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ANALYSIS OF ELECTRICITY CONSUMPTION OF INDUCTION MOTORS
OF IE1 AND IE2 EFFICIENCY CLASSES IN A 11 kW PUMP INSTALLATION

Purpose. Comparative analysis of energy consumption indicators of electric motors of different energy efficiency classes in an
electric drive of a centrifugal pump with power of 11 kW of a water supply system with throttle regulation. Methodology. In
this paper a comparison of energy consumption of 11 kW pump units with induction motors of energy efficiency classes IE1
and IE2 is presented. The induction motors are powered directly from the mains. Both considered pump configurations have
the same fluid flow rate characteristic of open pump systems. The amount of water consumed by the pump is adjusted by
throttling. Results. The results on the daily and annual energy consumption of the two considered pump system configurations
are obtained. It is shown that the pump unit using the IE2 class motor provides the annual energy savings of 9.65 thousand
rubles and the life cycle energy savings of 158 thousand rubles compared to the IE1 class motor. The payback period of the
1E?2 class motor is calculated, which is 5 months if a new installation is commissioned and 2 years if the motor is replaced in
an operating installation. Practical value. Nowadays the countries of the Eurasian Economic Union mainly use electric
motors of the lowest energy efficiency class IE1, according to the IEC 60034-30 Standard (GOST IEC 60034-30-1-2016).
However, according to the decision of the Commission of the Eurasian Economic Union, since the 1st of September, 2021 all
general-purpose motors shall not be less efficient than the IE?2 efficiency level. Therefore, the analysis of the economic effect
of replacing IE1 class motors with IE2 class motors becomes relevant for the countries of the Eurasian Union. Pump drives
are one of the most important consumers of electricity. Most of the pump drives are powered directly from the mains.
References 25, tables 5, figures 4.

Keywords: centrifugal pump, energy consumption, energy efficiency, induction motor, payback period, throttle control.

Ha cvozooniwmniinn oenv ¢ kpainax €6pasiiicbko20 eKOHOMIUHO020 COIO3Y 8 OCHOBHOMY 3ACHIOCOBYIOMbCA €1eKMPOOBUIYHU
HU3bK020 Knacy enepzoepexmuenocmi IE1, sionosiono oo cmanoapmy MEK 60034-30 (FOCT MEK 60034-30-1-2016).
Oonak, 32i0H0 3 piwienuam Komicii €8pasziiicbko20 eKOHOMIUH020 o103y, 3 1 éepecns 2021 p 3nauennn Koegivicuma kopucnoi
Oil 0suzynie He NOGUHHO Oymu MeHuie 3HAYUEeHb, 6CMANH06NEHUX 01 Kiacy enepzemuunoi egpexmuenocmi IE2. Tomy onsn
Kpain €8pasiiicbkoz2o co03y aAKmMyanbHUM CMAE AHANI3 eKOHOMIuH020 edhekmy 6i0 3aminu oeuzynie knacy IE1 na oeuzynu
knacy IE2. YV oOaniii po6omi npedcmaenenuii nOPiGHANLHUIL AHANI3 NOKA3ZHUKIE €HEP2OCHOMNCUBAHHA ACUHXPOHHUX
enekmpooseuzynie knacie enepzoepexmuenocmi IE1 i IE2 ¢ enexkmponpueodi ¢ioyenmpoeozo nacoca nomyscnicmio 11 kBm
cucmemu 6000ROCMAYUAHHA 3 OPOCEIbHUM PeCYNIO6AHHAM. ACUHXPOHHI OBUSYHU JHCUBIAMbBCA 0E3N0CEPEOHbO  6i0
enekmpuunoi mepesci. Q0uosi nHacocni cucmemu marwomo 00un i moil yce zpaghix eumpamu piouHuU, XapaKmepHuii 0as
PO3iMKHymux Hacochux cucmem. Kinvkicmy eumpauacmovca HACOCOM 600U pPeynIOEMbCA 3A PAXYHOK OpOCeNl08AHHA.
Ompumano pe3yromamu no 006060My i piUHOMY eHEPZOCRONCUBGAHNHIO 080X PO32NAHYMUX KOHpizypayiii Hacochoi cucmemu.
Ilokazano wo cucmema, oe 3acMOCOBYEMbCA ACUHXPOHHUIL 08UZYH Kaacy eHepzoehekmuenocmi IE2, 3ab6e3neuye ekonomiro
118,6 eepo 3a pik i 2000 cspo 3a scummeeuit yuka, 6 nopieHanHi 3 acunxpounum oseuzynom kinacy IEI1. Pospaxosanuii
mepmin okynnocmi osuzyna knacy I1E2, axkuii cknaoae 5 micayie 6 pasi ééedenns 6 0ito H06oi ycmanoeéku i 2 poku, é pasi
3aminu oguzyna ¢ npayrorouii ycmanoeyi. bion. 25, tabn. 5, puc. 4.

