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CE3OHHBIE U JOJI'OCPOYHbIE TEHAEHIINN
JJIEKTPOIIOTPEBJIEHUS
TEXHOJIOT'MYECKUX MOJPA3IEJIEHUI
I'OPHO-OBOTATUTEJIbHOI'O KOMBMNHATA

P.B. Knoes
MockoBcKuMin nonuTexHU4ecknin yHuBepcuteT, Mocksa, Poccusi, e-mail: kluev-roman@rambler.ru

Annomauusa: Paccmorpena mnpo6iieMa TOBBIIIEHVST 9HeProshHeKTUBHOCTU TOPHOLOOBIBAIO-
MIMX TIPEIIPUSITUI, KOTOPAsT HAMIPSIMYIO BAMSIET Ha Ce6eCTOUMOCTD MPOAYKIUN Y KOHKYPEHTO-
CITOCOOHOCTH OTpacyii. HecMOTpSI Ha YCTOMYMBBIN POCT 3JIEKTPOIOTPe6IeHNsI, MHOTE TIpe]-
MPUSATYUST HE UCTIOJIb3YIOT CUCTEMHBI TIOAXO0[, K HOPMMUPOBAHUIO, YUETY M MPOTHO3MPOBAHUIO
sHeprosarpar. O6beKT UCCIeNOBAHMS: CUCTEMa TEeKTPOCHAGKeHMsT MaIHeyIbCKOro TOPHO-
oborarutesbHOro KomM6uHata. 1lesibio paboThl SBISETCS MPOBEIEHNE KOMIUIEKCHOTO aHam3a
9HEPronoTpe6IeHNsT IPENNPUSITYS, BbISIBJIEHE 3aKOHOMEPHOCTEN 1 3aBUCUMOCTEN, pa3paboT-
Ka PerpecCMOHHBIX MOJEJeli [Jis MPOrHO3MPOBAHMS MOTPEOIEHUST IEKTPOIHEPIUY U TIPE[I-
JIO)KEHUE Mep IO ONTUMM3ALUU PEXUMOB paboThl 060pyHoBaHus. VCIonb30BaIMCh METOIbI
CTaTMCTUUYECKOTO aHa/IN3a, PErpeCcCOHHOTO MOEeIMPOBaHMs (JIMHEHAsT, 9KCTIOHEHIIMaTbHAsE 1
napabosiyeckast anmpoKCumMalus), kpurepuii Ouiiiepa 1yist MPOBEPKY aIeKBaTHOCTY MOJIEJIeit,
pacyeT JOBEPUTEbHBIX MHTEPBAJIOB, & TAKIKE aHaJI3 BPEMEHHbBIX PSOB 3JIEKTPONOTPEOTIEHNS
3a 5-nmetHuit nepuof. IToCcTpoeHbl perpeccuoHHble MOJEI 37IeKTPOIOTPEOIEHNUST IS KaskI0-
rO TIOfpasfiesieHusl, BbISIBJIEHbI C€30HHbIE 3aBUCUMOCTH, PACCUMTAHbI CpeJHEKBapPTAIbHbIE U
CpPEeHEroOBbIE TIOKA3aTeJ, OTIPE/eJIEHbI OBEPUTEIbHBIE MHTEPBAJIbL. YCTAHOBJIEHO, UTO HaM-
60Js1ee 3HaUMMbIe Ce30HHbIe KoiebaHusl HabIIONAI0TCsl B IOApa3aeeHUsSIX BCKPBILIH, TOTPY3KU
6apUTOBO PYIbI, TOOLIUM 1 APOGIIEHNs 6a3aIbTOBOro KaMHsI. [IpenioskeHO MCIOIb30BaTh JIN-
HeJiHbIe PerpecCMOHHbIE MOZIEN Il MHSKEeHEPHBIX PACUeTOB Kak Hambosiee MPOCThbIe U afek-
BaTHbIe. BbIsIBIEHbI TOAPA3IeIEHNSI C HECTAOMIbHBIM U CTaOMJIbHBIM 3HEPrONOTpebIeHeM,
YyTO 1MO3BOJIsIeT ArddepeHIMpoBaTh MOAXOM, K 93HeprocoepeskeHuo. Pe3ynbraThbl MCC/IeIOBaHMS
MOTYT OBITb MCIIOJIb30BaHbI [JIsI Pa3pabOTKM IPOrpaMm SHeprocbepeskeHus], MIaHNPOBAHMS
3aKYIIOK JIEKTPOIHEPT MY, ONTUMM3AINM TapUDHBIX PElLeHNn 1 BHEJPEHMsT aBTOMAaTU3MPOBaH-
HBIX CMCTEM KOHTPOJISI ¥ yU€eTa SHEPropecypCcoB.

