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Abstract

This work presents an analysis of selection the optimal truck model for transport of ash, gypsum and slag
from the Thermal Power Plant Pljevija to the Maljevac landfill. The capacity of trucks for transport of by-
products was calculated applying the Talpak program package for different types of trucks, taking into ac-
count different engagement times. The analysis was done for three types of trucks: Kamaz 53605-A5 (4x2),
Mercedes-Benz Actros 4141 and Volvo FMX 520 10X4, for operation in one, two and three shifts. The re-
sults of analysis were used to select the optimal type of truck.
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1 INTRODUCTION

Ash, slag and gypsum are the by-products
occurring in the process of electricity produc-
tion in the thermal power plants during the
coal combustion and desulfurization of com-
bustion gases. In practice, there are several
different ways of transport and disposal of this
material. Through this work, three variants of
the truck transport of by-products from the
silos at the Pljevlja Thermal Power Plant to
the Maljevac — Cassette 3 ash landfill

were compared. The analyzes were consid-
ered for the transport of by-products after the
environmental reconstruction of the Thermal
Power Plant Pljevlja.

This work presents an analysis of
transport the by-products from the Thermal
Power Plant Pljevlja to the Maljevac land-
fill, that is the Cassette 3. The scheme of the
technological process included in this ana-
lysis is shown in Figure 1.
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Figure 1 Technological process of loading, transport and disposal of by-products

Truck transport is increasingly used.
Manufacturers produce more and more types
of trucks suitable for working in different
conditions and overcoming different exploita-
tion capacities [1].

All kinds of materials can be transported
by the means of truck transport, regardless of
their physical and mechanical properties.
Great possible mobility, flexibility, outstand-
ing maneuverability during operation and
great independence from energy sources are
characteristics that come to full expression
when using vehicles of auto transport and
promise the best economy [2].

One of the most comprehensive reviews
of influencing factors on the mechanization
selection was given by the authors [3,4].
According to the mentioned authors, the
selection of equipment is influenced by the
following factors:

- Organizational factors,

- Required equipment flexibility

- Technical characteristics of the

equipment,

- Planned production targets,

- Experience in working with a certain

type of equipment,

- Lifetime of the equipment,

- Capital and operating costs,

- Reputation of the manufacturer and

history of reliability the specific type
of equipment,

- The possibility and term of procure-
ment, as well as the manufacturer's
guarantee,

- Type of drive (drive fuel),

- Required level of maintenance,

- The need to hire the additional auxilia-
ry equipment,

- Degree of automation,

- Level of safety and comfort when
handling the equipment,

- Plan of transport routes and structural
parameters, section lengths, slopes,
curves,

- The quality of the road surface,

- Speed, load capacity and cycle time of
truck movement,

- Tire wear and rolling resistance,

- Construction of a waste dump/landfill,

- Waiting time for loading/unloading.

For most of the authors, see [5, 6, 7, 8, 9],
the term optimal equipment actually means a
technological system, which within the
limitations of the working environment
fulfills the production targets with ensuring
the minimum costs.

Dimensioning of the truck transport
system, i.e. its capacity, should ensure the
removal of by-products of the Thermal Power
Plant Pljevlja throughout the year, for the
estimated operating time of the Pljevlja
Thermal Power Plant after reconstruction of
about 7,500 h/year. The characteristics of the
silo after reconstruction are shown in Table 1.
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Table 1 Characteristics of the silo after reconstruction the Pljevlja Thermal Power Plant

Slag Ash Gypsum
Silo capacity, m® 400 3200 600
Discharge rate, m*h 50 200 83
Bulk density, t/m® 0.95 0.8 1.2

