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Abstract: Electricity consumption during oil production is a significant cost for industry enterprises.
One of state policy’s most important tasks in extracting minerals is increasing energy efficiency
and the intellectualization of control and management systems. The solution to these tasks can be
achieved through competent planning of the technological process and the organization of informa-
tion support at all stages. The paper presents the development of a method for power consumption,
the optimization of an electric submersible pump installation. The technological restrictions are also
identified. The developed methodology was tested; according to the results of the calculations, it
was found that the reduction in specific power consumption can reach 12.68%. An assessment of
the economic feasibility of the changing parameters of the electrical equipment has been carried
out. Within the framework of the integrated logistic support approach, a program was developed
for the selection of rational parameters of equipment in order to increase the energy efficiency of
the installation of electric submersible pumps. The research results can be applied to oil-extracting
industry enterprises in the framework of energy efficiency improvement programs.

Keywords: power consumption; integrated logistics support; electric submersible pump; energy
efficiency

1. Introduction

Electricity consumption during oil production is a significant cost item for industry
enterprises. According to official documents [1,2], one of the most important tasks of state
policy in matters of energy in the extraction of minerals is to increase energy efficiency at
oil production facilities.

The assessment of the oil wells’ energy efficiency is carried out taking into account the
effect of changes in equipment parameters on power consumption of the electrotechnical
complexes (ETC) of artificial lift areas in the oil field (OF). Currently, in mechanized oil
production, installations of electric submersible pumps (ESPI) are widely used. One of
the most important phases in terms of a given program ETC life cycle while taking into
account the specific characteristics of the enterprise is the stage of equipment operation [3].

The energy efficiency increase of an ESPI is a complex task that can be solved by
various (including complementary) methods. Enlarged, electric submersible pump (ESP)
energy efficiency management can be divided into two groups. The first group includes a
control by installing new or replacing used equipment. The second group includes a control
by selecting the optimal parameters of the installed equipment operating modes. With
regard to the object of research, the tasks of installing new and replacing used equipment
are multifaceted and are considered in various papers. In paper [4], the issue of installing
submersible reactive power compensators is considered; the approach [5] is known, where
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the change in the diameter of the well and the length of the filter are considered. In
studies [6,7], the authors consider the use of permanent magnet motors and paper [8]
is devoted to the use of ultra-high-speed submersible pumps. Original developments
related to the use of energy efficient pumps are discussed in paper [9] and the cross-section
optimization of the ESP cable line is considered in papers [10,11]. The increase in the
energy efficiency of the ESP due to the use of a high-voltage frequency converter is given in
paper [12]. In paper [13], the authors consider the issues of voltage regulation at terminals
and rotation speed of a submersible electric motor; other paper [14,15] investigate the issues
of maintaining equipment in optimal condition based on monitoring data. In paper [16],
the issue of selecting the optimal frequency of the control station and the diameter of the
choke is considered, while the magnitude of the impact on the choke is calculated based
on the archived data. In paper [17], the application of the control laws of electric motors
is considered.

Changes in the parameters of the technological mode should be accompanied by
the planning of logistics procedures and the development of electronic operational doc-
umentation. The information is not only the numerical values of the variables, but also
is a system of information support of lifecycle management elements of electrotechnical
complexes [3,18]. Methods for determining indices of operation effectiveness are described
in paper [19] and the problem of the process optimization is formulated according to the
chosen criterion. Automation of these tasks can be achieved through the implementation
of integrated logistics support systems [3]. Integrated logistics support is a technology in
systems engineering, which is a comprehensive tool that allows for the optimization of the
maintenance of the electrical complex of an object at all stages of its life cycle. Integrated
logistics applies also support in the construction industry [20], the production of high-tech
systems [21] and products [22], at enterprises in the oil industry [23], et cetera.

These approaches may also be applicable when using other technical solutions. Pa-
per [24] discusses the components of an autonomous photovoltaic pumping system, factors
that affect system efficiency, performance evaluation, system optimization and the potential
for integration with modern control techniques.

The task of energy efficiency increasing of the ESPI includes two aspects. The first is
assessing the influence of equipment parameters on the technological process parameters.
A simulation method of efficiency prediction of a centrifugal pumping plant for flow regu-
lation is considered in paper [25]. The second is developing algorithms for the formation
and issuance of recommendations for equipment maintenance.

