire load range
used during the experimental combustion tests of technical glycerol, the concentrations of NOx
(~90 mg/m?), CO (40-130 mg/m?*), and SO, (0-10 mg/m”) in the flue gases did not exceed the
permissible levels of pollutants emitted from fuel combustion plants, as specified in EU Council
Directives.

Burning these fuel emulsions leads to the production of 993-1074 mg/m’ sulphur dioxide
(80,) in the oxides, which is up to six-fold less than the concentration produced by burning pure
heavy fuel oil. In addition, as the concentrations of nitric oxides (NOx) in the flue gases fall into
the range 250-280 mg/m®, the emission of particulates also significantly decreases.
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1. INTRODUCTION

Member-States in 2010. If the supply of glycerol in the market
increases, its price and demand will decrease. This is proven by

The volume of biodiesel fuel produced around the world conti-
nues to increase. Declining fossil fuel supplies and climate chan-
ge due to greenhouse gas emissions are driving this expansion
in production. Indeed, these factors led the EU and national go-
vernments to issue new regulations, among them one of the most
important: Directive 2003/30/EC of the European Commission,
which calls for fulfilling 5.75% of total fuel consumption with
biofuels by 2010 [1].

Currently, the volume of biodiesel fuel - specifically, fatty
acid methyl esters — produced in the European Union is rapidly
increasing. The EU has undertaken to provide the market with at
least 11 million tons of biodiesel fuel per year until 2010 [2, 3].
Germany leads in this area: its production capacities in 2007 ex-
ceeded 4 million tons per year. The production of biodiesel fuel
also yields by-products such as free fatty acids and raw glyce-
rol [4-6]. Raw glycerol makes about 10 wt% of the total amount
of biodiesel fuel produced. Since biodiesel fuel production is
increasing rapidly, the amount of glycerol produced will also
grow. In fact, it may exceed 1.16 million tons per year in the EU

Europe’s experience with biodiesel. When the production volume
of biodiesel suddenly increased from 1997 to 2000, the price of
glycerol tumbled almost 40%. In contrast, in 2001, biodiesel pro-
duction diminished, and the price significantly recovered [7].
The physical and chemical properties of the by-product gly-
cerol depend on the method used to produce the biodiesel fuel.
The glycerol can be assigned to one of three categories based on
its purity. Raw glycerol contains up to 63.3% of glycerol, up to
26.8% of water, and approximately 26.7% of methanol. In addi-
tion, it contains organic substances (FAME) and salts of potas-
sium and sodium (soaps). Glycerol of average purity (technical
glycerol) contains approximately 80% of glycerol and much lo-
wer percentages of water and methanol. Glycerol of the highest
purity (>99.8%) is received in glycerol distillation plants. In
the largest biodiesel production plants, methanol is evaporated
from the glycerol fraction, and the free fatty acids are purified
away, producing technical glycerol of ~80% purity. Usually this
technical glycerol is collected and purified up to 99.8%. This in-
curs additional costs in energy and materials, and the demand
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for it is limited because of a large surplus in the market. Thus, we
are searching for new possible uses of non-purified glycerol [8].
One of the most attractive ones is to use the liquid fuel in various
combustion plants to produce heat energy.

Using raw or technical glycerol directly as a fuel in combus-
tion plants raises certain problems. For one thing, it is difficult to
atomize with conventional atomizers because of its high density
and viscosity, which means that it must be heated in advance. In
fact, glycerol has quite a high auto-ignition temperature (370 °C)
compared to other liquid fuels, so it flames up with difficulty [9].
Another important consideration is that when glycerol is heat-
ed above 280 °C, toxic acrolein is produced [10]. As glycerol is
highly flammable and combusts at a higher temperature, a high
temperature should be maintained in glycerol combustion pro-
cesses. One way to solve these problems would be to produce
fuel emulsions using raw or technical glycerol. These emulsions
could contain the fatty acid methyl esters that are formed while
making biodiesel fuel. From the economic and environmental
perspectives, it would also be good for the emulsions to include
heavy fuel oil (HFO) because the use of this fuel in boiler houses
is currently limited because of its high sulphur content.