Kntouessle cnoea: ropHO-060TaTUTEbHBIN KOMOMHAT, 37IeKTPOIOTpebieHe, perpeCcCuoHHbI
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Seasonal and long-term trends in power consumption
of technological units of the mining and processing plant

R.V. Klyuev
Moscow Polytechnic University, Moscow, Russia, e-mail: kluev-roman@rambler.ru

Abstract: The article is devoted to the urgent problem of increasing the energy efficiency of
mining enterprises, which directly affects the cost of production and the competitiveness of the
industry. Despite the steady growth of electricity consumption, many enterprises do not use a
systematic approach to rationing, accounting and forecasting energy costs. Object of study:
the power supply system of the Madneulsky Mining and Processing Plant. The purpose of the
work is to conduct a comprehensive analysis of the enterprise’s energy consumption, identify
patterns and dependencies, develop regression models for forecasting electricity and propose
measures to optimize equipment operating modes. The methods of statistical analysis, regres-
sion modeling (linear, exponential and parabolic approximation), Fisher’s criterion for check-
ing the adequacy of models, calculation of confidence intervals, as well as analysis of time
series of electricity consumption over a 5-year period were used. Regression models of power
consumption for each division were built, seasonal dependencies were identified, average quar-
terly and average annual indicators were calculated, confidence intervals were determined. It
was found that the most significant seasonal fluctuations were observed in the overburden,
barite ore loading, basalt stone mining and crushing divisions. It was proposed to use linear
regression models for engineering calculations as the simplest and most adequate. Divisions
with unstable and stable power consumption were identified, which allows differentiating the
approach to energy saving. The results of the study can be used to develop energy saving pro-
grams, plan electricity purchases, optimize tariff decisions and implement automated energy
resource monitoring and accounting systems.

Key words: mining and processing plant, power consumption, regression analysis, mathe-
matical modeling, confidence interval, Fisher criterion, seasonal fluctuations, optimization of
modes, energy saving.
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Introduction
The strategic documents of the Russian

do not pay due attention to a systematic
approach to this problem: there is no in-

energy industry emphasize the key role of
scientific developments in optimizing pro-
duction processes. Special attention is paid
to improving the efficiency of electricity
use and the introduction of resource-sav-
ing technologies. In mining enterprises,
the steady growth in electricity consump-
tion is directly related to the need to save
energy and improve the quality of its use
[1, 2]. Despite this, many enterprises still
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depth analysis of established electricity
consumption standards and potential ways
to reduce power consumption through mo-
dernization and the introduction of inno-
vative solutions are not explored. In addi-
tion, the importance of forecasting the vol-
ume of electricity consumption is ignored,
which is a critical element for proper plan-
ning and the establishment of reasonable
standards [3, 4].



There is a widespread tendency for en-
terprises to focus on meeting production
targets, leaving energy efficiency issues in
the background. This leads to significant
financial losses and a decrease in overall
competitiveness. Consequently, the devel-
opment and implementation of integrated
energy saving programs, including modern
monitoring systems and automated energy
control [5, 6], is becoming not just a re-
commendation, but an urgent necessity for
the sustainable development of the indust-
rial sector.

In this regard, the analysis of energy
consumption at mining and processing
plants and optimization of operating mo-
des of basic electrical equipment such as
excavators and drilling rigs are of particu-
lar importance [7]. Carrying out such work
makes it possible to identify potential are-
as for reducing energy costs and ultimately
increase the overall economic efficiency
of mining operations [8, 9].

The object of the study is the power
supply system of the Madneupolsky Mi-
ning and Processing Plant.

