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1 Executive Summary

The first two studies about energy saving by variable speed drives (VSDs) in electric
motors considered 70 % of the energy consumption of stationary electric motors. This
third study is aiming at the remaining 30 % of the European market. The applications
examined are in the fields of transportation and material processing.

Approximately 60 % of those units are installed in systems or applications whose pro-
cesses require precise speed control. Reducing the energy requirement by adjusting the
speed is often only a secondary concern. Additionally, the individual savings potential
of 5 % to 20 % is lower than compared to the pumps, fans, and compressors in the
first study.

Due to this, some applications already operate at variable speeds. For some other appli-
cations, the applicability of speed control is limited. Nevertheless, there is still potential
for energy savings through the consistent use of variable speed units, as calculated in
this study. The following key findings resulted:

Market and application

= Speed is a relevant parameter for the process output in 60 % of the units (“high-
cost” applications)

= 60 % of the units already operate with speed control. A further 24 % of the units
would benefit from speed control on average.

» The energy saving potentials for individual units range from 5 to 20 % for most
applications.

* In total, an energy savings potential of 12.5 TWh has been identified. This corre-
sponds to 1 % of the electricity that is consumed by electric motors in the EU.

» The identified savings correspond to 3.4 million tons of CO2 or 0.1 % of the total
EU emissions.

= Due to a significant share of units that already operate at variable speed, 48 TWh
of electric energy already have been saved.

Energy saving potential overview
893

392

183
122

100,00 48
20 13
0,00 ]

Energy consumption Energy saving Energy saving Energy saving Energy consumption Energy saving Energy already saved
p/flc now-+future p/f/c potential p/f/c potential p/f/c "others" potential "others" "others"
varialbe+constant variable constant

Figure 1. Energy savings potential by VSD in electric motor applications — overview

Executive. Summary.
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Introduction

2 Introduction

As calculated in the previous studies, 46 % of the electricity consumed in the European
Union is converted by electric motors [1]. Of this amount, 70 % is used in pump, fan
and compressor applications [1]. The remaining 30 % of energy converted by electric
motors is used to drive other systems, such as conveyors and systems for material han-
dling and processing [2]. This study focuses on the applications that contribute to the
remaining 30 % of energy consumption. The goal of the study is the quantification of
the energy saving potential of these electric drive systems when operated with a VSD.
With the three studies, the entire stationary electric motor market is analyzed.

In many transportation applications, torque remains relatively constant. However, it is
possible to save energy using a VSD due to the optimization of speed-dependent re-
sistance parameters such as the friction coefficient in conveyor systems. Overall, the
energy savings are lower compared to pump, fan, and compressor applications.

In many cases, speed is a relevant process parameter that cannot be changed at will or
that is necessary to maintain a high output. Also drives with controlled speed, such as
servomotors, are widely used in applications like machine tools and robotics.

First, the calculation methods and efficiency model will be explained. Next, an overview
of the market for the applications in scope will be provided. Then, the energy savings
for individual applications will be presented. Finally, the overall saving potential is calcu-
lated by combining the individual energy saving with market conditions. Simultaneous-
ly, an estimation of the energy already saved is provided.

8126
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Methodology

3 Methodology

A workflow has been developed for calculating the energy saving potential that also
takes market conditions into consideration. The individual steps are presented and
explained in the following chapter. Figure 2 shows the workflow.

Absolute saved energy in TWh/year
|
Total energy saving potential in % (average) Annual energy consumption in TWh/year

|
VSD market potential in %
|
pllieatios med diEr Share of existing Share Qf predictgd and Individual energy saving
VSDs in % possible VSDs in % potential by using VSDs in %

Lower Middle Upper
boundary | scenario  boundary

Industry input Scientific references

Figure 2: Calculation workflow

3.1 Market allocation

As mentioned in the introduction, the primary applications for electric motors in Europe
are pumps, fans, compressors, conveyors, and other machines, such as those used for
material processing and handling [1]. For this study, the focus is on these "other" ap-
plications. The following applications and their respective subclasses have been identi-
fied.