To implement the provisions of Directive 2001/80/EC of the
European Parliament and Council [11, 12] regarding emission
restrictions on certain pollutants from fuel combustion plants,
the Republic of Lithuania now allows the use of HFO in its fuel
combustion plants, although, when it is burned, the amount of
SO, in flue gases cannot exceed 1700 mg/nm”. This low value is
reached when HFO containing up to 1 wt% of sulphur is com-
busted. The inexpensive heavy fuel oil imported from Russia and
Belarus does not satisfy these requirements: the content of sul-
phur exceeds 2 wt%. If HFO were mixed with the glycerol frac-
tion, it would reduce the sulphur content and SO, concentration
in flue gases emitted while burning the fuel oil. In addition, it
would provide a cheap liquid fuel for boiler houses.

According to the literature and analysis of patents, it appears
that little research has been done on using glycerol in emulsions
containing HFO. The foreign authors are intensively exploring
the possibility of making emulsions with water. In fact, the com-
position of heavy fuel oil-and-water emulsions and the emul-
sifiers used for their production have been patented [13-17].
Authors of patents stress, however, that the emulsions have a ne-
gative feature: a low stability during long-term storage.

The purpose of our work was to analyse the possibilities of
using technical glycerol and glycerol emulsions as a liquid fuel in
fuel combustion plants. While trying to achieve this goal, emul-
sions of different compositions were tested for their stability. The
physical and chemical characteristics of technical glycerol and
glycerol emulsions were evaluated, as well as their combustion
and environmental effects.

2. METHODS

2.1. Preparation of emulsions

Reference fuel emulsions containing glycerol were made from
pure glycerol (Sigma), fatty acid methyl esters locally produ-
ced according to EN 14214 specifications, heavy fuel oil (mazut
M100) prepared according to GOST 10585-75 specifications, AB
“Mazeikiy nafta” (Mazeikiai Oil Ltd.), methanol (Sigma), and

the emulsifiers fatty acid monoglycerides and sodium oleate
(Sigma). The monoglycerides (Palsgaard0093® pellets) were
heated until they melted, then they were poured into the alre-
ady prepared mixture of glycerol, fatty acid methyl esters, HFO,
methanol, and sodium oleate. The mixture was homogenized
for 15 minutes using the adjustable large-scale IKA T25 Digital
Ultra-Turrax homogeniser at a frequency of 20 000-24 000 re-
volutions per minute. The viscosity and density of stable emul-
sions produced in this study were measured, respectively, with a
viscometer (Cannon-Fenske Rutine) or aerometer (Russia). To
evaluate the reliability and applicability of the reference test re-
sults, another set of reference emulsions were prepared from the
industrial raw glycerol fraction.

2.2. Analysis of emulsion properties and stability

The physical and chemical characteristics of emulsions were
examined using standard analytical methods. To evaluate the
stability of the prepared emulsions, they were stored at room
temperature in cone-shaped glass tubes with 0.1-ml graduations
and tightly covered with PTFE lids. Whether the emulsions for-
med layers was assessed every hour.

2.3. Analysis of industrial applications and environmental
characteristics of technical glycerol and glycerol emulsions
Combustion investigations of technical glycerol and glycerol
emulsions were carried out in an organic fuel combustion setup
(Fig. 1). In this setup, a gear pump transfers glycerol or glyce-
rol emulsion from the fuel reservoir to the atomizer. A constant
pressure in the glycerol supply system is maintained with the
help of a pressure relief valve. The amount of glycerol is con-
trolled by adjusting the pressure using a three-way control valve
situated upstream of the atomizer. The valve is fitted with cali-
brated openings with diameters of @ 0.35 mm (used for glyce-
rol) or @ 0.22 mm (used for the emulsion of glycerol and liquid
fuel). Before reaching the atomizer, the fuel passes through two
filtration steps, one involving a rough cleaning filter with a filte-
ring element with an average diameter of @ 700 um, and a fine
cleaning filter (@ 140 um). In addition, it is heated to 60-85 °C
using an electric heater.

