Market transformation for energy efficient electric motor systems
Electric motors and motor systems in industrial and infrastructure applications – together
with pumps, fans and compressors in buildings – are responsible for 53% of the world’s
total electricity consumption. New and already existing technologies offer potential to
reduce the energy demand of motor systems across the global economy by 20 to 30%
with short payback periods, if the still existing market barriers can be overcome.
Impact Energy is pleased to announce the Motor Summit 2020 International on
18/19 November 2020, in the framework of the Swiss Topmotors program supported as
the main sponsor by SwissEnergy. Key partner of the Motor Summit is the Electric Motor
Systems Annex (EMSA) of the IEA 4E (International Energy Agency’s Technology
Collaboration Programme Energy Efficient End-use Equipment). The Motor Summit 2020
International is supported by AMCA (Air Movement and Control Association) and the
European Copper Institute (ECI) as silver sponsors.
We will present several key developments: the focus on system optimization with the
new IEC & ISO collaboration to better coordinate electrical and mechanical standards.
The goal of the CAISEMS project (Coordination and alignment of IEC and ISO standards
for energy efficient electric motor driven systems) is to be able to test and regulate "wireto-water" and "wire-to-air" systems. Integrated calculation programs will follow as well as
acceptance tests once the electric and the mechanical components are matched on the
factory floor.
We still see new improvements of the motor itself, using low loss soft magnetic material
and axial flux topologies. The path to avoid precious rare earth material is being studied
world-wide. Motor applications in cars show new developments in small size, rapid
acceleration aided by liquid cooling. We also see further developments in fan and pump
standards, overcoming Atlantic coordination difficulties and eventually leading to
harmonized global regulations for products that can easily be shipped internationally.
And, we are happy to also show a Swiss development of small high-performance motors
that control robots on planet Mars.
32 speakers with 25 presentations give our 100 participants, coming from 21 countries, a
wide spectrum of the state of technology and policy in the motor systems community.

Main sponsor

Key partner

Silver sponsors
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Welcome to the Motor Summit 2020 International
Dear Motor Summit participant,
We would like to welcome you at the Motor Summit 2020 International. The Motor Summit offers a
platform for industry and academia, end-users and government representatives for the exchange on
latest technology and policy developments concerning efficient electric motor systems worldwide.
It has become a tradition to have the Motor Summit in Switzerland and the Energy Efficiency in Motor
Driven Systems (EEMODS) conference and in alternating years. The scope of the Motor Summit has
remained since the first such event in 2007, but technological development and new efficiency policies
for implementation have changed a great deal. We are sure some 100 online participants from maybe
20 countries will enjoy two intensive and useful presentations and discussion.
We are pleased about the partnership with EMSA 1.
The Motor Summit highlights the global discussion on the future of motor systems efficiency via
experts important from major manufacturers of motor, pump and fan and also from industry
associations like AMCA, EVIA and Europump. Key experts from IEC and ISO standard makers will be
present. Ronald Piers de Raveschoot from the European Commission will inform first hand on the new
European motor, pump and fan regulations. Peter Radgen, Professor for Energy Efficiency and
Director at Institute for Energy Economics and Rational Energy Use at the University of Stuttgart,
Germany, will be announcing the EEMODS 2021 conference in Stuttgart Germany.
We have the pleasure to welcome Maarten van Werkhoven, Operating Agent of the IEA 4E EMSA 2 as
speaker. He will inform on the new CAISEMS 3 project that tries to better coordinate IEC and ISO
standards for efficient motor driven systems.
We would like to thank all sponsors and partners. We thank the Swiss Federal Office of Energy with
the program SwissEnergy for being the main sponsor of the Motor Summit and for supporting the
Topmotors program. We thank AMCA, the International Copper Association and the European
Ventilation Industry Association (EVIA) for co-sponsoring the event.
We wish you interesting sessions online and we do hope that two years from now, The Motor Summit
2022 will be able to welcome all of you in person in Zurich Switzerland again.
We invite all participants to stay up to date and join the Global Motor Systems Network by subscribing
to the EMSA newsletter at www.motorsystems.org/newsletter.
We look forward to seeing you at the next EEMODS in Stuttgart, Germany, on 21 – 23 September
2021!

The Motor Summit Team from Impact Energy
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4E Electric Motor Systems Annex - EMSA
IEA 4E EMSA: International Energy Agency's Technology Collaboration Programme on Energy Efficient End-Use Equipment
Electric Motor Systems Annex
3
CAISEMS: project for the Coordination and Alignment of IEC & ISO Standards for Energy Efficient Electric Motor Driven
Systems.
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Wednesday 18 November 2020
Moderator: Conrad U. Brunner

Time Topic
INTRODUCTION
11:00 Welcome & introduction
11:05 Swiss policy on electric motor systems
11:20 European Ecodesign status report
11:40 Promoting energy efficient electric
motors: Ankara Sincan
12:00 Break
TECHNOLOGY DEVELOPMENTS
12:15 Efficient motor technology with low loss
soft Magnetic Material
12:35 Wide band gap technology: Efficiency
potential and application readiness map
12:55 Customized COTS (commercial off-theshelf) Actuators for Martian Mechanisms
13:15 Break
MARKET OVERVIEW & DIGITALISATION
14:15 Global market overview for motors,
pumps, fans, compressors
14:35 Energy and other effects of digitalisation
in electric motor driven systems
14:55 Smart Engineering based on smart
motors
15:15 Break
PERSPECTIVES FROM THE US & EU
15:30 Reaching IE5 efficiency with magnet-free
motors
15:50 Rare earth-free motors for medium and
high power electric vehicles
16:10 Energy and CO2-impact of Ecodesign
regulation for fans on the European
market
16:30 End
ADDITIONAL PRESENTATION (NOT LIVE)
Topic
Update on the indirect efficiency determination
of permanent-magnet synchronous machines
New energy saving compressors: Case studies
from Indian industry

Speaker
Rolf Tieben, Impact Energy (Switzerland)
Simone Marchesi, Swiss Federal Office of Energy
(Switzerland)
Ronald Piers de Raveschoot, European Commission
(Belgium)
Gürsu Sezen Torun/Fatma Çil, Ministry of Industry
and Technology (Turkey)

Hirooki Tokoi, Hitachi (Japan)
Roland Brüniger, Swiss Federal Office of Energy
(Switzerland)
Robin Phillips, Maxon International (Switzerland)

Preston Reine, Omdia (USA)
Konstantin Kulterer, Austrian Energy Agency
(Austria)
Thomas Boschert, SEW Eurodrive (Switzerland)

Tero Helpiö, ABB (Finland)
Fernando Nuño/Marco Villani, Copper
Alliance/University of l'Aquila (Belgium/Italy)
Claus Händel, EVIA - European Ventilation Industry
Association (Belgium)

Speaker
Björn Deusinger, Technical University of Darmstadt
(Germany)
Padmanabh Nagarkar/Pal Prosanto,
XL Consultants/TERI - The Energy and Resources
Institute (India)
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Thursday 19 November 2020
Moderator: Andrea Vezzini

Time Topic

Speaker

ELECTROMOBILITY
11:00 Welcome
11:05 System optimization of E-Axle Drive
through simulation of the total vehicle
dynamics

Rolf Tieben, Impact Energy (Switzerland)
Hartmut Schneeweiss, Evergrande hofer powertrain
(Germany)

11:20 Direct-cooled electric motor with integral
lightweight housing
11:40 Axial flux motor topology: will it dominate
the future?
12:00 Break
MOTOR SYSTEMS
12:15 Novel approaches for efficient hydraulic
systems
12:35 Minimum energy performance standards
for air compressors and compressed air
systems
12:55 Energy Savings through pump-control in
installations
13:15 Break
FANS
14:15 Efficient fan systems
14:35 Energy Efficiency Index (EEI): is it the
right metric to regulated fan efficiency?
14:55 Bionic concepts for increased energy
efficient fan systems
15:15 Break

Martin Doppelbauer, Karlsruhe Institute of
Technology (Germany)
Daan Moreels, Magnax (Belgium)

Johann Lodewyks, Lucerne University of Applied
Sciences (Switzerland)
Peter Radgen, University of Stuttgart (Germany)
Michael Koenen, KSB (Germany)

Tim Mathson/Michael Ivanovich, AMCA - Air
Movement and Control Association (USA)
Geoff Lockwood, EVIA - European Ventilation
Industry Association (Belgium)
Oskar Betschmann, Ziehl Abegg (Switzerland)

STANDARDS
15:30 Coordination and Alignment of Standards Maarten van Werkhoven, TPA advisors
for Energy Efficient Electric Motor Driven (Netherlands)
Systems
15:50 Interview Robin Phillips: Motor

Robin Phillips, Maxon International (Switzerland)
Conrad U. Brunner, Impact Energy (Switzerland)

16:10 Conclusions & wrap up

Conrad U. Brunner, Impact Energy (Switzerland)

technology in space

16:30 End
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Name

First name

Organization

Country

Aarniovuori

Lassi

LUT University

Finland

Abbas

Zirwa

Student

Germany

Advani

Ajit

International Copper Alliance

India

Athresh

Gautham

WEG

UAE

Bachtiari

Niusha

Impact Energy

Switzerland

Baghurst

Andrew

CalTest

Australia

Baker

Nathan

Cadeo

USA

Baldewicz

Dan

Energy Solutions

USA

Bargallo

Ramon

rdm electric machines

Spain

Beghain

Frederic

EASA

Luxembourg

Betschmann

Oskar

ziehl-abegg

Switzerland

Bidstrup

Niels

Grundfos

Denmark

Bodenstaff

Bob

ABI

Netherlands

Boschert

Thomas

sew-eurodrive

Germany

Brooks

Joseph

AMCA

USA

Brüniger

Roland

Swiss Federal Office of Energy

Switzerland

Brunner

Conrad U.

Impact Energy

Switzerland

Butler

Kitt

Advanced Energy

USA

Chapman

Simon

FläktGroup

UK

Çil

Fatma

Turkish Ministry of Industry of Technology

Turkey

Cirulli

Francesco

Atlas Copco

Belgium

Cuaderno

Frank

Marsair

USA

de Beun

Maarten

Hoyer Motors

Netherlands

De Bruyckere

Luka

ECOS

Belgium

Deusinger

Björn

Technical University of Darmstadt

Germany

Dewil

Dimitri

Atlas Copco

Belgium

Dewolf

Hannes

Atlas Copco

USA

Doppelbauer

Martin

Karlsruhe Institute of Technology

Germany

Ennenbach

Frank

Sulzer

Germany

Ettinger

Reto

Hamilton

Switzerland

Fitzgerald

Brian

EECA

New Zealand

Füllemann

Yann

p+p project solutions

Switzerland

Fumo

Rodrigo

WEG

Brazil

Guermont

Catherine

EE-GINE

France

Habets

Jos

Sitech

Netherlands

Haendel

Claus

EVIA

Belgium

Hallberg

Anders

Swedish Energy Agency

Sweden

Hangartner

Viktor

Impact Energy

Switzerland

Hannuksela

Jukka

ABB

Finland

Hauer

Armin

ebm-papst

USA
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Name

First name

Organization

Country

Helpiö

Tero

ABB

Finland

Hitzel

Tobias

VDMA

Germany

Ivanovich

Michael

AMCA

USA

Iyama

Sanaee

Lawrence Berkeley National Laboratory

USA

Jacobs

Sigrid

ArcelorMittal

Belgium

Jawhar

Hassan Abou AMCA

Belgium

Jones

Ted

Energy Solutions

USA

Kinghorn

Iain

FläktGroup

UK

Klingel

Petar

Koenen

Michael

KSB

Germany

Kristiansen

Erik Munch

Grundfos

Denmark

Kropp

Michael

SEW-Eurodrive

Germany

Kulterer

Konstantin

Austrian Energy Agency

Austria

Lockwood

Geoff

EVIA

Belgium

Lodewyks

Johann

Lucerne University of Applied Sciences

Switzerland

Looi

Wah Loong

National Environment Agency

Singapore

Lyda

Michael

Advanced Energy

USA

Marchesi

Simone

Swiss Federal Office of Energy

Switzerland

Mathson

Tim

AMCA

USA

Moreels

Daan

Magnax

Belgium

Moser

Michael

Swiss Federal Office of Energy

Switzerland

Mottier

Valentin

LafargeHolcim

Switzerland

Naeraa

Rikke

Viegand Maagøe

Denmark

Nagarkar

Padmanabh

XL Consultants

India

Ng

Pei Chen

National Environment Agency

Singapore

Nielsen

Sandie B.

Danish Technological Institute

Denmark

Nuño

Fernando

International Copper Alliance

Belgium

Obata

Takeshi

Hitachi

Japan

Ogawa

Susumu

JEMA

Japan

Osato

Haruaki

Oriental Motor

Japan

Pal

Prosanto

TERI

India

Perucchi

Nathalie

Impact Energy

Switzerland

Petro

John

Consultant

USA

Phillips
Piers de
Raveschoot
Poulsen

Robin

Maxon International

Switzerland

Ronald

European Commission

Belgium

Preben

Grundfos

Denmark

Putzi

Hanna

ZHAW

Switzerland

Radgen

Peter

University of Stuttgart

Germany

Rasmussen

Keld

Grundfos

Denmark

Reine

Preston

Omdia

USA

Switzerland
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Country

Repentin

Franck

Bitzer

Germany

Rudelgass

Harald

systemair

Germany

Sachau

Torben

Nord

Germany

Salman

Mustafa

UNDP

Turkey

Sandor

Mats

Systemair

Sweden

Schneeweiss

Hartmut

EV-Hofer

Germany

Scozzafava

Antonio

Motovario

Italy

Sezen Torum

Gürsu

Turkish Ministry of Industry of Technology

Turkey

Shishido

Tomohiro

Oriental Motor

Japan

Sigloch

Uwe

ebm-papst

Germany

Spillmann

Jakob

Kaeser Kompressoren

Switzerland

Staudacher

Christian

Construction & calculation of elec. machines

Switzerland

Stephan Kunz Dominique

FHNW University of Applied Sciences & Arts

Switzerland

Stockman

Kurt

Ghent University

Belgium

Swaroop

Kanchan

Appliance Standards Awareness Project

USA

Tieben

Rolf

Impact Energy

Switzerland

Tokoi

Hirooki

Hitachi

Japan

Tolvanen

Jukka

Aumaen

Finland

Vaananen

Hannu

ABB

Finland

Valeur

Frederik

Grundfos

Denmark

van Verkhoven Maarten

TPA Advisors

Netherlands

Varga

Márton

Energie Zukunft Schweiz

Switzerland

Vezzini

Andrea

Bern University of Applied Sciences

Switzerland

Villani

Marco

University of L'Aquila

Italy

Vogt

Bruno

EBL

Switzerland

Wall

Jim

Sulzer

Ireland

Walpen

Silvio

Hamilton

Switzerland

Wenden

Paul

FläktGroup

UK

Weng

Ying Che

ITRI

China

Wesselman

Pepijn

VHK Research Engineers

Netherlands

Yamamoto

Yuji

Toshiba

Japan

Younhwan

Kim

KTC

Korea
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Speakers and Chairs: Biographies
Oskar Betschmann started to work for ZIEHL-ABEGG in 2006. ZIEHL-ABEGG IS A a
company in the competence areas of ventilation systems, control engineering, drive and
automotive technology. He has a mechanical background. As Managing Director of the
company, he acquired solid knowledge, as well as in the field of business and sales.