Brief description

of the research object

The Madneupolsky Mining and Proces-
sing Plant is a large industrial enterprise
located in Russia, specializing in the ex-
traction and processing of minerals. The
main products of the plant are copper and
barite ore, as well as basalt stone. The com-
bine conducts large-scale open-pit mining
of deposits. The Madneupolsky Mining
and Processing Plant is characterized by a
complex energy economy, since the main
production processes, such as the opera-
tion of excavators, crushing plants, drill-
ing rigs and loading equipment, require
significant energy costs. This makes the
issues of energy efficiency and optimiza-
tion of electricity consumption especially
important for reducing the cost of produc-
tion and increasing the overall profitability

of production. Thus, The Madneupolsky
Mining and Processing Plant is one of the
most important resource-intensive mining
facilities, where effective control of ener-
gy and technological processes plays a
critical role in the sustainable develop-
ment of the enterprise.

Research methods

When conducting a comprehensive ener-
gy survey of The Madneupolsky Mining
and Processing Plant, the following meth-
ods should be used:

« collection and processing of data on
actual electricity consumption for various
periods; comparison with regulatory (plan-
ned) indicators; identification of seasonal
and technological fluctuations;

» systematic inspection of the com-
pany’s power supply system; evaluation
of the efficiency of electrical equipment;
identification of losses in networks and
transformers;

» development of specific electricity
consumption rates per unit of production
(1 ton of ore, 1 m* of rock mass, etc.);
comparison with industry standards and
indicators of similar enterprises;

« use of metering devices (meters, sen-
sors, electricity quality analyzers); load
measurements at key sites (transformer sub-
stations, motors, conveyors); implementa-
tion of automated control systems;

e creation of mathematical and com-
puter models of the power system opera-
tion; forecasting of power consumption in
case of changes in production conditions;
analysis of scenarios for the introduction
of energy-saving technologies [10, 11];

» technical and economic analysis:
estimation of the cost of electricity in the
cost structure of production; calculation
of the economic efficiency of equipment
modernization; determination of optimal
tariff solutions;

* investigation of equipment operating
modes: analysis of efficiency of electric
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motors, pumps, fans, etc. [12, 13]; iden-
tification of “bottlenecks” with increased
energy consumption; testing of alternative
operating modes (frequency control, opti-
mization of inrush currents) [14].

The indicators of electricity consump-
tion for each division are recorded in the
memory of electronic meters. These data
serve as the primary basis for the subse-
quent analysis of load graphs. Since the
operation of technological equipment can
be uneven, this leads to significant fluctua-
tions in the level of power consumption.
These fluctuations are observed within dif-
ferent time intervals, from daily to annual.
In this regard, the key task of the analysis
is not only to identify these deviations, but
also to assess their impact on specific ener-
gy consumption, as well as to find ways to
smooth them out. In addition, as part of the
analysis, it becomes necessary to calculate
the mathematical expectation of the level
of electricity consumption for the selected
period (month, quarter or year). This value
represents the average expected amount
of consumption. To estimate the spread of
data around this average, a confidence in-
terval is calculated, which clearly demon-
strates the range of possible fluctuations.
Both of these parameters are determined
using mathematical statistics methods,
which ensures the accuracy and objectiv-
ity of the conclusions.

Modeling of the average loads

of a mining and processing plant

over a monthly period

To identify cyclical patterns in the
change in the level of electricity consump-
tion within each month for a period of
5 years, it is necessary to conduct an appro-
priate analysis [15, 16]. For this purpose,
it is necessary to create average monthly
load schedules for all structural depart-
ments of the quarry. These graphs will
display the dynamics of average monthly
electricity consumption calculated over a
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five-year interval. The calculation of the
monthly average power consumption (W )
is performed as the arithmetic value of
consumption for a specific month i for all
years of the observed period:

n
: :Wm.i,j
j=1

=

1)
n

where [ — the month number; j — the
year number; n — the number of years.

According to the power consumption
data obtained at the The Madneupolsky
Mining and Processing Plant quarry using
expression (1), the average monthly val-
ues of power consumption for the quarry
units were calculated, which are shown in
Figure, a, b.

