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Abstract

The study focuses on the development of an integrated software solution for the automation of power sup-
ply system (PSS) design for industrial enterprises. The relevance of this work arises from systemic issues
observed in existing software packages, such as fragmented design processes, the need for repeated ma-
nual data transfer between different platforms, dependence on specific manufacturers’ equipment, and the
lack of universal component selection tools. The research included a comprehensive analysis of current
approaches to PSS design, the development of new automation methods, and the creation of algorithms
for calculating electrical loads and selecting equipment. The methodological framework was based on re-
gulatory standards and the principles of modular architecture, implemented in C# with integration into BIM
platforms (nanoCAD) and spreadsheet processors (Excel). The key result is the creation of digital software
that automates data collection from BIM models, calculation of electrical loads and short-circuit currents,
and selection of PSS components. Practical testing on the power supply project of the Kumroch gold pro-
cessing plant demonstrated an 80% reduction in manual operations, improved calculation accuracy, and in-
dependence from specific equipment manufacturers. The developed software solution effectively eliminates
the main shortcomings of existing analogues by providing an end-to-end automated design process, which
significantly enhances the efficiency, accuracy, and flexibility of design activities in the context of power
sector digitalization.
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AHHOTaUuA
VccmepoBaHue HaMpaBIeHO HA Pa3pabOTKy MHTErPUPOBAHHOTO ITPOrPaMMHOTO pelIeHus I aBTOMaTH3a-
LMY TIPOEKTUPOBAHUS CUCTEM 3jieKTpocHabkeHus (COC) MPOMBIIIIEHHbIX TTPeANPUITUIL. AKTYaIbHOCTh pa-
60TbI 00YC/IOBIEHA HATMYMEM CUCTEMHBIX ITPOGJIEM B CYIIECTBYIOLIMX POTPAMMHBIX KOMITIEKCaX, TAKMX KaK:
(bparMeHTMPOBAHHOCTH TMPOIECCOB MPOEKTUPOBAHMSI, HEOOXOOMMOCTh MHOTOKPATHOTO PYYHOTO TepeHoca

JaHHBIX MEKIY pa3JIMUHbIMMU TIaThOpMaMM, 3aBUCMMOCTb OT 060pYA0BaHMsT KOHKPETHBIX ITPOU3BOIMUTEEN
U OTCYTCTBME YHUBEPCAIbHBIX PEIIeHUH IS TO60pa KOMIIOHEHTOB. B Xo7ie mccie1oBaHNs BBITIOTHEH KOM-
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TIJIEKCHBII aHaIM3 COBPEMEHHBIX MMOAXOJ0B K MpoekTupoBanuio CIC, pa3paboTaHbl HOBbIE METOAMKM aBTO-
MaTU3alM, CO3IaHbI AITOPUTMBI pacyeTa JeKTPUUeCKMUX Harpy30K U rnoxbopa o6opyaoBanHusi. MeTomomorm-
YeCKyI OCHOBY COCTaBWIN IOJIOK€HVSI HODMAaTUBHBIX JOKYMEHTOB U NMPUHLIMUIIBI MOOYJIBHOM apXUTEKTYPBI,
peann3oBaHHbIe Ha sA3bike C# ¢ obecrieueHneM uHTerpauyy ¢ BIM-mnatdopmavu (nanoCAD) u TabnMUHBIMU
rporteccopamu (Excel). KiroueBbIM pe3ysibTaTOM CTajI0 CO3aHye Mu(poBOro mporpaMMHOTO ObecrieueHus,
aBTOMATU3UPYIOLIETO COOP MCXOMHbIX JaHHbIX 13 BIM-Mopeneit, pacueT 3/IeKTpUUeCcKX Harpy30K, TOKOB KO-
pPOTKOTO 3aMbIKaHus U 1on6op anementoB CIC. [IpakTuyeckast arpobaIys Ha MPOeKTe MeKTPOCHAOKEHUS
30j10TOM3BIeKatoNIel Gabpuku «Kympou» MpogeMOHCTPUPOBaia COKpalleHe pydHbIX orepaiuii mo 80 %,
TIOBBIIIEHVE TOYHOCTM PACUETOB U 0OecrieueHre He3aBUCUMOCTH OT ITpou3BoauTeneit o6opynoBanus. Paspa-
60TaHHOE IMporpaMMHoOe peleHe 3hdHEeKTVBHO YCTpaHsIeT OCHOBHbIE HEJOCTATKY CYIEeCTBYIONIMX aHATIOTOB,
obecreurBasi CKBO3HOI aBTOMAaTU3UPOBAHHBIN MTPOLIECC TPOEKTUPOBAHMS, UTO MTO3BOJISIET CYLIECTBEHHO I10-
BBICUTD ITPOV3BOAUTEIBHOCTD, KAYECTBO ¥ TMOKOCTD IMMPOEKTHBIX PAOOT B KOHTEKCTEe peann3aluu CTpaTernn
uuGpPOBU3aALUN SHEPTETUKMA.
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Introduction