Oskar
Betschmann

Thomas
Boschert

Roland
Brüniger

Conrad U.
Brunner

Fatma
Çil

Thomas Boschert studied Electrical Engineering at the University of Karlsruhe, majoring
in control technology. He worked as a developer and project manager at various
companies in the field of machine tools and plant engineering. His main aim was always
to create an excellent Human-Machine Interface, in order to design the relevant
processes simply for the user. At his current employer, SEW-EURODRIVE, he plays an
expert role involved in developing smart User Input solutions for mobile devices to
interact with the cyber-physical systems of SEW.

After graduating with a degree in electrical engineering in 1984 at the ETH in Zürich,
Roland Brüniger worked for several years as an electrical engineer in the industrial and
consulting sectors. At the same time, he completed a further study in technical
management sciences at the ETH. In 1990 he founded the engineering office R.
Brüniger AG. Since 1990, Roland Brüniger leads the research program "Electricity
Technologies" for the Swiss Federal Office of Energy. He is as well Chair of the Electric
Motor Systems Annex EMSA and the Power Electronic Conversion Technology Annex
PECTA, both parts of the IEA Technology Collaboration Program 4E (Efficient Energy
use Equipment).
Conrad U. Brunner is working since 1972 as energy efficiency consultant, based in
Zurich. He helped to launch the Swiss Agency for Efficient Energy Use (S.A.F.E.) in
1998 (www.energy-efficiency.ch), Topten in 2000 (www.topten.info), Topmotors in 2007
(www.topmotors.ch) and in 2008 the 4E Electric Motor Systems Annex (EMSA)
www.motorsystems.org. He is currently working for IEC Advisory Committee on Energy
Efficiency (ACEE) as convenor of Task Group 6 that deals with the CAISEMS project:
Coordination and Alignment of IEC and ISO Standards for Energy Efficient Electric
Motor Driven Systems. Until 2019, he has as senior advisor regularly contributed for
Impact Energy in Zurich (www.impact-energy.ch) in the role of researcher, industry and
policy advisor with a focus on energy efficiency in the industry, commerce and
agricultural sectors on projects in Switzerland, in China, India and in the EMSA
countries: Australia, Austria, Denmark, the Netherlands and the USA.
After completing her studies in international relations, Fatma Çil has studied
environmental policy and received her MSc degrees both from Ufuk University in Turkey
in 2008 and also University College Dublin in 2019 respectively. She is continuing her
PhD studies in Social Environmental Sciences at Ankara University. She has been
working at the Turkish Ministry of Industry and Technology since 2004 and specialized
in developing and conducting national/international projects on productivity related
issues such as cleaner production, sustainable development and energy efficiency. She
is also involved in building networks and cooperation between national and international
organizations for joint activities such as projects, seminars and/or conferences. She is
currently a team member in TEVMOT Project- “Promoting Energy Efficient Motors in
Small and Medium Sized Enterprises in Turkey”.
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Björn Deusinger was born in Germany in 1986. He received the Dipl.-Ing. (diploma)
degree from the Darmstadt University of Technology in 2013. Since 2013, he has been
working at the Institute of Electrical Energy Conversion, Darmstadt University of
Technology as researcher. His interests include the design, the simulation, and the
measurement of permanent magnet synchronous machines.

Björn
Deusinger

Martin
Doppelbauer

Martin Doppelbauer studied electrical engineering at the Technical University of
Dortmund and received his doctorate there in 1995 with a thesis on the analytical
calculation of universal motors. From 1995 to 2010, he worked in the electrical
engineering industry in Baden-Württemberg, most recently as head of electric motor
development at SEW Eurodrive GmbH in Bruchsal for many years. Since 2011 Martin
Doppelbauer holds the professorship for Hybrid and Electric Vehicles at the Karlsruhe
Institute of Technology (KIT) in Karlsruhe, Germany. There, he conducts research on
topics related to the electric drive train of passenger cars, pedelecs and commercial
vehicles. Since 1996 Martin Doppelbauer has also been active in the national and
international standardization of electrical machines. For many years he was the
chairman of the German Committee K311 for rotating electrical machines. He is also
convenor of the IEC TC2 WG31 working group for the standardization of efficiency
classes for industrial motors and chairman of IEC TC2 (Rotating Electric Machinery).

Claus
Händel

Claus Händel , Dipl.-Ing. University Stuttgart, worked over 30 years in the ventilation
and air-conditioning business with stations in AC-component and fan development,
performance-contracting and facility management. Since 2001 he is the Technical
Secretary of the Fachverband Gebäude Klima e.V. in Germany and since 2010 the
Technical Secretary of European Ventilation Industry Association (EVIA) in Brussels.
Claus Händel is involved in German and EU legislation on building technology, in CEN
and DIN Standardisation work and is Convenor of several working groups in the area of
ventilation.

Tero
Helpiö

Tero Helpiö has a Master of Science degree in electrical engineering from Tampere
(Finland) University of Applied Sciences in 1995. He has worked in ABB with electric
motors since 1996. Most of the time Tero has worked in Sales & Marketing and product
management in different roles. In 2000-2002 he worked in ABB Canada as a product
specialist of electric motors and in 2006-2010 as a Region Sales manager of South Asia
region in Malaysia. Currently he holds the position of the Global Product Manager of
Synchronous Reluctance motors (SynRM) and Food Safe stainless steel motors in ABB.
Tero is Finnish and currently based in Helsinki, Finland.

Michael
Ivanovich

As the senior director, global affairs for AMCA International, Michael is the point person
for AMCA energy efficiency initiatives involving codes, standards, and regulations. He is
active in regulations involving the U.S. Department of Energy and California Energy
Commission, and represents AMCA on ASHRAE 90.1 Mechanical Subcommittee. Prior
to joining AMCA in 2011, Ivanovich was the chief editor of HPAC Engineering and
Consulting-Specifying Engineer magazines, and was a senior research scientist in the
fields of indoor air quality, energy efficiency, and green buildings, holding positions at
Minnesota Department of Health, Camroden Associates, and Pacific Northwest National
Laboratory.
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Michael
Koenen

Konstantin
Kulterer

Geoff
Lockwood

Johann
Lodewyks

Michael Koenen is Manager of KSB SE & Co. KGaA. He is engaged in the field of
standardization and industry associations and represents KSB in national and
international technical committees. Much of Michael’s work involves promoting
collaboration between the pump industry and the motor and drive industry. Prior to
joining a leading pump manufacturer, Michael was Development Engineer at Siemens
where he specialized in the development of servo- and induction motors. Michael holds
a degree in electrical engineering with a specialization in motor and drive technology.

Konstantin Kulterer studied economics, environmental technology and management in
Vienna and worked as consultant for environmental management systems. For more
than 15 years he has been working for the Austrian Energy Agency in the field of energy
efficiency in companies, and is active in various national and international projects
related to optimization of electric motor systems. Examples are audit guidelines and
training activities in this field for national and international projects, as the Austrian
klimaaktiv energy efficient company programme, the 4E Electric Motor Systems Annex,
the motor challenge programme, or different UNIDO projects.
Geoff Lockwood has worked in the fan industry at ebm-papst for 32 years. During his
career he has supported the industry through active participation in trade associations
and standards committees. This has led to a dual role where he devolves time in
research and development in the UK with Public Affairs for the group company in
Europe. He is actively involved in British, European (CEN TC156 WG17) and
International standards committees (ISO TC117). For the last 10 years he has chaired
the Fan Working Group of the European Ventilation Industry Association (EVIA). This
working group has developed many position and guidance documents that have
established proactive engagement in many European Commission topics including the
re-drafting of the ecodesign regulation for fans.
Johann Lodewyks has completed his studies of Mechanical Engineering at RWTH
Aachen. He worked four years at the Institute of Hydraulics und Pneumatics Aachen
and finished 1994 his PhD in Mechanical Engineering. During his time as Technical
Manager at OHE Ebikon (1994 – 2000) he has built hydraulic drive systems for roller
coaster, motion simulators and heavy-duty applications in the steel industry. After this
he worked at the HSR Rapperswil as Professor of Mechatronics. In his responsibility as
Head of Mobile Hydraulics and Head of Training Centre's worldwide at BUCHER
HYDRAULICS, the world market leading companies of crane business has been BH
customers. High level hydraulic valve technology for safety applications was the main
product. Since 2011 he is working at the Hochschule Luzern T&A Horw as Professor of
Machine Technology and as well as Senior Scientist at the CCME at the IME Institute
Hochschule Luzern T&A Horw. Up to today he also is a Lecturer for Fluid Power
Engineering at the ETH Zurich, IWF Institute Prof. Konrad Wegener.
Simone Marchesi has completed Mechanical Engineering studies at the University Of
Applied Sciences West Switzerland - his native country. He worked 10 years as design
engineer and project managers in different domains and industries. He joined The
Federal Office of Energy early this year where he is responsible for many energy
efficiency programs aimed to reduce the electricity consumption in the industry,
especially related to electrical motor systems.

Simone
Marchesi
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Tim
Mathson

Daan
Moreels

Fernando
Nuño

Nagarkar
Padmanabh

Prosanto
Pal

Tim Mathson is a Principal Engineer with AMCA since July 2019, where he works in
laboratory services, and consults in our codes and standards and advocacy efforts.
Prior to joining AMCA, he designed and tested fans at Greenheck for 31 years. Tim
holds a bachelor’s degree in mechanical engineering from the University of Wisconsin
and is an active member of ASHRAE Technical Committee TC 5.1 – Fans and helps
represent the United States on ISO TC 117 – Fans. Mathson also participated in the
U.S. Department of Energy ASRAC Fan Working Group to help negotiate a federal fan
regulation, and chaired the AMCA 208 committee that created the new FEI fan energy
metric and rating standard currently being used by ASHRAE 90.1 and the International
Energy Conservation Code.
Daan Moreels (°1980 Belgium) is a Belgian technology entrepreneur. After obtaining his
engineering degree in 2004, he worked at various tech companies which resulted in an
extensive experience in solution selling for hi-tech products as well as engineering
services. Between 2013 and 2016, he cofounded Cloudalize, a cloud computing
scaleup which is best known for its innovations in GPU-powered virtual workstations.
Mid 2016, after 3,5 years, he made himself redundant to work on a new challenge;
Magnax. Magnax is a technology scaleup that develops and industrializes yokeless
axial flux motor technology for applications such as electric vehicles. In the startup,
Daan initially focused on product/market fit and market development (attracting the first
investors, the first customers, strategic partners, team members). Today his main focus
at Magnax is corporate development, product development and new business
development.
Fernando Nuño graduated as an energy engineer in Bilbao (Spain) and IFP School
(France). He worked in the development of combined heat and power plants at the
company Air Liquide. Then he joined the French Energy Regulatory Commission, where
he was in charge of electricity markets. Later he worked in the automotive sector at
Renault before joining the International Copper Association in 2007, where he has been
in charge of regulatory and technology aspects of copper intensive equipment such as
transformers, cables and motors.

Mr Padmanabh Nagarkar completed his bachelor's degree in engineering from College
of Engineering, Pune, India in 1978. For more than 40 years, he is associated with
compressed air industry. After his studies, he worked 10 years in the industry field- first
for Kirloskar group and then for Atlas Copco. In the last 30 years, he had his own
Consultancy Company, manufacturing receivers and coolers for various engineering
projects, as well as working with servicing and consulting extensively. He introduced the
concept of outsourcing the complete compressor house requirement of large plants with
providing compressors on long term lease. He undertakes regular compressed air
audits and has completed international projects in places like Myanmar, Israel, Nepal
and Bahrain. He has provided his expertise consulting on large value claims for
insurance companies. He has authored a book, ‘A Guide Book for Compressed Air
Energy Auditors’. His research paper on ‘Energy Saving in Compressed Air System was
selected for the International Conference held in Tokyo in October 2019.
Prosanto Pal is Associate Director in the Industrial Energy Efficiency Division at TERI.
He has over 20 years of work experience in industrial energy efficiency field. He has
been closely involved in project planning and delivery of several large multi-disciplinary
projects related to technology development, technology transfer, resource assessment,
strategy development and capacity building. He completed his Bachelor’s degree in
Technology from Indian Institute of Technology (Delhi) in Chemical Engineering; a
Master of Science at the University of Warwick (Coventry) in Manufacturing Systems
Engineering and a Master of Science in Process Engineering at the University of
Strathclyde (Glasgow).
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Robin
Phillips

Ronald
Piers de
Raveschoot

Peter
Radgen

Preston
Reine

Robin Phillips has worked as a project manager on aerospace projects since joining
Maxon thirteen years ago. As head of the SpaceLab he is in charge of Maxon's space
activities, including the current Mars rover projects. He graduated with a BSc in
mathematics and then added a PhD in astrophysics. Afterwards he worked as a
scientist in Hawaii at the James Clerk Maxwell Telescope, before moving on to project
management for a remotely operated astronomical instrument. The mechanisms in that
instrument required customized motors and gearboxes, which provides the link to
Maxon.
Ronald Piers de Raveschoot is a mechanical engineer with a MSc in Environmental
Management. After working in energy-related industries for seven years he moved to
the public sector, first in the Brussels Capital Region administration for environment and
energy, where he headed the energy sub-division, and then at the European
Commission. For some years, he has been working at the Joint Research Centre
(JRC), the Commission's science and knowledge service, where he was in charge of
providing scientific support to the several EU initiatives and projects in the field of
energy end environment. In 2017 he moved to DG ENER as Policy Officer dealing with
Ecodesign and Energy Labelling, mainly focusing on energy efficiency of products such
as electric motors and their applications (pumps, fans, …), as well as market
surveillance.
Peter Radgen is Professor for Energy Efficiency and Director at Institute for Energy
Economics and Rational Energy Use at the University of Stuttgart, Germany. He is
leading the Graduate and Research School Energy Efficiency Stuttgart (GREES) and
has a long record of accomplishment in energy efficiency with a focus on motor driven
systems and waste heat recovery. In 2001 he authored the book “Compressed Air
Systems in the European Union”. He has lead awareness raising campaign for
compressed air in Germany and Switzerland. Together with his team at the university,
he is supporting industrial customers to analyze and improve their compressed air
systems. He is author of many publications on energy efficiency in Industry. He is the
organizer of the 12th EEMODs conference in 2021 in Stuttgart, Germany, in
Cooperation with DG JRC.
Preston Reine is a group manager in the Industrial Technology team at Omdia. His
areas of expertise include manufacturing technology, such as industrial automation
equipment, building technologies, and wireless power and power supply. Since 2012,
he has contributed to the broadening of IHS Markit’s coverage into energy efficiency,
smart manufacturing, Industrial Internet of Things, and impending transformative
technologies. Additionally, he engages with other IHS Markit groups in order to bring a
deeper understanding of the crucial trends occurring in a wide array of verticals that
shape the global environment. Mr. Reine has done extensive research on motor-driven
systems and related factory automation equipment, and is highly skilled in advanced
research methods, statistical interpretation, and public speaking. While conducting his
research he has been successful in forming several new working relationships with
major suppliers and trade associations in these new areas of study for IHS Markit. He
holds a BBS in Finance from Saint Edward's University, United States, and he currently
works in the Austin, Texas office.
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Hartmutt
Schneeweiss