For the purposes of an analysis, the an-
nual amount of by-products that need to be
transported to the Maljevac landfill was

adopted:
- Ash 420,000.00 t
- Slag 70,000.00 t
- Gypsum 154,000.00 t

2 ANALYSIS OF ARATIONAL
TRUCK MODEL FOR TRANSPORT
OF BY-PRODUCTS

Transport calculation was done using a
simulation model-software Talpac 10.2. The
software Talpac simulates the technological
phases of loading and transport on the basis
of the operational and technological param-
eters of these phases and results in the oper-
ational capacities of loading and transport
machinery. The software package Talpac
represents a simulation model of the loading
and transport process at the open pits. The
software enables optimization of the
transport fleet, calculation the technical and

economic parameters of equipment opera-
tion such as cycle length, capacity, etc. [10,
11, 12]
The analysis of transport system was
performed for the following initial condi-
tions:
- Operating hours of the Thermal Power
Plant, 7500 h/year

- Shift duration, 8 hours

- Annual ash capacity,
525,000 m* (y=0.8 t/m?)

- Annual slag capacity, 70,000, 73,684
m? (y=0.95 t/m°)

- Annual gypsum capacity, 154,000 t,
128,333 m® (y=1.2 t/m?)

- Maximum slope of the route, < 8%

- Minimum bend radius, 15 m

- Trucks of different load capacities

420,000 t,

Variant 1 - Truck Kamaz 53605-A5 (4x2)

Table 2 shows the view and technical
characteristics of the Kamaz 53605-A5
(4x2) truck.

Table 2 View and technical characteristics of the Kamaz 53605-A5 (4x2) truck

Engine power, kW 221
(KS) (300)
Load capacity, kg 11300
Box capacity, m° 5.6
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The results of capacity calculation for  Table 3.
the Kamaz 53605-A5 truck are shown in

Table 3 Results of capacity calculation for the Kamaz truck (Report from Talpac)

Production Summary - Full Simulation
[PRJ] Kamaz Kamaz 53605-A5 (4x2)

Haulage System

Variant 2 - Truck Mercedes Actros 4141

Table 4 shows the view and technical  characteristics of the Mercedes Actros 4141
truck.

Table 4 View and technical characteristics of the Mercedes Actros 4141 truck

Engine power, KW | 300 kW-
(KS) 410 KS
Load capacity, kg 25000
Box volume, m*® 15
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The results of capacity calculation for  in Table 5.
the Mercedes Actros 4141truck are shown

Table 5 Results of calculation the transport capacity for the Mercedes Actros truck
(Report from Talpac)

Production Summary - Full Simulation
[PRJ] Mercedes Actros
25t

Haulage System

Variant 3 - Truck Volvo FMX 520

Table 6 shows the view and technical  characteristics of the Volvo FMX 520 truck.

Table 6 View and technical characteristics of the Volvo FMX 520 truck

Engine power, 370
kW (KS) (520)
Load capacity, kg | 49500
Box capacity, m> | 30

*( image downloaded from the site BAS World, Volvo FMX 520
10X4 Tipper Truck New Tipper Truck - BAS World)

No. 1, 2023 53 Mining & Metallurgy Engineering Bor


https://www.basworld.com/vehicles/new/truck-tipper-volvo-fmx-new-10x4-euro-3-70177481
https://www.basworld.com/vehicles/new/truck-tipper-volvo-fmx-new-10x4-euro-3-70177481

The results of capacity calculation for the

Volvo FMX 520 10X4 are shown in Table 7.

Table 7 Results of calculation the transport capacity for the Volvo FMX 520 truck

(Report from Talpac)

Production Summary - Full Simulation

Haulage System

The analysis of transport the by-
products of combustion in the Thermal
Power Plant Pljevlja included three variants
in which different types of trucks were con

[PRJ] VOLVO FMX 520 50 t

sidered where the main parameter being
their carrying capacity. The basic parame-
ters of the variant analysis are shown in the
following table (Table 8).