The electrical systems of mining enterprises are
subject to specific requirements determined not only
by the need to ensure efficiency and safety but also by
the complexity of technological processes involved
in the extraction and processing of mineral resour-
ces [1]. The key requirements include reliability, sta-
bility, safety, electric power quality, cost efficiency,
ease of operation, and flexibility for modernization.
However, the design of power supply systems (PSS)
that meet these criteria involves addressing a set of
unique challenges that have no universal solutions.
This is primarily due to a combination of factors such
as the diversity of mining technologies, variability of
technological chains, as well as the geological and
geographical uniqueness of deposits, which collec-
tively preclude the possibility of creating invariant
design approaches [2-4]. Therefore, the formaliza-
tion of new design methodologies that can adapt to
the specifics of a particular facility while integrating
modern digital tools represents a relevant scientific
and practical task.

Modern digital technologies for designing power
supply systems of industrial facilities comprise a set
of specialized programs within software packages
that employ computer-based methods for creating,
modifying, analyzing, and optimizing design solu-
tions. This enables the development of more accurate
PSS models, improves collaboration between design
participants, and provides the possibility of visualiz-
ing projects.

Digital design technologies employ specialized
programs, including BIM platforms (Revit, nanoCAD
BIM, ArchiCAD), computer-aided design (CAD) sys-

tems (AutoCAD, nanoCAD, SketchUp), and visualiza-
tion tools (Lumion, V-Ray), among others!.

To identify the key features, strengths, and weak-
nesses of power supply system design processes at
industrial enterprises, to substantiate the relevance
of this topic, and to assess the degree of its develop-
ment, an analysis of current research [5-7] was con-
ducted. These studies reflect the main approaches to
the automation of engineering calculations in PSS
design [7-9] and were evaluated according to the fol-
lowing criteria:

—relevance to the project topic (load calculation,
equipment selection, CAD integration) [7];

— practical orientation (tools used, architecture,
programming languages) [8-10];

—regulatory compliance (adherence to GOST,
PUE, and SP standards);

— application of modern technologies (BIM, inte-
gration with Excel and nanoCAD) [11-13].

The analyzed publications cover a wide range of
solutions-from highly specialized calculation pro-
grams for 6-10 kV networks to BIM-integrated gene-
ral design platforms. Most of them focus on improving
the accuracy and speed of engineering calculations
through the automation and formalization of me-
thods regulated by industry standards [14-16].

The main directions of development in digitali-
zation, improvement, and practical implementation
of software integrating digital technologies into the

! Electrical design: digital technologies and their role
in modern construction. Energy-Systems. Energy-systems;
Russian BIM technologies: designing power supply systems in
Model Studio CS. Habr. URL: https://habr.com/ru/companies/
nanosoft/articles/581434/
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design of electrical systems for industrial enterprises
include the following [17-19]:

1. Automation of electrical load and short-cir-
cuit current calculations. This functionality is fun-
damental to almost all analyzed systems. In many
cases, it is implemented in environments that al-
low straightforward integration with Excel or other
tabular formats?[18, 19].

2. Equipment selection (cables, circuit breakers,
transformers). Approaches vary-from manual selec-
tion using tabulated data to semi-automated modules
tied to specific manufacturers’ product lines. Univer-
sal and vendor-independent solutions remain scarce.

3. Development of interfaces and interopera-
bility assurance. Significant attention is paid to en-
suring compatibility with alternative environments,
particularly nanoCAD. Some projects implement data
exchange through Excel (as a universal format), while
others use BIM platform APIs. Ease of use and accessi-
bility of the interface are crucial factors determining
practical applicability.

4. Modular architecture and scalability. The most
advanced systems are built on the principle of expan-
dable modules, allowing new functions to be introduced
gradually and adapted to client-specific requirements.

5. Software development considering the evolu-
tion of programming languages. Both outdated envi-
ronments (e.g., C++ with Access) and modern C#-based
approaches are found. A noticeable gap exists between
academic developments and commercial solutions:
the former are often cumbersome and difficult to im-
plement, whereas the latter tend to be proprietary and
brand-dependent.

Studies consistently demonstrate growing inter-
est in automating design processes; however, most
existing solutions exhibit several limitations:

— Many systems are tailored for use with compo-
nents from specific brands (Schneider, Siemens, ABB,
etc.), thus restricting their applicability in design or-
ganizations using products from multiple suppliers.