Gürsu
Sezen Torun

Rolf
Tieben

Hartmut Schneeweiss has a diploma in electrical engineering from the Karlsruhe
Institute of Technology (KIT). The main areas of study were power electronics and
electric machines. He then worked at ebm-papst in various engineering and
management positions for more than 15 years. During this time, he learned a lot about
the special requirements and conditions of the automotive market. After more than four
years at Ziehl-Abegg as head of electric motor development, he started in 2012 as the
chief engineer responsible for electrical drive train solutions at Continental. He got there
a very good overview of the global market trends in electrification and hybridization. He
was also temporarily responsible for the location and the test centre in Berlin. In mid2018, he switched to hofer powertrain berlin GmbH as a managing director. There he
was responsible for the system technology of the complete drive train for BEV and
hybrid vehicles. Since 2020 he has been the senior manager for technology and
innovation in the joint venture between Evergrande and hofer powertrain.
Gürsu Sezen Torun has completed her BS degree in Philosophy and Sociology at the
Middle East Technical University in 2006. She is doing a PhD in the field of “Industrial
Sociology”. Gürsu Sezen Torun has been working at the Turkish Ministry of Industry
and Technology (MoIT) since 2007. Her main expertise areas are cleaner production,
energy efficiency in industry, labour mobility and qualitative research methods. Gürsu
Sezen Torun has participated in the development and implementation of many nationwide projects and programs in Turkey. Currently she is the coordinator of “Promoting
Energy Efficient Motors in Small and Medium Sized Enterprises in Turkey ProjectTEVMOT”.
In 2010 Rolf Tieben has received his diploma as a Mechatronic Engineer. In 2012 he
joined S.A.F.E., the Swiss Agency for Efficient Energy Use, focusing on electric energy
efficiency in industry. In 2014 Rolf Tieben was co-founder of Impact Energy, of which he
is a member of the board. Impact Energy is an independent consultancy, concentrating
its field of work on energy efficiency in the industry, commercial and agricultural sectors
in Switzerland, but also engaging in projects worldwide. Since 2018, he has also
headed the financial incentive programme "TopVFD", which promotes the retrofitting of
VFD for electric motor driven systems (>7.5 kW) that have not been controlled so far.
Hirooki Tokoi received his M.Sc. degree in electrical engineering from Tokyo University
of science of Japan in 2005. He joined Hitachi Research Laboratory, Hitachi, Ltd in
2005. He has been engaged in research for permanent magnet motors for industrial
and home appliances. He received his Ph.D. degree from Tohoku University of Japan in
2014.

Hirooki
Tokoi
Maarten van Werkhoven works as director of TPA advisors, an energy and policy
research firm based in the Netherlands. Focus is on energy efficiency and energy
transition in industry and commerce. He holds degrees in mechanical engineering and
business management. Maarten works together with Rita Werle as Operating Agent of
the IEA TCP 4E Electric Motor Systems Annex EMSA. He is involved in several Dutch
and international projects related to electric motors and systems efficiency.

Maarten
van Werkhoven,

13

Motor Summit 2020 International

Andrea
Vezzini

Marco
Villani,

Prof. Andrea Vezzini received 1996 a PhD in Electrical Engineering from ETH Zürich,
Switzerland and successfully completed in 2002 the program for Mastering Technology
Enterprises (MTE) at IMD Lausanne. He is Professor for Industrial Power Electronics at
Bern University of Applied Sciences since 1996 and was visiting Professor at GM
Advanced Technology Centre in 2003 and Distinguished Visiting Scientist at CSIRO
Australia (Commonwealth Science and Industrial Research Organization) in 2007.
Currently Prof. Dr. Andrea Vezzini holds the position of Head of the BFH-CSEM Energy
Storage Research Center and Deputy Head of the Swiss Competence Center for
Energy Research (SCCER) Mobility. Since Beginning of 2015 he is member of the
Federal Energy Research Commission (CORE).Since 2017 he is a member of the 4E
Electric Motor Systems Annex for Switzerland.
Marco Villani received the M.S. degree in electrical engineering from the University of
L’Aquila, Italy, in 1985. He is currently professor of Electrical Machines Design at the
University of L'Aquila and he is responsible of several national and European research
projects. His research interests are focused on modeling and design of electrical
machines, high efficiency induction motors, optimization techniques, design of PM
synchronous motors and Reluctance motors for industrial, automotive and aerospace
applications. He is author of more than 160 technical papers in scientific journals and
conference proceedings
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Summaries Day 1
18 November 2020

We would like to point out, that all slides and presentations will be
available in the login area of www.motorsummit.ch
All videos will be public from april 2021 on our YouTube channel.
Enjoy the Motor Summit 2020 International.
Your Motor Summit Team
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Swiss policy on electric motor systems
Marchesi Simone, Energy efficiency specialist
Swiss Federal Office of Energy (SFOE)
Pulverstrasse 13, 3063 Ittigen (Switzerland
simone.marchesi@bfe.admin.ch

Energy Strategy 2050
In May 2017, Swiss voters approved the Energy Strategy 2050. This strategy is based on energy efficiency, renewable energies and the phasing out of nuclear energy. In the meantime, the Federal
Council has formulated a net zero target in climate policy: by 2050, Switzerland should not emit more
CO2 than what can be stored at the same time. Parliament is drafting a new CO2 law that will formulate the goals and measures for 2030.
Future energy production in Switzerland must be able to base on renewable energies. At the same
time, energy consumption must be reduced. This also applies to the particularly valuable energy form
of electricity. In 2019, 30% of the own produced electricity in Switzerland came from nuclear power
plants [1]. This is still a high production rate that ensures the base load of many regions in our country.
It is necessary to reduce the general consumption in the three main fields (services, industry and
households) that are responsible of the 90% of the total electricity use. Thanks to different measures
adopted in Switzerland and thanks for sure at the new technologies and developments that are energy
efficiency oriented, we are reaching our objectives. Since 2010, the total electricity consumption in
Switzerland has been reduced of about 4.3%. It is a good result since the trend seems to be the opposite, because electrification is on the rise - just think of electric cars and heat pumps.

Electric motor systems
In the three main fields, the amount of electricity consumption attributable to electric motor systems is
about 40% of the total Swiss electricity consumption. The motors systems mainly responsible are:


Pumps

20%



Compressors (cooling)

32%



Compressors (compressed air)

6%



Rotating machines

16%



Fans and other systems

26%
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Regulation; Voluntary measures
Thanks to minimum energy performance standard (MEPS), the electricity consumption can be reduced by up to 50% in a motor system. Generally, the highest savings come from a better regulation
of the system and the use of variable frequency converter in application where a variable load is applied. Standards and norms cannot be applied at the dimensioning of the system that in a majority of
the cases are oversized. SwissEnergy is a program of the SFOE aimed to the awareness raising and
the spread of the energy efficiency philosophy. SwissEnergy provides, in collaboration with many
partners, different offers of continuing education, information and consulting. All those offers are financially supported by the SFOE in a part that can reach up to 60% of the total costs. Thanks to those
voluntary measures, the awareness of the engineers and end users, motor systems efficiency can be
further improved.

Competitive tenders
ProKilowatt reduces electricity consumption by companies in the industry and services sectors, as well
as by private households, through the financial support of measures to increase its efficient use. It
supports projects and programs that meet the specified requirements and save as much electricity as
possible per provided Swiss franc. The source of the funding is an electricity network surcharge which
accumulates up to 50 million Swiss francs per annum.
Efficiency measures may be supported in the form of projects or programs.

Table 1: ProKilowatt Project and Programme support, www.bfe.admin.ch, 2020

References
[1]
[2]

Swiss electricity statistics 2019, Swiss Federal Office of Energy, June 2020
Analysis of the Swiss Energy Consumption 2000 – 2018 by Type of Use, Swiss Federal Office
of Energy, Bern, October 2019
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The EU's ecodesign policies for Motors and motor driven products:
2020 update
Ronald Piers de Raveschoot
Policy Officer - Energy Efficiency – buildings and products
European Commission - DG Energy, 1049 Brussels (Belgium)
ronald.piers-de-raveschoot@ec.europa.eu

Summary
1. Policy developments
Since we met in 2018, the EU has significantly raised its ambition in terms of climate change. On the 11
Dec 2019 the European Commission adopted the «European Green Deal»¹ , endorsed by the EU
Parliament on 15 Jan 2020. The green deal sets out how to make Europe the first climate-neutral
continent by 2050, boosting the economy, improving people's health and quality of life, caring for nature,
and leaving no one behind. The green deal recalls the importance of energy efficiency for the further
decarbonisation of the energy system.
In the context of the Green Deal, the Commission adopted its new Circular Economy Action Plan² . It
announces initiatives along the entire life cycle of products, targeting for example their design, promoting
circular economy processes, fostering sustainable consumption, and aiming to ensure that the
resources used are kept in the EU economy for as long as possible. One of the key elements of the plan
is the sustainable product policy initiative. The core of this initiative will be to widen the Ecodesign
Directive beyond energy-related products so as to make the Ecodesign framework applicable to the
broadest possible range of products and make it deliver on circularity. A first step has been concluded
last week with the public Feedback, which was open during nine weeks³ . The swiftly adoption and
implementation a new Ecodesign and Energy Labelling Working Plan 2020-2024 for individual product
groups is also part of the plan.
More recently, on 17 Sept 2020, the Commission its Communication on the 2030 Climate target plan4.
The plan establishes an EU-wide, economy-wide GHG emissions reduction target by 2030 of at least
55% compared to 1990. This corresponds to a reduction of about 36% of final the energy consumption
and about 40% for primary energy consumption (compared to the previous 32,5% target). The plan
states between other things, that the EU product efficiency actions will need to be intensified.
In the same period, the EU Court of Auditors conducted an audit on the EU action on Ecodesign and
Energy Labelling. The audit report5 acknowledges an important contribution to greater energy efficiency,
but highlights that this contribution is reduced by significant delays in the regulatory process and by noncompliance by manufacturers and retailers.

2. The new Regulation on Electric motors and Variable speed drives
An important achievement in this period is the adoption of the 2019 Ecodesign and energy labelling
package with 17 new/revised measures for 11 products, including the new (EU) 2019/1781 Regulation
on Electric motors and Variable speed drives, published 20.10.2019 and which will enter into application
on 01.07.20216 The following table illustrates the main changes compared to the current regulation:
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Scope

2017

2018…2020

2021

2022

2023

AC induction motors <= 1000 V
0.75-375 kW

3 phase, 2/4/6 poles

0,75-1000 kW

0.12-0.75 kW

3 phase, 2->8 poles
2/4/6 poles, excl. ATEX, nonintegr. brake and Ex eb
3 phase 2->8 poles

>= 0.12 kW
0.12-1000 kW

1 phase
Incr. safety Ex eb 2->8 poles

75-200 kW

IE2+VSD/IE3
IE3
IE4
IE2

IE2
IE2

ATEX and non-integr. brake motors

No more exempt

Variable speed drives
0.12-1000 kW

IE2

3-phase

Color legend :
Current requirements 640/2009

Requirements new regulation

It introduces a worldwide ‘première’, i.e. the IE4 requirements for motors between 75 and 200 kW from
01.07.2023, as well as other innovative features:
•
•
•
•

Information requirements for both motors and drives, including efficiency at additional load
points to enable extended product approach
7 years exemption for motors that substitute identical motors integrated in products (spare parts)
and other reasoned exemptions
Special measures facilitating enforcement for large motors
Anti-circumvention provisions (similar to other new/revised regulations)

The estimated benefits by 2030 amount to 10 TWh/a final energy and greenhouse gas (GHG) emission
savings of 3,2 MtCO2eq./a. Extra savings on annual end-user expenditure amount to EUR 1,3 billion
and extra business revenue to EUR 0,3 billion per year.
An ‘omnibus amendment7 has been voted by the Ecodesign regulatory Committee on 10 Nov 2020,
which concerns 7 ecodesign measures adopted in 2019, including electric motors, and which corrects
mistakes and provides clarifications, e.g. concerning 60 Hz and 50/60 Hz motors.

Circulators

Overview of regulatory developments per product group
Regulation #
Status (as of 01 Nov 2020)
Impact Assessment ongoing
641/2009 (review)

Pumps

547/2012 (review)

Impact Assessment ongoing

Fans
Air compressors

327/2011 (review)
-

Interservice Consultation foreseen Q1 2021
Impact Assessment Complete

Product group

Refrences
Commission Communication: The European Green Deal, COM(2019) 640 final, Brussels, 11.12.2019
https://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf
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4

5

https://www.eca.europa.eu/en/Pages/DocItem.aspx?did=52828
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Feedback on the draft was open between 06 Oct 2020 - 03 Nov 2020 https://ec.europa.eu/info/law/betterregulation/have-your-say/initiatives/12471-Energy-efficiency-updated-EU-rules-on-ecodesign-and-energy-labelling
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Promoting Energy Efficient Motors in Small and Medium Sized
Enterprises in Turkey (TEVMOT Project): Ankara Sincan OIZ Case
Gürsu Sezen Torun, Industry and Technology Expert (sezen.torun@sanayi.gov.tr)
Fatma Çil, Industry and Technology Expert (fatma.cil@sanayi.gov.tr)

Aim of the paper and brief information on TEVMOT Project
This study aims at evaluating the motor replacement practice at three SME(s) in three basic stages;
before, on-site and after application, including the establishment of a financial mechanism and
awareness-raising activities and particularly focuses on audits to identify the selection of motors to be
replaced and also gives brief information on the next steps to be followed.
This case study is the demo practice of GEF funded TEVMOT Project (2017-2022) which is executed
by Turkish Ministry of Industry and Technology in cooperation with UNDP Turkey Office. TEVMOT
project aims to promote significant additional investment in industrial energy efficiency in Turkey by
transforming the market for energy efficient motors used in SMEs. The project was needed as it was
revealed by the Inventory Analysis Report (2018) that there was an annual potential of 34 billion kWh
electricity savings if the total of 3,783,694 AC motors with a power rating of 7.5 kW and above currently
used in manufacturing industry are replaced.
The project’s fourth component namely “development of financial mechanism” is the most significant of
its five components, as it is the key which paves the way for motor replacement and market
transformation. Other components are related to strengthening of regulatory framework, development
of management and information structure, test capacity improvement of Turkish Standards Institute
(TSI) and awareness raising activities. Financial support mechanism has been established in
cooperation with KOSGEB (Small and Medium Enterprises Development Organization of Turkey). The
upper limit of the grant is 10,000 $ with a 75% financial support for domestic motors and 60% for
imported motors. SMEs in seven selected pilot Organized Industrial Zones (OIZ) which complete their
electric motor audits and apply to KOSGEB within the context of TEVMOT Project will benefit from the
grant.

