
ISSN 0361-5219, Solid Fuel Chemistry, 2022, Vol. 56, No. 4, pp. 293–303. © Allerton Press, Inc., 2022.
Russian Text © The Author(s), 2022, published in Khimiya Tverdogo Topliva, 2022, No. 4, pp. 62–72.
Scientific and Practical Directions of the Expansion and Integrated 
Development of the Coal Resource Base of Mongolia

A. V. Podgaetskiia, *, D. A. Gorrb, **, and E. B. Zhukovc, ***
a Institute of Comprehensive Exploitation of Mineral Resources, Russian Academy of Sciences,

Moscow, 111020 Russia
b OOO SKB Kotel’nykh Ustanovok (Special Design Bureau for Boiler Plants),

Barnaul, 656056 Russia
c Polzunov Altai State Technical University, Barnaul, 656038 Russia

*е-mail: podgan@mail.ru
**е-mail: dmitry.gorr@gmail.com
***е-mail: jukov23j@yandex.ru

Received January 12, 2022; revised February 19, 2022; accepted March 30, 2022

Abstract⎯The use of low-grade lignite fuel in modern thermal power engineering and household (municipal)
economy was considered. A set of analytical methods for the study of fossil coals and the subsequent assess-
ment of their technological characteristics was proposed. Experimental data on the material composition,
physicochemical properties, and heat and power characteristics of a number of coal deposits in Mongolia
were obtained and analyzed.
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The coal industry dominates in the mining indus-
try of Mongolia, and coal fuel resources are mainly
responsible for providing energy to all sectors of the
economy and social facilities because coal reserves are
many times greater than the reserves of liquid and gas-
eous hydrocarbons. As a result, more than 90% of
electricity and heat generation is based on coal.

At present, Mongolia ranks 10th in the world in
terms of solid fossil fuel reserves; according to various
sources, it possesses from 150 to 175 billion tons of
coal. Explored coal reserves range from 10 to 24 billion
tons, respectively, which are contained in deposits of
various sizes, among which a significant fraction in
terms of volume and quality of raw materials should be
attributed to deposits of local importance. Lignite and
low-metamorphosed coals form the main part of the
reserves (80%). Favorable factors include a relatively
uniform distribution of coal occurrences throughout
the country and the fact that more than 70 of them
allow for the most economically profitable open-cast
coal mining [1–5].

The growth rate of coal production in Mongolia
has accelerated since the 2000s (Table 1). In recent
years, a nationwide program for the large-scale devel-
opment of the coal industry has been formed, aimed at
creating efficient and environmentally friendly coal
processing industries. The program provides that coal
will remain the main fuel for electricity generation

intended both for domestic needs in Mongolia and for
export abroad by 2025–2030. In the direction of con-
sumption of coal resources, the adopted program pro-
vides for a sharp increase in the volume of domestic
power generation. Currently, about 80% in the struc-
ture of the use of Mongolian coal falls on large-scale
thermal power plants, while the local public utilities
and the private sector consume about 10%. It is obvi-
ous that, according to the adopted program, it is nec-
essary to increase both segments of the energy sector.
The Central Energy System (CES) of Mongolia is cur-
rently in a power shortage due to the lack of commis-
sioning of new electrical capacities over the past
20 years with a general increase in electricity con-
sumption in the country [1]. The economic structure
of Mongolia is characterized by the need for the devel-
opment of decentralized energy supply using autono-
mous heat and power generators [6] in individual
farms (yurt settlements near large cities) and for the
needs of pasture-nomadic animal husbandry as one of
the main industries. Note that autonomous heat and
power generator units are not intended to compete
with centralized CHP plants, but they represent the
private sector of the Mongolian energy production.
It should be taken into account that the poorly devel-
oped transport and logistics infrastructure makes it
unprofitable to transfer coal fuel from large deposits to
supply small-scale generating plants and autonomous
293
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Table 1. Dynamics of coal mining in Mongolia [1]

Year 2011 2015 2020 2025 2030

Production level, 
thousand tons

32030 61937 82770 103600 125620

Table 2. Explored deposits of Mongolia [1–5]

Deposit Reserves, 
million tons Coal rank

Shive-Ovoo 2700 2B, 3B
Baganuur 303 2B–1B
Nalaikh 30 2B
Tavan-Tolgoi 6400 D-Zh-K GZhO,

Zh, KZh, K, KS, SS
heat and power generators. It is obvious that the wide-
spread operation of such units is possible only with the
use of local coal resources as fuel; as noted above, they
are evenly distributed over the territory. Consequently,
the rapid compensation of the existing shortage of
capacities and the accelerated increase in electricity
production in Mongolia is possible only by relying on
the local raw material base.