Kniouoei  cnosa: acMHXpOHHMH JBHIYH, BiIllCHTPOBHH HAacoC, Jpoce/ibHEe PperyJloBaHHf, eHeproe(exTuBHiCTS,
€HeprocnoKMBaHHs, TEPMiH OKYNHOCTI.

Ha cezoonsawmnuii denv ¢ cmpanax Eeépa3uiickozo IKOHOMUUECKO20 COI03A 8 OCHOBHOM RPUMEHAIOMCA INEKMPOOGUzamenu
HU3K020 Kaacca InepzoIppexmusnocmu IE1, coznacno cmanoapmy MIK 60034-30 (OCT MOIK 60034-30-1-2016). Oonaxo,
coznacno pewenuto komuccuu Eepazuiickozo rxkonomuuecxkozo cowsa, ¢ 1 cenmaopa 2021 o 3uauenue Korgppuyuenma
none3no20 Oeiicmeus Oeuzameneil He O00ANCHO OblMb MeHbUie 3HAYEHUIl, YCMAHOGIEHHBIX O1A K1acca IHepemuyecKoil
appexmusnocmu IE2. Ilosmomy ona cmpan Eepasuiickozo cow3za aKkmyanpHviM CMAHOGUMCA GHANU3 IKOHOMUUECKOZ2O0
apghexma om 3amenvt osuzameneit knacca IE1 na osuzamenu knacca I1E2. B oannoit pabome npedcmasnen cpagHumenbHulil
ananu3 nokasameneii IHEPZOROMPedNeHUA ACUHXPOHHBIX INeKmpoosuzameneil Kiaccoé InepzoIgpgpexmusnocmu IE1 u IE2 ¢
INEKMpPonpueode yeHmpoodeicnozo nacoca mownocmoto 11 kBm cucmemol 6000cHAdICERUA ¢ OPOCCENbHBIM PeZYIUPOBAHUEM.
Acunxponnsle ogucamenu NUMAIOMCA HARPAMYIO OM IieKmpuueckoit cemu. Obe HacocHvle cucmemsvl UMeIOm 0OUH U MOMm Jce
epaghuk pacxoda HcuoKocmu, XapaKmepHulii 014 PA30MKHYMbIX HACOCHBIX cucmem. Konuuecmeo pacxoodyemoii nacocom 600l
pezyaupyemcs 3a cuem Opocceauposanus. Ilonyuenvt pesynsmamol no cymounomy u 200060My IHEPONOMPeOIEHUIO OBYX
paccmompenusix Konguzypayuii nacocnoii cucmemsl. Ilokazano umo cucmema, zoe npuUMeHAemMca ACUHXPOHHBLI 0GUzaAmMens
knacca nepzoIgppexkmusnocmu IE2, ovecneuusaem sxonomuto 118,6 eepo 3a 200 u 2000 espo 3a d>cuzneHHblI YUK, HO
cpagnenuio ¢ acunxpounvim oeucamenem knacca IE1. Paccuuman cpok oxynaemocmu osuzamens knacca IE2, komopuiii
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cocmaensem 5 mecayes @ cyuae 686e0eHUs 6 CIMPOUl HOBOU YCMAaHO8KU u 2 2004, 8 ciyyae 3ameHbl 0guzamens 6 pabomarouieii

ycmanoeke. bubn. 25, tabn. 5, puc. 4.

Kniouesvie croéa: acCMHXPOHHBIH JABHIaTelb, JApPOCCeIbHOE PeryJMpOBaHHE, CPOK OKYIAeMOCTH, LIEHTPOOeKHBbI Hacoc,

Heprod)(peKTHBHOCTH, IHEProNnoTpedaeHue.

Introduction. The high energy intensity of modern
industry determines the high urgency of increasing the
energy efficiency of production. Electric motors consume
about 70 % of the electricity in industrial applications.
Therefore, in many countries around the world, a ban is
gradually being introduced on the use of motors with low
energy efficiency classes. However, in Russia today,
mainly electric motors of low energy efficiency class IE1,
in accordance with the IEC 60034-30 Standard, are used.
Motors of IE2 class of domestic production are also
presented on the Russian market [1]. However, the
demand for energy efficient motors in Russia is small due
to the low cost of electricity compared to the countries of
the European Union. For comparison, the price of
electricity for industrial consumers in Germany is about
0.2 EUR/W-h, while in Russia it is only about
0.057 EUR/kW-h [2, 3].