The Application Plan for Pilot Motor Replacement
The application phase has started at three SMEs in Sincan OIZ initially, which will constitute a model
for the other six OIZs. Seminars have been organized in seven OIZs for introducing the project overall,
the finance mechanism and the benefits of motor replacement. Letters of intent were collected and
100 SMEs were selected as a result. Approximately 400 electric motors have been estimated to be
replaced and about 6.8 million kWh/year energy savings and 428,400 $/year energy cost savings to be
achieved.
The demonstration of the whole stages for audits and motor replacement supported by KOSGEB grant
is significant, as this will provide an opportunity both for solving any problems that may arise during the
implementation and creating a success story for the other six OIZs in order to motivate them for motor
replacement. Currently, audits at three SMEs in Sincan OIZ have been completed and technical and
financial results have been shared with them not only by an audit report but also through a meeting.
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Stages of the Audit Process
The audits conducted at three SMEs followed a four-step systematic process. First; getting into contact
with SMEs and conducting an initial site visit. Second; conducting a walk-though audit. Third; conducting
a detailed audit of the selected motor systems and fourth; final report preparation. In addition to these
four basic steps, the experience showed that conducting a meeting where the technical and financial
results were shared were significant as the SME owner/manager had the opportunity to have an easy
understanding of the energy saving opportunities in a short time which will create a potential to prevent
market failure and guide them to decide for motor replacement. Although KOSGEB’s financial support
mechanism has been developed only for replacement of motors, the audits included energy saving
opportunities not only for motors but also motor systems. Factors of energy consumption of motors such
as motor power, motor age, efficiency class, annual operating hours, load ratio, rewiring and of motor
systems such as; variable speed drives and coupling have been assessed and explained together with
the required investment amounts. SMEs have been informed on two significant issues:
•
•

As all the components of the motor system affect system efficiency with a multiplying effect,
improvement of the whole system will provide higher efficiency.
The nominal speed of an efficient motor is higher compared to an inefficient but same power
motor. Therefore, the amount of output of the driven application (e.g. a pump or fan) will be
higher. It is significant to adapt the higher speed of the motor by changing the transmission or
the VFD settings to the previous output parameters of the application (e.g. flow, pressure).

Brief Information on Financial and Technical Results of Three SMEs
SME1, a producer of porcelain insulators, has eight energy saving opportunities for eight motors and
has the potential of saving 57,700 kWh/year. Seven motors have been recommended to increase from
IE1 to IE3 and motor power of three motors has been reduced from 45 kW to 22 kW. The remaining
motor power has been recommended to be reduced from 30 kW to 15 kW, but efficiency class was
recommended to be increased from IE1 to IE4. SME2, a pipeline engineering company manufacturing
stainless steel and carbon steel etc., has nine motors to be replaced and has the potential of saving
38,431 kWh/year. Six of them do not need any change in their powers. However, efficiency classes are
recommended to be increased to IE3. The motor power of the remaining three motors has been
suggested to be reduced but efficiency classes are recommended to be increased to IE3. SME3, a
defence aviation metal mold industry company, has eleven motors recommended to be replaced, with
an annual energy saving potential of 18,866 kWh. Nine of them do not need any change related to their
power, but efficiency classes are recommended to be increased to IE3. Two of the motors are
recommended to reduce their output power and increase efficiency classes to IE3. Consequently, a total
of 28 motor replacements can provide 114,997 kWh/year energy savings and if the whole motor system
is upgraded, annual energy savings will almost be tripled: 293,240 kWh/year. In addition to these
calculations, payback periods for motors and motor systems with and without KOSGEB grant and annual
energy cost savings have also been estimated and shared with the three SMEs.

Next Steps and Overcoming Difficulties and Risks for Achieving Sustainability
The next step to be followed by SMEs after audits have been completed is the purchasing of efficient
motors and application to KOSGEB grants. OIZ energy management staff has been expected to ease
the process of application by collecting the required documents. OIZ energy management staff is also
expected to monitor the actual energy savings after the efficient motors are installed.
These steps will be repeated in seven OIZs and the results received from these replacements have
been expected to create success stories. These success stories will be used in dissemination and
awareness raising activities to promote energy efficient motor replacements in other OIZs as well.
Establishing additional finance mechanisms will also continue for achieving sustainability.
The most significant lesson learned from this Project is the importance of constant communication with
the SMEs. Informing them about the benefits and the investments required and submitting the related
information through a meeting in addition to an audit report with an uncomplicated method is essential.
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Efficient Motor Technology with Low Loss Soft Magnetic Material
Hirooki Tokoi, Senior Researcher
Hitachi, Ltd. Research & Development Group
1-1, Omika-cho 7-chome, Hitachi-shi, Ibaraki-ken, 319-1292 Japan
hirooki.tokoi.fe@hitachi.com

Introduction
Our research group has been promoting research on high efficiency motors that apply low loss soft
magnetic material. We developed 11 kW industrial motor using amorphous magnetic metal as a stator
core of axial gap type motor in 2014. The motor efficiency was 96.2% achieving IE5. The motor has
been already mass-produced as oil free scroll air compressor. In this report, we introduce the technology for higher efficiency and the technology for expanding the application. The former is an axial gap
type motor similar to above-mentioned amorphous motor. However, we adopted the high-Bs nanocrystal core instead of amorphous magnetic metal. In addition, we have reduced the loss peculiar to
the axial gap type motor. The latter is radial gap type amorphous motor. This motor is expected to be
applied to applications that required operation in higher rotation speed and harsher environment.

Ultimate-high-efficiency motor by utilizing high-Bs nanocrystalline alloy
Motor loss occurs in core, coil, magnet structural components and so on. In conventional amorphous
motors, the copper loss and housing loss are dominant. In case of axial gap type motor, eddy current
is caused at housing by leakage flux from coils and magnets.
Therefore, we reduced copper loss by increasing magnetic flux and reduction of coil resistance by
combination of high-Bs nanocrystal and high-Br magnet. Nanocrystal has both high Bs (1.8T >>
Amorphous metal) and low loss (< Amorphous metal). And, we reduced housing loss by combination
of ceramic housing and high thermal conductive resin. Ceramic has very high resistivity but low thermal conductivity. High thermal conductive resin improves the heat dissipation. Based on the design,
we created a 11 kW prototype motor as shown in figure 1. And, it was confirmed that the prototype
can achieve a motor efficiency of 98.3% at 3,000 min-1 and 11 kW rated driving as shown in figure 2.
Moreover, in the temperature rise test, it was demonstrated that class B type (130 ℃) could be
achieved.
Disk rotors

High Br bond magnet

Mold stator
High thermal
conductivity
resin

Axial gap type motor

High-Bs nanocrystal

Ceramic housing

Figure 1: Axial gap type motor structure using high-Bs nanocrystal, EEMODS, 2019
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Figure 2: Comparison of motor efficiency, EEMODS, 2019

Radial gap type amorphous motor
The biggest challenge in using amorphous metal for motors is the processing of motor core. Therefore,
we proposed a structure that uses amorphous metal for only the teeth of a radial gap type motor as
shown in figure 3. This makes it possible to make a core without processing the amorphous into a
complicated shape. Since iron loss concentrated on teeth, a sufficient loss reduction effect can be
obtained. By prototyping a 11 kW motor for industrial use with the proposed structure, a high efficiency
of IE5 class was achieved. Since radial gap motors are the most widely used motors, the proposed
motor is expected to lead to expand application of amorphous motors.
Stator with split core

Cylindrical rotors

Teeth core
(Amorphous metal)

High Br bond magnet

Core back
(Electrical steel sheet)

Figure 3: Radial gap type amorphous motor, EEMODS, 2019
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Figure 4: Motor efficiency of radial gap type amorphous motor, EEMODS, 2019
Some of these developments are granted by the New Energy and Industrial Technology Development
Organization (NEDO) through the “Funding program for development of realization technology for
replacement and reduction of rare-earth metal”.
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Wide Band Gap Technology:
Efficiency potential and application readiness map
Roland Brueniger, Chair of the Power Conversion Technology Annex PECTA
Swiss Federal Office of Energy
3003 Bern
roland.brueniger@brueniger.swiss

Introduction
The Technology Collaboration Program on Energy Efficient End-Use Equipment (4E TCP) has been
supporting governments to co-ordinate effective energy efficiency policies since 2008. Fourteen countries and one region have joined together under the 4E TCP platform. Power electronic devices incorporating Wide Band Gap (WBG) technologies are maturing rapidly and offer enormous opportunities
for improved energy efficiency. PECTA, an Annex of the TCP 4E, assesses the efficiency benefit of
utilizing the emerging WBG technology, keeps participating countries informed and engages with research, government and industry stakeholders worldwide to lay the base for suitable policies.

Wide Band Gap Technology and its Saving Potential
Semiconductors incorporating Wide Band Gap technology (WBG) allow higher blocking voltages, faster switching speeds and increased operating temperatures, which enable smaller and lighter systems
by a reduction of the size of active and passive components and cooling equipment. WBG integrated
power electronic systems are maturing rapidly, making possible higher living standards and sophisticated industrial activities, offering opportunities for improved energy efficiency, as well as enabling the
reduction of GHG emissions. WBG power devices have the potential to provide a paradigm shift in
performance and energy efficiency over the well established and mature Silicon based power devices.
Silicon carbide (SiC) and gallium nitride (GaN) are the most mature WBG materials so far.
PECTA examined the energy use of power electronic circuits in selected applications. The potential
energy savings in those WBG-based applications was estimated and presented in Fig. 1.

Fig 1: Energy savings in different appliances with WBG-based, PECTA 2020

25

Motor Summit 2020 International

Policy options and Application Readiness Map ARMs
PECTA links different sectors, i.e. the research and development community and the respective industry. By targeting the interfaces between R&D, industry, and potential customers with specific policy
measures, the market penetration of energy-efficient WBG technology is supported.
PECTA therefore discusses policy options (e.g., regulatory, voluntary, information based) for promoting energy efficiency through application of WBG technologies. These results are at the moment only
in a preliminary status. Nevertheless, these first results describe these measures in relation to an application readiness map (ARMs), which assesses the technology readiness of different WBG devices
in a short and long-term period. These ARMs are based on the ECPE Roadmap and show the short,
mid and long-term development of the market of different devices and applications.

Fig. 2: Application Readiness Arm, example for ICT, large drives and Industry, PECTA 2020

Future activities
The elaborated results (i.e. saving potential, applications readiness map, first draft path for policy
measures, summarizing observations) are a first step and the corresponding work will be continued by
the PECTA members Switzerland, Austria, Sweden and Denmark in the coming future.
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2020 (https://pecta.iea-4e.org/news/pecta-phase-1-report)
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5 challenges that an electric motor has to overcome on Mars
Robin Phillips, Head of SpaceLab at maxon
maxon Group
Brünigstrasse 220, 6072 Sachseln (Switzerland)
robin.phillips@maxongroup.com

Outer space is unforgiving. This is why precision drives embarking on a trip to other planets need to
meet extremely high quality standards. Every Mars drive from maxon is based on a catalog product
and is modified for the specific mission. That’s because the DC motors, gearheads, and encoders face
brutal conditions during liftoff, the long journey through space, and the mission on the Red Planet.
Robin Phillips, Head of SpaceLab, explains the properties a drive needs to have to qualify for a journey to Mars.

Vibration and shock
The first challenge is to survive the rocket launch. This means that the motor must be resistant to
shock and vibration. The vibration is not as strong as people might think: A little more than on a passenger plane, but not much more, and only for a few minutes. Shocks, on the other hand, are something that we need to deal with on a regular basis when working with standard products. These occur
mainly during staging, which is when the first stage separates from the rest of the rocket. The resulting
forces would destroy normal motors because the rotor would become separated from the stator.
That’s why we need to reinforce our drives, for example by encapsulating the rotor and using special
welds, special retaining rings, and optimized materials.
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Vacuum and radiation
The trip to Mars takes about six months. During this time, the drives need to survive the vacuum and
radiation. The most damaging radiation doesn’t come from the Sun, but from high-energy particles
from outside the solar system, which can damage the electronics. That’s why we need specially hardened electronics for the Hall sensors on the motors. To be extra safe, we’re installing them in pairs for
redundancy. In a vacuum, the durability of components is important. You can’t use a glue that undergoes changes in its chemical properties and loses its adhesiveness after a few days in a vacuum.

Weight reduction
Rockets can carry only a limited mass to other planets. To be as light as possible, we also resort to
unusual shapes and use thinner housings, or titanium instead of steel. We also often use the smallest
possible drive sizes, because we know that the operating time required is usually shorter than for industrial applications. Higher wear is therefore acceptable.

Atmosphere of Mars
After arriving, the motor must work flawlessly for the entire duration of the mission: Due to the thin
atmosphere, the lubricants need to be resistant to outgassing and need to retain their properties. Especially for brushed DC motors, it is also necessary to use
the right brush mixture. No patina forms on Mars, which is why we developed special brushes impregnated with a lubricant (silver graphite with 15% MoS2). That’s one of the most important modifications,
because regular brushed motors fail after only a few hours in a vacuum.