When the fuel enters the atomizer, it flows through the
distributor, where three tangentially arranged grooves pass it
to the swirling chamber. The tangential grooves give rise to an
intense vortexing in the swirling chamber. The rotated liquid is
atomized through the exit outlet. The burner is fed air from a
compressor, and the air flow is regulated by a needle valve and a
special diaphragm of flow measurement equipped with a diffe-
rential manometer. Before the glycerol or its emulsion is relea-
sed, an adiabatic combustion chamber is heated to 1000 °C with
the help of natural gas. Heating the combustion chamber in this
way guarantees fuel gasification in advance, and good burning is
easily achieved with a proper regulation of the air supplied to the
combustion chamber. This chamber is equipped with two ther-
mocouples of S type (PtRh10-Pt) and two of K type (NiCr-Ni).
These thermocouples supply data to the computer through the
TC-08 (Pico) data collection system, and the data are displayed
on the monitor.

The setup contains a cyclone device for removing solid par-
ticles from the flue gas. After the flue gases enter the cyclone, the



Processing of the glycerol Fraction from biodiesel production plants to provide new fuels for heat generation 7

Air inlet

N
O

NG inlet

Exhauster
Particulates
measurement ™
device : ‘ RS232 Staged air
------------------ : T <SS
é ) | ! —l ~ Water
1
i Air blades ‘
[ i *a) v .
| )\ Glycerol atomizer
___________________ i Ai
1580 °C U H Ir
— ! NG lances
| | Burner
RS232
Natural gas
Gas analyzer 700°C || 970°C || 1200°C || 1100°C
Testo 350XL >\ )
Filter
Cyclone Pressure —( y——= RS232
uge Thermocouple
60-80°C
Glycerol reservoir 3-way flow (Xﬁ .
f control val _—
VE\B Glycerol 80V
heater
Pressure relief
< valve
Pump oo ~ v~ Voltage
m transformer
\%

Fllter

Fig. 1. Fuel combustion setup

largest particles are thrown by centrifugal force closer to the wall
where they lose energy and fall into the particle accumulation
chamber mounted at the bottom of the cyclone. The flue gases
exiting the cyclone then pass into the gas analysis chamber. This
chamber contains the Testo 350 XL flue gas analyzer and a device
to measure solid particles. The gas analyzer measures emissions
of 0,,C0O,CO,,NO,NO,, and SO, gas. The concentration of solid
particles in smoke is determined by the weight method [18].

3. RESULTS AND DISCUSSION

3.1.Production of emulsions

Several factors make the inclusion of heavy fuel oil in emulsions
challenging. Because of differences in polarity, HFO and glycerol
mix to only a limited extent. It is possible to disperse one fracti-
on in another, but it is nevertheless necessary to search for the
other components that improve the miscibility of these subs-
tances and the stability of the emulsions. In addition, both HFO
and glycerol are characterized by a high viscosity and density.
This makes it necessary to heat them prior to combustion, yet
the emulsions are unstable at high temperatures. Thus, it is ne-
cessary to search for other components that reduce the density
and viscosity of the emulsions so that they can be passed to the
combustion chamber at lower temperatures.

During the production of biodiesel fuel, there is an oil tran-
sesterification by methanol, after which raw glycerol is separa-
ted from the desired products. Besides glycerol (~60%), the raw
glycerol fraction contains methanol, fatty acid methyl esters
(FAME), sodium or potassium soaps, and water. This fraction is

usually purified after the methanol is evaporated off and free fatty
acids have been separated away by processing with mineral acids.
The evaporation and rectification of methanol to recycle it back
into the biodiesel production process is costly in terms of energy
and materials, so the overall cost effectives of the process would
increase if raw glycerol could be used to produce emulsions.

To evaluate the possibility of producing emulsions from raw
glycerol that would be suitable for use as fuel in boiler houses, the
stability of emulsions with different compositions was tested. All
or some of the components present in the glycerol fraction were
used to produce the emulsions, and the proportion of heavy fuel
oil was always 35% or less to avoid more than 1% sulphur in the
emulsions.

Tonic and non-ionic emulsifiers were selected for emulsion
production, namely sodium oleate and fatty acid monoglyceri-
des. Soaps are made in the process of biodiesel fuel production,
while fatty acid monoglycerides may be produced from the gly-
cerol fraction through glycerolysis of free fatty acids or oil.

