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1 INTRODUCTION

The first electric generators were invented in mid-1800s, and by the end of the 19" century,
three-phase AC induction motors were already introduced. Over a century later, they are still
widely used. (ETI 2014) Today, the construction of new induction motors and other electric
devices is guided by international quality standards that set values for their minimum energy
performance, shortened MEPS. These standards are called IE codes that are categorized from
IE1 to IE4 by their energy efficiency. In the European Union, the MEPS level for smaller
electric motors, and from the year 2017 on for larger motors as well, is set at IE3, meaning

“premium efficiency”. (Brunner & Werle 2016)
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Figure 1. Minimum motor efficiency as a function of nominal power for each efficiency code. For example,

the minimum efficiency for a 5.5 kW, IE3 motor is around 89 per cent. (Siemens 2016)

The MEPS standards focus on the energy efficiency of the electric motor, basically meaning
the ratio of output and input power. But it is yet to remain unknown, how much improvement
potential there is, if the energy efficiency is already at well over 90 per cent. And even if it
reached slight improvement, how much difference this would make? This is where life cycle
thinking becomes useful. If the performance of a product during its usage cannot be
improved much, then the performance improvement must focus on other phases of the life
cycle of the product, such as material efficiency. This means reaching at least the same
energy efficiency as before, but doing so with a device that uses less materials. High output

synchronous reluctance motors, which are also studied in this thesis, are an example of this



kind of development, where higher output power is received with a smaller motor size. This
also applies to fluid handling systems where an electric motor is coupled with a centrifugal
pump, as manufacturers are trying to reach towards a system with less materials without

weakening the energy efficiency.

Efficient Energy Use (EFEU) research program is focused on improving energy efficiency
of fluid handling and regional energy systems. The program is partnered by 11 industrial
companies and five research organizations, including Lappeenranta University of
Technology. It consists of four work packages, of which this thesis concentrates on the
second (WP2), integrated energy efficient systems. WP2 studies the solutions that lead to
improvement in energy efficiency in industrial sites, hybrid separation and fluid handling
systems. (CLIC-portal, EFEU)

The goal in this bachelor’s thesis is to compare the resource efficiency of an induction motor
with two different synchronous reluctance motors. This means studying the effect of the
material reduction of the motor to the energy efficiency. The energy efficiency of the
induction motor is classified as IE2 and it contains an additional coupling between the motor
and a centrifugal pump, whereas the latter two motors are close-coupled to a centrifugal
pump. The goal of the thesis is not to evaluate the environmental impacts of the life cycle

inputs and outputs, but instead to give the basis for additional research for the impacts.

The resource efficiency comparison in this thesis is based on EFEU WP2 and a comparison
between pump-motor concept devices. The pump-motor efficiency measurements have all
been done in the laboratories of Lappeenranta University of Technology. The material
information of the motors have been directly requested from product manufacturers. At the
beginning of this thesis, theory about the close-coupled and integrated pumping systems and
measurement conditions are explained. After this, the concept of resource efficiency and the
expectations for the study are presented. Finally, the resource efficiency results are shown

and conclusions are made based on them.



2 INTEGRATED AND CLOSE-COUPLED PUMPING SYSTEMS

Typically, the pump and the motor are planned and developed separately from the motor
instead of having the other device manufacturers in mind. This means that the pump and the
motor are meant to be operated as individual products rather than together with each other.
Therefore, an industrial pumping system is usually not integrated. This may cause problems
in energy efficiency, since the components may not co-operate as fluently as the components
of an integrated product, which has been developed in co-operation between the pump and

motor manufacturers.

Figure 2. Sulzer Ahlstar A11-50 centrifugal pump close-coupled with a motor.