In the European Union, since 2017, in general
industrial applications, it is permissible to use motors of
classes not lower than IE3, for power of 0.75-375 kW.
Moreover, since the 1st of July, 2023 in the European
Union, motors with power of more than 75 kW must
comply with the IE4 class [4]. In the future, there are
plans to expand the mandatory class IE4 for lower power
motors and move to the mandatory class IES for powerful
motors [5]. It should be noted that even in modern
conditions, the use of IE4 and IE5 class motors can be
justified due to high, constantly increasing prices for
energy carriers and the need to reduce the impact on the
environment [6].

The massive use of motors of higher energy
efficiency classes will significantly reduce energy
consumption, reduce the energy intensity of the gross
domestic product, and will also contribute to improving
the environmental situation by reducing the emission of
harmful substances during electricity generation. The
use of energy-efficient motors is consistent with the
achievement of the goals stated in the energy and
environmental strategies of various countries: the
European Union (European Green Deal [6]), the USA
(State Energy Program), Switzerland (supports the Paris
Agreement), China (supports the Paris Agreement),
Japan (Net Zero Energy Building), South Korea
(supports the Paris Agreement), as well as the Russian
Federation [7], etc.

Therefore, according to the decision of the
Commission of the Eurasian Economic Union on the
requirements for the energy efficiency of energy-
consuming devices [8], since the 1* of September, 2021

the efficiency value for motors with power of
0.75-375 kW should not be less than the values
established for the IE2 energy efficiency class. And from
the 1% of September, 2023 the efficiency of motors with
power of 7.5-375 kW should already correspond to the
IE3 class. The IE3 class requirement since the
1 September 1, 2025 will also be extended to
0.75-7.5 kW motors [8].

The obligatory transition to IE2 class motors in
Russia and the countries of the Eurasian Economic Union
makes it possible to hope that in the future, albeit with a
certain time delay due to objective economic reasons, the
requirements for the energy efficiency of motors will
approach the modern requirements of the European
Union.

Pump systems consume about 22 % of the world's
electricity [9]. A large number of works [10-16] are
devoted to the of comparing the energy
consumption of pump systems using different motors with
different IE classes. However, all of these papers deal
with pump systems with motor speed control using a
frequency converter. Despite the high efficiency, as well
as the best static and dynamic control characteristics of
the AC drive with a frequency converter, due to the high
cost of the converter, most of the pump drives are still
powered directly from the mains [9]. For example, the
share of variable speed drives in the German market is
about 30 %, and in the Swiss market — 20 % [17]. In
Russia and other CIS countries, the share of variable
frequency drives is traditionally lower than in the
European Union.

For pumps powered directly from the mains, the

issues

comparison of energy consumption when using motors
with different IE classes is considered much less often. Or
example, in [9] a comparative analysis of the energy
consumption of synchronous and induction motors of 1E3
and IE4 classes with direct power supply from the
network in the electric drive of a centrifugal pump with
throttle control is considered. It is also shown in [9] that
when choosing a motor, it is necessary to take into
account not only the energy efficiency class, but also the
load cycle in which the motor operates, and, accordingly,
the efficiency of the motor at reduced loads. However, the
use of motors of classes IE3 and IE4 is currently not
legally supported in all countries.

Based on the above literature review, it can be
concluded that the issues of comparing motors of different
energy efficiency classes in pump units with an
uncontrolled speed remain insufficient highlighted.
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The goal of this work is a comparative analysis of
the energy consumption of 11 kW direct-on-line induction
motors with energy efficiency classes IE1 and IE2 in an
electric drive of a throttle-controlled centrifugal pump.

The urgency of this work is due to the need to
assess the economic effect of replacing IE1 class motors
with IE2 class motors for such a common class of
mechanisms as centrifugal pumps, in view of the
imminent introduction of the mandatory use of IE2 class
motors in the countries of the Eurasian Union. For
comparison, the energy consumption indicators and the
costs of motors of the IE1 and IE2 classes over the life
cycle are compared, the payback period of the IE2 class
motor is analyzed. In [18], such an analysis was carried
out for the particular case of a 15 kW pump unit. This
work expands on this analysis.

Pump characteristics. For the calculation, a
Calpeda NM 50/20A/ B pump with power of 11 kW was
selected [19]. The rated speed of the pump is 2900 rpm.