* Transportation
* Horizontal
* Vertical
* Non-continuous
» Material processing and treatment
* Material processing
* Machining

In addition to these applications, each sub-application is extended with a "high-cost"
or "low-cost" category. Generally, it is assumed that in "high-cost" applications, pro-
cess quality or productivity depends on the appropriate process speed. In these applica-
tions, variations in speed for energy saving purposes have a lower priority. Neverthe-
less, a VSD is often installed to precisely control the process speed.

In "low-cost" applications, speed is not directly linked to process quality or overall
productivity. For cost reasons, speed control is often not implemented. In the case of
partial load operation, the unit runs at full speed with a lower load density. Auxiliary
drives and removal processes are typical "low-cost" applications.

3.2 Analysis of the VSD market situation

Market conditions are taken into consideration when calculating the savings potential.
This means that units with existing speed control don’t contribute to future savings.
Additionally, not all units within one application benefit from variable speed. This is
expressed as a percentage called VSD applicability.

Fraunhofer Motor system energy efficiency Alexander Schroder
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Methodology

The VSD market potential (potysp)is calculated from the difference of the VSD ap-
plicability (apysp) and the share of units that already run with variable speed (shgyist).
The equation (1) for this calculation is shown below:

potysp = apysp — Shexist (1)

This number significantly impacts the energy saving potential since substantial reduc-
tions in savings potential for individual applications are possible when market condi-
tions are considered. This is particularly relevant when VSD applicability and the share
of VSD units are similar.

3.3 Calculation of the energy saving potential

The individual savings potential es.,. for each application is calculated based on vari-
ous scientific references. The losses of the VSD are considered with an average efficien-
cy and multiplied by the savings values from the literature. To account for the range of
values in literature and uncertainties of the saving values, three scenarios are intro-
duced that assume different saving values. These scenarios represent the upper and
lower limits, as well as the average saving value.

As shown in equation (2), the absolute energy savings potential e;,q; is determined by

multiplying the energy consumption of the applications ey, ; by the individual savings
potential and the VSD market potential potysp.

10

€rotal = Z €save,i " POtysp; Withi = number of applications )
i=1
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4 Market allocation and application clustering

As described in chapter 3, the following electric motor applications are investigated:

* Transportation
* Horizontal
e Vertical
* Non-continuous
» Material processing and treatment
* Material processing
* Machining

The whole bandwidth of applications with the distinction in “high-cost” and “low-
cost” applications with examples is shown below in Table 1.

Table 1: Application overview with examples

Transportation ‘ Material processing & treatment

Horizontal Vertical Non-continuous Processing Machining
high-cost| low-cost |high-cost|low-cost |high-cost| low-cost [high-cost| low-cost |high-cost| low-cost
storage e rinder,
car pro- | mining, robot, g sorting/ grinaer, drilling, .
; . . and mixer, . sawing,
duction, | agricul- | elevator | crane |pick and ) packag-| .~ turning, .
retrieval | = stirring, s cutting
escalator| ture place } ing milling
unit .| crushers
machines|

A more detailed description will be given in the following chapter. Also, the market
conditions with the VSD market potential are explained.

4.1 Market share of applications

According to industry input [3], 75 % of the units annually sold are for transportation
applications. With 60 %, most of these units contribute to horizontal transportation
applications, such as conveyor systems. Vertical applications, such as cranes and lifts,
and non-continuous, such as robots, have a 20 % market share each within the trans-
portation applications. Figure 3 shows the market share for all transportation applica-
tions, divided into high and low-cost applications.

Units in market transportation

4%
3%\

m Horizontal/ high-cost

m Horizontal/ low-cost
Vertical/ high-cost

m Vertical/ low-cost

m Non-continuously/ high-cost
Non-continuously/ low-cost

Figure 3: Units in market transportation applications [3]

Market allocation and application

clustering
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Market allocation_and application

The remaining 25 % of the units sold are for material processing applications.

clustering ) >~ - - .
60 % of these units are for machining and material treatment, such as sawing, drilling
and milling. The remaining 40 % of the market contributes to material processing ap-
plications. This is a very heterogeneous field with examples like extruders, mixers or
sorting and packaging machines. Figure 4 shows the entire market overview for mate-
rial processing applications.