The decision to use mined coal as an energy fuel
primarily depends on the technological properties and
their compliance with the technical parameters of the
main and auxiliary boiler equipment and the systems
of fuel preparation for combustion. They are designed
and tested for the combustion and complex use of fuels
with well-defined physicochemical properties, which
are the basis for their optimal use. Therefore, to
develop a program for the qualified use of coals, sys-
tematic data on their reserves, composition, and tech-
nological properties are required in order to assess
their suitability for energy generation use. These stud-
ies are of considerable current importance due to the
need to develop theoretical and practical approaches
to the wide involvement of the available reserves of
brown coal in Mongolia for energy and public utilities.

EXPERIMENTAL
The moisture content, ash content, and volatile

yield of coal samples were determined using a TGA
701 (LECO) thermogravimetric instrument according
to GOSTs [State Standards] 9516, 6318, and 11022,
respectively. Spectral methods are actively used to
determine the composition of a wide range of mineral
raw materials, including solid fossil fuels. The phase
composition of the mineral inclusions (MIs) of coals
and ash residues (ARs) was determined by X-ray dif-
fraction (XRD) analysis on an XRD7000 diffractome-
ter (Shimadzu), and their elemental composition was
determined by X-ray f luorescence (XRF) spectrome-
try on an ARL Advant’X spectrometer. The analysis of
the organic matter was carried out on an automatic
Euro Vector EA3000 CHNS analyzer. The tempera-
ture of the combustion reactor was 980°С, the carrier
gas was helium, the GC column temperature was
100 С, and the detector was a katharometer. The activ-
ity of radionuclides was measured in the laboratory of
physical and technical measurements of the Transbai-
kal State University according to GOST 3010-94 using
a scintillation gamma spectrometer with the Progress
software.

The test coals were selected from four deposits of
brown and black coals in Mongolia (Table 2).

Complex studies of the composition of coals and ash
residues. Each coal deposit has its own specifics of
facial and geochemical conditions of coal formation
and forms of accumulation of chemical elements,
which should be studied and taken into account.
Therefore, the analysis of the elemental composition
of mineral inclusions and ash residues is widely used at
all stages of the integrated development of coal depos-
its: from mining to power generating combustion and
utilization of ash and slag waste [7–10].

Upon combustion, high ash content indicates the
following potentially negative factors: slagging of
boiler heating surfaces, abrasive wear of equipment, an
increase in ash emissions into the atmosphere and the
amount of ash and slag residues removed to ash
dumps, etc. [5].

Because the production of building materials,
mainly binders, is one of the main directions in the
utilization of ARs, it is convenient to use calculated
modular indicators reflecting the relationship between
the concentrations of the main oxides (SiO2, Al2O3,
Fe2O3, and CaO) in the ARs for their technological
assessment. Modular comparison makes it possible to
quantify the quality of cement raw materials obtained
as a result of processing [11].

The following indicators were used for the techno-
logical characterization of the concentrations of ash-
forming elements in ash residues:

the ash fusibility factor Kf = SiO2 + Al2O3 +
TiO2/Fe2O3 + CaO + MgO + Na2O + K2O [10] deter-
mines the ratio between acidic and basic oxides in ash;
together with viscosity, it is among the main parame-
ters determining the quality thermal coals burned in
boiler units [12];

the silicate modulus M1 = SiO2/(Fe2O3 + Al2O3)
[9] reflects the amount of refractory silicate fraction in
ashes and cement raw materials;

the silicon modulus M2 = Al2O3/SiO2 as a geo-
chemical marker indicates an increase in the concen-
tration of organomineral components of plant origin
in coal [9]; in the utilization of ash and slag waste into
building materials, M2 characterizes the fusibility of
the raw mixture, which affects the construction and
technical properties [11, 13];
SOLID FUEL CHEMISTRY  Vol. 56  No. 4  2022
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Table 3. Elemental composition of the organic matter of Mongolian coals