— Complex or overloaded interfaces. Some soft-
ware packages, such as EPLAN, feature excessively in-
tricate architectures requiring user training, whereas
most engineers need to perform standard calculations
quickly and without deep customization.

- Lack of an independent equipment selection
module. In many cases, the selection of cables and
equipment remains a manual or semi-automated
process relying on limited databases. The project de-
veloped within this research aims to implement au-
tomated selection based on generalized parameters,
improving flexibility and accuracy.

2 RTM 36.18.32.4-92 Guidelines for Electrical Load
Calculation. VNIPI Tyazhelectroproekt; 1992.
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— Weak integration with BIM environments. De-
spite the widespread adoption of BIM modeling tools
in engineering practice, only a few solutions support
direct integration. The proposed software enables
Excel-based data export from nanoCAD, simplifying
linkage between calculations and BIM models.

— Limited dissemination of open solutions. Aca-
demic developments often do not progress to a fully
functional prototype, lack documentation, and can-
not be scaled.

Despite recent technological advances, current PSS
design workflows at industrial and mining enterprises
still include processes that require extensive, repetitive
manual work. This issue primarily arises from the need
to repeatedly transfer identical data between different
software environments, often multiple times, since de-
sign inherently involves numerous revisions and itera-
tions. These stages not only increase labor intensity and
time consumption but also introduce a high probability
of human error due to monotony and data volume.

Most existing software packages are produced by
electrical equipment manufacturers, which compro-
mises calculation objectivity and ties users to specific
brands. Meanwhile, client companies typically main-
tain approved brand lists, requiring designers to use
components from particular suppliers.

Analogous programs often have complex struc-
tures and unintuitive interfaces, demanding excessive
time and effort to master.

Digitalization offers broad opportunities for im-
plementing innovative solutions and optimizing the
design process itself. This enables more accurate cal-
culations, reduces the number of errors, and enhances
overall project efficiency-particularly important un-
der conditions where construction speed and resource
optimization are critical.

Digital design technologies for PSS not only im-
prove project quality but also significantly influence
overall project budgets. The implementation of auto-
mated systems and software can reduce the time re-
quired for design development by up to 30%.

Moreover, the reduction in errors and rework
achieved through precise calculations and modeling
decreases the risk of additional costs, leaving more
flexibility within the approved budget and creating
room for the adoption of even more effective techno-
logical solutions.

A promising direction for introducing digital
technologies into PSS design for industrial enterpris-
es involves combining artificial intelligence and big
data to enable real-time project adjustments and in-
tegration with renewable energy sources-such as so-
lar panels and wind turbines-for more efficient use of
sustainable energy.
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Research objectives and tasks

The objective of this study is to develop archi-
tectural and methodological solutions for integra-
ting digital technologies into the design process of
electrical systems at mining enterprises by adapting
software for calculating electrical loads and selecting
power supply system components.

The main research methods include: comparative
analysis, used to assess the functionality and limita-
tions of modern software packages (BIM platforms,
CAD systems, and calculation tools); mathematical
modeling, applied for developing algorithms to cal-
culate loads and short-circuit currents according to
regulatory methodologies; algorithm design and pro-
gramming, involving the creation of modular software
in C# to automate calculations, equipment selection,
and two-way integration with Excel and nanoCAD
platforms; experimental testing, based on validating
the software using real data from the power supply
project of the Kumroch gold processing plant; systems
approach, aimed at optimizing the design workflow as
a unified cycle that eliminates manual operations and
integrates all stages.

During the software development process, the
following tasks must be accomplished.

1. Identify systemic problems, limitations, and
evaluate the functionality of existing software pac-
kages.

2.Formalize and algorithmize the methodology
for calculating electrical loads and short-circuit cur-
rents in accordance with regulatory standards, and
develop algorithms for selecting PSS components.

3. Implement an integrated software package in
C# that automates calculations, equipment selection,

4| Input data

and two-way data exchange with nanoCAD and Excel
platforms to eliminate manual data transfer.

4. Test software modules using real data from
a mining enterprise power supply project.

The expected outcome is a software package ca-
pable of performing load calculations and automati-
cally selecting optimal equipment parameters based
on Excel input data, taking into account electrical
loads, short-circuit currents, and the overall configu-
ration of the power supply system.

The product is intended for use by mining compa-
nies during the design or technical upgrading stages.
Potential users include design organizations involved
in developing PSSs for mining enterprises.

Architecture of the PSS design framework

The design process can be illustrated using the
schematic shown in Fig. 1.

Input data are typically provided as a list of electri-
cal loads, specifying their type, rated electrical (or me-
chanical) power, rated supply voltage, efficiency, power
factor, operating mode, control location, power supply
reliability category as defined by the Electrical Installa-
tion Code (PUE), annual operating hours, and location.