For preliminary experiments, emulsions were prepared with
the following components: glycerol, 23-35%; fuel oil, 28-48%;
fatty acid methyl esters (FAME), 16-22%; water, 15-23%; soap,
1-2%; fatty acid monoglycerides (MG), 0.4-1.5%. The initial set
of emulsions was found to be unstable: they formed layers either
immediately or upon storage for up to one day. The amount of
emulsifier (fatty acid monoglycerides) was increased up to 7%
in an attempt to stabilize the emulsions, but the stability was still
insufficient, and the fatty acid monoglycerides made the emul-
sions significantly thicker. This thickening effect could be redu-
ced if some of the water (8%) was substituted with methanol or
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Table 1. Composition and stability of glycerol-heavy fuel oil emulsions

(glyce:::!av:::e "r:‘:::t::;ol), % Nc;;\uzr:)ailr, cRoRn'\‘n':;’u:/:ds Monoglycerides, % Sodiumoleate, % Stability

40.0 51.5 7.0 1.5 Hardened

487 48.0 1.5 1.8 Stable 3 h

48.6 46.2 35 1.7 Stable 3.5h

48.7 455 4.0 1.8 Stable 48 h

48.7 46.3 3.5 1.5 Stable for 6 days

48.6 47.1 3.0 13 Stable for 6.5 days
352 62.0 1.5 1.3 Stable for 4 days

39.1 58.1 1.5 1.3 Stable for 4 days

35.2 60.5 3.0 13 Stable for 44 days
42.0 55.2 1.5 1.3 Stable for 30 days
42.0* 56.5 1.5 - Stable more than 100 days
35.5* 61.5 3.0 - Stable more than 100 days

** Glycerol phase was used for production of emulsions.

if water was omitted entirely from the emulsions. The optimal
amount of fatty acid monoglycerides was found to be 1.5-3%.
The low stability of this initial set of emulsions was probably
caused by the ~50 : 50 proportion of polar and non-polar com-
ponents. The proportion was moved closer to the optimal one
for stable emulsions, which was 40 : 60 when the main polar
components consisted of water, methanol, and glycerol, and the
non-polar components were fuel oil and FAME. Some of the tes-
ting results are presented in Table 1.

Further tests showed that stable emulsions could be produ-
ced with 27-34% of glycerol and 27-34% of HFO. Thus, different
emulsion compositions can be selected depending on whether
the goal is increased consumption of glycerol or of heavy fuel oil.
The high water content destabilizes emulsions, while methanol
stabilizes emulsions. If the glycerol fraction is used without the
evaporation of the methanol or removal of fatty acids, it contains
a sufficient amount of ionic emulsifier, so it is unnecessary to
add more Na soap.

3.2. Combustion experiments of technical glycerol and gly-
cerol emulsions

The technical glycerol used in this study was taken from one
of the largest biodiesel production plants in Lithuania, JSC
“Rapsoila” The glycerol-heavy fuel oil emulsion was prepared in
the laboratory. The technical glycerol contained 80% of glycerol,
9% of water, 0.5% of methanol, 9% of sodium phosphate, and
1.5% of FFA. The resulting emulsion contained 8% of metha-
nol, 3% of MG, 1.3% of soap, 27.2% of glycerol, 34% of fuel oil,
and 26.5% of FAME. Tables 2 and 3 present the quality indexes
of glycerol and the glycerol-heavy fuel oil emulsion.

Table 2. Quality parameters of glycerol used for production of emulsions

Parameter | Value

Ash content, % (m/m) 0.085
Sulphur content, mg/kg 381
Flash point, °C 109
Viscosity at 80 °C, mm?/s 15.2
Density at 15 °C, kg/m? 1260
Calorific value, MJ/kg 12.2

Table 3. Quality parameters of glycerol-heavy fuel oil emulsion

Parameter | Value
Ash content, % (m/m) 0.16
Sulphur content, % (m/m) 0.7
Freezing temperature, °C -6
Viscosity at 20 °C, mm?/s 116.8
Density at 20 °C, kg/m? 932

Before the experimental combustion studies, the thermal
stability of the glycerol and the glycerol-heavy fuel oil emul-
sion was determined for the range of 30-1000 °C (Fig. 2). Direct
thermal analysis was not possible, since the glycerol was a liquid.
Boiling liquid substances, which could wet the thermocouples,
could distort the readings or damage the device. To avoid this
problem, the present study used the following method: the sam-
ples of glycerol were mixed in a 1:1 weight proportion with
inert aluminum oxide (a-ALO,) and stirred until the mixture
took on the consistency of paste. A sample (50 mg) was analysed
in the NETZSCN STA 40S PC/P6 device in an air atmosphere.
The temperature was increased at the rate of 15 °C/min.

