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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 
IE2 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 IE2 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. 
 
На сьогоднішній день в країнах Євразійського економічного союзу в основному застосовуються електродвигуни 
низького класу енергоефективності IE1, відповідно до стандарту МЕК 60034-30 (ГОСТ МЕК 60034-30-1-2016). 
Однак, згідно з рішенням комісії Євразійського економічного союзу, з 1 вересня 2021 р значення коефіцієнта корисної 
дії двигунів не повинно бути менше значень, встановлених для класу енергетичної ефективності IE2. Тому для 
країн Євразійського союзу актуальним стає аналіз економічного ефекту від заміни двигунів класу IE1 на двигуни 
класу IE2. У даній роботі представлений порівняльний аналіз показників енергоспоживання асинхронних 
електродвигунів класів енергоефективності IE1 і IE2 в електроприводі відцентрового насоса потужністю 11 кВт 
системи водопостачання з дросельним регулюванням. Асинхронні двигуни живляться безпосередньо від 
електричної мережі. Обидві насосні системи мають один і той же графік витрати рідини, характерний для 
розімкнутих насосних систем. Кількість витрачається насосом води регулюється за рахунок дроселювання. 
Отримано результати по добовому і річному енергоспоживанню двох розглянутих конфігурацій насосної системи. 
Показано що система, де застосовується асинхронний двигун класу енергоефективності IE2, забезпечує економію 
118,6 євро за рік і 2000 євро за життєвий цикл, в порівнянні з асинхронним двигуном класу IE1. Розрахований 
термін окупності двигуна класу IE2, який складає 5 місяців в разі введення в дію нової установки і 2 роки, в разі 
заміни двигуна в працюючій установці. Бiбл. 25, табл. 5, рис. 4. 
Ключові слова: асинхронний двигун, відцентровий насос, дросельне регулювання, енергоефективність, 
енергоспоживання, термін окупності. 

 
На сегодняшний день в странах Евразийского экономического союза в основном применяются электродвигатели 
низкого класса энергоэффективности IE1, согласно стандарту МЭК 60034-30 (ГОСТ МЭК 60034-30-1-2016). Однако, 
согласно решению комиссии Евразийского экономического союза, с 1 сентября 2021 г. значение коэффициента 
полезного действия двигателей не должно быть меньше значений, установленных для класса энергетической 
эффективности IE2. Поэтому для стран Евразийского союза актуальным становится анализ экономического 
эффекта от замены двигателей класса IE1 на двигатели класса IE2. В данной работе представлен сравнительный 
анализ показателей энергопотребления асинхронных электродвигателей классов энергоэффективности IE1 и IE2 в 
электроприводе центробежного насоса мощностью 11 кВт системы водоснабжения с дроссельным регулированием. 
Асинхронные двигатели питаются напрямую от электрической сети. Обе насосные системы имеют один и тот же 
график расхода жидкости, характерный для разомкнутых насосных систем. Количество расходуемой насосом воды 
регулируется за счет дросселирования. Получены результаты по суточному и годовому энергопотреблению двух 
рассмотренных конфигураций насосной системы. Показано что система, где применяется асинхронный двигатель 
класса энергоэффективности IE2, обеспечивает экономию 118,6 евро за год и 2000 евро за жизненный цикл, по 
сравнению с асинхронным двигателем класса IE1. Рассчитан срок окупаемости двигателя класса IE2, который 
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составляет 5 месяцев в случае введения в строй новой установки и 2 года, в случае замены двигателя в работающей 
установке. Библ. 25, табл. 5, рис. 4. 
Ключевые слова: асинхронный двигатель, дроссельное регулирование, срок окупаемости, центробежный насос, 
энергоэффективность, энергопотребление. 

 
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/kW·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 IE5 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 1st 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 1st 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 
1st 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 issues 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 
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 IE3 
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) Q110% = 1.1·Qbep = 66 m3/ h. 

Figure 1,a shows the catalog Q-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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Characteristics of induction motors. For the 
calculation the asynchronous motors of Russian 
production: 7AVEC160M2ie1 (class IE1) and 
7AVEC160M2ie2 (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. Pmech is the mechanical 
power of the motor; Pn is the rated mechanical power of 
the motor. These data are also shown in Fig. 2.  

 
Table 1 

Motor efficiency data 
Motor efficiency, %  

Motor Pmech =
= 0.25·Pn 

Pmech =
= 0.5·Pn

Pmech = 
= 0.75·Pn 

Pmech =
= Pn 

Pmech =
= 1.25·Pn 

IM IE1 79.5 86.6 88.4 88.2 85.8 

IM IE2 83.8 89.2 90.4 90 88.5 
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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 Qbep, 
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·Qbep, 50 % of the time – with a flow rate Qbep, 
and another 25 % of the time – with a flow rate of 
1.1·Qbep. 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·Qbep), the 
valve is fully opened, and to ensure flow rates equal to 

Qbep and 0.75·Qbep, 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 Q-H characteristic of the pump 
and the characteristics of the hydraulic system at various 
working points. 
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Fig. 4. Q-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 = Hst + k·Q2,                              (1) 

where Q and H are the required values of water supply 
and pressure of the hydraulic system (hydraulic load); 
Hst is the static pressure of the hydraulic system 
(Hst = Hbep / 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 (Pmech) 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 – Hst) / Q

2. 
 
 
 

Table 2  
Pump cycle data 

Q, % k, h2/m5 Q, m3/h H, m Pump efficiency, % Pmech, kW

75 0.014 45 51.31 67.3 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 Phydr / Pmech, 
where Phydr = ρ·g·H·Q is the hydraulic power of the pump; 
ρ = 1000 kg/m3 is the density of the liquid; g = 9.81 m/s2 
is the acceleration of gravity; Pmech 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, % 
Q, % Pmech, kW 

IE1 IM  IE2 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: 

P1 = Pmech / ηmotor,                            (2) 

where ηmotor is 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 

P1, kW 
i Q, % ti / tsum, % 

IM class IE1 IM 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 (Eday), the annual 
electricity consumed (Eyear), the sum of the annual energy 
costs (Cyear) and the annual savings (Syear) for a pump 
system with an IE2 motor, compared to pump system 
with an IE1 class motor [9]: 
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Eyear = Eday · 365;                            (4) 

Cyear = Eyear · GT;                            (5) 

Syear = Cyear 1 – Cyear 2,                         (6) 

where ti / tsum is the share of the working time of the i-th 
operating mode; tsum 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]; Cyear1 and 
Cyear2 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]: 
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where Cyear m 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 
Eday, 
kW·h 

Eyear, 
kW·h 

Cyear, 
EUR 

Syear, 
EUR/h 

Clcc, thousand 
EUR 

IE1 IM 279.2 101921 5 809 – 95.0 

IE2 IM 273.5 99827 5 690 118.6 93.0 

 

As it can be seen from the Table 5, annual savings 
Syear are EUR 118.6 with the IE2 motor compared to the 
IE1 motor. The savings over 20 years (difference in Clcc 
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 using 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 = (Cm2 – Cm1) / Syear,                     (8) 

where T is the value of the payback period of the system, 
year; Cm1 = 194.21 EUR is the cost of an induction motor 
of class IE1 [25]; Cm2 = 1.25·Cm1 = 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 = Cm2 / Syear.                            (9) 

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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