It must be noticed, however, that the words “integration” and “close-coupling” are not
synonyms. Whereas integration between the pump and motor sides means that the pump and
motor are developed to be used together, the close-coupling refers to the fact that the parts
are coupled very closely to each other, using a lot less material than a traditional

“long-coupling”. The first device that serves as a baseline motor that the two other motor are
compared with has additional coupling parts that connect the pump shaft and motor shaft to
each other, meaning that it is long-coupled. The two concept devices, however, have a close-
coupling between the motor and the pump side. In these two close-coupled concept devices,
the pump volute casing is connected to the motor without additional coupling material
between them and the impeller of the pump is connected to the shaft of the motor. The goal

in close-coupling the pump and motor is to improve material efficiency by having the same



output as a long-coupled system with decreased system weight and a smaller amount of

material usage.

Figure 3. The integration of Sulzer Ahlstar centrifugal pump and ABB concept electric motor. The key
components of the system are numbered as following: 1. impeller 2. degassing and self-priming units 3.impeller

mounting 4. side plate 5. balancing holes 6. shaft seal 7. motor 8. shaft 9. jackscrews (Sulzer 2015).



3 PROPERTIES OF EVALUATED MOTORS

In this chapter, the basic features of a baseline device and two different concept devices that
are used in the measurements are introduced. The measurements are done by using three
different pump-motor constructions, which are all operated with the same ABB ACS880
variable-speed drive. All of the devices are using the same Sulzer Ahlstar A11-50 centrifugal
pump, but the motors differ from each other. The two concept devices that are compared to

the baseline device also have a close integration between the motor and the pump.

The frame size of each electric motor is defined by the distance between the center of the
shaft and the center bottom of mount, also referred to as “shaft height”. As the frame size
number grows, the center of the shaft is higher from the ground and therefore the height of
the motor grows as well. For example, the frame size of 90 means that this distance is 90
millimeters, whereas the frame size of 132 means the shaft height of 132 millimeters. As
larger frame size also increases the motor length, the frame size has a significant effect on

the weight and material efficiency of the electric motor. (Baldor Electric Company, 2016)

3.1 Sulzer Ahlstar A11-50 centrifugal pump

All three devices are built around a Sulzer Ahlstar A11-50 centrifugal pump which has an
end suction and is close-coupled to the motor end of the concept device. As in every
centrifugal pump, its most important parts are the rotating impeller, which in this case is
open and has a diameter of 210 millimeters, and the volute casing, which serves as a

stationary element in the pump.

3.2 Baseline motor

To give comparison for the concept device measurements, a baseline device is first studied
in this thesis. The baseline device combines Sulzer Ahlstar A11-50 centrifugal pump with
an IE2 efficiency class, three-phase induction motor made by ABB. The motor has the
nominal power of 5.5 kW, the nominal rotational speed of 3000 rpm and the frame size of

132. The motor rotates by using electromagnetic induction. It is created by leading electric



current into motor windings, which creates a rotating magnetic field to both the rotor and the
stator. The rotor then creates torque by beginning to follow the magnetic field of the stator.
(ABB 2014a)

3.3 Concept device motors

The first of the two concept devices has the pump close-coupled to ABB’s M3AL 90LDA 4
synchronous reluctance motor (SynRM) with the nominal rotational speed of 3000 rpm and
nominal power of 5.5 kW. It is a high output motor, which means that it has a relatively small
frame compared to its output power. The frame size of this motor is 90, meaning that its
frame is significantly smaller than the frame of the induction motor. The frame of the motor
is made of aluminum, which is lighter than cast iron which is used in the baseline motor. The
motor runs with three-phase alternating current (AC) power and creates torque to “air gaps”
between rotor and stator with magnetic resistance (ABB 2016). Its rotor has no winding (only
in the stator) and it uses neither permanent magnets nor induction although it tries to combine
the best qualities of those motor models, the simple and cost-efficient structure of induction

motors and energy efficiency of permanent magnet motors. (ABB 2014b)