The thermogravimetry (TG) and differential thermogravime-
try (DTG) curves of technical glycerol show four major mass los-
ses (Fig. 2a): a small mass loss up to 190 °C (loss of 11.04% of the
initial mass), an extensive mass loss up to 303 °C (36.48%),a small
mass loss from 303 °C to 375 °C (1.5%), and a slight decrease in
mass up to 1000 °C (2.31%). The first mass loss is the water in the
glycerol, as well as the additional moisture that it had absorbed.
This is proven by the endothermic reaction seen in the curve from
differential scanning calorimetry (DSC), which shows a peak at
153.2 °C.From 152 °C onwards, the pressure of glycerol vapour in-
creases sharply from the starting value of 0.67 kPa [19],and it rea-
ches atmospheric pressure (101.3 kPa, i. e. begins to boil, at 290 °C.
The second mass loss may be explained by the evaporation of the
glycerol itself. This is supported by the DSC analysis where a strong
endothermic peak at 285.3 °C is seen. At the third mass loss, DSC
analysis shows a weak endothermic reaction with a peak at 356 °C.
This peak may explain the decomposition of Na,PO, - 12H,0, by a
dehydration reaction. The final, slow mass loss may be due to the
thermal decomposition or oxidation of coke.
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Fig. 2. Thermal analysis of technical glycerol (a) and glycerol—-heavy fuel oil emulsion (b)

The thermogram of the glycerol-fuel oil emulsion (Fig. 2b)
is similar to that of technical glycerol and heavy fuel oil [20]. The
thermal analysis of the emulsion shows five principal mass losses.
The first decrease in mass up to 166 °C occurs as a result of the lar-
ger amount of water and methanol present in the sample (loss of
11.24% of the original mass), then the evaporation of glycerol and
FAME occur up to 286 °C (loss of 21.27% of the initial mass).

The DTG and DSC curves of the glycerol emulsion show
two additional endothermic reactions with peaks at 401.7 °C
and 493 °C. These peaks are caused by the introduction of HFO
into the emulsion. It seems likely that, at temperatures betwe-
en 286 °C and 432 °C (loss of 12.68% of initial mass), the ligh-
ter fractions of HFO begin to decompose, while from 432 °C to
530 °C (loss of 6.72% of initial mass) heavy fuel oil is rapidly
destroyed in the air environment. This destruction involves hy-
drocarbon decomposition and dehydrogenation, which consu-
me a lot of heat energy [21]. As the temperature increases, the
hydrocarbon molecules cleave more frequently at the end of the
chain, forming shorter radicals that gasify following stabilizati-
on. As the alkyl groups become shorter, the molecular weight of
the decomposition products becomes smaller. Though the rate
of decomposition does not increase with increasing temperatu-
re, the speed of mass loss in the residual sample at temperatures
over 530 °C slows significantly. More stable aromatic hydrocar-

Table 4. Combustion quality of technical glycerol

bons and solid asphalt materials become enriched in the residu-
al sample, and they begin to condense into the polycyclic aroma-
tic structures that form coke. Formation of the coke, as well as its
partial decomposition, takes place over the temperature range
of 530-1000 °C (loss of 1.26% of the initial mass). From 800 °C
onwards, decomposition of coke occurs (Fig. 2b).

Thus, the thermal analysis of glycerol and its emulsion shows
that the introduction of heavy fuel oil and other additives slightly
affect the thermal stability of the mixture. The evaporation pro-
cess of the mixture becomes slower at temperatures up to 500 °C.