Thus, energy efficiency of the oil production process is maintained due to the timely
receipt of information on energy efficiency indicators and the type and values of control ac-
tions. Integrated logistics support’s approach is the modern tool for the “intellectualization”
of ETC.

The actual task of the study is the adaptation of ILS functions as a part of:

- diagnostics of the state of electrical equipment;
- planning of logistics procedures;
- support maintenance of operational documentation.

2. Materials and Methods
2.1. Elements’ Interaction Scheme

The scheme of interaction of the ESPI ETC elements, used to the optimization, is
shown in Figure 1 [26].

Figure 1 indicates: ηCS—control station efficiency, p.u.; f—the voltage frequency at
the control station output, Hz; Snp—nameplate transformer power, VA; ∆PI—transformer
idle losses, W; ∆PSC—transformer short circuit losses, W; UHV—voltage of high voltage
(HV) windings of transformer, V; ULV—voltage of low voltage (LV) windings of trans-
former, V; II—transformer idle current, %; USC—transformer short-circuit voltage, %;
r0—specific active resistance of the submersible cable line, Ohm/km; x0—the specific reac-
tance of the submersible cable line, Ohm/km; lCL—the submersible cable line length, km;
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Pnp—nameplate motor power, W; Unp—nameplate motor voltage, V; cosϕ (KL)—dependence
of the change in the power factor of the submersible electric motor (SEM) on the load fac-
tor, p.u.; η (KL)—dependence of the change in the SEM efficiency on the load factor, p.u.;
USEM—mode voltage of SEM, V; Qow—optimal pump rate of ESP on the water characteristic,
m3/day; ηESP (QESP)—dependence of the change in the ESP efficiency on the flow rate p.u.;
Qmax—theoretically possible maximum pump flow rate at a head equal to 0 m, m3/day;
QESP—pump flow rate, m3/day; Hdyn—dynamic level, m; ρl—liquid density, kg/m3;
Pr—reservoir pressure, Pa; PWH—wellhead pressure, Pa; D—casing pipe inner diameter,
m; L—pump suspension depth, m; Lr—vertical reservoir depth, m; Kprod—productivity
index, m3/(Pa·day); ν—liquid viscosity, m2/s; G—gas content at pump intake, p.u.;
Pbp—bubble point pressure, Pa; PESP—the power required to drive the ESP, W;
PSEM—active power consumed by the SEM, W; QSEM—the reactive power consumed
by the SEM, VAR; ∆UCL—voltage loss in the cable line, V; PCL—active power on the HV
side of the transformer, W; QCL—reactive power on the HV side of the transformer, VAR;
∆UT—voltage loss in the transformer, V; PT—active power on the LV side of the transformer,
W; QT—reactive power on the LV side of the transformer, VAR; PESPI—active power of ESP
installation, W; QESPI—reactive power of ESP installation, VAR.
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Unlike the known approaches [4,5,7–17], the ILS approach provides regular (fixed in
enterprises’ standards) monitoring, diagnostics and analysis of the technical condition of
the structural elements of the ETC. It will also make it possible to evaluate the efficiency
of the operation of the ETC in order to verify the compliance of the actual and calculated
values of their characteristics.

The implementation of the ILS system should be ensured by orderly well-known and new
organizational actions for the collection, analysis and processing of electrical information.

The calculation of the electric mode parameters is carried out in accordance with the
methodology presented in papers [26–28].

2.2. Technological Restrictions
2.2.1. Well Head Characteristic

When calculating the well head characteristic, a number of assumptions are made,
including: equality of pressures in static and dynamic modes; compliance of the ESP
temperature with permissible limits; uniform distribution of water and oil along the entire
length of the tubing; disregard for the work of the gas to raise the liquid, losses in the
separation tank and friction losses along the length of the tubing. In this case, the well head
characteristic equation is written as [27]:

Hwell = Lr −

(
Pr − QESP

Kprod

)
ρ1 · g

+
PWH

ρ1 · g
+

∆Pfit
ρ1 · g

, (1)

where ∆Pfit—fittings pressure losses, Pa and g—acceleration of gravity, m/s2.
Liquid density also can be calculated as:

ρ1 = ρfl ·%fl + ρw ·%w, (2)

where ρo, ρw—oil and water density, respectively, kg/m3 and %o, %w—oil and water
content in produced liquid, p.u.