The maximum performance of the pump system
corresponds to the point at which the water flow rate is
10 % higher than at the point with the best efficiency
point (BEP) Q1190 = 1.1:Qp,, = 66 m’/ h.

Figure 1,a shows the catalog O-H characteristic of
the pump [19], and Fig. 1,b presents the dependence of
the mechanical power of the pump drive motor depending
on the water supply at the rated speed [19].
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Fig. 1

Characteristics of induction motors. For the
calculation the asynchronous motors of Russian
production:  7AVEC160M2iel  (class IEl) and

TAVEC160M2ie2 (class IE2) of the 7AVE series [1] with
power of 11 kW were selected. The efficiency values of
these motors in the nominal mode are equal to 88.2 % and
90 %, respectively.

Table 1 shows data on the efficiency of the selected
motors in 5 different load modes. P, is the mechanical
power of the motor; P, is the rated mechanical power of
the motor. These data are also shown in Fig. 2.

Table 1
Motor efficiency data
Motor efficiency, %

Motor P mech — P mech — P mech — P mech — P mech —

=0.25pP,|=05P,|=075P,| =P, |=1.25P,
IM IE1 79.5 86.6 88.4 88.2 85.8
IM IE2 83.8 89.2 90.4 90 88.5
> 92%
Q
=
L 90%
=
“La‘ 88%

86%

84%

82%
—&—IE1 motor
80%
IE2 motor

78%

2 3 4 5 6 7 8 9 10 11 12 13 14
Mechanical power, kW

Fig. 2. Efficiency curves of motors

Pump working points. An open-loop pumping
system is considered, the water flow rate of which varies
in the range from 75 % to 110 % of the flow rate O,
which corresponds to the working point of the pump with
the highest efficiency (the best efficiency point, BEP).
25 % of the time the pump operates at a point with a flow
rate of 0.75: Oy, 50 % of the time — with a flow rate Oy,
and another 25 % of the time — with a flow rate of
1.1:Ohep. This dependence is diagrammatically shown in
Fig. 3. This load curve is recommended by the Europump
manufacturer association for estimating the energy
consumption of pumps with fixed drive [20].

At the maximum water flow rate (Q = 1.1:Qy,), the
valve is fully opened, and to ensure flow rates equal to
Obep and 0.75: Oy, the valve is partially closed so that the
system characteristic changes, and the point of its
intersection with the pump characteristic moves to the
left. Figure 4 shows the O-H characteristic of the pump
and the characteristics of the hydraulic system at various
working points.
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Fig. 4. O-H characteristic of the pump and curves of the system

To assess energy consumption, the mechanical
power of the drive motor is first calculated, in three
modes shown in Fig. 3. When regulating the water flow
by throttling, the working points of the pump system
move along Q-H pump characteristic by measuring the
characteristic of the hydraulic system. The characteristic
of the hydraulic system is described by the following
equation [9]:

H=H,+k(Q, (1)
where Q and H are the required values of water supply
and pressure of the hydraulic system (hydraulic load);
H,, is the static pressure of the hydraulic system
(Hy = Hpep / 2 =22.5 m); k is the coefficient of friction of
the hydraulic system, the value of which depends on the
value of the valve opening.

Table 2 shows the results of calculating the
mechanical power (P,..;) and other characteristics of the
pump at three different water flow rates corresponding to
Fig. 3.

The coefficient of friction for different Q is
calculated based on (1) as k= (H — H,) / O".

Pump cycle data

Table 2

0, %| k, h*m*| 0, m*/h | H, m | Pump efficiency, % | Ppecr, KW
75 | 0.014 | 45 |51.31 673 9.35
100 | 0.006 | 60 |45.00 70.3 10.47
110 | 0.004 | 66 |41.47 69.2 10.78

The pump efficiency is calculated as Py / Puecn,
where Py, = p-g-H-Q is the hydraulic power of the pump;
p = 1000 kg/m’ is the density of the liquid; g = 9.81 m/s
is the acceleration of gravity; P,.; is determined
according to the dependence shown in Fig. 1,b.

Power consumption of the pump unit. Efficiency
values of motors at different working points (Table 3) are
found according to the dependencies shown in Fig. 2.

Table 3
Efficiency of motors at the considered working points
of the pump
Motor efficiency, %
% Proens KW
Q.% mechs IE1 IM TE2 IM
75 9.35 88.32 90.24
100 10.47 88.24 90.08
110 10.78 88.22 90.03

Using the data from Table 3, it is possible to find the
values of the consumed electrical power at the considered
working points, according to the formula:

Py = Prech / Nmotors (@)
where #,,1,r 15 the motor efficiency.