Units in market material processing
W Processing/ high-cost
m Processing/ low-cost
Machining/ high-cost
m Machining/ low-cost
Figure 4: Units in market material processing/ treatment applications [3]
As shown in Figure 5, horizontal transportation applications have the highest share of
units sold at 45 %. They are followed by the other transportation applications and the
machining applications.
Share units in market
o)
35% 31.5%
30%
25%
20%
15% 13.5% 12.8% 9
12.0% 10.5%
10% 7.5%

4.5%
>% 23% 3:0% 2.5% I I -
0% m N u []

8 8 8 8 8 8 8 8 8 8
e Y e N e N e Y e N
5 3 © 3 © & © & © 3
< - < - < - < - < -
Horizontal Vertical Non-continuous Processing Machining
Transportation Material processing & treatment
Figure 5: Share of units in market for transportation and material processing/ treatment applica-
tions [3]
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4.2 VSD market potential

The VSD market potential is calculated as explained in chapter 3.2. As illustrated in
Figure 6, these values vary across different applications. The gray bar represents the
market potential for VSDs, indicating the proportion of units that have the capacity for
variable speed but are currently not operational in that mode. The blue bar indicates
the residual units that would not benefit from speed control.

A review of transportation applications reveals that the VSD market potential ranges
from 15 to 25 % for most applications. Non-continuous operated or high-cost applica-
tions, such as robots, constitute an exception to this. In these applications, precise
movement control is essential. Servo motors are a common solution in this field. Con-
sequently, the proportion of units equipped with speed control is 100 %.

In horizontal transportation and high-cost applications, the utilization of speed control
is applicable to 80 % of the units, while 60 % of them are already equipped with this
feature. This results in a VSD potential of 25 %. In the case of horizontal transporta-
tion/ low-cost applications, speed control is not applicable in 40 % of the units. The
reason for that could be a mostly full-load operation or a low individual saving poten-
tial for this application.

The VSD market potential in material processing and treatment applications ranges
from 24 % to 46 %. Compared to the transportation applications the market potential
is significantly higher. Especially in the low-cost machining and material processing
applications, the VSD market potentials for both applications are higher than 40 %.
This is due to the 75 % to 80 % applicability of VSDs, while only 34 % of units have
VSDs.

Up to 90 % of units in high-cost machining applications can run with speed control.
66 % of all units already operate at variable speed, resulting in a VSD market potential
of 24 %.

In high-cost material processing applications, up to 80 % of the units can operate with
speed control. Although 50 % of the units already have speed control, the resulting
VSD market potential is 30 %.

VSD in market

m share VSD now VSD potential ~ ®remaining
'I o)
00% - l
90%

o
80%
70%
60%
50%
40%
30%
20%
10%
0%

high-cost low-cost high-cost low-cost high-cost low-cost high-cost low-cost high-cost low-cost
Horizontal Vertical Non-continuous Processing Machining
Transportation Material processing & treatment

Figure 6: Share of VSD and market potential for transportation and material processing/ treat-
ment applications

Market allocation and application

clustering

Fraunhofer Motor system energy efficiency Alexander Schroder
with variable speed drives Max Cleven

Martin Doppelbauer
offen

13|26



Market allocation and application ) . . o o
clustering An analysis of VSDs in the _rnarket shows tha_t there is remaining market p_otenhal in

almost all applications. Applications such as high-cost horizontal transportation or ma-
terial processing and machining, have a VSD market potential of more than 20 %.
However, a significant number of units already use speed control.
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5 Modeling the energy saving potential

For the calculation of the energy saving potential in this study, the energy savings pro-
vided in the available references are evaluated.
The effects that occur in these references are explained in the following chapter.