Fittings losses is a choke loss, which can be viewed as a channel with sudden narrowing
and expansion.

Sudden expansion head losses are calculated as:

∆hexp =

(
1− S1

S2

)2
·

v2
1

2g
, (3)

where S1—pipe cross-sectional area before expansion, m2; S2—pipe cross-sectional area
after expansion, m2 and v1—liquid velocity before expansion, m/s.

Sudden narrowing head losses are calculated as:

∆hnar = 0.5
(

1− S1

S2

)2
·

v2
1

2g
, (4)

where v2—liquid velocity before narrowing, m/s.

2.2.2. Feed Stall Protection

To determine the maximum allowable flow rate based on the ratio of technological
parameters, the following approach is used [27].

The pressure at the pump intake, at which the gas content at the pump inlet does not
exceed the maximum permissible, is calculated by the formula:

Pint = (1−G) · Pbp. (5)

Considering that with a change in liquid flow from the well, the pressure at the pump
intake will change, it is necessary to present this interaction in an analytical form.
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Bottom hole pressure is defined as:

PBH = Pr −
QESP
Kprod

. (6)

Dynamic level is calculated as:

Hdyn = Lr −
PBH

ρ1 · g
, (7)

where PBH—bottom hole pressure, Pa.
The pump suspension depth is defined as:

L = Hdyn +
PPI

ρ1 · g
. (8)

Based on Formulas (4)–(7), an expression for determining the pressure at the pump
intake when the flow rate changes is obtained:

PPI = (L− Lr) · ρ1 · g + Pr −
QESP
Kprod

. (9)

Thus, in order to avoid feed stalling due to the presence of free gas, it is necessary that
the condition is met:

(L− Lr) · ρ1 · g + Pr −
QESP
Kprod

≥ (1−G) · Pbp. (10)

Formulating the inequality regarding the feed:

QESP ≤
[
(L− Lr) · ρ1 · g + Pr − (1−G) · Pbp

]
Kprod. (11)

Taking into account the minimum permissible liquid level above the pump:

QESP ≤
[(

L− ∆H− Lr +
Pr − (1−G) · Pbp

ρ1 · g

)]
Kprod · ρ1 · g. (12)

where ∆H—minimum permissible liquid level above the pump, m.

2.2.3. Overheating Protection

The liquid velocity in the annular section formed by the inner surface of the casing at
the submersible unit installation site of the and the outer surface of the submersible motor
is determined as [27]:

V =
QESP

F
. (13)

where V—minimum permissible coolant speed, m/s and F—annular section area, m2.
Annular section area is calculated as:

F = 0.785 ·
(

D2 − d2
)

, (14)

where d—outer SEM diameter, m.
In order for the thermal condition of the motor to be considered normal, it is nec-

essary that the liquid flow rate be greater than the minimum permissible speed for the
installed motor.

Formulating the inequality regarding the flow rate, we get the expression:

QESP ≥ 0.785 ·V ·
(

D2 − d2
)

. (15)
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2.2.4. Fittings Restrictions

The fittings diameter can be changed by using an adjustable or non-adjustable choke [27].
For both types of chokes, the control limits will be fairly written as a discrete function:

d = k · ∆d, (16)

where 0 < k ≤ N, k ∈ Z—regulation step number, N—number of steps; ∆d—diameter
adjustment step, м and Z—set of integers.

2.2.5. Minimum Head Restrictions

The dependence of the required frequency control depth on the technological process
parameters and technological limitations and, taking into account the interaction of electri-
cal and technological equipment, which includes the restrictions on the minimum head
(Hmin), is determined as [27]:

f2 =
Q2
Q1
· f1 +

(
f1 −

Q2
Q1
· f1

)
· H2

H1
=

Q2
Q1
· f1 ·

(
1 +

H2 ·Q1
H1 ·Q2

− H2

H1

)
. (17)

where Q1—pump flow, at a head equal to 0 at a frequency of 50 Hz, m3/day; Q2—required
pump flow, m3/day; f1—main frequency of the mains voltage of 50 Hz, Hz; H1—head at a given
flow rate on the pressure characteristic of the pump at 50 Hz, m; H2—the required head, m.