The results of this calculation are shown in Table 4,
in which i = 1..3 is the number of the considered load

point.

Table 4
Electrical power consumed by the motors at the considered
working points of the pump

Y foum % IM class IElPl’ kWIM class IE2
1| 75 25 10.585 10.360
2| 100 50 11.865 11.623
3| 110 25 12.223 11.997

Using the results obtained (see Table 4), we
calculate the daily electricity consumed (Eg,), the annual
electricity consumed (E,.,,), the sum of the annual energy
costs (Cy,) and the annual savings (S,..) for a pump
system with an IE2 motor, compared to pump system
with an IE1 class motor [9]:
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E Lsum : [P li ] . (3)
dav= . i ;
1000 ST tgum
Evear = Eday : 365: (4)
Cyear = Eyear : GT» (5)
Syear = Cyear 1= Cyear 25 (6)

where t; / t,, is the share of the working time of the i-th
operating mode; t,, is the working cycle duration (24 h);
GT = 0.057 EUR/kW-h is the electricity tariff in Russia
for 1 kW-h for industry (Moscow, 2019) [2]; C e and
Cyearr are the sum of annual energy costs of the first
(when using an IE1 class motor) and second (IE2 class
motor) pump systems configuration.

We also estimate the energy consumption over the
entire life cycle of the pump system, which is usually
20 years [21]. Estimation of the cost of energy during the
entire life cycle of the pump system is determined by the
following formula [21]:

oo - z( o ] o
lec — >
- 1)
where Cy, » is the sum of electricity costs of the m-th
year; y is the interest rate of the Central Bank (y = 0.06);
p is the expected annual inflation (p=0.04); n is the
service life of the system (n = 20 years).
The calculation results by (3) — (7) are shown in
Table 5.

Table 5
Comparison of energy consumption parameters
Parameters EdayJ Eyear’ Cyean Syean Clccr thousand
kW-h | kW-h | EUR | EUR/M EUR
IE1IM | 279.2 | 101921 | 5809 - 95.0
IE2IM | 273.5 | 99827 | 5690 | 118.6 93.0

As it can be seen from the Table 5, annual savings
S,ear are EUR 118.6 with the IE2 motor compared to the
IE1 motor. The savings over 20 years (difference in Cj.
of the two engines) are 2,000 EUR taking into account
interest rates and inflation.

Also, based on the data obtained, we calculate the
payback period when wusing an IE2 class motor.
According to [22], the difference in the cost of active
materials for an induction motor 7AVE with power of
13 kW and class IE1 and IE2 is only 6.7 % (in [22] there
is no data on active materials for a motor with power
11 kW). However, the difference in the market price of
induction electric motors of neighboring energy efficiency
classes of the 7AVE series [1], according to [23], is
20-25 %. We calculate the payback period for two cases:

1) when a new pump unit is put into operation with
the use of IE2 IM instead of IE1 IM;

2) when replacing the IE1 class IM with the IE2
class IM in a pump unit in operation.

In the first case, the payback period is defined as the
ratio of the difference in the cost of IE1 and IE2 class
motors to the annual energy savings [24] (8):

T'=(Cupn-Cn) /Syears ()
where T is the value of the payback period of the system,
year; C,,; = 194.21 EUR is the cost of an induction motor
of class IE1 [25]; C,» = 1.25:C,,; = 242.76 EUR is the
cost of an induction motor of class IE2 [23].

In the second case, we calculate the payback period
as (9):

T=Cua/ Syear )

The payback periods, calculated according to (8),
(9), are 0.41 years (approximately 5 months) when a new
pump unit with IM IE2 is put into operation and
2.03 years when the IM of the IE1 class is replaced by the
IM of the IE2 class in the existing unit.

Conclusions.

This paper compares the energy efficiency indicators
of a pump unit with power of 11 kW when using
induction motors of IE1 and IE2 classes. In both cases,
the same flow rate graph is considered, typical for open-
loop pump systems. The flow rate is regulated by
throttling the pipeline.

It is shown that a system using an IE2 class
induction motor saves EUR 118.6 per year and
EUR 2,000 (including the interest rate and inflation) per
life cycle, compared to a system using an IE1 class
induction motor.

The payback period when using a more expensive
IE2 class motor instead of an IE1 class motor is 5 months
when a new pump unit is put into operation and
2.03 years when replacing motors in a pump unit in
operation.

The short payback period for the first case allows
to conclude that the use of IE2 motors in new
installations is very profitable at current prices for
motors and electricity.
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