5.1 VSD efficiency

When a VSD is added to a motor-driven system, its losses decrease the overall efficien-
¢y of the drive system. According to [1], VSD efficiency ranges from 95 to 99 %. For
the calculation model, the VSD efficiency was estimated at 98 %. This is an average
value for inverters with different power ranges on the market, according to manufac-
turer datasheets [4].

5.2 Transportation application

According to various references [5-13], energy savings ranging from 3 to 23 % are
possible, when the speed of a conveyor belt is adjusted to the load point. The technical
principle behind this energy savings is that the belt friction factor varies with the speed.
In [7] and [8], He et al. modeled the resistance forces of a belt as function of the load
and the speed and used that to calculated the energy consumption. Depending on the
load case and the specific circumstances, up to 29 % of the energy can be saved, when
the speed of the conveyor system is adjusted in partial load points.

According to the available references, the average energy saving potential for convey-
ors is 13 %. The lower and upper boundaries are 3 % and 23 %, prior to accounting
for additional VSD losses.

According to a previous study on the energy saving potential of electric motors by Al-
meida et al. [14], the energy saving potential of variable speed drives in vertical trans-
portation units is between 20 % and 71 %, with an average value of 48 %. In several
studies that analyze the energy consumption of different lifts [15, 16], the lifts with
VSDs save around 30 % energy by recuperation. From a technical perspective, this
energy saving potential is based on recuperation effects when descending a heavy load
or ascending a load that is lighter than the counterweight. These effects are enabled by
using regenerative VSDs that reinject the energy back in the power source or grid [15].

Another study on the energy saving potential of different electric motor applications
[17] estimated the energy saving potential of “others” applications at 15 %. As a con-
servative assumption, this value was taken as an upper limit for the non-continuous
transportation applications. The average value and the lower limit are 10 % and 5 %.
An explanation of the energy saving potential is that a motor with speed control works
more efficient during the acceleration phase, compared to a motor with simple on/off
control or a pole changeable motor. Since frequently accelerating and breaking are
typical in the load cycles of non-continuous transportation applications, energy savings
during this phase are significant. Besides this, speed dependent friction effects also
contribute to energy savings.

5.3 Material processing and machining

As shown in a CEMEP guideline [18], a typical load cycle of a machining application is
very dynamic. The study by Almeida et al. illustrates that significant energy savings can
be achieved through speed control during the acceleration period of a load cycle [14].
In applications with high-inertia or high-speed loads, such as high-inertia saws or cen-

Modeling the energy saving

potential
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Modeling the energy saving

potential

trifugal machines, energy savings are possible with regenerative variable-speed drives
(VSDs) during deceleration.

According to the study [14], up to 15% of the energy can be saved in material pro-
cessing applications. For a conservative estimation, the upper limit is set at this 15 %,
the middle value at 10 %, and the lower limit at 5 % energy savings. Other authors,
such as Worrell et al. [19] name saving values between 7 % and 60 % for the manu-
facturing industry in their studies. Since this reference includes pump systems, the low-
er limit would be more realistic. This confirms the chosen interval for the calculation.

According to a study on energy consumption in metalworking, varying the speed can
save up to 8 % of energy during a turning process [20]. In addition to energy con-
sumption, speed affects the process output. To achieve the desired output an optimiza-
tion can be performed with speed as one of the input parameters. For this study, the
energy saving range in machining applications was estimated to be between 4 and
8 % with an average value of 6%.

5.4 Energy saving — application overview and results

The individual energy saving ranges are evaluated from the references and multiplied
by the additional VSD losses. Figure 7 lists the resulting energy savings for the three
scenarios and several applications.

Individual energy saving potential incl. VSD losses

m lower boundary ~ mmiddle scenario upper bounday
80%
0,
70% 69%
60%
50% 46%
40%
30%
21%
200/0 180/
1% 13% 13%
100/0 80/0 80/0 60/0
0 . 3% 3% 20, 4%
1% . . o
0% ‘
Horizontal Vertical Non-continuous Processing Machining

Figure 7: Individual energy saving potential including VSD losses

As mentioned in chapter 3.3, the individual energy saving potential is applied to the
entire market by multiplying it by the VSD market potential. Figure 8 illustrates how the
energy saving potential is reduced by the VSD market potential factor. The blue bars
represent the individual savings potential, and the green bars represent the saving po-
tential for the entire application market. For most applications, the energy saving po-
tential ranges from 1 to 4 %. High-cost, non-continuous transportation applications
have a 0 % saving potential because 100 % of the units already are equipped with
speed control.