Deposit
Elemental composition, % Atomic ratio

fa
C H N S O H/C O/C

Shive-Ovoo 57.12 4.48 1.87 0.40 36.13 0.94 0.48 0.47
Baganuur 42.65 3.52 0.82 0.29 52.72 1.01 0.93 0.27
Nalaikh 54.97 4.57 0.98 0.76 38.72 1.00 0.53 0.42
Tavan-Tolgoi 67.30 3.77 1.34 0.77 26.82 0.67 0.30 0.64

Table 4. Technical characteristics of coals

Deposit
Wa Ad Vdaf Qs, MEND

Characteristics of 
the nonvolatile 

residue% MJ/kg

Shive-Ovoo 9.4 9.3 42.8 47.0 0.69 27.00 21.09 Agglutinated
Baganuur 10.1 28.6 45.6 30.3 0.54 19.50 13.16 Powdered
Nalaikh 11.5 12.5 46.8 41.2 1.19 23.97 20.24 Powdered
Tavan-Tolgoi 1.3 20.8 22.6 60.5 0.98 27.50 24.71 Sintered, not fused

Ca
f Sd

t
d
sQ
and the hydraulic modulus M3 = CaO/SiO2 +
Al2O3 + Fe2O3 [9] determines the binding properties
of the resulting ash residue, that is, its ability to hydra-
tion [11].

Table 3 shows the characteristics of the organic
matter of the test coals. Based on the results of mea-
surements, the О/С and Н/С ratios were determined,
and the aromaticity index of brown coals fa = 1.007 –
0.3857(Н/С) – 0.3725(О/С) was calculated [14].

The above parameters make it possible to quantify
the degrees of aromaticity and condensation of the
structural units of low-metamorphosed brown coals,
and they are used to predict the efficiency of use of
fossil raw materials in technological processes that
require taking into account the chemical structure and
reactivity of organic matter.

Table 4 summarizes the results of the thermogravi-
metric determination of the moisture content, the ash
content, and the amount of volatiles of the test coals.
The thermal stability of the organic matter of coals was
determined according to the amount of nonvolatile
(bound) carbon:  = 100 – (Wа + Аа + Va) [10].
According to the data of Tables 3 and 4, it is evident
that, among the test samples, coals from the Tavan-
Tolgoi and Shivee-Ovoo deposits are most suitable for
power combustion. Table 5 shows the chemical com-
position of mineral inclusions in ARs and coals.

Figures 1–4 show the X-ray diffraction patterns of
fossil coals and their ARs. The spectra of the initial
coals make it possible to analyze and identify the main
phases of mineral inclusions if their concentrations are
greater than 3–5 wt %. According to the X-ray data,
quartz (d = 4.25, 3.34, and 2.45 Å) was the main min-
eral inclusion in the original coal of the Shive-Ovoo

Ca
f
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deposit. It was also present in the ash residue with a
small admixture of feldspars. In coal from the Bagan-
uur deposit, quartz also was the main mineral phase,
and the ash residue consisted of quartz with an admix-
ture of anhydrite (d = 3.50 Å) and feldspar (d = 3.20 Å).
The Nalaikh deposit: initial coal, a mixture of quartz
with siderite (d = 2.80 Å) and traces of clay minerals.
The ash residue of this coal was a mixture of quartz
and anhydrite with iron oxides, hematite (d = 3.69 Å)
and maghemite (d = 2.51 Å). In the coal of the Tavan-
Tolgoi deposit, mineral inclusions were mainly repre-
sented by quartz and siderite with an admixture of clay
minerals. Upon combustion, quartz and siderite
turned into ash, and hematite was added to them.