At Stage 1, the technical characteristics are used
to calculate electrical loads. The calculation is per-
formed in Microsoft Excel using the method of ma-
ximum demand and utilization factors. Although the
use of software automates the computational part,
human input is still required: first, to manually assign
electrical loads to distribution boards; and second, to
select the maximum demand factor from reference ta-
bles based on the utilization factor and the effective
number of electrical loads.

of switching

Cable lengths |

Technical characteristics v v
of electrical loads Complete single-line

Cable cross-sections, characteristics

)l
@ diagram

Cable schedule €----------
. 7 !
Technical List and quantity !
characteristics of equipment X
of electrical loads | Load and materials _ Bill of materials < S2g.
calculation Calculated current '6\ and equipment list 2| £5 8§ |
(1 )= values, active, reactive, 28 g"%—c o
and apparent power 58| 2 Vg,,’ g—g :
. : : c

Equipment layout Equipment equipment | 8% | X888
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Fig. 1. Structural diagram of the current PSS design workflow

396


https://mst.misis.ru/

MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJIOIMA
2025;10(4):393-403

At Stage 2, using the initial data, electrical loads
are manually added to the 3D model of the production
facility created in the BIM platform. Each electrical
load is then manually assigned to its power source in
the model. Cable routes are generated automatically,
but in some cases they require manual adjustment.

At Stage 3, equipment layout plans are prepared.
This step is semi-automated: the designer defines
section ranges to display each part of the production
facility on separate drawings.

At Stage 4, the input data are used to create the
complete single-line diagram of the power supply
system. The diagram is manually assembled from in-
dividual elements (electrical loads, cable lines, bus
sections, switching devices, etc.). The technical pa-
rameters of the loads and the cable lengths calcu-
lated at Stage 2 are entered manually, while the co-
efficients are adjusted so that the calculated values
correspond to those obtained during the load calcu-
lation at Stage 1.

At Stage 5, single-line diagrams are prepared for
each distribution board. Cable lengths from the board
to each electrical load are automatically inserted
into the diagrams based on the equipment arrange-
ment in the model. The software also automatically
selects cable cross-sections and the rated currents of
circuit breakers. Unfortunately, many software pack-
ages do not display short-circuit current calculation
results to the user, which forces designers either to
use alternative tools for cable and switchgear selec-
tion or to perform these calculations manually. In
the current workflow, this is done at Stage 4. The pa-
rameters of the devices and the cable cross-sections
are then entered into the diagrams manually. For
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each distribution board, the parameters calculated
at Stage 1-active, reactive, and apparent power, de-
sign current, power factor, and utilization factor-are
added.

At Stage 6, a bill of materials and equipment list
are generated using built-in BIM-platform functions.

At Stage 7, a cable schedule is compiled within the
BIM platform.

Thus, the existing design workflow requires re-
peatedly performing identical, monotonous opera-
tions to transfer information between different soft-
ware environments and reconcile data between them.
This not only complicates the designer’s work and in-
creases labor and time costs, but also introduces nu-
merous errors caused by the human factor.

This workflow clearly requires optimization. The
analysis shows that one of the most effective simplifi-
cations is to combine Stages 1 and 4 using an external
software module. The corresponding design workflow
is shown schematically in Fig. 2.

Key changes:

—stages 1 and 4 of the original workflow are eli-
minated through automation;

- data are exchanged between Excel and the BIM
platform automatically, without manual intervention;

- load calculation, short-circuit current analysis,
and equipment selection are integrated into a single
computational algorithm.

Such optimization significantly reduces manual
work, streamlines the design workflow, and minimizes
the risk of data transfer errors when processing large
volumes of project information.

The technological process implemented in the
software is illustrated in Fig. 3.

Input data Cable lengths and cross-sections,
start and end points of the cable route
> Cable schedule
®
Technical Calculated current LiStf and quantity
characteristics values, active, reactive, of equipment

_ Bill of materials
@ and equipment list

Load calculation and materials

» and equipment

A\ selection Cable cross-sections,
Cl/ 'y characteristics

of switching devices,

short-circuit currents

of electrical loads

and apparent power

A

Equipment layout Equipment equipment

layout plans

@v

Technical characteristics
and locations
of electrical loads

Cable lengths and cross-sections

—| Cable lengths

&)\

:T D model ||

Fig. 2. Structural diagram of the optimized PSS design workflow
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The block diagram represents the program
structure designed to automate electrical load calcu-
lation and equipment selection in accordance with
regulatory requirements. It integrates the stages of
data input, parameter calculation, equipment selec-
tion, and report generation, meeting the research
objective of reducing manual operations, improving
accuracy, and ensuring interoperability with existing
engineering tools.