2.2.6. Voltage Limits at Motor Terminals

The following restrictions on the voltage at the motor terminals are adopted. Positive
and negative voltage deviations at motor terminals should not exceed 10% of the nameplate
voltage [27].

2.2.7. Voltage Frequency Limits

As part of ESPI ETC, step-up transformers are used. According to the manufacturers’
data, transformers can operate at a frequency from fTmin = 35 Hz to fTmax = 70 Hz [27].

2.3. Method for Power Consumption Optimizing of an Electric Submersible Pump Installation

The block diagram of the ESPI power consumption optimization algorithm is shown
in Figure 2.Sustainability 2023, 15, x FOR PEER REVIEW 7 of 16 
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Figure 2. Block diagram of the ESPI power consumption optimization algorithm (Qmin, Qmax—values
of the minimum and maximum allowable flow rate; Pmax—maximum allowable wellhead pressure).
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The descriptions of the blocks are the following:
Block 1. Input of initial data: pump suspension depth L, reservoir depth Lr, gas content

at pump intake G, reservoir pressure Pr, bubble point pressure Pbp, well productivity index
Kprod, tubing inner diameter D, submersible motor outer diameter d, minimum allowable
cooling speed liquid V, voltage frequency of the control station f, minimum permissible
head Hmin, parameters of formation liquid, pressure characteristics of a pump, parameters
of a technological process, parameters of electrical equipment, permissible calculation error
ε (taken equal 0.5 V).

Block 2. Comparison of the target flow rate with the minimum (Qmin) and maximum
(Qmax) permissible values.

Block 3. If Q < Qmin, then Q = Qmin, Q > Qmax; then Q = Qmax is accepted.
Block 4. Plotting the pressure characteristics of the well.
Block 5. Determination of frequencies f2, at which the condition is fulfilled:

0.995 ≤ Hwell(QESP)

HESP(QESP)
≤ 1.005, (18)

where Hwell (QESP)—well head at a given flow rate, m and HESP (QESP)—pump head at
a given flow rate, m. The boundary values are selected based on the difference in head
values at the boundaries of the flow interval of 1 m3/day in the area of optimal pump flow.

Block 6. Power consumption calculation.
Block 7. Selection of the optimal frequency and choke diameter (dch), based on the set

of parameters obtained in Block 6.
Block 8. Comparison of the obtained frequency value with the operating frequency

range of the step-up transformer.
Block 9. Comparison of the calculated value f2 with the value fTmax.
Block 10. If f2 > fTmax (maximum operating transformer frequency), then f2 is taken

equal to the frequency value calculated in Block 6 for a smaller diameter of the choke.
Block 11. If f2 ≤ fTmin (minimum operating transformer frequency), then f2 is taken

equal to the value of the frequency calculated in Block 6 for a larger diameter of the choke.
Block 12. Calculation of PWH at the selected frequency f2.
Block 13. Comparison of the calculated value PWH with the value Pmax.
Block 14. Comparison of the calculated value of H with the value of Hmin.
Block 15. If the input receives a signal from Block 13, then the nearest lower frequency

f2 calculated in Block 6 is selected. If a signal from Block 14 arrives at the input, then the
nearest higher frequency f2 calculated in Block 6 is selected.

Block 16. Selection of a branch of the transformer voltage regulation device [26].
Block 17. Output of calculation results.

2.4. Assessment of the Measures’ Economic Feasibility for the Rational Parameters Selection of
Electrical Equipment Modes

A rating of the measures’ economic feasibility for the rational parameters selection of
electrical equipment modes can be given on the basis of the value of the minimum savings
assessment, which is calculated by the formula:

Emin =
C

PP ·Wyear · T
· 100%, (19)

where C—the cost of installing equipment, rubles; PP—established payback period, years;
Wyear—the annual amount of power consumption by the object under consideration,
kW · h/year and T—the electricity tariff, (costs/kWh).



