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Rolf Tieben

▪ engineer of Mechatronics

▪ co-owner of Impact Energy

▪ program leader of

„The information platform 

for efficient motor driven 

systems in Switzerland”
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Content

▪ Share of motors in energy consumption

▪ Results and findings from “Easy”

▪ Efficiency

▪ What is a electric motor system?

▪ Fans, pumps, VFD, transmissions

▪ Saving potentials?

▪ Tools (SOTEA, ILI+, Motor Systems Tool)
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Global eclectricity consumption
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lighting
19%

electronics
10%

electrolyse
3%heating

19%

standby
3%

motors
46%

Source: W&B, IEA 2011 Quelle: Paul Waide & Conrad U. Brunner, et al., IEA Energy

Efficiency Series, Working Paper, 2011     

SOURCE: IEA Energy Efficiency Series, Paul Waide, Conrad U. Brunner, et al. 2011

1. pumps

2. fans

3. compressors

4. conveyor belts

5. processing machines

Source: IEA Energy Efficiency Series, Paul Waide, Conrad U. Brunner, et al. 2011
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Electricity in industry
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87.8%

12.2%

Motors

Light, ICT, Restaurant,
Resistance Heat

Analysed factories: 25 

Total electric energy consumption: 691.0 GWh/a

Electric energy consumption of motors: 606.7 GWh/a

motors

Lighting, communication/IT, 

cantine, ohmic resistances

Source: Easy Switzerland, Conrad U. Brunner, Rita Werle, Rolf Tieben, 2013
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Share of energy consumption
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n=4‘142
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Motors are too old
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Source: Easy (Switzerland), Conrad U. Brunner, Rita Werle, Rolf Tieben, 2013
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56% of the analysed motors are too old- in average 99% too old



VFD ins Swiss industry
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SOURCE: Easy (Switzerland), Conrad U. Brunner, Rita Werle, Rolf Tieben, 2013
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Average load factor
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57.2%
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Average24 kW 72 kW

68% have an average LF < 60%

SOURCE: Easy (Switzerland), Conrad U. Brunner, Rita Werle, Rolf Tieben, 2013



Key findings

1. 56% are already older than their operating life
expectancy
(10-20 years), in avarage twice as old

2. 68% of the measured motors have been oversized (LF 
<60%)

3. less than 20% already have a VFD

4. motor systems are rarely designed to meet the real 
needs of the process

5. qualified staff is available - but without experience in the 
field of energy efficient motor systems

6. the savings potential is often between 20- 30%, 
depending on the initial situation.
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IEC efficiency classes for motors
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Efficiency in partial load
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Efficiency [%]

Load factor

Efficiency curve of an 

old, non IE motor

Efficiency curve

of an IE motor



1. 96,7% of the liefecycle costs
of a motor are energy costs

2. Within 1'200 operting hours, 
the energy costs as much as 
the purchase price of the motor.

▪ save money

▪ increase reliability - reduce risk

▪ reduce peak electrical power and consumption

▪ reduce environmental impact (electricity also from coal, 
nuclear)

▪ improve the good image of the company

Energy costs
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Efficiency of motors

𝑃𝑒𝑙 = 400 𝑉 ∗ 13.4 𝐴 ∗ 0.92 ∗ 3 = 8.5 𝑘𝑊
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Efficiency (η) = 

Output (Pmech: mechanic power) [kW]

Input (Pel: electric power) [kW]

𝑃𝑒𝑙 =
7.5 𝑘𝑊

0.881
= 8.5 𝑘𝑊

𝜂 =
𝑃𝑚𝑒𝑐ℎ

𝑃𝑒𝑙
=
7.5 𝑘𝑊

8.5 𝑘𝑊
= 0,88 = 88%
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• 1:1 motor replacement brings only small improvements

BAT: Best Available Technology
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ηVFD
● ηm ● ηtr ● ηf Efficient fan systems

