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Speaker: Conrad U. Brunner

▪ Independent consultant, based in Zurich. 

▪ Master's degrees at Swiss Institute of 
Technology ETH in Zurich and at 
University of Pennsylvania in 
Philadelphia.

210 June 2020

▪ More than 40 years experience as a pioneer on energy 
efficiency in a broad field of international research, 
technology and policy projects.

▪ In the last 15 years focusing on energy efficient electric 
motor driven systems: 
▪ Swiss “Topmotors” programme

▪ International IEA Technology Collaboration Programme 4E EMSA.  

▪ IEC standards for Electric Motor Driven Systems.
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Conrad U. Brunner, Topmotors, Zürich

Webinar, 10 June, Zurich
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New global motor standards move 

the market
Standards for Energy Efficient Electric Motor Driven Systems

Rotor                             Stator                       Cooling fan
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Source: GEA Gas Compression, 2020

Electric Motor Driven Systems
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The first real electric motor.

Moritz Jacobi, Königsberg, May 1834



ELECTRIC  MOTOR
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Electric motors

Motors drive: 

▪ pumps 

▪ fans

▪ compressors : air & cooling

▪ transport systems

▪ handling & process systems

▪ others

Motors are responsible 

for 53%* of global 

electricity demand
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Source: LBNL, US stock > 0.75 kW, 2019*) IEA World Energy Outlook 2016

80%
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STANDARDS
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What are Standards?
▪ THE GLOBAL STANDARD MAKERS: 

International Standardization Organization, based on National Committees

Electric machines                                      Mechanical machines 
IEC ISO

▪ THE EXPERTS: 
Representatives from industry, academia and NGOs

▪ THE ORGANIZATION: 

▪ Technical Committees, example: IEC TC 2 - Rotating Machinery
ISO TC 117 - Fans

▪ Working Groups, example: IEC WG 28 - Performance as determined by tests
ISO TC 117 WG 11 - Energy efficiency classification

▪ THE PROCEDURE: 
New Work Item ► Committee Drafts ► Voting ► Final Draft ► Publication ► IEC 60034-2-1 ► Revision

▪ THE DECISION MAKING: two thirds majority of participating National Committees

▪ TIMELINE:
2 - 4 years, revision after 5 years
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International Electrotechnical Commission International Organization for Standardization
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Standards for energy efficiency

THE THREE MAJOR QUESTIONS:

1. Definition of Scope
▪ Which products are included / excluded

2. Testing Standard
▪ Agreed methodology for determination of losses and efficiencies

3. Efficiency classification 
▪ Agreed scale of energy performance

10 June 2020 11Topmotors Webinar No. 13



Motor Efficiency Testing
Repeatability and Accuracy over 10 measurements
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Motor and Converter Test Laboratory
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(Green) dynamometer 

machine for loading the 

motor

Converter under test, 

with coiled shielded 

output cable

Flux Volt meter

WT3000 

power analyser

(Blue) 1.1 kW 4 pole 

IE2 motor for loading 

the converter
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Motor Standards are mature;

Converter Standards are just starting.

Tests in phase 1
December 2017 – November 2018

▪ 58 tests

▪ 9 different converters

▪ 0.75 - 11 kW

▪ 24 different motors

Tests in phase 2
April 2019 - December 2020

▪ circa 200 tests

▪ circa 60 different converters

▪ circa 0.12 kW - 1000 kW
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CalTest
Andrew Baghurst

Port Elliot, AU

Advanced Energy
Emmanuel 
Agamloh

Raleigh NC, US

BFH
Andrea Vezzini

Bern, CH

DTI
Sandie B. 
Nielsen

Taastrup, DK

www.motorsystems.org/files/otherfiles/0000/0209/20191127_rrc_short_overview.pdf

NEW RESEARCH: Round Robin for Converter Losses
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Partial Load: Torque and Speed
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Source: Iso Efficiency Contour Measurement, Results for Variable Frequency Converters, 

Kurt Stockman, et al., ICEM 2010, Rome

Induction motor

• 4 kW 

• 400 V 

• 4-pole

• 1'500 rpm
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REQUIREMENTS

10 June 2020 16Topmotors Webinar No. 13



What are Minimum Requirements?