Sustainability 2023, 15, 11845 8 of 15

3. Results
3.1. The Choice of Rational Parameters of the Electrical Equipment Modes When Optimizing the
ESPI Power Consumption

Approbation of the methodology for optimizing ESPI power consumption was per-
formed for the wells of LLC LUKOIL-PERM (Russian Federation). The initial mode data
and the recommended data, as well as the calculated values of power consumption corre-
sponding to both modes are shown in Table 1 (where dch—choke diameter, WESPI—power
consumption of the electrical submersible pump installation and Wsp—specific power
consumption of the electrical submersible pump installation).

Table 1. The results of the rational parameters choice of the electrical equipment modes when
optimizing ESPI power consumption.

Mode Parameter
Well Number

115 120 318

Initial

dch, mm 5 4 5
f, Hz 43 56 48

PWH, MPa 1.4 2.6 1.5
Hdyn, m 764 750 908

WESPI, kW·h/day 648.0 895.2 700.8
Wsp, kW·h/m3 11.24 13.95 10.46

Optimized

dch, mm 7 7 8
f, Hz 42.3 54.6 47

PWH, MPa 1.050 1.000 0.917
Hdyn, m 767 755 900

WESPI, kW·h/day 631.0 781.9 680.2
Wsp, kW·h/m3 10.95 12.18 10.15

Reducing specific power consumption, % 2.59 12.68 2.74

The graphic results’ presentation of the rational parameters selection of the electrical
equipment modes when optimizing ESPI power consumption for well No. 115 (module
submersible pump ECNM5-50-2000) is shown in Figure 3, where H-Q (f) are the pumps
head characteristics at various frequencies of the supply network voltage, QESP—specified
pump flow rate, dch—well head characteristics at different choke diameters, Hinit—the
pump head value in the initial mode, Hmin—the minimum allowable head according to
technological restrictions and Hopt—the pump head obtained as a result of the equipment
optimal parameters selection.

3.2. Assessment of the Measures’ Economic Feasibility for the Rational Parameters Selection Modes
of the Electrical Equipment

The economic feasibility assessment of the performing technical measures for the ra-
tional parameters’ selection of the electrical equipment’s modes is considered for two cases:

• ESPI is configured with equipment that allows the regulation of the frequency (there
are no costs for the purchase of additional equipment);

• the ESPI is not configured with equipment that allows the regulation of the frequency
(additional equipment purchase is required).

The target function is the amount of reduction in power consumption (in percent)
required for a payback period of 5 years. e.g., for the case for well No. 115, the val-
ues of the initial mode parameters are chosen as: ρo = 800 kg/m3; ρw = 1000 kg/m3;
Hdyn = 750 m; PWH = 2 MPa; T = 2.36 conventional units of costs/(kW · h); ηESP = 0.4;
ηSEM = 0.8; ∆PCL = 4 kW; ∆PT = 1.2 kW; C = 300,000 conventional units of costs (the selected
parameters values are averaged, typical for the object under consideration). To assess the
required amount of savings with a five-year payback period, the well daily flow rate and
the produced liquid water cut were selected as variables (Figure 4).
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Figure 3. Graphic representation of the rational parameters selection of the electrical equipment
modes when optimizing ESPI power consumption for well No. 115.

Sustainability 2023, 15, x FOR PEER REVIEW 10 of 16 
 

 

Figure 4. The results of calculating the minimum amount of reduction in power consumption to 

assess the control station installation payback. 

3.3. Integrated Logistics Support Approach to Improve the Energy Efficiency of the ESP 

Within the framework of– the ILS approach [3], a program for the selection of rational 

equipment parameters in order to increase the energy efficiency of the electric submersible 

pump installation has been developed. The procedure for working with the program in-

cludes several stages. 

1. Input of initial data: 

 input the elements’ parameters in accordance with the installed equipment 

nameplate data and the results of equipment tests, as well as in accordance with 

the data of the records of the wells’ pumping equipment; 

 setting the technological mode initial parameters in accordance with the docu-

ments fixing the technological process parameters, as well as the data of hydro-

dynamic studies of the wells. 

2. Modeling the electrical mode parameters with the initial equipment parameters 

[29,30]: 

 determination of voltages in the nodes of the electrotechnical complex and volt-

age losses in the elements; 

 determination of currents in the electrotechnical complex elements; 

 determination of load power and power losses in elements; 

 determination of specific power consumption of ESPI. 