VFD motor transmission fan

70 … 98% 50 … 98% 80 … 100% 20 … 80%

Bilder: EUP Lot 11 
und Habasit AG
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VFD 

nominal efficiency

96-98%

POSITIV

speed variation > regulated flow

NEGATIV

additional losses: VFD & motor 

low efficiency at low load

high additional costs
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How to use a VFD in fan systems
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full electic power

nominal operation

full
cooling

reduced cooling by diverting the cooling air

full electic power
reduced
cooling

reduced cooling by reducing the speed

reduced
cooling

reduced electic
power

motor

motor

motorVFD



Saving potential in closed systems
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Transmission (belts)
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type V-belt flat belt toothed belt

picture

mounting
retensioning

easy, 
depends on product

challenging,
no retensioning

medium,
no retensioning

operation
Smooth operation
lifetime
abrasion/pollution

restless
short - lon
high - low

calm
long
lery low

noisy
long
low

purchase price
operating costs

low - medium
depends on abrasion

medium
low

high
low

Typical transmissions
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Source picture: http://keilriemen24.eu; www.polytechna.ch
Quelle: Motor Summit 2014 / Effizienteransmissionssysteme / H. Huber
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Keilriemen, Teillast 80 - 100%

Keilriemen, Teillast 20%

Flachriemen, Teillast 80 - 100%

Flachriemen, Teillast 20%

V-belt,80-100% load

V-belt, 20% load

flat belt, 80-100% load

flat belt, 20% load

Efficiency of belts (partial and nominal load)
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Fotos: Habasit AG
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Temperatur of a V-belt and flat 

belt with pulley
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Source: Projektarbeit «Wirkungsgrad von Riemenantrieben», FHNW, Studiengang EUT 2013

V-belt Flat belt
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Measurement Habasit AG, 2012/13
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~ 35°C

~ 50°C

picture: Habasit AG
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Fan system (motor + belt + fan)
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fan types

axial-fan radial fan with
spiral casing

radial fan with
direkt drive
(motor+VFD)

backward
curved
blades
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System optimisation

1. correct volume flow

2. conveying speed

3. channel size

4. operating hours (night?)

5. sensors in the room

6. variable volume flow
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Efficient motors spin faster
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If a motor is replaced, the 

operating point must be 

adjusted by adapting the 

transmission.

New efficient motors have a 1- 5% higher nominal speed

3% more speed equals

9% more el. power
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Reminder
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Fans

How can energy be saved?

▪ optimise operating hours
▪ huge savings at almost no cost

▪ regulated operation with sensors
▪ minimum required air flow

▪ correct sizing
▪ Ideal pressure and flow

▪ Best Available Technology (BAT)
▪ Efficient fans (e.g. EC fans), IE3 or IE4 motors
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Fans

▪ multiple benefits:
▪ less heating/cooling

▪ less filter losses

▪ less maintenance

▪ less noise

▪ better climate comfort

SAARC training course, slot-2 3106 December 2021



Pumps
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Application categories

▪ circulation: circulation in closed circuits
▪ Energy is used to overcome flow losses

▪ e.g. heacting/cooling

▪ lifting, to a higher geodetic level
▪ Most of the energy goes into lifting

▪ e.g. in water supply systems or in sewage treatment plants (lifting inflow into 
basins)

▪ pressure increase: to higher pressure level
▪ Only "lifting work", hardly any flow losses

▪ e.g. drinking water supply in high-rise buildings (often multi-stage pumps)

▪ transport: moving media, mainly horizontally
▪ Mainly flow losses, but often high pressures due to viscosity

▪ e.g. in the food industry, to the next process or storage facility. Also 
suspensions (solids in liquids)

06 December 2021 SAARC training course, slot-2 33



Closed vs. open systeme

a)in closed systems: 

What role does the geodetic height play?
▪ What determines the required head Hf?

▪ Pressure loss calculation: planner task

➢ Pipe friction + "individual resistances» 

b)in open systems:  

What role does the geodetic height play?
▪ What determines the required head Hf?