Based on the data presented in Figure,
a regression analysis was performed using
specialized software. To mathematically
describe the dependence of the level of
power consumption on the ordinal number
of the month and increase the accuracy of
the model, approximating functions were
selected in the form of the following re-
gression equations:

W

m.i

W =a +a i (2)
W_=a, - exp(a, - i), (3)
W =a +a -i+a,- >, (4)

where a , a,, a, — coefficients determined
by the least squares method.

The adequacy of the regression equa-
tions (2) — (4) is determined using the Fi-
sher criterion. The width of the confiden-
ce interval is determined using the Stu-
dent’s coefficient (¢, ). The coefficient value
was chosen for a confidence probability of
p = 0.95, which corresponds to a signifi-
cance level of o = 0.05 for the total number
of observations n = 12. With these para-
meters, the number of degrees of freedom
was k = n — 2 =10, which corresponds
to the tabular value of the t-criterion
t )= 2.23.

(0,05; 10
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Cpe,quMec,quble 3Ha4dyeHus 3ﬂeKTpOI'lOTpe6fleHMﬂ rno nogpasgesieHnam Kapbepa I'OpHO-O6OI'aTMTel1bHOI’O

KOMbuHaTa

Table 1 shows the obtained dependenc-
es of electricity consumption by quarry di-
visions of the mining and processing plant.
The equations have linear (2), exponential
(3), and parabolic forms (4).

The values of the pairwise correlation
coefficient r, which characterizes the clo-
seness of the relationship between the po-

wer consumption of W_and the month
number i, are shown in Table 2.

For example, Table 3 shows the results
of checking regression equations for ad-
equacy using the Fisher criterion for linear
regression equation (2).

A similar check was carried out for
equations (3), (4). As can be seen from
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Table 1

Dependence of electricity consumption by divisions of a quarry

of a mining and processing plant
3aBUCUMOCTM NOTPE6AEHUS INEeKTPOIHEPruM

no noppasfnesieHNsaAM Kapbepa l'OpHO-OGOl'aTMTEﬂbHOI’O KOM6MHaTa

No. Division name The equation of dependence
W =761-10°+6,49-10°-
1 Overburden W =763-10° - e¥ !
W =847 - 105 — 3,04-10°- i +2,83 - 10° - 2
W =756-10° — 99,2 -
2 Copper ore mining W 7,55 - 10% - 7000126

-742 10+ 5,08 - 102 - { — 46,7 -

3 | Loading of quartzite from the dump

W =389-10" — 47,3 -
W =386 10* - e000es i
‘344 10*+1,86-10°- i — 146 -

4 | Loading of barite ore from the dump

Wm—278 10* — 5,74 -
=281 10 0054
W—253 10°+449 - 10°- i — 77,6 -

Wm= —3,22 - 10* + 665 -
5 Basalt stone mining =1,84 - 103 - 00333
A -747 105 — 2,93 -10° - i +299,6 - 2
m =2,73-10°+639,4- i
6 Crushing of basalt stone =2,85-10° - o1

W, —157+268 10%-i— 291,3-

Administrative and household

—218 10° — 288,3 -

7 buildin W =694- 103 - @00523-i
ureing W =102710" — 158 -10°- i +995 - 2
W =226-10° — 727 -
8 Mechanical workshop W =222-107 - e—00403 i
W =3,05- "10* — 4,09 - 10%- i +258,7 -
Table 2

Values of the pair correlation coefficient for the electricity consumption regression equations
3HaueHns BenMUUHbI KO3 dULMeHTa NapHOi Koppenaummn
AN ypaBHeHUI perpeccumn 31eKTponoTpebieHns

Number of 1 2 3 4 5 6 7 8
divisions
r 0,4007 | -0,1627 | -0,0479 | -0,6742 | 0,4076 | 0,7625 | -0,5553 | -0,0851

the data obtained in Table 3, the ratio is
fulfilled for all divisions and for the three
selected types of regression equations:
F(a, k,, k) < F__, which indicates the ad-
equacy of all the dependencies obtained.
This gives reason to assert that all the
dependencies obtained are valid and can
be used for calculations. As the simplest
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for engineering calculations, the linear
dependence of W_on i is recommended.
According to the information presented in
Table 3, the most pronounced correlation
between power consumption (W ) and the
time factor is observed in the following
quarry production areas: stripping opera-
tions, loading of barite ore from the dump,