▪ Regulators (national, state) in their jurisdiction can issue 

energy efficiency requirements for products sold:

▪ Technical documents

▪ Testing standards

▪ Labels with efficiency classes

▪ Minimum efficiency requirements

▪ Timeline

▪ Decision and publication

▪ Enforcement start

▪ Upgrade in tiers

▪ Benchmark (Reach)

▪ Revision date
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Electric Motors:

Minimum Energy Efficiency Requirements

EUROPE

▪ ECODESIGN Directives

▪ Motor Regulation

no 640/2009, 

no 1781/2019

▪ 0.12 kW - 1000 kW

SWITZERLAND

▪ Energy Act

▪ Efficiency Ordinance 

(EnEV),  Annex no. 2.7

▪ 0.12 kW - 1000 kW

▪ in synch with EU

10 June 2020 18

USA

▪ Code of Federal 

Regulations (CFR)

▪ Part 431: energy 

efficiency program for 

certain commercial and 

industrial equipment

▪ Subpart B: 

electric motors 

0.75 - 150/375 kW

▪ Subpart X: small electric 

motors 0.18 - 2.2 kW
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Electric Motors: 4 Pol, 50 Hz: 

MINIMUM REQUIREMENTS - EUROPE 2009► NOTHING
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Electric Motors: 4 Pol, 50 Hz: 

MINIMUM REQUIREMENTS - EUROPE 2015
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, Switzerland 
New 

Electric Motors: 4 Pol, 50 Hz: 

MINIMUM REQUIREMENTS - EUROPE 2017
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2021 IE2 & IE3

New

Electric Motors: 4 Pol, 50 Hz: 

MINIMUM REQUIREMENTS - EUROPE 2021
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2023 IE2 & IE3 & IE4

Future

Electric Motors: 4 Pol, 50 Hz: 

MINIMUM REQUIREMENTS - EUROPE 2023
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Slow progress for of efficient motor sales
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THE SYSTEM
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Electric Motor Driven System (EMDS)
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Motor 

Control

Electric 

Motor 

Mechanical 

Equipment

Driven 

Application
Mains

Flow, 

Motion

Topmotors Webinar No. 13



Electric Motor Driven System (details)
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Motor 

Control

Electric 

Motor 

Mechanical 

Equipment

Driven 

Application
Mains

Flow, 

Motion

INPUT

• Electricity production 

and distribution

• Transformer

• Power factor 

compensation

• Uninterruptible 

power supply

OUTPUT

• User system

• Distribution network: 

pipes and ducts

• Storage

• Heating/cooling

• Bypass, throttle

Motor: AC, DC

• 50/60 Hz

• speed: 2-,-4, -6-, 

8-poles 

• external fan 

cooling,

• greasing pump

Motor Control:

• switchgear

• controlgear

• converter (VFC)

• Input/output filter

• cooling fan

• Pump: single/ multi-

stage

• Fan: filter

• Compressor: dual 

stage, air dryer, 

cooling, heat use

• Transport, handling

Mechanical 

Equipment 

• gear 

• belt and pulley

• brake

• clutch

Efficiency = Output / Input
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The System

The Electric Motor Driven System

▪ Not only components

▪ Cooperation: planning, assembly, testing, operation

▪ System integration has big advantages:
▪ Lighter, smaller, cheaper

▪ High reliability

▪ Less waste heat ► more energy efficient

▪ Lower peak load (kW)

▪ Lower electricity consumption (kWh) and cost (EUR)

▪ Improved controls: Start/Stop; peak and part load; hours of operation
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Motor Standards (IEC)
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Scope Testing 
Efficiency 

Classification 

1 

Motor 

 

IEC 60034-2-1 
(2014) 

IEC 60034-30-1 
(2014) 

2 

Motor fed by a VFD 

 

IEC 60034-2-3 
(2020) 

IEC TS 60034-30-2 
(2016) 

3 

VFD 

 

 
IEC 61800-9-2 
VFD Losses  

(2017)  

4 

Motor + VFD 

 

IEC 61800-9-1 
Extended Product Approach 

(2017) 

5 

Motor + VFD + Application 

 
 

 

 
CAISEMS 

 
 

NEW
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System Standards
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IEC ISO

EMDS = Electric Motor Driven Systems

International Electrotechnical Commission International Organization for Standardization
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Standardization bodies (IEC & ISO) 
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Motor control Motor
Mechanical

equipment
Driven equipment

IEC TC 121
IEC TC 22

SC 22G
IEC TC2

ISO

TC 41

ISO

TC 60

ISO 

TC 115

ISO 

TC 117

ISO 

TC 86

ISO 

TC 118

Switchgear

&

controlgear

Adjustable

speed drive

Rotating

machinery

Pulleys & 

belts
Gears Pumps Fans

Cooling-

Com-

pressors

Air-

Com-

pressors

1927 1934 1911 1947 1947 1964 1964 1957 1965
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System Standards:

The CAISEMS project
▪ IEC ACEE (Advisory Committee on Energy Efficiency), Task Group 6

▪ Coordination and alignment of energy efficient electric motor driven systems

▪ Cooperation between IEC and ISO

▪ Goal: new BASIC IEC & ISO standard

▪ 60 members: 41 active and 19 passive

▪ 1st meeting: 20 September 2019 in Tokyo, Japan

▪ 4th meeting: 20 November 2020 in Zurich, Switzerland
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THE  FUTURE

10 June 2020 34Topmotors Webinar No. 13



Intelligent systems
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Source: Dominique Lalut, Fanuc,  Motor Summit 2018, Zürich

16 sizes: 6 axes define geometric freedom ► 6 motors and converters 
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Network systems
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http://1234-b

http://1234-d
http://1234-a

http://1234-e

http://1234-c

CLOUD

Source: Bosch Mobility Solutions
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Advanced pumps

Water Cooling Converter integration
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Source:   ABB: M3LP 500                                         Source: Grundfos, IE5 motor-pump
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Advanced fans: outrunner EC motors

Bionic blades Profiled blade geometry
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Source: Ziehl Abegg,  Zaplus ECBlue Source: ebm papst, RadiCal
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Advanced Technologies (1)

Linear drive Servo drive
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Source:   Rockwell Automation iTrak Source: Yaskawa AC Servomotor
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Advanced Technologies (2)

In-wheel motor (outrunner)
(air cooling)

In-wheel motor (outrunner)
(water cooling)
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Source: www.printedmotorworks.com                        Source: www.Magnax.com
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New Applications
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Source: VW ID Neo; Solar Impulse; Segway Mini-Lite; Hoverboard; Citybug; Tesla, Electro Truck; 

Optare, Electric Bus; 

Motor systems get:

▪ smaller

▪ lighter

▪ more efficient

▪ stay cooler

▪ cheaper

▪ accelerate

▪ high speed

▪ brake - active

▪ batteries (plus/minus)
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CONCLUSIONS
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Conclusions
1. Progress is driven by technology, competition, ecology and by governments with 

minimum requirements.

2. Internationally coordinated standards make it easier for national governments to 
establish minimum requirements for efficient products.

3. IEC (electric) and ISO (mechanical) Standard Committees need to interact more 
closely, to deal with energy efficiency in Electric Motor Driven Systems in a timely 
fashion. 

4. Intelligent Electric Motor Driven Systems linked by networks from manufacturers to 
consumers, new technologies and new applications stimulate innovation in systems.

And finally: 

the person at the machine, programming and operating an industrial process with all the 
high tech equipment around is most likely the decisive factor for success.
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Contact

Conrad U. Brunner

Senior Advisor

Gessnerallee 38a

8001 Zurich, Switzerland

+41 44 226 20 10

cub@cub.ch

www.topmotors.ch

www.motorsystems.org

www.motorsummit.ch
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Fragen:

Q&A session

Submit your questions to Conrad U. Brunner now
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Upcoming Topmotors webinars

▪ Topmotors webinar No. 14
Wed, Sep 09, 2020, 10:00 AM - 11:00 AM CEST, in German

«Energieeffiziente Druckluftsysteme»

Rolf Gloor, Gloor Engineering

▪ Topmotors webinar No. 15
Wed, Nov 25, 2020, 10:00 AM - 11:00 AM CEST, in German

«Neue Konzepte für effiziente Hydraulikantriebe»

Prof. Dr. Johann Lodewyks, HSLU

www.topmotors.ch/webinare
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Continuing education course IEO

Continuing education course in Industrial 
Energy Optimisation (IEO) 

▪ HEIG-VD, Yverdon-les-Bains (in French) 
The course was postponed. New dates will be 
communicated as soon as possible.

▪ HSLU, Horw (in German)
The course was postponed. New dates will be 
communicated as soon as possible.

▪ FHNW, Basel (in German)
21/22 Aug, 4/5 Sept, 25/26 Sept 2020

www.topmotors.ch/IEO
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MOTOR SUMMIT 2020 International

▪ Date: 18 - 19 November 2020

▪ Venue: Stiftung zum Glockenhaus, Zurich

▪ Language: English

www.motorsummit.ch
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Thank you for your attention!

Do you have questions or feedback to our webinars?

▪ Responsible for the webinars:

Márton Varga

Energie Zukunft Schweiz

marton.varga@ezs.ch

▪ Programme lead:

Rolf Tieben

Impact Energy AG

rolf.tieben@topmotors.ch
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