The modern boilers used in thermal and industrial plants
work at high temperatures, but the adiabatic temperature of gly-
cerol is by ~100-250 °C lower than the adiabatic temperature of
the other liquid fuels. To guarantee stable combustion, glycerol
should be mixed with another type of fuel, or it must be introdu-
ced directly into the hot zone. In the present experiments, natural
gas was used to create the hot burning zone; the gas helped to
raise the temperature in the combustion chamber to 1000 °C. The
gas was turned off once this temperature was reached. The gly-
cerol fraction entered the zone of high temperature and gasified,
while the distribution of streams created by the burner formed a
flammable mixture of gasified glycerol vapour and air that easi-
ly ignited, thereby guaranteeing a stable combustion regime. The
quality indexes of glycerol combustion are presented in Table 4.

Parameter | Unit | Measured error | Regime

Heat power kw +2 35 45

Glycerol supply kg/h +2 1M 13

Glycerol pressure before atomizer bar +2 20 28

Air supply m3 +5 41 46
Oxygen content in flue gases % +0.5 3.6 1.6 1.9 24
Air excess coefficient - +0.02 1.21 1.09 1.1 1.13
Carbon monoxide emission mg/m? +20 41 90 73 130
Nitrogen oxide emission mg/m? +14 88 87 88 88
Particulate emission (Na salts) g/m? +25% 10.5 145 119 9.6
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Fig. 3. Curves of X-ray diffraction analysis (a) and sediment of solid particles on the cooled surfaces of boilers (b)

In the experiments on the combustion of technical glycerol,
the boiler operated efficiently from 35 to 45 kW. Over the entire
loading range, the air excess coeflicient behind the boiler chan-
ged from 1.21 to 1.09. The concentrations of emitted pollutants
at 3% of oxygen content in the flue gases did not exceed the li-
mits established by the EU Directive 2001/80/EC; the concentra-
tions were as follows: NO , ~90 mg/m?* CO, 41-130 mg/m’; and
SO,, ~10 mg/m’ (Table 4). When technical glycerol was burned,
the flue gases showed an especially high concentration of solid
particulates (Na salts), which reached as high as 14.5 g/m’. They
appear in glycerol during the production of biodiesel fuel when
the alkaline catalyst is used for the transesterification reaction.
As water is removed during the combustion process, salts in the
glycerol condense and form polycondense compounds. X-ray dif-
fraction analysis of these solid particles showed that the struc-
ture of the white powder produced most closely resembles the
crystallographic structure of sodium pyrophosphate Na,P,0,
(Fig. 3a). These compounds have been shown to stick to the
cooled surfaces of boilers (Fig. 3b) and to reduce the heat trans-
fer efficiency of combustions carried out in boilers.

To comply with the provisions of Directive 2001/80/EC of the
European Parliament and Council [11, 12] regarding emission li-
mits for certain pollutants from fuel combustion plants, the bur-
ning of sulphurous fuel (S"> 1wt%) is prohibited in Lithuania.
Using glycerol together with another liquid fuel high in sulphur,
such as heavy fuel oil or oil shale can reduce the emission of ha-
zardous SO, and NO_ into the environment. This reduction was
verified in the combustion trials with the glycerol-heavy fuel oil

Table 5. Combustion quality of glycerol-heavy fuel oil emulsion

emulsion in which the content of sulphur oxides in the flue gases
was found to be ~1000 mg/m’ (Table 5) and the concentration of
nitric oxides was measured at 250-280 mg/m®. For comparison,
extensive experience has shown that burning sulphurous HFO (S”
up to 3%) leads to a concentration of SO, of up to 6000 mg/m’ in
flue gases, and NO_levels in flue gases as low as 250-300 mg/m’
can be achieved without additional methods only when the com-
bustion process is well coordinated.

The reduction in sulphur oxides is due to the reduction par-
ting the proportion of sulphurous fuel needed to achieve the
same amount of thermal energy. In contrast, the reduction in
NO_may be explained by the low adiabatic flame temperature
of glycerol. In other words, when glycerol is introduced into the
combustion process, the flame temperature decreases, leading to
a reduced formation of the so-called thermal nitric oxides. The
content of CO in flue gases depends on the coefficient of air sur-
plus, and it may vary between 60 and 130 mg/m®. In addition,
the fact that each fuel was diluted into another decreased the
formation of solid particles. In the present study, the concentra-
tion of solid particles in smoke averaged 0.5 g/m’ over the entire
load range.