Table

Results of testing the regression equations for adequacy

3

using the Fisher criterion for a linear regression equation

PEByI'IbTaTbI npoeepku ypaBHEHMﬁ perpeccun Ha ageKBaTHOCTb

C UcnosibzoBaHneM Kputepusa CDm.uepa ANS IMHEHHOro yYpaBHeHUSA perpeccum

Number| o | k | k, | m | S% | W,kWh | W,kWh W_ . Flo,k, F,,
of (kWh)? kWh k,)
divisions
1 005/ 1 |10 | 5 |315-10°|3,75-10%|1,25-10%| 2,510 | 496 | 5,05
2 0,05 1 10 5 |518-10°|2,99-107 | 1,04 - 107 | 1,95- 10" | 4,96 5,3
3 005/ 1 |10 | 5 | 1,1-10" |1,07-10% | 4,38-107|6,32-10" | 49 | 69
4 005/ 1 | 10 | 5 |566-10°|6,03-10"|2,26-107|3,77-107 | 4,96 6
5 005| 1 10 5 12,71-107|2,02-10% | 8,13-107 | 1,21 -10% | 4,96 | 5,41
6 0,05 1 10 5 11,29-10°| 2-10° |1,28-10°%| 7,2-105 | 4,96 6,3
7 0,05 1 10 5 |267-10°| 2,9-10" |1,07-107|1,83-10" | 4,96 | 5,82
8 005/ 1 |10 | 5 |217-10"|1,02-10° | 8,67 -10%|1,53-10%| 4,96 | 5,61
Table 4
Dependence of average quarterly electricity consumption
by technological divisions of the mining and processing plant quarry
3aBUCHMMOCTb cpefHeKBapTasibHOro 3/1eKTPONoTpebaeHnsa
Mo TEXHO/IOrMYeCKMM nogpasgeneHmam kapbepa FTOK
Number of blocks I ‘ II ‘ II ‘ v
Overburden (No. 1)
2406820 | 2296640 | 2410720 | 2174600
Copper ore mining (No. 2)
227483 | 224833 | 223400 | 224300
Loading of quartzite from the dump (No. 3)
114280 | 122580 | 116720 | 123275
Loading of barite ore from the dump (No. 4)
72287 | 77166 | 77111 | 52137
W, kWh
g Basalt stone mining (No. 5)
7634 | 8033 | 3200 | 1800
Crushing of basalt stone (No. 6)
11435 | 18400 | 15378 | 16121
Administrative and household building (No. 7)
2400 | 15120 | 7800 | 16000
Mechanical workshop (No. 8)
70180 | 57960 | 32980 | 54375
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Table 5

Statistical indicators of quarterly electricity consumption
CTaTucTuyeckmne nokasarenmn KBapTa/JibHOro 3I'IEKTpOﬂOTp96ﬂ8HMH

Number of 1 2 3 4 5 6 7 8
divisions
M, kWh 2322195224991 | 119214 | 69675 | 5167 | 14700 | 15330 | 54124
S,» kWh 111 705 1732 4415 11914 | 1174 1039 3279 | 11591
t,. S, kWh | 480331 7447 1897 | 51229 | 5050 | 13200 | 14100 | 51131

extraction and crushing of basalt stone, as
well as the administrative and household
building. For copper ore mining units,
quartzite loading from the dump, and a
machine shop, the dependence of power
consumption is largely determined by ran-
dom factors, which corresponds to the na-
ture of the work of these units.

Investigation of averaged quarterly

electrical load schedules

To analyze power consumption within
a quarter, it is necessary to consider the
average quarterly schedules of electrical
loads for all quarry units [17,18]. Similarly,
as in the analysis of the averaged monthly
load schedules, the values of power con-
sumption Wq are determined. These data
are shown in Table 4.

The results of the statistical analysis of
the information contained in Table 4 in-
dicate that electricity consumption in all
production areas of the quarry within the
quarter corresponds to a normal distribu-
tion.

Table 5 shows the key statistical indica-
tors calculated on the basis of these data:
mathematical expectation (M), standard de-
viation (S ) and confidence interval (¢ ,, S ).