Quality tests
While drives used on Earth are also tested, there are limits to those tests due to financial considerations. This is different with a Mars mission, where any kind of risk is unacceptable. Here it pays to test
every single component. We also test every assembly, and the tests are comprehensively documented. This is how we prove to our customer that the motor is exactly as we promised. The models used
on mission must be identical to the units that were qualified, because these were exposed to the same
strains in tests as in real life. They were put on a shaker, exposed to temperature cycles, and subjected to durability tests. If the drives pass all these tests, then we can be confident that the design is
good. The only remaining step is to build all the other drives in the exact same way—hence all the
documentation. The process takes a lot of effort, but it’s worth it: The history of space missions shows
that anything that’s overlooked will cause problems—and outer space is unforgiving.
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The effect of the Industrial Internet of Things on motor-driven systems
Preston Reine, Senior Research Manager
Omdia
3301 Northland Dr #400, Austin, TX, USA 78731
Preston.reine@omdia.com | Preine228@gmail.com (personal)
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Worldwide sales of low-voltage motors and drives is estimated to have exceeded 65.7 million units in
2019, which represents a total growth of roughly 3% from 2018 sales volume. This growth was largely
driven by a continued rebound in investor confidence after prior years of political turmoil and sinking
commodity prices. Of course, COVID-19 has completely upended the once-rosy outlook for further
growth in 2020. Before the coronavirus disrupted the market, Omdia had also reported an increasing
adoption of drives, also referred to as variable frequency drives (VFDs), within key growth applications
such as pumps, fans, and compressors, which account for more than 75% of motor-driven system
applications (Figure 1). These three key motor-driven systems are a main focus point because end
users have increased their awareness of energy efficient solutions. Omdia has been tracking the expected utilization rates as a result of coronavirus concerns [1], and the result is similar to that of the
implementation of Industrial
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lean manufacturing, to name a Figure 1: Low-voltage motor shipments by application
few examples.
Pumps, fans, and compressors are a big focus on energy efficiency and IIoT initiatives
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The low-voltage motor and drive markets
As a result of tariffs, a strong rebounding market, and a general push for more efficient motors, sales
prices of the product increased. Conversely, low-voltage drive prices continued to decline as a result
of increased demand, but for equipment with a more simple design. The takeaway here is that the
market is slowly becoming more and more commoditized, especially as the motors entering the factory
floors are more alike in terms of energy efficiency. As of July 2021 in the European Union (EU), the
IE3 minimum efficiency performance standards will no longer include an exception for IE2 motors with
use of a VFD. End equipment and most motor suppliers are prepared for this transition, and customers are already beginning to shift their buying behavior. This is true even in countries not directly affected by the legislation such as Turkey, albeit at a slower rate. In 2023 it is planned for IE4 motors to
be required in the EU, further exacerbating the growth rate of these high-efficiency motors. The figure
below shows expected growth rates in the near future, but the rate of IE4 motor growth is expected to
quadruple from 2023 until 2028. This further cements the notion that energy efficiency improvements
occur most rapidly when there is government pressure.

While IIoT has also been a huge focal
point of the discussion on future technological development of motor-driven
systems, energy efficiency, commodity
prices, and product designs, have
been leading factors in the purchasing
decisions by clients. In previous studies by Omdia, the feedback received
was that IIoT adoption is very slow,
and that has not changed in 2020. In
fact, only about 5% of motors currently
installed are enabled for connectivity
via sensors, and about 10% of these
are actually properly utilized with any
regularity or efficacy.

EFFICIENCY CLASS TRANSITIONS (UNITS)

Global Low Voltage Motors - Efficiency Class Transition: 2016 to 2022

IE4
<1%

DC
<1%

Others
8%

IE3
18%

IE4
2%

IE1
40%

DC
<1%

Others
7%

IE3
26%

IE1
25%

IE2
33%

IE2
39%

2016 Market Size (Units)
40.4 Million

2022 Market Size (Units)
48.1 Million

Average Annual Unit Growth ≈ 2.9%

Figure 2: Efficiency Class Transitions

For the VFD market, awareness of IIoT has given more things to consider from a business model
standpoint. During the economic slowdown from 2014-16, many suppliers were paying less attention
to growing market share and more attention on profitability through leaner manufacturing processes
and increased service offerings. The determining factors for whether a customer opts for a more efficient motor or a less expensive motor with a VFD largely depends on customer and application at this
point. In variable speed applications, VFDs have the potential to save massive amounts of energy. As
energy costs increase, the economic benefit from installing a VFD will continue increasing exponentially. The greatest return on investment with regards to drives is mostly seen in pump, fan, and compressor applications, which are forecast to outperform the market average for drive applications over
the next five years. Drives have come a long way: they can now be controlled by mobile devices; can
identify problems; and can work more efficiently at various speeds and loads. In addition, they are
much easier to purchase and install. Omdia has been tracking the penetration of connectivity, specifically related to drives. Corroborating the belief that connected devices are on the rise, an Omdia survey found that 73% of VSDs sold in 2019 were network-enabled, as opposed to 68% in 2018. IHS
Markit predicts that this figure will expand to 76% by 2021.
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Energy and other Effects of Digitalization in Electric Motor Driven
Systems
Konstantin Kulterer, Senior Expert Commerce & Industry
Austrian Energy Agency
Mariahilfer Straße 136
1150 Wien
konstantin.kulterer@energyagency.at

Background
Digitalization brings ‘smart’ applications to all kinds of industrial energy systems, of which electric motor driven systems take the largest part of the industrial electricity use. Electric motor driven systems
(EMDS) are currently responsible for some 53% of global electricity consumption (IEA 2017), and
approximately 70% of the industrial electricity use.
An optimal motor system includes optimal aligned system components (motor control, motor, mechanical equipment and application) engineered and operated for the right process demands in a specific
timeframe. The application of digital technologies to electric motor driven systems can enlarge the
scope and accessibility of optimization, leading to efficiencies in operations (operational cost, flexibility, procurement, footprint), energy, materials (circularity) and emissions.
The IEA Technology Cooperation Programme 4E EMSA (Electric Motor Systems Annex) works on the
assessment of specific developments in the field of industrial digitalization. The target is to identify the
relevant different technology fields (areas), its potential impact on energy use and efficiency and the
potential need for policy measures.

Categorization of key technologies
EMSA categorizes the key technologies in this field, describes the potential effects on energy use and
further benefits (NEBs), and will report on some key examples for application in motor driven systems.
EMSA (Task 3) is currently analyzing the following technologies:

Figure 1: Technologies associated with Energy Efficiency, Digitalization and Motor Systems
analyzed within EMSA Task 3
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EMSA Survey on digitalization in industrial motor systems
EMSA conducted a survey on the different kind of digital technologies for motor driven systems in use
and their positive or negative effect on energy use. The survey closed on 20th of October 2020. This
survey included questions on enablers, advantages, barriers, and added costs of these technologies
for specific projects, and on drivers and barriers for digitalization in general. 68 respondents answered
the survey.
From the technologies mentioned more than half of the companies use smart sensors, advanced control and continuous state monitoring. Furthermore, data analytics on production lines and cloud based
services are adopted by more than 40% of the companies. In connection with motor driven systems,
the percentage is lower (by around 7-10%).
This graph shows that, while a quarter of companies assesses the savings associated with the use of
digital solutions to be between 6 and 10%, half of the respondents estimate the increase of energy
efficiency to be even higher: at between 11 and 40%.

Figure 2: Estimation of increase of energy efficiency electric motor systems by using digital
solutions (EMSA Survey)
With respect to specific examples of motor driven systems where digital technologies are already
used, especially, controls, motors, pumps and fans were mentioned. For these applications, smart
sensors and smart control are particularly relevant according to the interviewees. Furthermore, IoT,
condition monitoring and data analytics are relevant.
As to advantages of using digital production technologies, the most important ones mentioned were
superior production efficiency, higher system availability through predictive maintenance and higher
flexibility. In contrast, increased risk of failure and higher acquisition and implementation costs for infrastructure were cited as the main disadvantages.
Around 70% of the respondents consider affordable key technologies and strict legislation to increase
data and IT security as the most vital enablers for using digital production technologies. Relevance is
also accorded to good technical solution for cyber security and involvement of employees.
Major barriers specified are lack of qualified staff, high investment (capital) costs and complexity relating to the integration into existing systems.
Around two thirds of the respondents consider standardization process for harmonizing protocols, the
development of education programs and subsidies for research as important policy instruments to
overcome these barriers.
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Smart Product App
Thomas Boschert
Dipl.-Ing.
Expert Smart Product Solutions
PSC-DR
SEW-Eurodrive GmbH&Co
Ernst-Blickle-Str. 42, 76646 Bruchsal (Germany)
Thomas.Boschert@SEW-eurodrive.de

Summary
In my presentation you will be introduced to the main features of the SEW smart product app.
Smart products are distinguished to classic products by having their own intelligence and the ability to
communicate with the environment. If a digital twin to such a smart product exists, all generated data
can be transferred to it and now it is possible to link data of different processes and actions. By doing
so a variety of ideas and possibilities will be generated. One of them is the product-specific,
customized digital manual for installation, start-up and maintenance.

33

Motor Summit 2020 International

As you are now connected via the smart product app with the digital twin you only get data and
information about the device you are working with, e.g. you see the technical data and instructions
only for the selected motor. All the work steps you have to do are managed by a step-by-step guide for
installation, start-up and maintenance. Your work can be saved in the digital twin and it will be restored
if you open you app again. In this case, you see the next required step according to the progress of
your work. Therefore, the app supports the customer with all the work steps he has to do during the
product life cycle.

Our customer uses the IoTApp now which runs on every platform (Android, iOS and Windows).
It is responsive, so you can use a smartphone, a tablet or a Laptop (PC). It is an HMI-Tool. So it’s
optimized to work direct at the machine. It is no tool for use in an office.
It runs online via the digital twin which is located in our SEW server and if you have no internet
connection it runs via its cache.

34

Motor Summit 2020 International

Reaching IE5 efficiency with magnet-free motors
Tero Helpio, Global Product Manager IEC LV Motors
ABB Motors and Generators
ABB Oy – P.O. Box 186 (Strömbergintie 1), 00381 Helsinki (Finland)
tero.helpio@fi.abb.com

IE5 Synchronous Reluctance Motors
Nowadays, one-third of all electricity is converted into motion by motors, and the number of motors is
expected to double by 2040, which is the equivalent of adding an electric market the size of China.
The world is going electric; therefore, it is a must to improve energy efficiency.
ABB IE5 synchronous reluctance (SynRM) motors deliver ultra-premium energy efficiency, a new level
of efficiency defined by the International Electrotechnical Commission (IEC), and are the new first
choice to meet the growing global demand for improved energy efficiency.
The Synchronous reluctance technology combines the performance of the permanent magnet motor
with the simplicity and service-friendliness of an induction motor since they do not feature rare earth
materials like permanent magnets. The rotor has neither magnets nor windings and suffers virtually no
power losses. And because there are no magnetic forces in the rotor, maintenance is as
straightforward as with induction motors.
Customers can increase their energy efficiency, improve sustainability and enhance reliability by
upgrading to ABB IE5 ultra-premium SynRM motors, that offer up to 50% lower energy losses
compared to IE2 motors, as well as significantly lower energy consumption and CO2 emissions than
the commonly used IE2 induction motors.
SynRM technology offers up to 30°C lower winding temperatures and up to 15°C lower bearing
temperatures, which increases the reliability, prolongs the motor lifetime, and reduces the need for
maintenance. Lower bearing temperatures are an important factor because bearing failures cause
about 70% of unplanned motor outages, which reduces life-cycle costs.
ABB’s highly efficient SynRM motor was launched in 2011 with an IE4 efficiency class, firstly available
for pumps and fans, and now for all applications. Finally, ABB introduced the IE5 SynRM ultrapremium efficiency motor in 2019.
With a standard motor range, the SynRM package is a perfect solution for motor retrofits. The IE5
SynRM is the same size as an IE2 induction motor, eliminating the need for mechanical modifications
and making it an easy replacement of the traditional induction motors. Additionally, these days, the
number of variable speed drive (VSD) applications is increasing, helping the drive technology for
SynRM become better commercialized.

IE5 according to IEC TS 60034-30-2
The new technical specification IEC TS 60034-30-2 (2016) defines the efficiency classes for VSD
motors (i.e. motors which cannot be operated directly on line (DOL)). Typical standard low voltage
induction motor efficiency is determined according to IEC 60034-30-1 in sinusoidal (DOL) supply.
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IEC TS 60034-30-2 highlights
The IE class limit values in new IEC TS 6003430-2 are reduced by adding the additional
harmonic losses caused by the drive: 15% additional losses for motors up to 90kW and 25%
additional losses for motors above 90kW
− Limit values available also for IE5 level
− Limit values to be achieved with 90% speed, 100% torque
This allows direct comparison in IE class level of traditional induction motors in variable speed usage
and advanced technology motors designed only for VSD (like SynRM motors). It does not matter if the
IE classification is done with DOL supply according to IEC 60034-30-1 or with VSD supply according
to IEC TS 60034-30-2. The given IE class still illustrates the efficiency performance of both solutions in
VSD operation very well. Same IE class, same efficiency performance.
−

In practice, IE5 motors have 20% less losses compared to an IE4 motor, regardless of the technology
or IEC standard used.

Partial load efficiency
According to the new Regulation EU 2019/1781 (Ecodesign directive) manufacturers need to give the
losses in specified load points for the motor (1.7. 2022). This enables motor to motor comparison in
partial load conditions with VSD duty. Traditionally comparison has not been possible due to lack of
loss information for induction motors in VSD duty.

IE5 SynRM versus IE3 induction motors in VSD duty
ABB laboratory measurements already show that SynRM IE5 motors carry the advantage over IE3
motors, also in the partial load conditions, and the advantage becomes even higher there compared to
the nominal point. The figure below shows the typical efficiency performance of SynRM IE5 versus
induction IE3 motor in pump/fan duty according to ABB laboratory measurements.

Comparisons can also be done with the real field measurements, but today's challenge is that the
shaft power is not measured, leading to unreliable results. Shaft power measurement is necessary to
confirm that the load duty is exactly the same.
Before real data is available according to the new Regulation EU 2019/1781, it is practical to do the
comparison at the nominal point due to higher advantages at partial load.
In the standard IE3 induction motor rating plate/catalog the efficiency value is given in DOL supply.
Therefore, in order to make the comparison in IE5 VSD supply, we need to add to additional losses
according to IEC 60034-30-2 to get the real IE3 motor efficiency in VSD supply. The ABB IE5
Synchronous reluctance motors catalog includes a pre-calculation of the typical IE3 motor efficiency in
VSD supply to help to make an easy comparison.
Example: A 15 kW IE3 motor efficiency with DOL supply is 92,1% at the nominal point. After adding
the additional losses (15%) according to IEC TS 60034-30-2, we get the efficiency in VSD duty:
91,0%. This is the real comparable figure to compare against IE5 SynRM efficiency, which is 94,8%.
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Rare earth-free motors for medium and high power electric vehicles
Fernando Nuño, Clean Energy
Transition Portfolio Manager
European Copper Institute
Avenue de Tervueren 168 B 10
1050 Brussels, Belgium
fernando.nuno@copperalliance.eu

Marco Villani, Professor
Industrial Engineering Department
University of L’Aquila
Piazzale E. Pontieri - Monteluco di Roio,
67100 L’Aquila, Italy
marco.villani@univaq.it

Introduction
The electric vehicle penetration at global level is expected to surge in the coming years, with almost
50% of new car sales being electrified by 2035. Car makers announce an availability of more than 300
models by 2025 in Europe, which is expected to become the second largest market for electric
vehicles in the 2020s, behind China. This brings up concerns as to whether there are actually enough
resources to meet this growing demand and to enable the high uptake of EVs in the coming decades.
Permanent Magnet (PM) motors have equipped most of the electric vehicles so far because of their
convenience in terms of power and torque density, combined with a high efficiency level. The demand
for neodymium is expected to grow by 6% annually over the period to 2030, which leads to a
significant gap in supply by the end of the decade. From a European perspective a strong reliance on
rare earths is problematic due to their limited geographical availability, which represents an important
risk in terms of price variation and supply chain continuity.