The input data for the program are stored in an
Excel spreadsheet that includes the electrical para-
meters of the loads, the power source, and the length
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of the supply cable. These data are automatically im-
ported from the BIM platform.

The electrical load calculation module per-
forms computations in accordance with the re-
gulatory methodology RTM 36.18.32.4-92, taking
into account load grouping (individual consumers,
low-voltage switchboards, and distribution panels),
calculation coefficients, power types (active, reac-
tive, apparent), and current values. At this stage,
the program also determines the required capacity
of reactive power compensation devices and selects
transformer ratings.

RTM 36.18.32.4-92 Guidelines for Electrical Load Calculation (Form F636-92)

Electrical load calculation module

Calculation of electrical-load
parameters by switchboards
Installed power
Utilization factor
Power factor
Active, reactive, and apparent
calculated power
Design current

Calculation of electrical-load
parameters for low-voltage
switchgear
Installed power
Utilization factor
Power factor
Active, reactive, and apparent

Design current

xlsx
Input data
Power of the electrical load
Rated voltage Formation of circuit
Power source and switchboard schemes
Length of the supply cable in program memory
Power factor
Utilization factor
1
X A
1
! Calculation
' of electrical-load
' parameters
! tan ¢
: K.P,
' K;P,tan ¢
: nP,?
1
1
1

Equipment parameter calculation
Selection of capacitor-bank capacity
Power calculation with compensation
Transformer rating calculation

1
1
1
:
calculated power :
1
1
1
1
1

w PUE Tables 1.3.6 and 1.3.7

Selection of rated parameters
of switching devices

Cable cross-section
selection

P Short-circuit P
current calculation

Formation of output data

for the user

Output data
Electrical-load calculation (Form F636-92)
Cable schedule in accordance with GOST 21.613-2014
Cable and wire requirements (GOST 21.613-2014)
List of required electrical installation equipment

with the selected specifications

Fig. 3. General block diagram of the calculation algorithm
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The next module is responsible for equipment
selection. Based on the calculated data and short-cir-
cuit current values, the program determines cable
cross-sections according to the PUE tables and selects
the rated parameters of protective and switching de-
vices. All results are automatically verified for compli-
ance with specified parameters, after which the out-
put data are generated.

The output data, presented in Excel format, in-
clude: electrical load calculations in accordance with
Form F636-92; cable schedule compliant with GOST
21.613-2014; cable and wire specifications as per
GOST 21.613-2014; a bill of materials and equipment
list with the selected specifications.

The software is developed in C#, a programming
language offering broad capabilities for engineering
applications, including efficient tabular data pro-
cessing (particularly Excel), convenient interface de-
sign tools, and native integration with the Windows
environment, which is standard in engineering prac-
tice. C# provides high calculation reliability through
strict typing and compile-time verification, while
supporting modular architecture suitable for sca-
lable functional expansion. These advantages make
it an optimal choice for developing digital software
(DS) for PSS design automation and equipment se-
lection.

The choice of Excel and nanoCAD is driven by
both technological and practical considerations re-
lated to the requirements of modern engineering
and CAD environments. Excel serves as the primary
tool for data entry, storage, and structuring, provid-
ing a universal, flexible, and widely accepted tabular
format that easily adapts to various design stages.
Its built-in data processing functions enable two-
way communication between the calculation module
and the engineering model, eliminating manual data
transfer and reducing the risk of errors.

The nanoCAD platform functions as a BIM-mod-
eling environment, meeting the requirements of
modern design organizations and supporting an end-
to-end information model of a building or industrial
facility. Its capacity to store geometric and paramet-
ric data on equipment, cable routing, and connection
points makes it indispensable for the comprehensive
design of electrical networks within an integrated
construction model. Furthermore, the availability of
an open API ensures integration with external calcu-
lation algorithms and enables the automation of pro-
cesses such as cable routing, specification generation,
and single-line diagram creation. Thus, the combina-
tion of Excel and nanoCAD ensures effective linkage
between analytical and graphical design components,
reduces routine operations, enhances the accuracy of
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engineering solutions, and ensures compliance with
regulatory documentation.

Accordingly, the presented DS provides a uni-
fied design algorithm that encompasses all key stag-
es-from data input to the generation of calculated
and technical characteristics of the equipment. It au-
tomates repetitive operations, minimizes the human
factor, and ensures conformity with regulatory stan-
dards. Integrating this algorithm into the design
workflow significantly simplifies the process of elec-
trical network design, enhancing its accuracy, reliabi-
lity, and efficiency.

Practical implementation: case study
of a gold processing plant power supply project

Let us consider the practical implementation of
the project using the example of the power supply sys-
tem of the Kumroch gold processing plant (GPP). The
main power source for the GPP facilities is an auton-
omous containerized diesel power plant (DPP) with
a rated voltage of 6.3 kV and heat recovery systems.