Study of annual electrical

load schedules

To analyze the annual electricity con-
sumption for a number of years from 2011
to 2015, it is necessary to consider the an-
nual schedules of electrical loads for all
departments of the quarry.
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Similarly, as in the analysis of the av-
eraged monthly and quarterly load sched-
ules, the values of power consumption Wy
are determined. These data are shown in
Table 6.

Table 6 is a valuable data source that
makes it possible to analyze the dynam-
ics of an enterprise’s energy consumption
over 5 years. The key conclusion is that the
total power consumption of the quarry has
a pronounced tendency to decrease signifi-
cantly. This indicates large-scale changes
in production activities, technological pro-
cesses, or targeted energy conservation
efforts. The analysis of Table 6 makes it
possible to analyze individual mining and
processing plant units in terms of energy
consumption and process characteristics.

e Group 1: Units with a significant
reduction in energy consumption (more
than 30%).

1. Overburden (No. 1).

Dynamics: The most energy-intensive
division. Consumption fell from 11.35 mil-
lion kWh in the first year to 7.52 million
kWh in the last (a decrease of ~34%).
Stripping (removal of waste rock to access
ore) is the most energy—-intensive process
in a quarry, usually performed with pow-
erful equipment (excavators, bulldozers,
dump trucks). Such a significant decrease
indicates one or more factors: reduction of
overburden volumes: transition to mining
at the lower horizons of the quarry, where
less overburden is required; technology
optimization: introduction of more effici-
ent opening schemes that reduce the volu-



Table 6

Dependence of annual electricity consumption by technological divisions
of the mining and processing plant quarry for 5 years

3aBucuMocTb rogoBoro BHEKTPOHOTPEGHEHMH

no TexHonorn4eckmum nogpasaeneHmam FOK 3a 5 ner

Years 1 | 2 | 3 | 4 | 5
Overburden (No. 1)
11349000 | 10350800 | 9448200 | 7771000 | 7524900
Copper ore mining (No. 2)
607900 | 731900 | 1360100 | 992400 | 989530
Loading of quartzite from the dump (No. 3)
535000 | 456600 | 515900 | 546000 | 203700
Loading of barite ore from the dump (No. 4)
461000 | 167506 | 238700 | 249200 | 453200
W, kWh —
Y Basalt stone mining (No. 5)
41200 | 10700 | 30760 | 34100 | 35340
Crushing of basalt stone (No. 6)
32400 | 28780 | 12200 | 42300 | 37560
Administrative and household building (No. 7)
58000 | 58600 | 40900 | 65000 | 52600
Mechanical workshop (No. 8)
58000 | 58600 | 53300 | 65000 | 52600

me of rocks being moved; equipment re-
placement: transition to more modern and
energy-efficient equipment (for example,
excavators with an energy recovery sys-
tem). In this department, first of all, it is
necessary to conduct an analysis of the ef-
fectiveness of energy conservation meas-
ures. The reduction here gives the maxi-
mum economic effect.

2. Loading of quartzite from the dump
(No. 3).

Dynamics: A sharp drop from 535 thou-
sand kWh (1 year) to 203.7 thousand kWh
(5 year) (a decrease of ~62%). Loading
from the dump means working with previ-
ously extracted and stored material. Such
a sharp drop, especially in the last year,
may mean: the cessation of mining of
this dump; a change in the technological
scheme: perhaps quartzites are no longer

stored in the dump, but immediately go for
processing, or their extraction is stopped.

e Group 2: Divisions with unstable
dynamics (cyclical or changing trends).

1. Copper ore mining (No. 2).

Dynamics: severe instability. Growth in
the third year reached a peak (1.36 million
kWh), followed by a decline. This division
is a key stage of production. Fluctuations
directly reflect changes in ore production
volumes. The peak in the third year may be
associated with the development of a rich
site, the introduction of new equipment or
the fulfillment of a large order. A subse-
quent decrease may indicate depletion of
reserves at a particular site, a decrease in
the metal content in the ore (more work is
required to obtain the same volume of con-
centrate), or a general decrease in produc-
tion plans. High volatility of consumption
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makes it difficult to plan energy supply.
It is necessary to make forecasts that are
closely related to the mining plan.