16|26
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Energy saving potential

m Individual energy saving model B Energy saving potential (including market)

50% 46%  46%
45%

40%

35%
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25%

20%
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Horizontal Vertical Non-continuous Processing Machining
Transportation Material processing & treatment

Figure 8: Energy saving potential: individual and with market conditions

Table 2 lists the market conditions and individual savings

potential for transportation

applications, and Table 3 lists the same information for material processing and ma-

chining applications.

Table 2: Transportation: overview VSD market potential and individual energy saving potential

Application Transportation

sub-application Horizontal Vertical Non-continuous
cost indicator high-cost | low-cost |high-cost| low-cost |high-cost| low-cost
Share VSD 60 % 40 % 75 % 70% | 100 % | 80 %
Applicability VSD 85 % 60 % 95 % 90% | 100% | 95 %
\/SD market potential 25 % 20 % 20 % 20 % 0 % 15 %
Individual saving potential (average)| 11 % 11 % 46 % 46 % 8 % 8 %
Saving potential (incl. market) 2.7 % 22 % 9.1 % 9.1 % 0.0 % 1.2 %

Table 3: Material processing and machining: overview VSD market
gy saving potential

Application Material processing

potential and individual ener-

Modeling the energy saving

potential

sub-application Material processing | Material treatment/machining

cost indicator high-cost | low-cost high-cost low-cost

Share VSD 50 % 34 % 66 % 34 %

Applicability VSD 80 % 80 % 90 % 75 %

VSD market potential 30 % 46 % 24 % 41 %

Individual saving potential (average) 8 % 8 % 4 % 4 %

Saving potential (incl. market) 24 % 3.7 % 1.0 % 1.7 %
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Final results: Total energy saving

potential

6 Final results: Total energy saving potential

In this section the total energy saving potential is calculated with the share of energy
saved from the different sub-applications. Energy consumption is calculated, multiplied
by the percentage savings potential, and summarized to determine total savings.

6.1 Energy consumption

According to [21], the total electricity consumption in the EU in 2021 was 2776 TWh.
Electric motors consume 46.3 % of this electric energy representing a consumption of
1285 TWh. Of this energy, 69.5 % is consumed by motors in pump, fan and compres-
sor applications. The remaining 30.5 % are consumed by the “other” applications,
within the scope of this study. Figure 9 and Figure 10 show this distribution, with the
distinction between transportation and material processing/treatment applications. The
distribution of energy consumption across applications and sub-applications is derived
from the market shares presented in chapter 4.1. While this is a very rough simplifica-
tion, it allows the estimation of the respective energy consumption based on the avail-
able data.

Energy consumption

18.9%

m Pumps Fans Compressors ~ mTransportation ~ m Material processing/treatment

Figure 9: Electric energy consumption of electric motor applications in Europe

The energy consumption in TWh shown in Figure 10 results from market distribution in
chapter 4.1. Since this is based on market shares, horizontal transportation applications
account for the largest proportion of energy consumption, of 176 TWh. Vertical and
non-continuous transport applications, as well as material processing, follow with

58 TWh each. Material processing applications account for the lowest energy con-
sumption of 39 TWh.

1826
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Final results: Total energy saving

Energy consumption in TWh potential
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Figure 10: Electric energy consumption of transportation and material processing/treatment
applications

6.2 Energy saving potential

The consumed energy is multiplied by the individual energy saving market potential,
considering the market conditions (chapter 5.4). The result of this calculation is the
total energy saving potential in TWh. A total of 12.5 TWh of energy could be saved,
corresponding to 1 % of the electric motor energy consumption. These values are
shown in Figure 11, including the upper and lower boundaries.