3. Rational parameters selection of electrical equipment modes and electrical parame-

ters modeling with the selected parameters: 

 determination of equipment rational parameters (frequency of supply voltage, 

choke diameter); 

 determination of voltages in the nodes of the electrotechnical complex and volt-

age losses in the elements; 

 determination of currents in the electrotechnical complex elements; 

 determination of load power and power losses in elements; 

 determination of specific power consumption of ESPI. 

Figure 4. The results of calculating the minimum amount of reduction in power consumption to
assess the control station installation payback.

3.3. Integrated Logistics Support Approach to Improve the Energy Efficiency of the ESP

Within the framework of– the ILS approach [3], a program for the selection of rational
equipment parameters in order to increase the energy efficiency of the electric submersible
pump installation has been developed. The procedure for working with the program
includes several stages.
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1. Input of initial data:

• input the elements’ parameters in accordance with the installed equipment
nameplate data and the results of equipment tests, as well as in accordance with
the data of the records of the wells’ pumping equipment;

• setting the technological mode initial parameters in accordance with the docu-
ments fixing the technological process parameters, as well as the data of hydro-
dynamic studies of the wells.

2. Modeling the electrical mode parameters with the initial equipment parameters [29,30]:

• determination of voltages in the nodes of the electrotechnical complex and volt-
age losses in the elements;

• determination of currents in the electrotechnical complex elements;
• determination of load power and power losses in elements;
• determination of specific power consumption of ESPI.

3. Rational parameters selection of electrical equipment modes and electrical parameters
modeling with the selected parameters:

• determination of equipment rational parameters (frequency of supply voltage,
choke diameter);

• determination of voltages in the nodes of the electrotechnical complex and volt-
age losses in the elements;

• determination of currents in the electrotechnical complex elements;
• determination of load power and power losses in elements;
• determination of specific power consumption of ESPI.

4. Processing of calculation results:

• determination of the technical effect value from changes in equipment parameters
in named and relative values;

• determination of the economic effect size from changes in equipment parameters.

5. Registration of calculation results:

• report on possible technical and economic effects;
• report on the required value of the change in the modes parameters of the

electrical equipment;
• automatic filling of the form for performing work on changing the technological

equipment parameters;
• automatic filling of the permit form for the performance of work on changing

the electrical equipment parameters;
• graphical presentation of calculation results.

The block diagram of the control over the power consumption process during oil
production by the ESPI is shown in Figure 5, where: PLC—programmable logic controller;
FC—frequency converter; TMS—telemetry system; x—a set of parameters of the process
true state (depends on the type of TMS); y = {PWH, T}—a set of measured parameters;
u = {f, dch, WESPI}—a set of control actions generated by the PLC; F—set of parame-
ters for setting the ESPI control module (depending on the type of ESPI control station);
e = {Hdyn, QESP, ρl, ν}—a set of parameters of external measurement systems;
u′ =

{
f′, d′ch, W′ESPI

}
—a set of rational parameters of electrical equipment modes (sign «′»

corresponds to rational parameters).
The system setting is performed by a number of freely configurable control elements,

which are then compiled into a control algorithm for the microcontroller, e.g., as is described
in paper [31]. (For well No. 115, the following equipment is used: module submersible
pump ECNM5-50-2000, control station with embedded power drive system and controller
SU-Novomet, telemetry system TMS-Novomet and electricity quality analyzer FLUKE 435-I).
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Integrated logistic support for the ESPI operation is provided by:

• diagnostics of the state of electrical equipment,
• planning of logistics procedures and determination of the composition and the re-

quired volume of spare parts;
• training of service personnel;
• development and maintenance of electronic operational documentation.

The IDEF-diagram of the selection process for the optimal equipment parameters is
shown in Figure 6.
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Figure 6. IDEF diagram of the process of selecting optimal equipment parameters.



Sustainability 2023, 15, 11845 12 of 15

The diagram allows the determination of the sequence of operations, the required
actions, the responsible personnel and the type of reporting at each stage of the process of
the selection of the equipment optimal parameters.

The assessment of the current parameters of the oil pool and the prediction of its
condition is a rather voluminous and complex task. The geological properties of the oil
reservoir, the physicochemical properties of the reservoir’s fluid and the features of the
technological regime must be taken into account.