4. CONCLUSIONS

1. To solve the problem of how to use the glycerol formed whi-
le making biodiesel fuel, this study analyzed the possibility of
using it directly as a fuel or in an emulsion with other combus-
tible products. A glycerol-heavy fuel emulsion was investigated

Parameter | Unit | Meas. error | Regime
Heat power kw +2 37
Emulsion supply kag/h +2 5.8 55 6 6.1
Emulsion pressure before atomizer bar +2 10
Air supply m?3 +5 65 60 62 62
Oxygen content in flue gases % +0.5 4 3.6 3 25
Air excess coefficient - +0.02 1.23 1.21 1.16 1.13
Carbon monoxide emission mg/m? +20 60 75 100 134
Nitrogen oxide emission mg/m? +14 251 234 277 257
Sulfur dioxide emission mg/m? +30 1025 945 993 1074
Particulate emission (Na salts) g/m? +25% 0.5
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because of the limited use of heavy fuel oil in combustion plants
due to its high sulphur content.

2.Stable emulsions are produced when they contain 27-34%
of glycerol and 27-34% of heavy fuel oil. In addition to these
products, the emulsions contain methanol present in the glyce-
rol fraction. Fatty acid monoglycerides can be used as stabilizers
(optimal amount 1.5-3%) together with soaps (optimal amount,
1.3%). Both of these emulsifiers are present in the green glycerol
received after fatty acid methyl esters and glycerol fractions have
been separated.

3. Initial combustion experiments suggest that, once solid
particles can be eliminated from the glycerol fraction or the salts
remaining in the glycerol after dissolving of the soaps can be
removed, the glycerol fraction can be used directly as a fuel to
generate heat energy. The concentrations of NO_(~90 mg/m?),
CO (40-130 mg/m?), and SO, (0-10 mg/m’) produced in the or-
ganic fuel combustion setup in the present study did not exceed
the limits in the flue gases.

4. Burning the glycerol-fuel oil emulsion produced a nearly
six-fold reduction in the content of SO, (993-1074 mg/m”) in the
flue gases as well as lowered the concentration of nitric oxides
(NO,) in the exhaust smoke (250-280 mg/m®) as compared to
pure heavy fuel oil. Burning the emulsion also produced smoke
with a significantly lower concentration of solid particles, which
averaged 0.5 g/m’ over the entire load range.
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Nerijus Striagas, Anupras Slanciauskas, Violeta Makarevidiené,
Milda Gumbyté, Prutenis Janulis

GLICEROLIO FRAKCIJOS PANAUDOJIMO SILUMOS
GAMYBAI GALIMYBES

Santrauka

Didéjant biodyzelino gamybos apimtims, susiduriama su gamybos
metu susidarancio $alutinio produkto - glicerolio panaudojimo pro-
blemomis. Siy tyrimy tikslas buvo jvertinti techninio glicerolio (80%
grynumo) ir glicerolio fazés (iki 60% grynumo) panaudojimo Silumos
gamybai galimybes.

Atlikti glicerolio panaudojimo kuro emulsijy gamybai tyrimai,
emulsijy sudétj jtraukiant mazutg, kurio tiesioginis panaudojimas ribo-
tas dél didelio sieros kiekio jame. Jvertintas emulsijy stabilumas, atsi-
zvelgus j ju sudétj. Nustatyta, kad stabilios emulsijos gali bati gautos, kai
ju sudétyje yra 27-34% glicerolio ir 27-34% mazuto. Emulsijy stabilu-
mui padidinti tikslinga naudoti emulsiklius: riebaly rag$¢iy monoglice-
ridus (optimalus kiekis 1,5-3%) ir muilus (optimalus kiekis 1,3%), kuriy
aptinkama biodyzelino gamybos metu atskirtoje glicerolio fazéje.

Pateikiami paruostos stabilios emulsijos méginio ir techni-
nio glicerolio palyginamyjy deginimo tyrimy rezultatai ir analizé.
Eksperimentiniy techninio glicerolio deginimo bandymy metu visame
apkrovimy intervale gautos NOx (~90 mg/m’), CO (40-130 mg/m?)
bei SO, (0-10 mg/m*) koncentracijos $alinamuose dimuose atitiko
ES Tarybos direktyvose nurodytas leistinas iSmetamuyjy tersaly i§ kurg
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deginanciy jrenginiy normas. Deginant emulsija, sieros dioksido (SO,)
kiekis deginiuose sumazéja beveik 6 kartus, palyginti su grynu mazutu,
ir siekia 993-1074 mg/m’. MazZesnés azoto oksidy (NO ) koncentracijos
$alinamuose dimuose (250-280 mg/m®), gerokai sumazéjo ir kietyjy
daleliy susidarymas.