The digital software receives data on the formed
circuits from the 3D model and generates load calcu-
lation tables for each distribution point at every level.
A fragment of the electrical load calculation table for
one of the transformer substations is shown in Fig. 4.

The calculation is performed in accordance with
the technical guideline Guidelines for Electrical Load
Calculation RTM 36.18.32.4-92 [18], and its results are
documented using the standard Form F636-925.

After the load calculation has been generated, the
DS simultaneously performs short-circuit current cal-
culations at all levels of the power supply system and
selects the parameters of cable lines and switching
devices, taking into account selectivity. This approach
ensures high accuracy and speed of computations.
The DS summarizes the calculation results in a table
convenient for further use by the designer. Using the
parameters calculated by the DS, the user can easi-
ly select equipment from the chosen manufactur-
er. A fragment of the equipment selection results is
shown in the single-line diagram (Fig. 5).

Since the calculation in the program is performed
automatically and requires virtually no additional
actions from the designer, it is possible, if necessary,
to repeatedly update the results with minimal labor
input when the input data are revised. This increas-
es the flexibility of the design process and adapts the
DS to the conditions of continuous changes in system
components during the development of power supply
solutions.

5 Table 4. Guiding Technical Material “Guidelines for
the Calculation of Electrical Loads” of 30.07.1992 No. RTM
36.18.32.4-92. VNIPI TYAZHPROMELECTROPROJECT; 1992.

399


https://mst.misis.ru/

MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJIOMA
2025;10(4):393-403

elSSN 2500-0632

https://mst.misis.ru/

Petrov V. L. et al. Integration of digital technologies into the design process of power supply systems...

Effective
Input data Calculated quantities numbgr of Calculated power
electrical
loads (ne)| Calculated
% current, A
. g Active [ Reactive |Apparent
. . According to reference 5
According to process specifications data 5 power, | power, | power,
8 kW kvar** kVA
“ T
Rated (installed) Reactive power % o - s
power, kW* factor 2 N W b = s o
L - S L 18| o« |Egi| o 3
i 3 = < S > s <
Electrical load (EL) o Quantity Utilization x o b 3 x c e | 2
s EL designation of EL, X - ] \ [N a <
description total [factor (K;) n o N T o a o
pcs (n) | of one _ ° WV - @
EL P P,= cosg | tge < "R < g8 ] n
ol o, a Ve & w -
A
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
TP-1, Gold Processing
Plant site
Ore preparation section —
coarse crushing complex
(KKD)
Mobile crushing unit
equipment
Jaw crusher installation on
crawler chassis CMS96: 1110-TJC-001
Grizzly feeder 1110-GFS-001 1 15 15.00 06 0.82 [ 0.70 | 9.000 | 6.282 225 9.00 6.28 10.98
Jaw crusher 1110-CRJ-001 1 90 90.00 06 0.87 | 0.57 | 54.000 | 30.603 | 8100 54.00 30.60 62.07
Main conveyor 1110-CVR-001 1 11 11.00 06 0.84 | 0.65 | 6.600 | 4.263 121 6.60 4.26 7.86
Exhaust fan V1 1 0.07 0.07 07 0.8 0.75 | 0.049 | 0.037 | 0.0049 0.05 0.04 0.06
Electric heater O1 3 0.80 2.40 06 095 | 033 | 1.440 [ 0473 | 1.92 1.44 047 152
Operator workstation ARM 1 0.75 0.75 1 0.8 0.75 0.750 0.563 | 0.5625 0.75 0.56 0.94
Security cabinet KKD-
SHOS (SPS-12 ver.12) KKD-SHOS 1 0.7 0.70 1 1 0.00 [ 0.700 | 0.000 [ 0.49 0.70 0.00 0.70
Server cabinet KKD TS-SS KKD TS-SS 1 35 3.50 1 1 0.00 | 3.500 | 0.000 | 12.25 3.50 0.00 3.50
Ore preparation section —
SKDR (Equipment of the
crushed ore loading unit
with underground
crushing tunnel)
Apron feeder 1120-FDA-001+002 2 15 30.00 0.6 0.82 | 0.70 | 18.000 | 12.564 | 450 18.00 12.56 21.95
Iron separator 1120-MGT-001 1 4 4.00 0.6 082 [ 0.70 | 2.400 | 1.675 16 2.40 1.68 2.93
Metal detector 1120-MGT-002 1 0.2 0.20 0.6 0.85 | 0.62 | 0.120 | 0.074 | 0.04 0.12 0.07 0.14
Vibratory feeder 1120-FDA-003 1 5 5.00 0.1 0.85 [ 0.62 | 0.500 | 0.310 25 0.50 0.31 0.59
Emergency shower 6 6.5 39.00 0.4 0.9 0.48 | 15.600 | 7.555 | 253.5 15.60 7.56 17.33
Lime milk preparation
section
Tank for preparation of 1840-TNK-002
10% lime milk solution 1840-AGI-002 1 22 22.00 0.75 0.83 | 0.67 | 16.500 | 11.088 | 484 16.50 11.09 19.88
Chemical pump 1840-PUM-004 1 15 15.00 0.75 0.82 | 0.70 | 11.250 | 7.853 225 11.25 7.85 13.72
Service tank for lime milk 1840-TNK-003
solution 1840-AGI-003 1 32 32.00 0.75 0.85 | 0.62 | 24.000 | 14.874 | 1024 24.00 14.87 28.24
1840-TNK-001
= 3
Emergency tank, V = 50 m 1840-AGI-001 1 22 22.00 0.75 0.83 | 0.67 | 16.500 | 11.088 | 484 16.50 11.09 19.88
Total for TP-1 755 2677 | 3137 0.68 0.917 | 0.46 2128 982 | 280790 35 0.85 | 1808.85 | 981.70 | 2058.08 | 2970.58
Total (including transformer losses) 2160.98 | 3119.10
Transformer load factor Kz (1T1, 1T2 2x2500 kVA) Kz= 0.43
Loads not included in the calculation:
Electric hoist, lifting 1210-HST-002 1 8 | 800 03 05 | 173 | 2400 | 4157 | 64 240 | 416 | 480
capacity 2 t
Electric hoist, lifting 1120-HST-001:002| 2 5 | 1000 | 01 | 085 | 062 | 1.000 | 0620 | 50 100 | o062 | 118
capacity 2 t
Scrubber pump 1210-PUM-006 1 30 30.00 0.75 0.85 | 0.62 | 22.500 | 13.944 | 900 22.50 13.94 26.47
Air compressor 8000-CMP-006 1 315 315.00 0.7 0.95 0.33 |220.500| 72.475 | 99225 220.50 72.47 232.11
Screen feed pump 1210-PUM-002 1 22 22.00 0.7 0.75 | 0.88 | 15.400 | 13.582 | 484 15.40 13.58 20.53
Total for TP-1, loads not included in the calculation 1502.8
Total installed power for TP-1 4639.6