The second concept device combines the same pump as before with ABB’s permanent
magnet assisted synchronous reluctance motor (PMA-SynRM) with the nominal rotational
speed of 3000 rpm and the nominal power of 5.5 kW. The frame of this motor is similar to
the one used in the first concept device, but the difference between these two motors is the
rotor. The PMA-SynRM motor is a combination of SynRM and PMSM motor types, as it
combines qualities of both motor types. Its operation is based on the creation of torque with
magnetic resistance, similar to the operation of SynRM, but it also has permanent magnets
in the rotor to increase the torque density. This combination is a reason for PMASynRM
motors to have a great power factor compared to its size, when the right quantity of

permanent magnets has been added. (Lee et al 2010)



Figure 4. Structures of SynRM (left) and PMA-SynRM (right) motors. The permanent magnets are seen as
grey. (Riba et al. 2015)

The biggest differences between the baseline motor and the latter two motors are the size of
the frame and the significant difference in weight, even though all three motors have similar
nominal power. The two concept devices are called high output motors, meaning that their
power output is high compared to their frame size. In table 1, the most important

characteristics of these three motors are compared.

Table 1. Main characteristics of the three electric motors used in the measurements.

Motor type

IM SynRM PMA-SynRM
Motor efficiency class IE2 High Output | High Output
Main materials Castiron Aluminum Aluminum

Aluminum Copper Copper

Copper Electric steel | Electric steel

Electric steel NdBFe-magnets
Motor frame size (cm) 132 90 90

68 (lron frame),42
Motor weight (kg) (AIur(ninum frame)) 17 18
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4 RESOURCE EFFICIENCY

When evaluating the performance of the three electric motor concept devices studied in this
thesis, the energy efficiency of the device while it is operating is an important indicator. The
pumps and motors that are operated in the measurements of this study spend most of their
15-20 years long life cycle in the usage phase and therefore an improvement in their energy
efficiency will have a significant effect on electricity consumption over their lifetime.
However, as the energy efficiency of electric motors is beginning to surpass 90 per cent,
there is not much room for improvement during the usage phase of the electric motor. This

is why closer attention is drawn to other phases of the life cycle of the product.

In this thesis, resource efficiencies of the three electric motors are studied and compared.
This means using resources that are used in manufacturing the product as sustainably as
possible, in other words to create as much value as possible with as small amount of resources
as possible (European commission 2017). The product life cycle consists of the following
five phases; it begins from the acquisition of raw materials, manufacturing, distribution,
usage and the “end of life phase”, which means the time after the product is not in use
anymore (ISO 14044 2006). In this study, the focus is on the manufacturing and usage phases
of the life cycle, and the other phases of the life cycle are not studied. The manufacturing
phase consists of a material inventory, which separately presents the names and quantities of
the materials used in the production of the electric motors. This means that the environmental
impacts caused by processing each material or the production methods are not noticed in this
study. The usage phase consists of energy efficiency measurements of the three systems,
meaning the amount of power the system produces with the amount of electricity it takes to
operate. To summarize, the inputs that are studied are the quantity of the materials of the
electric motors, and the output is the power that the electric motor produces. Therefore, these
systems are resource efficient if they have a good energy efficiency with small quantity of
used in the production. Figure 6 presents a block diagram for the life cycle inputs and outputs
of an electric motor. The inputs used in the resource efficiency study are highlighted in red

and the output in green.
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5 MEASUREMENT RESULTS

In this chapter, the results of the efficiency measurements are presented and the material
information of the three electric motors are presented. As this thesis focuses on the electric
motors rather than the pumps, the most important measurement result is the drive train
efficiency. It means the division of the motor power with the entire system”s measured drive

power. The equation for it goes as following:

TH*N % ® Ty

L
30

measured Pmeasured

Protor _

Ndrive train — =)

1)

, in which
Ndrive train = drive train efficiency (%)
Potor= Measured motor output power (kW)
P easured = INPUt power set to variable-speed drive (KW)
T = measured torque (percentage of nominal torque)
n = rotational speed (rpm)

v = 17.5 Nm = constant nominal torque of the motor

The motor efficiency of the system is also presented in this study. It is calculated by dividing
the motor output power with the electric input power that exits the variable-speed drive. In
other words, the difference between the drive train efficiency and the motor efficiency is that
the power loss of the variable-speed drive is not noticed when measuring motor efficiency,

but is taken into account when drive train efficiency is measured.