RESULTS AND DISCUSSION
Among the test samples, coals from the Tavan-Tol-

goi and Baganuur deposits were characterized by the
highest ash content (20.8 and 28.6%, respectively),
which was determined both from the results of proxi-
mate analysis (Table 3) and from ignition losses (Table 4);
this characteristic of these coals was higher than that of
coals from the Shivee-Ovoo and Nalaikh deposits (9.3
and 12.5%, respectively) by a factor of almost 2.

As in most Mongolian coals, the compounds of sil-
icon (41.2–70.4% SiO2), aluminum (13.6–18.3%
Al2O3), iron (2.0–12.0% Fe2O3), and calcium (2.6–
14.0% CaO) predominated.

The sum of acidic components (mainly SiO2 +
A12O3) was the highest in the ash of coals from the
Shivee-Ovoo and Tavan-Tolgoi deposits due to the
high values of Kf: 8.25 and 9.18, respectively. In terms
of this sum, they should be attributed to a siliceous
type with a high melting point. The silicon oxide con-
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Table 5. Concentrations of ash-forming elements in the coals of Mongolian deposits and in their ash residues (ARs)

Component,
wt %

Shive-Ovoo deposit Baganuur deposit Nalaikh deposit Tavan-Tolgoi deposit

coal AR coal AR coal AR coal AR

Ignition losses 92.00 – 80.00 – 89.70 – 78.60 –
SiO2 5.39 67.38 11.11 55.55 4.24 41.17 15.06 70.37
CaO 0.35 4.31 2.81 14.05 1.31 12.72 0.56 2.60

Al2O3 1.46 18.25 2.72 13.60 1.81 17.57 3.59 16.78
Fe2O3 0.16 1.99 0.89 4.44 1.24 12.04 1.24 5.79
MgO 0.34 4.24 0.52 2.60 0.47 4.60 0.08 0.38
K2O 0.03 0.42 0.20 1.00 0.12 1.15 0.12 0.57

F 0.02 0.21 0.10 0.48 0.07 0.63 0.06 0.26
TiO2 0.02 0.30 0.11 0.57 0.05 0.46 0.11 0.50
Na2O 0.07 0.89 0.05 0.24 0.06 0.54 0.05 0.21
ZrO2 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
P2O5 0.10 1.28 <0.02 <0.02 <0.02 <0.02 0.49 2.29
SO3 0.02 0.30 1.45 7.22 0.87 8.52 <0.02 <0.02
SrO 0.01 0.18 0.02 0.09 <0.02 <0.02 0.02 0.12
NiO <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

Cr2O3 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Кf 8.25 3.12 1.91 9.18
М1 3.33 3.08 1.39 3.12
М2 0.27 0.24 0.43 0.24
М3 0.049 0.191 0.180 0.028
tent of coals from the Baganuur and Nalaikh deposits
is lower, but the concentrations of basic oxides (CaO +
MgO) and iron oxides (Fe2O3) are higher. As a result
of this, the value of Kf and the melting point of ash are
lower. The high CaO content of ash and the low melt-
ing point indicate an increased slagging capacity,
which will exert an adverse effect, for example, in the
burning of this coal in boiler units of thermal power
plants [12]. Therefore, the following special solutions
are used in the design of boiler equipment using high-
ash coal as fuel in order to reduce abrasive wear and
slagging:

– an increased volume of the combustion chamber
or the use of low-temperature combustion methods
(low-temperature f luidized bed and circulating f luid-
ized bed) to eliminate slagging;

– provision of relatively low flue gas f low rates in
the convective heating surfaces of boilers to minimize
abrasive wear;

– the use of special replaceable protective pads to
minimize abrasive wear of heating surfaces, etc.

The amounts of refractory (M1) and low-melting
(M2) fractions in the ARs of coals were approximately
equal with the exception of samples from the Nalaikh
deposit, the ash of which was the most fusible (Table 4).
The highest hydration capacity (modulus M3) was
noted in the ash residues of coals from the Baganuur
and Nalaikh deposits due to a high concentration of
the sum of basic oxides (CaO + MgO). The total con-
centration of alkaline earth metal oxides of about 20%
makes these ARs promising for recycling into binders
[13]. On the other hand, this factor can become an
obstacle, for example, in the use of coals from these
deposits as a raw material for hydrogenation because
calcium reduces the activity of a catalyst used in the
liquefaction process [15].