Notes:

* Standby EL, as well as loads operating for short periods, are not included in the calculation
**The guidelines do not apply to the determination of electrical loads with highly variable load profiles (such as electric drives of rolling mills, arc furnaces, contact welding units, etc.), industrial electric
transport, residential and public buildings, or electrical loads with a known load schedule.

Fig. 4. Fragment of electrical load calculation for transformer substation 1 (TP-1)
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01.TP-1-B1 |
APWIG(A)-LS-6 3¢95/25
0.022km
¥
N
Transformer substation (TP)
g Type TSL A .
$ | Rated voltage, kV 6/0.4
& [Rated power, KA 2500 =
Rated voltage, KV 0.4/0.23
§ [Rated current, kA 1000 PEN
& | Thermal withstand current, kA 36 12185
Material Cooper T LV switchgear 0.4 KV, section 1
C
1QFY
glom QF1.2 QF1.3 QF1.4 A QF15 A QF1.6 A QF1.7 A QF1.8 A QF1.9 3 QF1.10 A OFt11 A QF1.12 y OFt.13
B, 1TA-1TAZ
Primary connection diagram aob ¢ 4000/5
i T I I T I I I I I I I I I
- v ¢ v Y ¥ Y Y Y Y ¥ Y ¥ ¥
Connection No. 0 1 2 3 4 5 6 7 8 9 10 " 12 13
Arrangement of incoming and outgoing lines bottom bottom bottom bottom bottom bottom bottom bottom bottom bottom bottom bottom bottom bottom
Load availability under normal operation present present present present present present present present present present present present present present
Designation Incoming feeder No. 1(0.4 kV) SHO-1 SHV-1 8000-SMR-001| ShChPE-SP31-GK| ~ MCC-83 MCC-84 MCC-11 MCC-12 McC-21 ShChTZT1 MCC-31 VRU-ABK VRU-PAL
Power supply Main
board for fire distribution Main
Lighting Ventilation _ protection Motor Motor Motor Motor Motor Transformer Motor board of the | gigyribution
distibution | distribution 18C air station | control center | control center | control center | control center | control center | thermal | control center |administrative | poard of the
— | Description Incoming circuit breaker board ~ board compressor | electrical (incoming (incoming (incoming (incoming (incoming protection (incoming and utility laboratory
o (incoming 1) loads feeder 1) feeder 1) feeder 1) feeder 1) feeder 1) panel feeder 1) building (incoming
E (incoming (incoming feeder 1)
= feeder 1) feeder 1)
g Installed power, kW 2439.01 11.72 190.42 200,00 16.21 45.00 84.00 116.00 49.20 500.70 0.20 103.00 103.84 294.34
@ | Calculated line current, A 1689.50 16.03 105,09 174,95 21.06 43.78 91.41 148.73 42.69 295.70 0.30 94.31 281.56 281.56
Maximum short-circuit current, kA 22.37 9.91 18.00 22.04 7.39 11.87 12.27 15.70 11.27 17.62 1.69 12.55 12.55 15.85
Minimum short-circuit current, kKA 9.03 4.29 7.68 9.03 2.85 6.67 6.01 8.07 477 8.35 1.13 68.27 5.98 7.48
Location (plan assignment No.) - 01.1.1 01.1.1 01.1.1 01.1.1 01.1.1 01.1.1 01.1.1 01.1.1 01.1.1 01.1.1 01.1.1 01.1.1 01.1.1
Type
o % Rated current In, A 4000 63 630 500 40 250 400 630 250 2000 16 400 400 1000
é% Trip-unit setting Ir, A 3800 60 500 355 40 200 320 630 200 2000 1,6 400 380 900
EE Trip-unit type (function) Electronic Electronic Electronic Electronic Electronic Electronic Electronic Electronic Electronic Electronic Electronic Electronic Electronic Electronic