™
T*HN % =—% T
Potor 30 W

PVSD Pmeasured ¥ Niren

nmntnr =

()



13

, in which

Tmotor = Motor efficiency (%)

Pysp = output power of the variable-speed drive (kW)

nysp = efficiency of the variable-speed drive (%)

5.1 Measurement environment

All the measurements were done in LUT pump laboratory. The measurement system consists
of a circulating, closed piping that contains a water tank, an adjustable control valve with
several different valve position and three other valves that can be closed. As earlier
mentioned, the motor was operated with ABB ACS880 variable-speed drive, which was
controlled remotely with DriveComposer measurement program. Similarly, the valve
positions and rotational speeds of the drives were controlled over the computer with
LabView measurement program. After that, Matlab was used in drawing the efficiency,

operational and vibration curves presenting the results.

1Y

Figure 6. A drawing of the measurement equipment in LUT pump laboratory.

5.2 Baseline device: material background

Material background of ABB IE3 induction motor (3000 rpm, 5.5-22 kW) was asked from

the manufacturer. Table 2 shows the materials used in the production as well as the amount
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of steel that does not go to the final product. Instead, it is recycled and used again later in
production. Thus, it is can be included as both an input in the material acquisition phase and

an output in the production phase of the LCA.

Table 2. Material details of ABB 3000 rpm IE3 motors with cast iron frame and the recycled steel from stator

and rotor production.

3000 rpm,
IE3
Weights (kg)
Total motor mass
Motor Electric steel plate | Copper |Aluminum |Castiron |Other
22 kW 80 13 2 112 11 218
11 kw 44 12 1 97 8 162
5.5 kw 33 7 1 29 4 74
Recycled steel (kg)
Motor
22 kW 53.3
11 kw 29.3
5.5 kW 22

Electric steel plate is the material of both the stator and the rotor. These components are built
by piling up several plates. The steel that goes recycled is originated from cutting the form
of the stator/rotor from a square-shaped plate. Copper is used for winding purposes, whereas
cast iron is the main material of the motor casing. Aluminum helps the motor frame to
construct an electric cage (or Faraday cage) that protects the inside of the motor from
electromagnetic radiation. The other materials, such as the insulation material, is not
included in the analysis because their weight is low and therefore their life cycle impact is

minimal.
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5.3 Concept device 1: material background
Material background of ABB M3AL synchronous reluctance motor (3000 rpm, 5.5 kW) was

asked from the manufacturer. Table 3 presents the material used in the production of the
SynRM motor.

Table 3. Material details of ABB 3000 rpm, 5.5 kW SynRM motor.

3000 rpm, High Output

Weights
(kg)
Electric
Motor steel Copper |Aluminum |Castiron |Total motor mass
plate
5.5 kW 10 2 5 0 17

Some of the electric steel that is used in manufacturing the rotor and stator does not go to the
final product. Instead, it is recycled and used again later in production. Similar to the baseline
motor, electric steel plate was used in both the stator and the rotor. Unlike in the induction
motor, there is no copper winding in the rotor but only in the stator. The motor frame is made

of aluminum, unlike the frame of the induction motor

5.4 Concept device 2: material background

The second concept was built from Sulzer Ahlstar A11-50 pump integrated with the ABB
PMA-SynRM motor. As mentioned, the motor has a frame similar to ABB’s SynRM motor
of the same size (concept device 1), which is constructed from aluminium. The stator has a
copper winding and it contains electrical steel. The rotor is made of electrical steel but the
magnetic field is strengthened by permanent magnets made of neodymium, iron and boron
(NdFeB), which weight 1.06 kilograms.
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Table 4. Material details of ABB 3000 rpm, 5.5 kW PMA-SynRM motor