Total energy saving potential in TWh

m Transportation m Material processing & treatment
22
20
18
16
14
12
10

Energy in TWh

0.8

lower boundary resulting saving upper boundary

o N B O

Figure 11: Total enerqgy saving potential

The energy saving potentials for all three scenarios are also listed in Table 4 with the
share of the several energy consumptions.
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potential

Table 4: Energy saving potential

Sum saving potential Transport Maten.al Sum
processing
Total in TWh 2.74 0.83 3.57
Lower limit icati i
share of appllca’uon electric 093 % 0.85 % 091 %
consumption
share of motor electric consumption 0.21 % 0.06 % 0.28 %
share of total electric consumption 0.10 % 0.03 % 0.13 %
Sum saving potential Transport Maten.al Sum
processing
Total in TWh 10.49 2.02 12.51
Middle |- 'f —
scenario [share of application electric 3579 206 % 319 %
consumption
share of motor electric consumption 0.82 % 0.16 % 0.97 %
share of total electric consumption 0.38 % 0.07 % 0.45 %
Sum saving potential Transport Materl_al Sum
processing
Total in TWh 17.71 3.20 20.91
Upper limit icati i
PP share of a_pphcaﬂon electric 6.02 % 326 % 533 9%
consumption
share of motor electric consumption 1.38 % 0.25 % 1.63 %
share of total electric consumption 0.64 % 0.12 % 0.75 %

The energy saving potential for the individual applications is presented in Figure 12.
Significant energy savings are possible for vertical and horizontal transportation appli-
cations. The reason vertical applications have a high saving potential is their high indi-
vidual energy saving potential. Since horizontal transportation applications have the
highest market share and energy consumption, their saving potential is also high, com-

pared to the other applications.

Vertical 5.4

Energy saving potential in TWh

® Transportation ® Material processing & treatment

Horizontal 4.6

Non-continuously 0.6

Figure 12: Individual energy saving potentials in TWh
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Final results: Total energy saving

6.3 Already achieved energy savings potential

VSDs are a technology that has been available for more than 30 years, so there are
already units on the market that contribute to energy savings. In transportation applica-
tions for example, where 64 % of the units operate with speed control, the energy that
is currently saved annually is significant.

The energy that is being saved by speed control is estimated using a modified process.
Instead of the VSD market potential, the calculation uses the share of units with speed
control (chapter 4.2). The other parameters remain the same. With the adjusted work-
flow, 48 TWh of energy are being saved in the middle scenario, which is four times the
energy of the saving potential. Figure 13 shows the values for all scenarios.

Total energy saving potential in TWh

m Transportation m Material processing & treatment
100

90
80
70
60
50
40

Energy in TWh

30

20
1.1

. B2
0

lower boundary resulting saving upper boundary

Figure 13: Energy being saved already by speed control in TWh

The energy saving potentials for all three scenarios are also listed in Table 5 with the
share of the several energy consumptions.
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potential

Table 5: Energy already being saved

Sum saving potential Transport ‘ Materl_al ‘ Sum
processing
Total in TWh
Lower otal In 11.53 1.12 12.65
limit [share of application electric consumption| 3.92 9 1.14 % 3.23 %
share of motor electric consumption 0.90 % 0.09 % 0.98 %
share of total electric consumption 0.42 % 0.04 % 0.46 %
Sum saving potential Transport ‘ Materl_al ‘ Sum
processing
Total in TWh
Middle otal In 45.59 2.62 48.21
scenario [share of application electric consumption| 1551 o 267 % 12.30 %
share of motor electric consumption 3.55 % 0.20 % 3.75 %
share of total electric consumption 1.64 % 0.09 % 1.74 %
Sum saving potential Transport ‘ Materl_al Sum
processing
Total in TWh
Upper 91.32 4.17 95.49
limit [share of application electric consumption| 31.06 % 4.26 % 24.36 %
share of motor electric consumption 7.10 % 0.32 % 7.43 %
share of total electric consumption 3.29 % 0.15 % 3.44 %

Figure 14 shows the energy saving potential for individual applications. Due to the high
number of VSDs, a significant amount of energy is already being saved in vertical and
horizontal transportation applications. Additionally, significant energy is being saved in
non-continuous applications due to 100 % speed control in high-cost.