é Breaking capacity not less than, kKA 25 25 25 25 25 25 25 25 25 25 25 25 25 25
Design (type) Withdrawable Plug-in Withdrawable | Withdrawable Plug-in Withdrawable | Withdrawable | Withdrawable | Withdrawable | Withdrawable Plug-in Withdrawable | Withdrawable | Withdrawable
Line designation ShChO1-H1 ShCh1-N1  [8000-SMR-001-N1 SHCHPE-SP31-GK-N1| MCC-83-N1 | MCC-84-N1 | MCC-11-N1 MC-12-N1 MC-21-N1 |ShChTZT1-N1| MCC-31-N1 | VRU-ABK-N1| VRU-PAL-N1
Cable type APWNg(A)-LS-6 WVGNQ(A)-LS | WGNgG(A)-LS | WGNg(A)-LS [WGng(A)-FRLS| WGng(A)-LS | WGNg(A)-LS | WGng(A)-LS | WGNg(A)-LS | WGNg(A)-LS | WGng(A)-LS | WGNg(A)-LS | WGng(A)-LS | WGng(A)-LS
% Number of cores and cross-section, mm? 3x95/25 5x16 5x240 2(4x95) 5x10 5x120 5x150 3(5x95) 5x95 3(5x240) 3x2.5 5x185 5x185 5x185
© Cable length, m 22 15 35 50 15 50 50 50 50 50 10 50 100 75
Total voltage drop, % 0.147 0.28 0.23 0.15 0.46 0.71 0.93 0.35 1.00 0.80 0.07 0.86 0.95 1.32

Fig. 5. Fragment of the single-line electrical diagram of TP-1

Based on the results of the power supply system
calculation for the Kumroch GPP, the authors in [20]
evaluated the effectiveness of potential use of alter-
native power sources in autonomous power supply
systems [21].

Conclusions

The developed (DS significantly reduces the
number of manual data transfer operations-by up
to 80%-while remaining independent of equipment
manufacturers’ libraries. It requires minimal user in-
volvement and does not demand specialized training
to operate.

The DS automates the design process of power
supply systems, simplifying and accelerating work-
flow operations, minimizing the likelihood of human
error, and improving calculation accuracy. These fea-
tures are essential for design organizations aiming
to maintain client demand, remain competitive, and
meet the current level of technological development.

Compared to existing software packages, the de-
veloped DS provides a more convenient format for in-

put and output data in Excel tables, which minimizes
manual data transfer. This, in turn, simplifies and ac-
celerates work and enhances the precision of calcula-
tions.

Unlike similar programs, data reading is fully
automated, and the DS requires minimal human in-
tervention, which eliminates the need for additional
training, ongoing technical support, or consultations.

Another advantage is that the developed DS is
not tied to any specific electrical equipment manu-
facturer, enabling users to perform equipment selec-
tion independently while retaining full freedom of
choice for designers and customers.

The solution has considerable potential for im-
plementation in design organizations, as it aligns
with the digitalization strategy of the energy sector
and meets the market demand for flexible, independ-
ent, and scalable design tools.

Future development prospects involve the inte-
gration of artificial intelligence for real-time auto-
matic project adjustments and the addition of calcu-
lation modules for alternative energy sources.
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