3000 rpm, High Output

Weights
(kg)
Electric
Motor steel Copper |Aluminum | NdFeBmagnets| Total motor mass
plate
5.5 kW 10 2 5 1 18

5.5 Baseline device: efficiency measurement

IE2 induction motor was determined to be the motor type for the baseline device to give a
comparison motor for the efficiencies of the close-coupled motors that serve as concept
devices. The following efficiency measurements for the baseline device were done in LUT
laboratories in 2014. The efficiency measurements were started with three different pump
laboratory runs using a standard rotational speeds and closing the system’s control valve one
step at a time. The three standard rotational speeds were 1450 and 950 rpm. During the test,
data was collected and after that, pump characteristics were drawn. Figure 7 presents the
motor operation during the test (rpm, valve position, flow rate, torque etc.) for measurements

with 1450 rpm and 950 rpm rotational speed.
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Figure 7. Operation of baseline device when driven in 1450 rpm (left) and 950 rpm (right)

Figure 8 presents the pump and motor efficiencies for the baseline device when driven at
1450 rpm and 950 rpm.
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Figure 8. The measured efficiencies of the pump and motor as a function of flow rate when driven with 1450
rpm (left) and 950 rpm (right).

When the system is driven with the rotational speed of 1450 rpm, the motor efficiency is
around 87 % at its best. This is equal to the motor efficiency value published by the
manufacturer, which is also at 87 %. However, with the rotational speed at 950 rpm, the
motor efficiency was at 82 % and therefore did not reach the same efficiency level as with
the higher rotational speed.

5.6 Concept device 1: efficiency measurements

The efficiency measurements were started with three different pump laboratory runs using a
standard rotational speeds and opening the system’s control valve one step at a time. The
three standard rotational speeds were 1420, 1600 and 1800 rpm. At the beginning of the
measurements, the control valve was completely opened and after this, it was closed by 5 %
per 45 seconds. During the test, data was collected and after that, pump characteristics were
drawn. Figure 9 presents the motor operation during the test (rpm, valve position, flow rate,

torque etc.) for measurements with 1420 rpm and 1800 rpm rotational speed.
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Figure 9. Operation of concept device 1 in 1420 rpm (left) and 1800 rpm (right) with the valve closing stepby-

step.

Figure 10 presents the pump, motor, drive train and variable-speed drive efficiency curves

for the first concept device when driven with 1420 rpm and 1800 rpm and the control valve

closing step-by-step.
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Figure 10. The measured efficiencies of the pump, drive train, motor and variable-speed drive and the pump
efficiency values published by the manufacturer as a function of flow rate when driven with 1420 rpm (left)
and 1800 rpm (right).

As seen above, the measured motor efficiency peaks at around 93 % when the rotational
speed is set at 1420 rpm. The drive train efficiency is around 85 % at its best, which is higher
than the efficiency value published by the manufacturer. When the rotational speed is set to
1800 rpm, the drive train efficiency improves as the rotational speed is increased and is now
at 87 % at best, whereas the motor efficiency is slightly weaker when rotational speed is
added (at 92 %).

After this, the system characteristic curves were drawn by setting the control valve position
to three different constant values (65 %, 85 %, and 100 %) and increasing the rotational
speed one step at a time from 600 rpm to 1800 rpm. Figure 11 presents motor operation with

a constant valve position for a completely opened control valve and 65 % opened valve.
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Figure 11. Operation of concept device 1 when driven against opened valve (left) and 65 % valve position

(right).

Efficiency curves as a function of flow rate were also drawn for the system characteristic

curves. The following figure 12 presents these curves for 65 % and 100 % valve positions.
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Figure 12. The measured efficiencies of the pump, drive train, motor and variable-speed drive and the pump
efficiency values published by the manufacturer as a function of flow rate when driven against an 100 %
opened (left) and 65 % opened (right) control valve.