The phosphorus content of coals is 0.02–0.49%,
which is favorable for the use of coals not only in the
power industry but also in other industries, for exam-
ple, coke chemistry.

Radiation hazard control. The control of the radia-
tion hazard of coal mining enterprises and coal-burn-
ing thermal power plants due to the presence of natu-
ral radionuclides in coals is an important environmen-
tal problem of modern coal energy generation. In this
case, coal-burning thermal power plants can become a
source of radioactive contamination of the environ-
ment due to emissions and the formation of ash with
high radionuclide content.
SOLID FUEL CHEMISTRY  Vol. 56  No. 4  2022
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Fig. 1. X-ray diffraction patterns of (a) the initial coal sample and (b) the AR of coal from the Shive-Ovoo deposit.
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A wide radiogeochemical assessment of the coal
resource base of the Republic of Mongolia in order to
determine the degree of radionuclide contamination
and compliance with radiation safety standards in coal
mining and processing was not carried out. However,
among the deposits, uranium–coal objects of various
sizes with an increased concentration significantly
exceeding Clarke values were identified. Upon the
combustion of these coals, the accumulation of radio-
active element decay products in ash residues was
observed [16, 17].

It should be noted that the concentration of natural
radionuclides in mined coal is currently not strictly
controlled. Currently available regulatory documents
[18–20] limit the effective specific activity of natural
radionuclides for industrial wastes, including energy
(ash, slag, etc.) used for the manufacture of building
SOLID FUEL CHEMISTRY  Vol. 56  No. 4  2022
materials and road construction to 370 and 740 Bq/kg,
respectively.

In the absence of regulatory standards, practical
recommendations for the use of these coals have been
developed in Russia based on the experience of mining
deposits of solid fuels with high radionuclide content
[21–24].

According to the natural radionuclide content,
coals are divided into three grades: (1) grade 1 coal
(consumer coal) with a specific activity to 123 Bq/kg,
(2) grade 2 coal (energy coal) with a specific activity of
123–1230 Bq/kg, and (3) grade 3 coal (complex coal)
with a specific activity of >1230 Bq/kg.

The grade 1 coals can be used for combustion in
furnaces and boiler houses without special ash-catch-
ing equipment. The grade 2 coals can be used in
household stoves and thermal power plants equipped
with ash-trapping facilities. The grade 3 complex coals
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Fig. 2. X-ray diffraction patterns of (a) the initial coal sample and (b) the AR of coal from the Baganuur deposit.
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are not suitable for energy purposes. It is expedient to

use the accumulated experience for the development

of coal deposits in Mongolia. In order to take into

account the radiation quality of the energy raw mate-

rials of the test deposits, the study of the material com-

position was supplemented by the determination of

the concentration of natural radionuclides. Table 6

summarizes the results.

Taking into account the experimental results on the

activity of natural radionuclides and data on the

absence of significant concentrations of radioactive

elements in the ARs, we can conclude that the coals

from the above deposits of Mongolia can be used with-

out restrictions in terms of radioecological character-

istics as an energy raw material, and their ash and slag

wastes, as a feedstock for the production of building

materials.
Development and implementation of autonomous
heat generation systems using local fuel for industrial
facilities and the public sector. The practical implemen-

tation of the accumulated data on the material compo-

sition of coals was the development of a working pro-

cess diagram and the choice of technical equipment

for autonomous heat generation technology with the

use of Mongolian lignite based on the collected mate-

rial.