Raktazodziai: glicerolis, mazutas, kuro emulsijos, deginimo tyri-
mai, emisijos

Hepmroc Crprorac, Anynpac lllmanyayckac,
Buonera Makapsisudene, Munpa Iym6ure, IIpyTsanuc Auynuc

IEPEPABOTKA ITIMIIEPOJIBHOV ®PAKITVI B
HOBBIV BUJI TOIJIVBA /IS IPOM3BOOCTBA
TEIUIOBOV 9HEPTUU

Peswme

C pocToM IpOM3BOACTBA OMOU3EIBHOTO TOIUIMBA B HACTOALIEE Bpe-
M BO3HUMKAIOT 007IbIIMe IPO6/IEMbI PALMOHAIBHOTO MCIIONb30BAHNSA
O060YHOTO MPOAYKTA IuIiepora. Llenb JaHHOTO UCCTeOBaHMSA — BbI-
YICTUTD BO3MOKHOCTD MICIIONIb30BAHMSA TEXHIYECKOTO IIIiepora (Un-
crora 80%) u ruieponbHOit ppakuuy (ductora o 60%) A Ipous-
BOJICTBA TEIUIOBOI SHEPTHIL.

PaccmarpuBaeTcs 1ucnonb3oBaHye IIMIEepona il Ipou3BoOACTBA
TOIUIMBHOI 3MY/IbCUM C Ma3yToM. B HacTodIlee BpeMs UCIONb30Ba-
HJ€ Ma3yTa OTPAHMYEHO U3-32 BBICOKOTO CONEPXKAHUA B HEM CEPbL.
OrmpefienieHo, YTO SMY/bCHSA CTAONIbHA 3a CYET ee cOCTaBa. Pe3ynbrarsl
TOKA3a/Iy, YT0 607Iee YCTOMYMBAsA IMY/IbCUSA MOKET OBITh IPUTOTOB-
JIeHa, KOT7Ia B ee CocTaBe cofiepxutcs 27-34% rmuuepona u 27-34%
MasyTa. UTOObI TOBBICUTD CTAOUIBHOCTD IMY/IBCIM, MOKHO MCIIONb30-
BaTb SMY/IbIATOPBI B IINIIEPOIbHOI paKIy, HallpuMep, MOHOITIHIe-
PU/BI KMPHBIX KMCIOT (ONITHMAIbHAS KOHIeHTpanust 1,5-3%) ¥ MbLIO
(omrrmmanbHas KoHueHTpanus 1,3%).

Taxoke mpeficTaB/IeHbI CPAaBHUTENbHBIE PE3YIbTAThI MICCIEOBAHIA
TOPEHMsA CTAOVIBHOI SMY/IbCUI U TEXHIYECKOTO Imiepona. Bo Bcex
9KCIIEPYMEHTA/IbHBIX PEeXMMaX TOPEHUSA TeXHMYECKOro ITIMIepona
xonmenTparym NOx (~90 mr/m*), CO (40-130 mr/m*) u SO, (0-10 mr/
M’) B IBIMOBBIX I'a3aX He [PEBBIIIa/IN JONYCTIMBIX HOPM 3arpASHEHNA
OKpY>Karolell cpefibl. B crydae ropeHusA TOIIMBHOIN 9MY/IbCUM KOH-
[eHTpALys AMOKCHUAA cepbl focTurana 993-1074 mr/m?, HO 9T0 moYTH
B IIECTb pa3 MEHbIIE, YeM IPY CKUTAHUU CepucToro Masyra. Kpome
TOT'0, KOHIIEHTPAIMI OKCUJIOB a30Ta B ILIMOBBIX T'a3ax He ITPEeBbILIANIN
250-280 mr/m>.

KnroueBble croBa: rimiepos, MasyT, TOIUIMBHASA 9MYIbCHUA, TOpe-
HIIE, IMUCCUN