As the efficiency class is at IE2 for the induction motor and the synchronous reluctance motor
was listed as a high output motor, the efficiency values for the first concept device are
expected to be significantly better than the values for the baseline device. When the pump,
motor and drive train efficiency results of these devices are compared, it can be confirmed
that these expectations are proven correct. When driven with close to a similar rotational
speed (1450 rpm for the baseline and 1420 rpm for the first concept device) the motor
efficiency with the induction motor reaches 87 % whereas the motor efficiency value for the
SynRM is over 90 % at its peak. This means that despite of its frame being way smaller, the

efficiency of the SynRM is slightly better than the one for the induction motor.

5.7 Concept device 2: efficiency measurements

Just as the efficiency measurements for the baseline device and the first concept device, three
different pump laboratory runs with standard rotational speed at 1420, 1600 and 1800 rpm
were driven. The control valve was entirely open and then closed one step at the time. During
the test, data was collected and after that, pump characteristics were drawn. Figure 13
presents the motor operation during the test (rpm, valve position, flow rate, torque etc.) for
measurements with 1420 rpm and 1800 rpm rotational speed.
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Figure 13. Operation of concept device 2 when driven with 1420 rpm (left) and 1800 rpm (right).

When pump characteristic curves are drawn, it can be seen that drive train efficiency is
notably better with permanent magnet assistance than without it, with both rotational speeds.
As seen in figure 14 below, when driven with 1420 rpm, the drive train efficiency peaks now
at approximately 87.5 % and when the rotational speed is increased to 1800 rpm, the drive
train efficiency rises to 91 % (compared to 85 % and 87 % in the measurements with SynRM
motor). Regardless of the rotational speed, motor efficiencies of the PMA-SynRM were
higher than the ones for SynRM drives. The motor efficiency for PMA-SynRM was around
95 % when the rotational speed was set at 1800 rpm and 96 % when it was at 1420 rpm
(compared to 93 % and 92 % for SynRM). This is due to the increased torque density caused
by the permanent magnets.
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Figure 14. The measured efficiencies of the pump, drive train, motor and variable-speed drive and the pump

efficiency values published by the manufacturer as a function of flow rate when driven with 1420 rpm (left)

and 1800 rpm (right).

System characteristics were drawn by using similar control valve positions as with first

concept device (65 %, 85 % and 100 %) and increasing the rotational speed. The runs were

begun from 600 rpm as it was noticed that then system did not operate fluently in lower

speeds. The rotational speed was increased until it was 1800 rpm. Figure 15 presents motor

operation with a constant valve position for a 100 % opened control valve and 65 % opened

valve.
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Figure 15. Operation of concept device 2 when driven against 65 % valve position (left) and opened valve

(right).

As seen from the left side of figure 16, when driven against 65 % valve position, the torque

density did not reach the values that were expected, which left the flow rate smaller than

expected.
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Figure 16. The measured efficiencies of the pump, drive train, motor and variable-speed drive and the pump

efficiency values published by the manufacturer as a function of flow rate when driven against 65 % valve

position (left) and 100 % valve position (right).
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6 CONCLUSIONS

After presenting the material inventories and efficiency measurement results for the three
devices, initial conclusions are drawn. As mentioned, the baseline device has the pump
coupled with an IE2 induction motor, the first concept device with a high output synchronous
reluctance motor and the second one with a permanent magnet assisted synchronous
reluctance motor, which was also a high output motor. The expected difference between the
results of the baseline and the two concept devices was that the close-coupled systems would
have better resource efficiency, meaning that their energy efficiency is similar to the baseline
system with the quantity of used materials being lesser. One of the indicators for measuring
the resource efficiency of these devices is to compare their nominal power as a function of
total weight, or “nominal power density”. As the material inventory presents, the total weight
of a long-coupled induction motor is bigger than the weight of a close-coupled synchronous
motor with similar nominal power, which means that the nominal power density of the close-
coupled system is considerably better than the nominal power density of the long-coupled
system. The following table 5 presents some characteristics of the three motors used in the
measurements and it can be seen that the power density for the induction motor was only
0.08 kW/kg, compared to the power density of 0.32 kW/kg for the SynRM motor and 0.31
kW/kg for the PMA-SynRM motor.
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Table 5. Summary of the main characteristics and efficiency measurement results for the motors used in the