The indicators have been developed to evaluate the effectiveness of control actions.
The technological indicator to use is proposed:

ΠT = PWH − Plin, (20)

where Plin—flow line pressure, Pa.
Changing the technological mode is possible provided:

ΠT ≥ ∆Pfit(k+1)∆d, (21)

where ∆Pfit(k+1)∆d—the value of the pressure change with an increase in the choke diameter
by one step, relative to the established one, Pa.

The energy indicator is proposed to use:

ΠE =

(
1−

W′sp

Wsp

)
· 100%, (22)

where Wsp, W′sp—specific power consumption before and after optimization.
If the value of the indicator ΠE > 0, then changing the technological mode is expedient

from the point of view of energy efficiency.
Thus, technological and energy indicators have been developed that allow the evalua-

tion of the effectiveness of control actions on the energy efficiency of electrical equipment,
taking into account existing technological limitations. These indicators and developed
actions are embedded in the technical documentation of LLC LUKOIL-PERM.

4. Discussion

The development of a methodology for the modes’ rational parameters selection of
electrical equipment when optimizing power consumption in order to increase ESPI energy
efficiency is carried out. Based on the calculations’ results, it was found that the reduction
in specific power consumption for various ESP units will be from 2.59% to 12.68%.

The measures’ economic feasibility assessment for the modes’ rational parameters
selection of the electrical equipment has been carried out [14]. If the ESPI is equipped with
frequency control equipment, then there is no need for additional investment. In this regard,
at such facilities, there will be a positive economic effect from the power consumption
optimization since the moment the mode is changed. If the ESP is not equipped with
equipment that allows control the frequency, then the feasibility of installing a control
station for controlling the frequency should be assessed for each specific well based on the
current technological process parameters and the amount of possible energy savings when
optimizing the mode [32].

The greatest influence on the amount of necessary savings is exerted by the flow rate
of the liquid: with a flow rate from 5 m3/day up to 35 m3/day, the value of the required
savings varies from 26% to 10%; with a flow rate of 100 m3/day up to 200 m3/day, the
change is from 5% to 3%. The effect of the produced liquid density is less significant: the
difference between the required savings value when the water is cut changes from 2% to
98% (at a flow rate of 5 m3/day), 1.2%, and at a flow rate of 200 m3/day—0.5%.

The developed technique of increasing the energy efficiency of the “submersible
electric motor—electric submersible pump” system is adapted to perform the functions of
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integrated logistics support in the diagnostics part of state of electrical equipment, planning
of logistics procedures and support maintenance of operational documentation.

5. Conclusions

Based on the integrated logistics support approach:

- a program for the selection of rational equipment parameters in order to increase the
energy efficiency of the electric pump installation was developed,

- a structural diagram of the process of selecting optimal equipment parameters
was developed.

According to the investigations, the dependence of the required amount of savings
on the water cut of the extracted liquid and the flow rate of the well is obtained. The
technological and energy indicators and developed actions are embedded in the technical
documentation of LLC LUKOIL-PERM.

Based on the calculations results, it was found that, for a well with a water cut of 6%
and a flow rate of 60 m3/day, the value of a decrease in power consumption, at which the
control station installation will pay off in 5 years, is 7.4%.

At the same time, an economic effect is achieved by reducing the “cost” of the down-
time of electrical and technological equipment.

The results of the study can be used by oil-extracting industry enterprises:

- to assess the potential of energy saving,
- to assess the economic feasibility of changing the parameters of the technologi-

cal regime,
- for evaluation (and subsequent analysis) of improving the energy efficiency of electric

submersible pumping units,
- for planning and optimizing the stock of electrical equipment.

The provided methodology of rational parameters selection can be applied not only
to the oil-extracting industry enterprises but also to other applications, e.g., for water
treatment plants.

The list of abbreviations used in this paper is given in the Table A1 of Appendix A.
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Table A1. The list of abbreviations.

Abbreviation Description

ESP Electric submersible pump
ESPI Installation of electric submersible pump
ETC Electrotechnical complex
FC Frequency converter
HV High voltage

IDEF Integrated definition
ILS Integrated logistics support
LV Low voltage
OF Oil field

PLC Programmable logic controller
SEM Submersible electric motor
TMS Telemetry system
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