2. Loading of barite ore from the dump
(No. 4).

Dynamics: very unstable schedule.
A sharp decline in the second year, fol-
lowed by an increase in the last year.
Similar to the loading of quartzites, this
is mainly due to working with dumps. An
analysis of the dynamics suggests that in
the second or third year, the stored ore was
almost not shipped, but by the fourth or
fifth year, demand for it appeared again,
and the dump began to be developed. This
production has a pronounced “spot” char-
acter, its energy consumption is unpredict-
able and depends solely on market condi-
tions.

e Group 3: Units with stable low con-
sumption.

1. Basalt stone mining (No. 5) and cru-
shing (No. 6).

Dynamics: low and relatively stable
energy consumption with small fluctua-
tions. This is probably an auxiliary or by-
product (for example, the extraction of
building materials for their own needs or
for sale). Stability indicates a constant but
small amount of work. The energy saving
potential here is low due to the small abso-
lute volumes. However, it is worth check-
ing the specific energy consumption rates
per unit of production.

2. Administrative and household build-
ing (No. 7) and mechanical workshop
(No. 8).

Dynamics: consumption is extremely
stable from year to year. The stability of ad-
ministrative and household building con-
sumption indicates a constant number of
personnel and a constant mode of opera-
tion of auxiliary systems (lighting, heat-
ing/ ventilation, computers). This is the
“constant” workload of the enterprise. It
can only be reduced by well-known mea-
sures: replacing lighting with LED, install-

162

ing frequency controls on fans, and insu-
lating the building.

In general, it should be noted that the
company is conducting a large-scale re-
structuring of mining operations [19],
which leads to a significant reduction in
energy consumption, especially during
stripping. This could be caused by a tran-
sition to new jobs, a change in career con-
figuration, or a general decrease in produc-
tion activity. The extraction of the main
products (copper ore) is unstable, which
creates problems for energy management
and the purchase of electricity. The spe-
cific power consumption should be calcu-
lated (kWh/ton of extracted ore, kWh/m?
of overburden). This will show whether
the reduction is due to a real increase in
energy efficiency or simply by reducing
the amount of work. The main attention to
energy-saving measures should be given
to the copper ore stripping and mining di-
vision, since even a small percentage of
savings there will give the greatest finan-
cial effect [20]. Despite the stability, the
administrative and household building and
the workshop are typical facilities for the
implementation of low-cost energy-sav-
ing measures (lighting, insulation). Based
on this, it is necessary to develop a power
consumption forecasting model based on
a mining plan rather than a data sample in
order to better plan energy purchases and
avoid peak loads.

Conclusions

1. The greatest potential for energy
saving at the Madneupolsky Mining and
Processing Plant is concentrated in units
with high and seasonally dependent energy
consumption, such as stripping operations
and loading of barite ore. Overburden
division (No. 1), being the most energy-
intensive (average quarterly consumption
~2.32 million kWh), showed a decrease in
annual electricity consumption by ~34%
over 5 years (from 11.35 to 7.52 million



kWh). However, the high standard devia-
tion (S, = 111 705 kWh) indicates a wide
range of data and the need to analyze spe-
cific indicators.

2. Statistical analysis of quarterly work-
loads has confirmed that consumption in
all departments is subject to the normal
distribution law. At the same time, the
largest relative variation in data (the ratio
of Sn to M) is observed in the mining units
(No. 5, ~22.7%) and loading of barite ore
(No. 4, ~17.1%), which characterizes their
work as unstable.

3. Linear regression models are ade-
quate and the simplest for practical use in
predicting power consumption at the en-
gineering level. Checking the adequacy of
linear regression models using the Fisher
criterion for all departments showed that
the calculated value of the criterion ex-
ceeds the tabular value for all departments
(for example, for overburden: 5.05 > 4.96).
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This proves the adequacy and statistical
significance of the obtained models for
forecasting.
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mining plans, and not only to historical
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consumption of auxiliary units (administ-
rative and household complex, workshop)
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dicates the ongoing restructuring of pro-
duction, however, in order to assess real
efficiency, it is necessary to switch to the
analysis of specific indicators (kWh/ ton of
products).
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