measurements.
Motor type
M SynRM PMA-SynRM
Motor efficiency class IE2 High Output | High Output
Main materials Castiron | Aluminum Aluminum
Aluminum | Copper Copper
Copper Electric steel | Electric steel
Electric NdBFemagnets
steel
Motor frame size (cm) 132 90 90
Motor weight (kg) 68 17 18
Measured motor efficiency at 1420 rpm/1450 rpm
(IM) 87 % 93 % 96 %
Not
Measured motor efficiency at 1800 rpm measured |92 % 95 %
Not
Measured drive train efficiency at 1420 rpm measured |85% 87.50 %
Not
Measured drive train efficiency at 1800 rpm measured |87 % 91%
Nominal power density (kW/kg) 0.08 0.32 0.31

In addition to the power density, another factor that has a significant contribution for the
resource efficiency is the energy efficiency of the system. As the efficiency measurements
show, the smaller amount of material was not a cause for a decrease in energy efficiency of
either the pump or the motor side, and in most measurements even increased them. This
means that the resource efficiency of the high output motors was significantly higher than
the resource efficiency of the induction motor used as a baseline. The motor efficiency of
the baseline motor was significantly lower than the one for the two concept devices, meaning
that the output power of the motor as a function of the weight of the motor is even lower than
the nominal power density. The main reasons for the difference in resource efficiency are
that the basic principle of the induction motor, which is slightly different compared to the
two concept motors and the difference in material. The induction motor has a cast iron frame,
whereas the frame of the two synchronous reluctance motor is made of aluminum, which has
a smaller density than cast iron. However, the rotor and stator of all three motors contain

electric steel and a winding made of copper. As the baseline motor contains over four times
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the material that the two concept devices contain yet have a similar or even slightly weaker
efficiency, the conclusion can be drawn that with the material of the baseline motor, several
times more output power would be received if this material was used to construct close-

coupled synchronous reluctance motors.

The permanent magnet assistance in the rotor of an electric motor is expected to improve the
energy efficiency of the system without adding significant weight. As can be seen in the
efficiency measurements, this expectation was proven correct, as the motor with permanent
magnets is slightly more efficient than the synchronous reluctance motor. As the frames of
the two concept motors were similar to each other, it can be noticed that the motor is more
efficient when its rotor is assisted with permanent magnets. However as this study only
focuses on resource efficiency, some parts of the product’s life cycle, such as the final
replacement of the product, are not evaluated in this study and the environmental impacts of

the neodymium magnets are not taken into account.
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7 SUMMARY

In the introduction chapter of this thesis, it was determined that the goal for it was to assess
the resource efficiency for three different electric motors during their life cycle. The focus
in the resource efficiency results was at efficiency measurements and material information
for an induction motor that served as a baseline device that was compared to two different
synchronous reluctance motors, of which one contained permanent magnets and the other
did not. The two synchronous reluctance motors were close-coupled to a centrifugal pump
whereas the third motor features an additional coupling between the motor and the pump.
The goal of the thesis did not contain information from other life cycle phases than material
acquisition and the usage of the product, nor did it evaluate the environmental impacts of the
electric motors during their life cycle.

After setting the goal for this thesis, the basic terminology and properties of the three
measurement devices were introduced. The concept of resource efficiency was then
explained and the environment and conditions of the measurement were described before
listing the actual material inventory and efficiency measurement results for the three devices.

After presenting the results, conclusions were made based on them.

As this thesis is a resource efficiency study, it can later be used as the basis for a larger life
cycle study that also contains inventory for other phases of the life cycle of the product and
assesses the environmental impacts of it as well. The study can be expanded to a life cycle
assessment (LCA) study by adding a life cycle impact assessment (LCIA) phase to it. The
measurements in this thesis have also been presented in the written report of EFEU WP2

project, which studies similar issues with this study.
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