The ReFreeDrive project
The ReFreeDrive project [1], funded by the European Commission Horizon 2020 research and
innovation programme under grant agreement No 770143, has pushed the boundary of two motor
technologies which do not use any critical raw material: induction with copper rotor (both die-cast and
fabricated versions) and synchronous reluctance (either assisted with ferrite magnets or without). An
advanced design and multiple innovations (optimised electrical steels, special copper alloys, new
manufacturing methods, hairpin winding, innovative cooling, etc.) have been introduced to respond to
the specifications of Jaguar Land Rover vehicles: 200 kW peak power, 200 Nm torque at low speed,
WLTP powertrain efficiency (transmission excluded) 93.5% and constrained space, among others.
Eight different prototypes have been built and tested (Figure1), including the power electronics
module. A 75 kW version will be integrated in a vehicle and will follow on-board tests.

Figure 1: The eight prototypes built and illustration of the synchronous reluctance machines,
ReFreeDrive project, 2020
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In terms of improvement beyond the state of the art, the project has achieved the following objectives:
specific torque increase by 30%, motor losses reduction by 50% and cost reduction by 15%, while
delivering a solution feasible for mass production.
The design has been optimised for the 200 kW version. The 75 kW version is an add-on which shares
the stator design (with a shorter length) and works at a different voltage level.

Key performance indicators
The requirements and key performance indicators are listed in the Table 1. The 200 kW version
achieves a net improvement of performances beyond its benchmark, the Tesla S60 motor. The 75 kW
version is compared to the Nissan Leaf permanent magnet motor.

Table 1: KPIs, benchmark motors and results achieved by the models developed by the project,
ReFreeDrive, 2020.
A simulation exercise has been carried out to determine the overall efficiency of the drive unit,
including motor, inverter and gearbox. The results are shown here below

Ferrite SynRel

Pure SynRel

Induction

Overall EPA
efficiency

88.9%

85.8%

86.2%

Machine speed

18,000

18,000

20,000

UDDS

Around HWFET drive
cycle

At highway
cruising speeds
and beyond

Best overall
efficiency

HWFET: Highway Fuel Economy Test cycle - UDDS: Urban Dynamometer Driving Schedule
Table 2: EPA cycle efficiency and best overall efficiency, ReFreeDrive, 2020.

REFERENCES
[1] RefreeDrive project: http://www.refreedrive.eu/
[2] Jaguar Land Rover, World Magnetic Conference, Coiltech Expo 2019, Pordenone, Italy
http://www.refreedrive.eu/downloads.
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Energy and CO2-Impact of Ecodesign Regulation for
Fans on the European Market
Claus Händel, Technical Secretary
European Ventilation Industry Association (EVIA)
Avenue des Arts 46, 1000 Brussels (Belgium)
claus.haendel@evia.eu

Introduction
Fans, like motors, are omnipresent in different products. Since 2011 Ecodesign regulates minimum
energy performance of fans above 125 W. A fan in that meaning typically is not a final product, but
used as a component in different application. From the very beginning, questions have been raised,
weather it is helpful to regulate a component and not a final product. This presentation analyses the
European market transformation from the beginning of the regulation and estimates the energy savings achieved. Additionally, it will give a short outlook for the next steps and years.

Basis for EVIA Fan Market Savings calculations
EVIA collected data for EU market from fan manufacturers representing approx. 33 % of estimated
market size when placing on the market. A first estimation was published based on a survey 2017 [1]
and this is updated for 2020. The results are extended to the estimated market size. There is always a
stock of non-compliant fans caused by export of final products outside of EU and spare parts. The
survey does not include very big fans (>> 22 kW) and no jet fans.
The energy performance of the fans was classified in three ranges according EU 327/2011 [1] and the
expected requirements for the revision [2].
1. Fans complying with EU 327/2011 2013 limit (data available until 2017).
2. Fans complying with EU 327/2011 2015 limit.
3. Fans complying with expected revises 202x limit (data starting 2018).
Energy and CO2-Savings are based on the following parameters:
•
•
•
•

Typical power savings, defined for each fan size groups for each year,
4 000 operating hours per year, which was estimated as a good average of all fan applications.
Saving estimations made based on BEP (optimistic) but not including variable speed drive
(conservative).
CO2-Factor for Electricity 460 g CO2/kWhElectricity

Discussion of Results
Based on the 2012 market mix of products, figure 1 shows the average electrical power savings per
fan in each year (orange) and as an average of cumulated fans placed on the market starting 2012
(blue). The savings are calculated as a weighted mixture of all sizes and the efficiency classes (1. to
3.). Uncertainties are in the exact course between 2015 and 2018 because 202x-limit data have not
been available (dotted lines in figure 1 and 2).
The market mix for fans complying with the different classes is shown in figure 2 for the period 2012 to
2020.
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Summary
Ecodesign regulation for fans is an important driver for energy efficiency and the impact of fans is significant. Savings in electrical energy achieved since 2012:
•
•
•

12 GW electrical power
150 TWh electrical energy
12 MT CO2

approx. 1 % of EU-27
approx. 0,7 % of EU-27

Revised fan regulation is urgently needed for clarification, definition and market transformation to more
efficient products and components.
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Figure 1: Average savings per fan when placed on the EU-28 market per year and average cumulated starting 2012.

Figure 2: Fans placed on the EU-28 market complying with different ErP regulation (year) and
accumulated CO2 savings starting 2012.

References:
[1]
[2]
[3]

ErP-EVIA Fan Savings and Market 2018
COMMISSION REGULATION (EU) No 327/2011 of 30 March 2011 implementing Directive
2009/125/EC of the European Parliament and of the Council with regard to ecodesign requirements for fans driven by motors with an electric input power between 125 W and 500 kW.
WORKING DOCUMENT DRAFT ECODESIGN REGULATION Review of Regulation 327/2011 2018

40

Motor Summit 2020 International

Motor Summit 2018 International
Impressions

41

Motor Summit 2020 International

Summaries Day 2
19 November 2020

We would like to point out, that all slides and presentations will be
available in the login area of www.motorsummit.ch
All videos will be public from april 2021 on our YouTube channel.
Enjoy the Motor Summit 2020 International.
Your Motor Summit Team
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Summary “System Optimization of E- Axle Drive through simulation
of the total vehicle dynamics”
Hartmut Schneeweiss
Senior Manager Technology & Innovation
Evergrande hofer powertrain GmbH
Rudower Chaussee 50, 12489 Berlin (Germany)
hartmut.schneeweiss@ev-hofer.de

Introduction
In 2020, vehicle manufacturers worldwide launched a large electric car offensive. One motivation is the
EU directive of CO² fleet consumptions < 95 g/km (NEDC, vehicle fleet target 2020). However, even
new battery electric vehicles do not yet reach this limit value if unsustainable production, the electricity
mix of energy production and the ability to recycle are included on the carbon emission list. Furthermore,
even the latest electric vehicles are still deterred from buying by a high purchase price, lower cruising
ranges - compared to combustion engines cars - and long charging times with an insufficient charging
infrastructure.
The vehicle applications are still in the optimization phase of the overall system solution with its drive
and storage components, in addition to sustainable production and environmentally friendly generation
of energy. Electric axle drives with over 90% system efficiency today are already several times above
of the best diesel engines. The high costs, volume and weight of energy storage systems is still critical.
In addition to cell technology, these factors are mainly determined by the use of the electric drive
components (acceleration and recuperation). The battery size is always directly dependent on the
necessary continuous load over the driving distance and the acceleration values of the electric drive.
The mission of the new joint venture of the Chinese Evergrande Group with the German engineering
professional hofer powertrain GmbH is determine the optimal combination of energy storage and electric
axle from the point of view of the overall system. The core business of the joint venture is the
development and optimization of the electric drive system, with the objective of reducing the necessary
size and weight of the energy storage. This will made electric vehicles more attractive in terms of price
and shorten charging times without sacrificing the ever-impressive driving characteristics of electric
vehicles.
This contribution focuses on the study of electric motors with an optimized transmission unit. The focus
is on two objectives: on the one hand, to operate the electric axle more frequently in the best-point
working areas, and secondly to reduce the material and power consumption of the electrical machine
and power electronics. This means downsizing the electrical components while improving the overall
energy balance of the vehicle. With these optimization measures it can be assumed that in a relatively
short period of time the number of electrical axles, in view of the high-volume production of
electromotors, will increase sharply.
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Model- based- simulation of complete vehicle
For an extensive examination of the electric axle and its individual components, a simulation of the
electric vehicle is productive. This leads to consideration of the mutual influence of the defined simulation
blocks. In this report, we want to focus on optimizing the electric axle with the influence of various gear
ratios. This can be mapped and evaluated again in the overall system. Figure 1 shows a simplified block
diagram of this simulation process.

Figure 1: Easy Structure for a passenger model-based car simulation
The reference input size is the current WLTC Class 3b cycle, which currently best represents a
comparability of the results. At any time, the simulation model can also be viewed with other cycles and
their effects. The intention in the future is to generate a standard for electric vehicles that allows for
realistic consideration and even better comparability. As indicated in the right diagram of figure 1 the
development of the axle drive is to be optimized to the level that the energy consumption of the vehicle
is reduced.

Summary and Outlook
Today, the most modern electric vehicles do not achieve CO2 neutrality. Furthermore, the purchase
price is too high, the loading times too long and the ranges too short. In order to improve the
competitiveness of electric vehicles in the market, an extensive investigation, simulation and analysis of
the overall system is necessary. Only when the expected driving and consumption characteristics of the
electric vehicle are well known the specifications of battery and electric axle can be determined. A variety
of influencing factors such as battery voltage and cell technologies, as well as various variants for the
design of an electric axle can be examined successively. And this without having complex vehicle setups
and tests. Changed individual components are explicitly elaborated in detail, analysed and fed back to
the entire system in as simple a form as possible, for a quick simulation.
The report highlighted the influence of multi-speed transmissions and energy storage technologies on
the overall system behaviour of the vehicle. Only with one simulation loop it shows an improvement of
6 % lower necessity of battery capacity and also cost reduction.
If there is a first eloquent identification of the components, a setup and test in the experimental vehicle
makes sense. This allows the simulation result to be validated, plausible and continuously improvement.
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Direct-cooled electric motor with integral lightweight housing
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Summary
Within the framework of an interdisciplinary research project, a novel housing and cooling concept for
electric motors was developed.
Conventional motors require a metal housing to transport the heat from the interior to the outside.
Metal housings must be manufactured as separate components and then assembled. This results in
relatively high costs. In addition, the coolant is connected via a longer thermal path, so that the continuous performance of the motor is reduced.
The new concept is based on direct cooling of the winding by means of cooling channels in the slots
between the two layers of a concentrated winding. In this way, the thermal path is short, and the effectiveness of heat dissipation is significantly improved. As a result, the continuous output power of the
motor can be increased.
At the same time, a metal housing is no longer required. Therefore, the housing can be manufactured
cost-effectively from duromer (plastic) injection molding.

Design concept
In conventional electrical machines, the housing is made of aluminum and meets both the mechanical
requirements (stability) and the thermal requirements (cooling). In the presented concept both properties are separated from each other. The housing is made of plastic and the wound stator package is
also overmolded with plastic (potting).
The requirements for the housing and the potting differ significantly from one another.
A material with a low viscosity is required in the slots to completely fill all cavities in the stator. The
material should be electrically insulating and must have a high thermal conductivity. These requirements are best met by a ceramic-filled epoxy resin, which is best processed in a transfer molding process.
The material used for the housing must ensure strength and high thermal stability. Mechanical-thermal
stability is also important, since no creeping should occur during operation. Therefore, a glass fiber
reinforced phenolic resin is used for the housing, which can best be processed in an injection molding
process.
The housing part is produced on an injection molding machine. The phenolic resin used offers numerous advantages. In addition to the good chemical stability, which is reflected in the improved coolant
resistance, operating temperatures of over 200°C are possible and creeping is virtually non-existent.
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Therefore, it was possible to dispense with an insert for the bearing seat. The radial deep groove ball
bearing of the rotor is fitted directly into the plastic.
The overmolding of the stator is carried out in transfer molding, as material with high thermal conductivity and particularly low viscosity must be used. This material is so low viscosity that it would run past
the screw in a classic injection molding machine and partially cure in the process. In the transfer molding process, the material is not injected through a screw, but through a piston. This piston has a much
better seal in the cylinder. The overmolded stator has a smooth and pore-free surface. It is directly
suitable for sealing with O-rings and ensures low flow losses due to its low roughness.
Due to the skillful centering of the sheet metal package in the transfer molding tool and the good tolerances, the epoxy resin layer can be used directly for centering.

Results
Figure 1 demonstrates the benefits of the new design. Up to temperature differences of 60 K between
the winding copper and the water coolant, both constructions display roughly similar temperature gradients. However, when the difference becomes larger, i.e. the winding is getting hotter, the temperature flow from the copper winding to the coolant is significantly better for the slot cooled design
(DEmiL) compared to the conventional design with cooling sleeves.
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Figure 1: Temperature gradient over the winding over-temperature for conventional designs
with water cooling sleeve and for the newly proposed design with inner slot channels (DEmiL)
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Axial Flux Motor Topology: Will it Dominate the Future?
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This fundamental new motor topology brings the highest power density
99,9% of the electric motors today are based on the radial flux machine topology. Magnetic flux is
oriented perpendicular to the axis of rotation of the radial flux motor. On the other hand, axial flux motors got their name from the fact that their magnetic flux is oriented in the same direction as the rotation axis. For a yokeless axial flux motor, the magnetic flux is going from the magnets on rotor disc 1,
through the cores of the stator, to the magnets on rotor disc 2 and back. This is an efficient electromagnetic path with low losses and high flux density.