The cost of fuel at the boiler unit is a main value for

evaluating the efficiency of boiler plants. Therefore,

the main direction for improving the economic per-

formance of boiler units in the industrial thermal

power industry of Mongolia is to involve local types of

coal, including coals from the Baganuur, Shive-Ovoo,

Tavan-Tolgoi, and Alag-Togoo deposits, in the fuel

balance [2, 12, 14].
SOLID FUEL CHEMISTRY  Vol. 56  No. 4  2022
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Fig. 3. X-ray diffraction patterns of (a) the initial coal sample and (b) the AR of coal from the Nalaikh deposit.
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Currently available technologies for the burning of

low-grade fuels, such as brown coal and subbitumi-

nous coal, have a number of disadvantages that do not

allow full use of the energy contained in the fuel. Thus,

a significant problem is the combustion of subbitumi-
SOLID FUEL CHEMISTRY  Vol. 56  No. 4  2022

Table 6. Activity of natural radionuclides in Mongolian coals

Аeff = АRa + 1.31 АTh + 0.085 AK [20] is the total specific activity of 

their biological effect on the human body.

Deposit
Radion

226Ra 232

Shive-Ovoo 60.0 ± 6.20 22.8 ±

Baganuur 93.8 ± 2.06 12.3 

Nalaikh 2.22 ± 0.79 7.7 ±

Tavan-Tolgoi 18.52 ± 1.26 9.64 ±
nous hard and brown coals in the combustion cham-

bers of small and medium power boilers. This is due to

both the difficulty of retaining coke fuel particles in

the process of their burning and the possibility of for-

mation of significant ash deposits in the furnace and in
, Bq/kg

natural radionuclides in the material determined taking into account

uclide
Аeff

Th 40K

 1.37 20.0 ± 1.06 91.44 ± 8.1

± 2.5 73.0 ± 12.5 116.36 ± 6.44

 0.97 42.7 ± 1.88 16.07 ± 2.22

 1.03 25.77 ± 1.96 33.36 ± 2.68
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Fig. 4. X-ray diffraction patterns of (a) the initial coal sample and (b) the AR of coal from the Tavan-Tolgoi deposit.
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boiler bundles. In addition, when coke particles are
removed from the boiler combustion chamber, there is
a danger of fires in the chimneys and ash collectors of
the boiler unit upon the accumulation of unburned
carbon in them.

Taking into account the obtained analytical mate-
rial, we proposed for use boiler units with multiple cir-
culation of fuel in the combustion chamber (Fig. 5)
specifically adapted for the combustion of brown (and
subbituminous) coals. Their distinctive design feature
is the profile of a boiler furnace, in which coke parti-
cles of polyfractional fuel with a low density are kept
inside the combustion chamber due to the inertial sep-
aration principle.

An analysis of a set of experimental data on the
material composition of coals from the studied depos-
its made it possible to recommend a KVm-2.5KB
boiler equipped with an additional pipe system
installed on an inclined forced combustion furnace
(IFCF) unit for combustion.

To increase the efficiency of combustion with the
use of high-ash fuel from Mongolian deposits and to
decrease the amount of unburned fuel removed from
the combustion chamber, it was proposed to install an
additional f lue gas purification unit as a cinder-return
system (CRS) after the boiler (Fig. 6). The cinder was
returned due to the recirculation (removal) of com-
bustion products from the ash box of the ash catcher
(Figs. 5, 6). The cinder-return system makes it possi-
ble to increase the efficiency of the boiler unit and
reduce fuel consumption due to its more complete
burnout.

As a result, the following schematic diagram of
combustion was proposed for use (Fig. 7): the crushed
fuel is fed by a feeder into the furnace, in which com-
bustion occurs according to a combined f lame grate-
SOLID FUEL CHEMISTRY  Vol. 56  No. 4  2022
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Fig. 5. Schematic diagram of the operation of a boiler plant of the KVm series for burning brown coal and subbituminous coal:
(1) formation of the vortex movement of f lue gases in the combustion chamber of the boiler, (2) convective packages of the boiler
(first pass), (3) convective packages of the boiler (second pass), (4) ash catcher; (5) smoke exhauster, and (6) chimney.
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Air
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Fig. 6. Cinder-return system.
firing technology. In this case, burning heavy particles
of coal pass along inclined and horizontal grates, and
small particles of burning coke are captured by an
ascending aerodynamic f low and burn out in a vortex.
The ash catcher installed behind the boiler allows
unburned fuel particles to be returned to the combus-
tion chamber by means of a VVU smoke exhauster and
nozzles of the cinder-return system.