Energy already saved in TWh

® Transportation ® Material processing & treatment

Processing

|

Horizontal 11.2
Machining

Vertical 30.2 Non-continuous 4.2

Figure 14: Energy already being saved by individual applications

6.4 Additional scenarios

Deviations in market data or model assumptions result in different energy saving po-
tentials. Figure 15 illustrates the market shares of another manufacturer's respective
applications and compares them with those in chapter 4.1. The share of non-
continuous transportation applications is higher, while the share of vertical applications
is lower. The second dataset is one eighth the size of the manufacturers whose market
assumptions were used for the main calculation.
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Total market share
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Horizontal Vertical Non-continuous Processing Machining
Transportation Material processing & treatment

Figure 15: Market share second dataset compared to data used for the main calculation

This market distribution results in an energy saving potential of 7 TWh. The lower sav-
ing potential is mainly a result of the low market share of horizontal and vertical trans-
portation applications. Especially vertical transportation applications have a high indi-
vidual saving potential through VSDs. Despite the significant reduction in savings po-
tential with a different market dataset, the study's overall conclusion does not change.
Although much of the energy savings have already been realized through variable
speed, a small but not negligible savings potential remains.

When the calculation is carried out with the market ratio of 1:8 weighted mean value
of both datasets, the energy savings are 11.9 TWh. Due to the low market share of the
second dataset the impact on the final number is low and the saving is near the
12.5 TWh of the main calculation.

Another scenario has been evaluated in a study by Almeida et al. in 2001 [17]. The
estimated parameters for the calculation are 60 % VSD applicability while 3 to 8 % of
the units already use VSDs. The individual saving potential is assumed to be 15 %. The
final technical energy saving potential results in 20.5 TWh for others and transportation
applications. The low share of VSDs in the market leads to higher savings but still lay
within the range of the results of this study.

All saving values from the calculations with different datasets and the values from liter-
ature are shown in Figure 16.

Final results: Total energy saving

potential
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Figure 16: Energy saving potential compared to other data and studies

6.5 Conclusion

More than 80% of the transportation and material handling applications benefit from
speed control. Besides energy savings, other functionalities such as a precise process
control or data collection, are advantages of variable speed drives. Due to these ad-
vantages, 60 % of the units already operate at a variable speed. The technical function
of energy savings can include a slowdown at partial load or recuperation effects in
vertical transportation applications. At the individual level, the energy saving potential
due to variable speed is between 5 % and 20 % for most of the applications.

The widespread use of variable speed drives has already realized estimated energy sav-
ings of 48 TWh. Additionally, around 13 TWh of electricity could be saved as future
potential, by the installation of VSDs in suitable units. This corresponds to around 1 %
of the electricity consumed by electric motors and 3.4 million tons of CO, emissions.

Compared to the previous studies, the energy saving potential is relatively low due to
the significant amount of energy that is already being saved. In the first study, which
examined pumps, fans, and compressors under variable load conditions, the energy
saving potential was estimated to 122 TWh, while 41 TWh are already being saved.
The second study estimated the energy saving potential in constant operation point
applications (pumps, fans, and compressors) to 20 TWh.

Due to the relatively small savings, a regulatory measure requiring the use of VSDs in
material handling and transportation applications would not be practical. Nevertheless,
the use of VSDs can reduce the energy consumption at partial load and most systems
would benefit from them. Furthermore, VSD could help to choose properly motor sys-
tems and reduce oversizing [22, 23]. Although these effects are not analyzed for trans-
portation and material processing applications in this study, they could lead to addi-
tional energy and cost savings on the individual level.

Although many units already have speed control, greater VSD penetration in these
applications could be achieved through information campaigns and knowledge shar-
ing. This is particularly true for low-cost applications as the VSD market potential is
relatively high in this sector. High-cost applications can especially benefit from the flex-
ibility and new control and monitoring capabilities that VSDs provide.
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