Table 8 Basic parameters of the analyzed equipment

Required
Load Box Required Possible working time for System
Truck type capacity, | volume, number of | capacity, realization the | utilization,
t m® trucks t/year planned capacity, (%)
hlyear

Volvo

L1 Emxs20 50 30 1,330,698 2,566 0.48

Mercedes

2| Actros 4141 2 15 809,494 2,751 0.79
Kamaz

3. 53605-A5 11.3 5.6 802,778 4,253 0.80

Comparing the shown variants, the ad-
vantage is given to the variant 2, that is, the
variant for the Mercedes Actros 4141 truck
with a capacity of 25 t. The advantage of
this variant is reflected in the fact that the
Investor has already the trucks of this type,

but also has an organized maintenance sys-
tem, experience in the exploitation and
maintenance of this type of truck. From the
aspect of analyzed parameters, the Investor
has the best characteristics in terms of sys-
tem utilization and required number of truck
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engagements, which is and directly related
to the number of engaged drivers.

3 ANALYSIS OF TRANSPORT
FROM THE ASPECT OF TIME
ENGAGEMENT

The analysis of transport the by-products
of combustion in the Thermal Power Plant

Pljevlja also included the three sub-variants in
which different time engagement of trucks for
transport, i.e., for work in one, two and
three shifts, were considered. The analysis
was performed for the selected type of Mer-
cedes Actros 4141 truck. The results of
analysis are shown in the following table
(Table 9).

Table 9 Basic parameters of the analyzed transport system for different number of shifts

) Shift Required Possit_)le Required \_Nor_king time $)_/ste_m
Subvariant No. number of capacity, for reallzat!on the utilization,
trucks t/year planned capacity, h/year (%)
1. 3 3 809,494 2,751 0.79
2. 2 4 915,353 2,386 0.70
3. 1 7 797,247 1,369 0.80

The following tables (Tables 10, 11 and
12) show the results of the transport capaci-
ty calculation for the Mercedes Actros truck

for different shifts (Reports from the Talpac
software package).

Table 10 Results of calculation the transport capacity of the Mercedes Actros truck for 1 shift

Production Summary - Full Simulation

Haulage System

[PRJ] Mercedes Actros 25 t
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Table 11 Results of calculation the transport capacity of the Mercedes Actros truck for 2 shifts

Production Summary - Full Simulation

[PRJ] Mercedes Actros 25 t

Haulage System

Table 12 Results of calculation the transport capacity of the Mercedes Actros truck for 3 shifts

Production Summary - Full Simulation
[PRJ] Mercedes Actros 25 t

Haulage System
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Comparing the shown subvariants, the
advantage is given to the subvariant 2, that is,
the subvariant for two shifts. The advantage
of this sub-variant is reflected in the fact that
the smallest number of trucks is engaged ena-
bling the constant removal of combustion by-
products dynamically aligned with pro-
duction capacities. This plays a particularly
important role when separate transport and
deposition of gypsum and slag and ash is
carried out on the other side, that is, when a
simultaneous transport of different types of
materials to different deposit sites is required.

4 CONCLUSION

Based on the comparison of the present-
ed variants and sub-variants, it is concluded
that according to the criteria of the number
of engaged trucks, system capacity and time
engagement of the trucks, the variant 2 is
optimal, which implies the operation of the
Mercedes Actros 4141 truck in sub-variant
2, with work in 2 shifts. When choosing the
variant, it was taken into account that the
Investor already has trucks of this type, an
organized maintenance system and experi-
ence in the exploitation and maintenance of
this type of truck. Another advantage of this
variant is from the aspect of analyzed pa-
rameters, where the variant 2 has the best
characteristics in terms of system utilization
and required number of truck engagements.
In this variant, there is a good dynamic
compatibility between the production of by-
products in the thermal power plant and
capacity of removal to the ash, slag and
gypsum landfills. An important aspect of
considering the overall issue of optimizing
the transport of ash, slag and gypsum as a
potential man-made mineral raw material
for production the building materials is that
the thermal power plant work products are
deposited in different locations, that the
capacities for transport different types of

materials differ significantly, and that the
adopted system with its flexibility fully
meets these requirements.
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