➢ Geodetic hight + flow losses
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Pumps

How can you save energy?

▪ optimise operating hours
▪ huge savings at almost no cost

▪ regulated operation with sensors
▪ minimum required flow

▪ correct sizing
▪ Ideal pressure and flow

▪ Best Available Technology (BAT)
▪ Effiziente Pumpen, IE3 oder IE4 Motoren

SAARC training course, slot-2 3506 December 2021



Systematic approach

Software tools SOTEA & ILI+
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Step1: SOTEA
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Potential assessment with SOTEA tool

▪ Rough initial estimate of savings potential: 1 hour in discussion 
with management

▪ inputs:
▪ annual electrical consumption and costs

▪ average age of the machines

▪ electrical use for non-motor applications

▪ outputs:
▪ share of electrical consumption of motors

▪ rough estimate of the savings potential

▪ Amount of additional investment for energy improvements

▪ decision: 
Does a systematic analysis of the motor systems make 
sense?
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Calculation of the savings potential

actual state: 

Determining the efficiency

▪ by age (last renewal of electric machinery)

▪ motor size (standard distribution

▪ share VFD: 20% 

target state: 

▪ IE4 motors

▪ share VFD: 60% 

▪ Additional costs for better motors, VFD and mounting
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Customize inputs

total electric energy
consumption

▪ Importat customizable values:
▪ Share of „special energy users“

▪ Share of VFD (before/after)

▪ „special energy users“
▪ electric water heating

▪ electric process heating

▪ electric steam production

▪ data/computer centre

▪ restaurant/canteen
motors
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Step 1: SOTEA
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Step 1: SOTEA
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Step 1: SOTEA results
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Step 1: SOTEA
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User estimates
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Fraction of special users of total 

consumption
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Consideration of VFD
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Step2: ILI+

Software tool for the systematic assessment and energetic evaluation of all drives of a company

inputs:

▪ Nominal data of the motors

▪ age

▪ Operating hours

▪ VFD present (yes/no)

calculation:

▪ estimates the load factor according to nominal power

▪ defines efficiency of the motor according to age

▪ calculates the actual annual consumption

▪ calculates a possible savings potential through motor replacement

output:

▪ Identification of the biggest savings potentials

▪ Criteria for selecting the most economical improvement measures:

▪ age

▪ Operating hours

▪ VFD present

▪ nominal power
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Structure and analysis of the motor list

Data 
collection

Actual
consumption

selection
criteria

(Decision
Maker)

Recommen-
dation (good

economy)

Standard 
values
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ILI+: Language selection
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ILI+: Menu
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ILI+: User estimates
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ILI+: Data base of motors
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ILI+: Data base of motors
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ILI+: Data base of motors
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ILI+: Decision Maker

▪ Evaluates the data of ILI+

▪ identifies the greatest savings potentials

▪ Compares motor data with selected criteria

▪ Marks fulfilled criteria in colour

▪ Sums up the fulfilled criteria

▪ Sums up the potential savings of the selected motors
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ILI+: Decision Maker
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Decision Maker: criteria
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•Goal: Identify motors for optimization

•20% of motors save 80% of the efficiency potential



Decision Maker: fulfilled criteria
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Decision Maker: Filter on/off
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Decision Maker: Sum/Average
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Motor Systems Tool
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Motor Systems Tool
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▪ Free download: 

www.iea-4e.org/emsa/our-work/emsa-tools/

http://www.iea-4e.org/emsa/our-work/emsa-tools/


Topmotors Fact Sheet

▪ 10 page «guided

example»
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Free download: www.topmotors.ch/en/content/fact-sheets

http://www.topmotors.ch/en/content/fact-sheets


Thanks for your attention

Contact

▪ Rolf Tieben

rolf.tieben@impact-energy.ch

▪ www.topmotors.ch

▪ www.motorsummit.ch

▪ www.motorsystems.org

▪ Tools: www.topmotors.ch/en/tools
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