Figure 1: Difference in flux orientation of a
radial flux motor versus a yokeless axial flux
motor

Figure 2: Absence of a stator yoke in the
yokeless axial flux motor design from
Magnax

Yokeless axial flux motors do not have a stator yoke. Unlike radial flux motors or yoked axial flux
motors, yokeless axial flux motors don’t use an iron disc to fix the cores (teeth) and guide the magnetic flux. As you can see on the exploded view on the right, the cores are exposed. Magnax patented
ways to fix the cores and effectively cool the stator without the need for a stator yoke. As a consequence, both sides of the stator can be used to generate torque and the overall machine provides the
highest power density.
Magnax has been testing prototypes on the testbench and compared these with current best-in-class
EV motors such as the Tesla Model 3 radial flux motor. The Magnax prototype generated a peak power of 325 kW for a weight of 25 kg. This results in 13 kWp/kg power density, which is almost 3x more
than the Tesla Model 3 e-motor peak power density (Tesla RF motor = 5.2 kWp/kg). Continuous power density is similar in ratio.
For a certain power rating, the Magnax design also comes with a 26% lower magnet mass and a 74%
lower copper mass compared to the Tesla Model 3 e-motor. For a mass-produced motor, this brings a
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cost benefit, especially considering that the Magnax motors can also be produced by using standard
automated production processes.

Yokeless Axial Flux motors increase powertrain efficiency
Thanks to the more effective motor topology and the absence of a stator yoke, the lower amount of
iron decreases iron losses. This is particularly beneficial in the WLTP area, used as a reference for
vehicle autonomy, where iron losses are the dominant factor. Yokeless axial flux motors reduce iron
losses resulting in +8% vehicle range improvement when using this motor technology in a BMW i3.
Since yokeless axial flux motors are more compact, there will be more space for the battery.
Calculations proved that this could improve vehicle range with up to 25%!

Figure 3: BMW i3 radial flux motor efficiency map compared to the Magnax yokeless axial flux
motor efficiency map. The high efficiency area in the Magnax efficiency map is a lot better
aligned with the WLTP and common use operating points. As a consequence, we can expect
increased vehicle range.

Single speed gearboxes and new powertrain designs
A high efficiency over a wide motor speed range brings
the benefit that gearbox systems become simpler. A
good example is using a single-speed planetary gearbox
in combination with a Magnax axial flux motor. The motor speed is expected to go up to 20,000 rpm. As an
example, using a 9:1 single-stage planetary gearbox,
speeds from 0 tot 250 km/h can be covered without a
significant drop in higher rpm efficiency as seen in radial
flux powertrains (e.g., Porsche Taycan needing a second gear to cover this).
For use cases such as passenger cars and sports cars,
a high efficiency over a long motor speed range, may
result in the fact that there is no more need for a second
reduction step!
The short axial length of the Magnax yokeless axial flux
motors also give possibilities for new compact e-axle
powertrain designs where motor, inverter and gearbox
are combined in a very compact package. OEM and
Tier1 combining 1, 2, 3 or 4 of these axial flux e-axle
modules can optimize space and increase vehicle
range, safety and the fun-to-drive factor.
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Introduction
Due to their physically based advantages, hydraulic drives cannot be replaced in numerous applications today. The unmatched force density, high reliability and the simple generation of linear movements are their strengths. On the other hand, there is often the disadvantage of poor system efficiency. Throttling losses are the reason therefor, which occur at every flow resistance by using an almost
incompressible medium [1].

Figure 1: Three strategies to bring up the energy efficiency of hydraulic drives
Choosing a cost-effective structure for the hydraulic drive is often bought with the disadvantage of
large energy losses (see Figure 1). Simply structured constant pressure networks in which energy that
is currently not required is simply throttled are a low-cost investment, but energy recovery is not possible.

Servo Motor Drives combined with Hydraulic Gears
The combination of frequency-controlled electric motor and hydraulic pump is a good way to improve
energy efficiency in all three of the ways mentioned in Figure 1 [1]. First applications of this technology
show considerable improvements in the energy balance, especially in the partial load range. The reduced losses are noticeable through a lower noise level and considerably lower operating temperatures of the pressure medium. This reduces essential wear mechanisms and increases the service life
with reduced maintenance costs.
However, the self-lubrication losses of the pumps available on the market, such as with axial piston or
gear design and unfavorable operating conditions at low speeds and high torque loads, have made
implementation difficult up to now. Recently, however, a new generation of pumps that operate on the
"floating cup principle" has come onto the market (see Figure 6) [3]. Due to their properties, these are
predestined for combination with a servo motor. The symmetrical, force-balanced construction ensures excellent levels of efficiency and enables starting under maximum load.
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Figure 2: Performance of a Floating Cup Pump
All pump-based solutions work with a separate drive train for each consumer. This is a fundamental
disadvantage compared to the classic throttle control, in which several valves can be supplied via a
common constant pressure network. Another possibility of an energy-efficient hydraulic drive based on
proportional valves should therefore be presented.
The basic idea of “Double Valve Control” (see Figure 3) is that the chambers on the piston and rod
side of the cylinder are each controlled with their own valve. The mechanically connected control edges of the classic 4/3-way-valve are thus dissolved. The control effort is still kept low, since not all four
control edges are isolated, as has already been presented in the literature.

Figure 3: Performance of a Floating Cup Pump
This apparently small change in the system from one to two valves enables the throttling effort to be
reduced considerably. Since one of the two valves can be fully opened in many operating states and
only the lowest possible flow losses occur. It is even possible to feed volumes back into the supply line
in the event of driving loads. This hydraulic energy is regenerated and can be used again im-mediately
at another location. In this way, the system efficiency can be doubled to approx. 60%. In addition, operational safety increases, since cavitation can be reliably prevented even with pulling forces in the
entire work area.
The throttling losses at the valve control edges that still occur in this circuit can be reduced even further if both cylinder chambers can exchange volume flows directly with the tank and the pressure supply using a check valve network. Leak-free shut-off valves can optionally be integrated in such an additional block. If these will be controlled electrically, emergency stop functions or even end-of-travel
cushioning can be implemented
The "Double Valve Control" offers a good compromise between control effort and energy saving options. The efficiency can be nearly as good as a pump drive system, but has all advantages of a valve
drive system.
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Introduction
Energy efficiency in energy using products had been identified as a key option to reduce the energy
consumption and emissions by means of economics measure. At the beginning of the 2000s, a number
of studies highlighted the energy efficiency potentials in electric motors, frequency converters, pumps,
fans and air compressors1. The results of these studies have triggered a significant number of activities
in EU member states to tap into the energy efficiency potential of motor driven systems, such as the
compressed air campaigns in Germany and Switzerland. In the framework of the ErP Directive, minimum
energy performance standards for individual products are addressed in individual product ordinances.
Preparatory studies for the preparation of the ordinances for standard air compressors and low pressure
and oil-free compressor packages2 had been conducted; however, no ordinances had been published
by the European Commission up to now.
From a practical point of view, information on the energy efficiency of air compressors is particularly
important for the design and planning of efficient compressed air systems. The isentropic efficiency and
the specific power consumption (specific energy consumption) of air compressors can be used to compare different compressors available on the market. In the framework of compressed air systems, the
system approach is of similar importance, as the majority of savings is linked to the system (e.g. leakage
reduction, pressure reduction) rather than to the compressor. In all cases, it is important to clearly define
the system boundary. ISO 1217 on displacement compressors acceptance test clearly sets the framework for the specific energy performance of air compressors. The specific power is defined in ISO 12173
as the ratio between electric power demand and the compressed air volume flow. Manufacturers do not
provide the efficiency data of their compressors in their sales brochures. Instead only the nominal power
of the installed main drive motor and the volume flow at maximum outlet pressure is given. The important
information on the specific power according to ISO1217 is not communicated, neither for the maximum
outlet pressure nor for other pressures the compressor could work at. In practice, air compressors will
always work at pressures below the maximum pressure.
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Benchmarking of Air Compressors
A good benchmark for the efficiency is the comparison with the minimum specific power based on an
ideal compression process. The best case would be an isothermal compression followed by an adiabatic
reversible (Isentropic) process, both being theoretical process which cannot be realized in practice. Figure 1 (left) shows the specific power demand of a compressor as a function of the pressure ratio. As
higher the pressure ratio the higher the specific power. The figure also includes the efficiency lines for
compressors with an isentropic efficiency of 60 and 80%. Isentropic efficiency is currently promoted to
be used as efficiency metric in the compressed air industry, therefore Figure 1 (right) shows the isentropic efficiency of oil free and oil injected compressors of real compressors offered on the market. A
comparison of the two metrics is given in Table 1.

Figure 1: Benchmarking isentropic efficiency and specific power with real compressor data
Table 1: Comparison between isentropic efficiency and specific power
Isentropic Efficiency
Dimensionless number, no need for unit conversions
Clear value range between 0% and 100%
Efficiencies often used with energy technologies

Specific power (specific energy consumption)
Enables the easy calculation of the energy consumption and costs
Highlights the importance of pressure reduction and
pressure losses in the systems
Already well established performance indicator

However, the use of the isentropic efficiency makes it highly complex for the end user to determine the
energy consumption of the compressor. Proponents are claiming that the isentropic efficiency would be
best suited to compare air compressors, which have different rating for the maximum outlet pressure.
However, it is not sufficient to specify the isentropic efficiency at a single pressure to select the most
efficient air compressor. There is not only a pressure dependency for the specific power but also for the
isentropic efficiency. For a VFD compressor both values had been calculated based on measurements
in our lab, Figure 2. A rather linear relationship between the operating pressure and the isentropic efficiency was obtained. A clear downside form an operator perspective is the fact that the rather small
change in the isentropic efficiency from 62 to 54% hides the doubling of the energy consumption from 6
to 12 kW/(m3/min) (0.1 kWh/m3 to 0.2 kWh/m3).

Figure 2: Isentropic efficiency and specific power consumption of a variable frequency compressor
For the end user, specific power is a more useful metric compared to isentropic efficiency as the first
can be directly used for the calculation of the energy consumption of the compressor without any detailed thermodynamic knowledge. Isentropic efficiency is not independent from the operating pressure
or the maximum outlet pressure. A single value for the isentropic efficiency at one operating point is not
sufficient to understand the performance of the compressor in the overall compressed air system. Manufacturers should therefore be obliged to publish the full data sheets with all relevant energy performance data (specific power and isentropic efficiency) at multiple operating pressures of their products.
A labelling and publication of efficiency data of air compressors would be appropriate to improve the
market uptake of efficient air compressors.
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Summary
This paper reflects the development of the answer the European Sector Committee on Pumps has elaborated over the last 15 years to respond to the challenge put towards the industry by the implementation
measures (EU Regulation 641/2009; 622/2012 and 547/2012) according the Ecodesign Directive
(2005/32/EC and 2009/125/EC). The paper shows the effort and workload taken by the European pump
industry to not even fulfil the task to determine conditions on efficient products but beyond that to save
as much energy as possible in the range of responsibility of a manufacturer. Furthermore, the smart
idea behind the chosen approach is described. It is illustrated where the differences to the usual method
of assessing energy efficiency of products are, what is needed to save more electrical energy just by a
clever assembly of product components. As an outlook and consequence of this presentation, there is
an invitation for cooperation to join the knowledge and manpower already active in the field of energy
saving but presently losing effectiveness by internal friction or individual approaches.

The Extended Product Approach
The Green Deal may have its weaknesses in detail, but it brought us back to the core point of the ecodesign approach ==> Energy saving instead of grade of efficiency. A chemical plant, is an example
of a typical pump application. To understand how complex, it is to build it up, to maintain it and even
more difficult to improve it in sense of reliability
and energy consumption. Most of the present
approaches are still following the improvement
of energy efficiency. By that understanding one
is talking about the small, grey arrow - representing the pure electric efficiency of a motor
and frequency converter. All effort taken to decrease this part of energy consumption leads to
high costs, high resource consumption but low
energy saving. But exactly energy saving is the
core point of ecodesign initiative. If the pump industry is talking about energy saving / Energy
Figure 1 - Efficiency & demand [1]
consumption we are looking for the blue arrow –
representing the existing demand of energy in an application. The common view on products is a vertical
view, focused on the product itself. Standards, regulatory papers, everything is organized vertical. Figure
2 presents typical products to create an Extended Product, a pump, a motor, and a frequency converter.
All these products were independently produced – according to standards and provided by possibly
different manufacturers – compliant to product-specific regulations and classified according to different
assessment schemes. The IEC 61800-9 series creates the combination of motor and drive into a classification and defines harmonized load points for a loss exchange. This interface becomes important for
the interaction of the driven equipment. The CEN Standards of the EN17038 series makes another
decisive step further. The entire unit of these three products evaluated together according to one single
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and defined load profile. This procedure allows a reliable assessment of the energy consumption of
such complex piece of equipment. The interface between all these products are the defined load points
for every single product. The management of these interfaces across product boundaries is one of the
core fields, becomes more and more importance, and is a time-consuming process. Merging this product
world on standardization side is the key for success creating the Extended Product Approach.
Relatively early pumps came into the focus of the EU Commission reflecting energy efficiency. However,
prior to that the European pump industry had a focus on energy efficiency aspects for their products
also for business interests. For 26 years of pushing projects in the right direction trying, to bring it to the
legislation, saving a bit of energy by using product based approaches. With the first official documents
the European Pump Industry starts its cooperation with the EU Commission in energy saving. In 2019,
we saw the first draft to have the Extended Product Approach for pumps in an upcoming pump regulation. The energy saving potential using the Extended Product Approach is about 50 TWh, just following
the described Extended Product Approach for water pumps and booster sets. This is the equivalent to
five coal powered power plants in the EU. The Energy saving potential, using business as usual, means
following component-based approaches, would be far behind this figure.
The blue arrow in Figure 2, visualizes the real demand of a pump application. The application claims
exactly its demand. This can happen via sensors connected to a frequency converter attached to the
pump. This saves energy and
money. It saves energy before it
Figure 2 - Products for the Extended Product Approach
will convert electrical power to mechanical power feeding the pump.
Do not leave this path, stick to that
path using the extended product
approach, and push the planned
regulation forward. Create a legal
basis to help the pump industry and other branches to save energy. No need for new customized products, save the base material and put the focus on a targeted adjustment of the product to the application.
Less Carbon, less energy consumption, financial benefit, and satisfied citizens or in other words – winners’ allover!
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Fan Energy Index
Fan Energy Index (FEI) is a wire-to-air, or extended motor-driven-system (EMDS) metric that is replacing the Fan Efficiency Grade (FEG) metric in United States (U.S.) energy codes and standards; is
proposed for U.S. energy efficiency regulations and is being used for electric-utility rebate programs.
FEI basics were explained in detail at the 2018 Motor Summit by Armin Hauer, ebm papst, so this
summary and presentation refers you to his materials for more detailed basics of FEI:
https://motorsummit.ch/archiv/ms2018/.
FEI ratings are calculated using data from performance tests conducted in laboratories and calculated
in manufacturer sizing software or presented in product catalogs. FEI establishes a baseline efficiency
and resulting baseline power that varies with both airflow and pressure and can be applied to nearly all
fan categories. For energy-efficiency regulations, codes, and standards, FEI establishes a “range of
compliant operations”, (see Figure 1) rather than a single-point pass/fail efficiency threshold based on
peak efficiency, the latter of which is a common structure regulation. In other words, FEI optimizes fan,
motor, and drive selections for the conditions where the fan will operate.