The combination of grate-firing and flare combus-
tion makes it possible to achieve a deeper burning of
combustibles in the fuel, which ensures an increase in
the efficiency of using a hot water boiler and also
decreases the emissions of environmentally harmful
and toxic substances into the environment. For exam-
ple, in classical grate stokers, the fraction of combusti-
bles in the slag (at a rate of 12%) can reach 30–42%
(based on balance tests of typical boilers with grates).
With the introduction of vortex afterburning in the
above-bed space and, especially, with a cinder-return
system organized behind the boiler to ensure the recir-
culation of unburned particles, the fraction of com-
bustibles in the slag was 4–8%, which is a significant
indicator that reduces the fraction of unburned carbon
q4. In addition, the above-described designs of boilers

with vortex afterburning and IFCF units make it pos-
sible to adapt the latter to work using coals with a high
concentration of CaO in the ash residue. In general,
this makes it possible to successfully use the proposed
process diagram for burning coals of significantly dif-
ferent material compositions typical of local low-
grade fuels. In the future, it is advisable to develop a
line of mobile autonomous heat and power generators
units of various capacities based on this process dia-
gram for supplying heat and electric energy to both
individual residential premises (for example, yurts)
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and economic and industrial facilities and remote set-
tlements.

Another direction for improving the combustion of
brown coal from Mongolian deposits can be the mod-
ernization of fuel preparation through the introduc-
tion of fuel granulation. First of all, this applies to
large-scale urban thermal power plants. Preliminary
experiments on the granulation of the test coals
showed their promise for processing into granules
using a binder, which makes it possible to avoid direct
combustion of bulk coal in the furnaces of power boil-
ers and use fuel preparation to ensure efficient com-
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Fig. 7. Schematic diagram of the use of a KVm-2.5KB boiler with a cinder-return system for the combustion of brown coals and
subbituminous hard coals.
bustion with the technological possibility of the subse-
quent utilization of ARs into building materials and
industrial products.

The combination of granulated fuel with properly
selected up-to-date equipment will allow power plants
to obtain modern technologies that reduce the emis-
sions of gases harmful to the environment by capturing
and utilizing them (in-cycle gasification, combined-
cycle plants, installations for capturing, storing, and
utilizing CO2 and CO, etc.).

CONCLUSIONS

A modern approach to the problem of expanding
the resource base and reducing the environmental
burden of coal generation requires comprehensive sci-
entifically based solutions within the framework of a
single coal deposit–power generation equipment–
environment system. For this purpose, the samples of
coals from various deposits in Mongolia were studied
using a complex of analytical spectroscopic methods.
The analysis and consideration of the material compo-
sition of the organic and mineral matters makes it pos-
sible to obtain a simplified set of overall chemical reac-
tions sufficient for an approximate description of the
processes of fuel combustion. The ultimate goal was to
form a database suitable for use in the design or selec-
tion of combustion devices adapted for the combus-
tion of local solid fuels. As a result, the prospects were
substantiated and a technological process diagram was
proposed for a new segment for the Mongolian energy
sector—decentralized energy generation based on
local fuel.

The following promising technological directions
for the use of the test coals of Mongolia were noted:

(1) energy-generating combustion in various units,
the design features of which are determined by the
characteristics of the chemical composition of coals
and ARs (Kf);

(2) utilization of ash and slag wastes through the
production of building materials (lime, cement, brick,
etc.) The list of products obtained is also determined
by the chemical composition of the waste (modules
M1–M3);

(3) fuel for household needs; in this area, the pro-
duction of fuel by granulating and briquetting coals is
most promising).

Based on the data obtained, a choice of boiler
equipment was proposed and a typical technological
process diagram of autonomous electric and heat gen-
eration systems for industrial and domestic facilities
using local fuel was developed. This allows one to
adapt Mongolian lignite fuel for energy use to signifi-
cantly expand the raw material base of the Mongolian
thermal power industry. Studies of this kind are of
considerable current interest because they make it
possible to preserve and make environmentally
acceptable the cheapest type of industrial energy gen-
eration—coal generation.
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