Figure 1: Compliant range of operation for a typical fan. Image courtesy of AMCA International.
FEI also is a tool for helping fan users select efficient fan systems to match their specific application
needs. The need for aid in making fan selections becomes apparent when comparing the shapes of
efficiency curves for motors and fans (see Figure 2). The lowest cost motor option is the smallest size
available to handle the load. This smallest size motor will operate very near its rated output power,
which is where motor efficiency regulations apply. In contrast, the lowest cost fan option is one that
operates nearest the right end of its fan curve, which is unfortunately the lowest point on the fan efficiency curve. For fans, the person making the fan selection is always weighing first cost vs. operating
cost and balancing these two demands.
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Lowest Cost
Lowest Cost

Figure 2: Comparison of typical efficiency curves, induction motors (left) and fans (right).

FEI as a Design Tool
One of the major challenges faced when developing FEI as a wire-to-air efficiency metric was addressing the myriad of different motor options fan manufacturers provide. From tightly regulated general-purpose-induction motors to application-specific external rotor motors to fans sold without motors
– and everything between.
One of the motor options fan manufacturers have is a general-purpose induction motor that typically
falls under regional regulation (e.g. IE2, IE3). ISO 12759-2 provides a calculation method for typical
induction motors used with or without a pulse width modulated drive. While developed independently,
this standard provides excellent correlation with the “Motor Systems Tool” from EMSA.

FEI in U.S. Energy Codes, Standards, Regulations and Rebates
Formalized in ANSI/AMCA Standard 208-18, Calculation of the Fan Energy Index, FEI was developed
after the U.S. Department of Energy in an as-yet-unfinished rulemaking for commercial and industrial
fans and blowers concluded FEG is not an appropriate metric for a federal regulation.
Fan-efficiency provisions based on FEI are now in:
•
•
•
•

ANSI/ASHRAE/IES 90.1-2019, Energy Standard for Buildings Except Low-Rise Residential
Buildings.
ANSI/ASHRAE/ICC/USGBC/IES 189.1-2020, Standard for the Design of High-Performance
Green Buildings Except Low-Rise Residential Buildings.
2021 International Energy Conservation Code (IECC).
2021 International Green Construction Code (IgCC).

References
[1]
[2]
[3]
[4]
[5]

ANSI/AMCA 207-17 Fan System Efficiency and Fan System Input Power Calculation, AMCA
International, 2017
ANSI/AMCA 208-19 Calculation of the Fan Energy Index, AMCA International, 2019
ISO 12759-2:2019 Fans — Efficiency classification for fans — Part 2: Standard losses for drive
components, 2019
ISO/DIS 12759-6:2020 Efficiency classification for fans – Part 6: Calculation of the fan energy
index, 2020
Motor Systems Tool, Version 3.17.01, 4E Electric Motor System Annex (EMSA), 2019.

56

Motor Summit 2020 International

Fan System Efficiency – the problem and solution
Geoff Lockwood – Chair of the Fan Working Group
European Ventilation Industry Association
Avenues des Arts 46 - 1000 Brussels (Belgium)
geoff.lockwood@uk.ebmpapst.com

Europe today; ecodesign and energy reduction of fan systems
Since 2011 the European Union has had an ecodesign regulation for fans, Regulation (EU) 327/2011
[1], that has had a positive impact. It has transformed the market, removing inefficient fans, stimulating
innovation, increased the use of higher efficient fans, and between 2012 and 2017 saved 46,800 GWh
of electricity consumption of fan systems [2].

The problem; a system efficiency metric
Stakeholders have criticized the European fan industry for not developing a System Efficiency Metric.
For example the European Commission’s consultant appointed for the review of (EU) 327/2011 was
critical for the lack of developments [3]. An IEC standard states that fan standards need an Energy
Efficiency Index (EEI) and that ISO fan technical committee TC117 is responsible; section 4 of IEC
61800-9-1 [4]. The European Commission has requested CEN via Mandate 500 to develop a System
Efficiency Metric [5], but the technical committee has yet to start the work.
A problem is understanding the term System Efficiency Metric? It is not defined, it is confused with the
term Extended Product and as such it is assumed the solution is an EEI as stated in IEC 61800-9-1.
There is further confusion as EN 17038-1 [5] describes an EEI as a weighted average of a number of
Part Load operating points, but the term Part Load and Partial Load are not clearly defined.
Regulation (EU) 327/2011 is already one for a system where the fan within the scope is a system of
an impeller, stator, motor and drive. The regulation sets a minimum energy efficiency limit so it can be
argued that a System Efficiency Metric already exists.
Is the EEI as described in EN 17038-1 appropriate for fans? The short answer is no. It may provide a
good method to compare to other circulators. When the wider variety of fans and applications are
considered it cannot give a realistic description of their energy impact. The scope of (EU) 327/2011
includes axial, forward curved, radial and backward curved centrifugal, mixed-flow and tangential fans.
All have distinctly different characteristics.
One unique fan can be used in multiple applications and many different modes; fixed speed with
variable load, or variable speed with constant volume, or variable speed with constant pressure or
variable speed with a fixed resistance. Four operating points cannot describe all these combinations.
Then there is the infinite operating times from standby, seasonal variation, variable demand to
constant operation. Figure 1 includes four possible Part Load operating points. It also shows examples
of different modes of operation within its characteristic and demonstrates that the four Partial Load
points do not adequately describe it’s characteristic.
The problem is fully described in the EVIA Problem Statement [6]
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Figure 1: example of a fan characteristic and the variety of operating modes

The Solution; definition of terms and standardized product information
The solution is better application of fans and that is already possible. Providing four arbitrary points of
data does not reduce energy. Selecting the right fan and applying it correctly does. Respectable fan
manufacturers already provide more data beyond that required by regulation. They have teams of
application engineers that help clients that are interest to choose the right fan and apply it for optimum
performance. But this is not standardized.
Through EVIA’s development of the Problem Statement they have identified what is required. They
are in the process of completing a proposal the European Commission for a new Standardization
Request (Sreq) [7] that states their position, proposes definitions of vague terms and proposes
standardized product information.
This provides data where integrators and users can make better informed decisions of the
applications, installation and use of fans. It provides a foundation where regulators and industry can
be creative with protocols and marketing tools. The energy losses could be described in terms of
power loss, efficiency, specific fan power or energy ratios. The energy losses could be shown in
selection programs and confidently compared across suppliers giving better informed choice.
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Bionic concepts for increasing energy efficient fan systems
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Findings from bionic, implemented by ZIEHL-ABEGG on today’s technology
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Why should you use this system from ZIEHL-ABEGG
•
•
•
•
•
•

Redundancy 100%
Reduction of CO2
Option to increase dutypoint
Global organization of retrofitting
Cloud performance
Local support, worldwide

Controlled by mobile phone

Single fan

Calculation ROI
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Coordination and Alignment of IEC & ISO Standards for Energy Efficient Electric Motor Driven Systems (CAISEMS)
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Background
In order to lower market barriers for energy efficient Electric Motor Driven Systems (EMDS), to promote their contribution to sustainability goals and to improve the alignment and coordination of international standards of components that together are forming this EMDS, the IEC Advisory Committee on
Energy Efficiency (ACEE), Task Group 6 (TG6) launched the project CAISEMS (Coordination and
Alignment of Standards for Energy Efficient Electric Motor Driven Systems).
In a first workshop, held on 20 September 2019 in Tokyo, that included representatives from academia, industry associations, standardization committees and national regulators the need for better coordination and alignment of the respective EMDS standards to better harvest the potential energy efficiency savings in the market was presented and discussed. The meeting agreed upon the potential
next steps; as a consequence, the CAISEMS project group was launched, involving currently 41 active
and 19 passive members from the 9 most relevant IEC & ISO Technical Committees (TCs). These
TCs are all involved with components of the Electric Motor Driven Systems (EMDS), see Figure 1.
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Figure 1: The 9 most relevant IEC & ISO TCs involved in energy efficient EMDS

CAISEMS
The main goal of CAISEMS is to initiate and organize coordination and alignment of IEC & ISO standards for EMDS in order to lower market barriers for energy efficiency and increase energy savings.
The starting point to succeed in this challenge is to try to promote coordination of standardization activities in EMDS in a system perspective, to reach then the higher objective of providing the market
with “application-oriented” solutions and reinforce the role of standardization in opening-up of markets
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and in disseminating of energy efficient technologies. Energy Efficiency means in this context the optimization of products and systems to increase energy savings. Simply combining products with the
highest individual energy efficiency does not necessarily result in maximizing energy savings at the
system level and may not al-ways be cost effective.
More explicitly defined as:
1. Provide a platform for systems: "wire-to-water/air"
►
Initiate and organize coordination and alignment activities through a Joint Working
Group of IEC & ISO (JWG)
►
Provide solid overview of IEC & ISO standards for energy efficiency of EMDS
2. Define ex ante calculation methods for system efficiency/losses, energy performance evaluation
3. Define ex post acceptance testing procedures for system energy performance evaluation
4. List typical operating characteristics and time/load profiles for economy
5. Define coordinated efficiency classification methods and metrics for product and system energy performance
6. Support the alignment of terminology, scope and definition of boundaries for EMDS
7. Support the development of coordinated operating points and conditions for tests
8. Support the development of aligned interpolation and extrapolation methods for losses and efficiency of EMDS
In a first Phase – October 2019 – July 2020, the set-up of 5 background documents was initiated
which includes the analyses of 38 existing energy efficiency standards on EMDS in IEC and ISO. The
most important topics to deal with the coordination and alignment of standards were also identified:
IEC and ISO standards, Terminology, Energy Efficiency classification metrics, Interpolation and extrapolation methods and Minimum Energy Performance Requirements (MEPS).
The following clarification on the scope and limitations of CAISEMS has been made: the 9 relevant
IEC & ISO TCs working on standards in their respective fields are responsible for their own standard
making. The CAISEMS project does not/will not interfere with their standard making work; Issuing
Minimum Energy Performance Requirements (MEPS) is the sole responsibility of national/regional
legislative bodies.
A draft Work Plan will be discussed on 20 November 2020. The plan describes the next steps leading
from the current preparatory phase towards the next phase, where the planning is to initiate a formal
Joint Working Group (JWG) from IEC & ISO, which then can develop the actual CAISEMS Work Program.
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Update on the indirect efficiency determination of permanentmagnet synchronous machines
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Summary
Due to the increasing application of permanent-magnet synchronous machines (PMSM) in industrial,
energy and traction applications, and the intrinsic high efficiency (due to small rotor losses), an accurate efficiency determination gets increasingly important. Nowadays still the direct input/output measurement is the only standardized method. However, for efficiency values of about 95 %…96 % and
above, which are possible with PMSM, the direct procedure becomes inaccurate. Indirect methods via
summation of losses are a possible alternative. Similar procedures are already well-known and applied for electrically excited synchronous machines (IEC 60034-2-1), but are not directly applicable for
PMSM, as the excitation of the permanent magnet is fixed and cannot be adjusted during the indirect
loss measurement.
A novel indirect efficiency determination procedure for sine wave operation and d-q-current operation
with voltage source inverter feeding was introduced in [1] and detailed in [2] and [3]. The method is
based on a separate determination of a) voltage-depending losses (i.e. iron losses 𝑃𝑃Fe and additional
losses 𝑃𝑃e,in,0,ad due to inverter feeding), b) current-depending losses (i.e. I²R losses in the stator winding 𝑃𝑃Cu= and additional load losses 𝑃𝑃ad,1 ), c) mechanical friction and windage losses 𝑃𝑃fw (e.g. air friction and fan losses).
a) The voltage-depending iron losses are determined during the generator no-load experiment at variable speed, where the machine is driven by an auxiliary drive, or via the motor no-load experiment,
where the machine is operated at the inverter without coupled load. The latter experiment allows the
determination of the additional losses due to inverter feeding 𝑃𝑃e,in,0,ad by separation of the harmonic
losses from the total losses with a poly-phase power analyzer with fundamental and total loss access.
These inverter-caused additional losses are very often load-independent, which is especially valid for
machines with linear torque/current curve. For the final efficiency determination the voltage-depending
losses are recalculated to the corresponding voltage level with the square of the total induced
voltage 𝑈𝑈x .

b) The current-depending losses are determined with the removed rotor experiment at sinusoidal current feeding. Besides the ohmic I²R losses 𝑃𝑃Cu= only the additional stator-side losses
𝑃𝑃ad,1,s = 𝑃𝑃Cu~ − 𝑃𝑃Cu= are considered. The additional rotor-side losses 𝑃𝑃ad,1,r cannot be determined, but
are usually small for machines with distributed integer-slot winding. They are neglected with this procedure.
c) A no-load test according to a), but with unmagnetized rotor, allows a distinct determination of the
friction and windage losses for different speed. This procedure is applicable during the manufacturing
process of the machine. If a test with unmagnetized rotor is not possible, the friction and windage
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losses measured together with the iron losses of a). For the correction of the iron losses to the total
induced voltage under load calculated losses 𝑃𝑃fw are used instead of the measured values; otherwise
the measured values 𝑃𝑃fw can be used.

This novel indirect efficiency determination procedure has been validated by measurements and simulations for five different test machines with a rated power of 45 … 150 kW at the Institute of Electrical
Energy Conversion. The results imply a good accordance (deviation within 0.5 %-points) between this
indirect efficiency and the directly determined efficiency from output/input measurement for machines
with distributed integer-slot winding at different speed 𝑛𝑛 and load – even for analytically determined
fan friction losses for the 𝑈𝑈x -voltage correction of 𝑃𝑃Fe . For tooth-coil PMSM with sub-harmonic stator
field waves the deviation between the direct and indirect efficiency is higher (e.g. up to 1 %-point at
rated operation for a test machine with single-layer tooth-coil winding and a big sub-harmonic field
wave, causing a big 𝑃𝑃ad,1,r ).
The National Metrology Institute of Germany (PTB) has tested this novel method with a smaller PMSM
with integer-slot winding and surface-mounted rotor magnets at a rated power of 7.5 kW [4]. Here the
friction and windage losses were measured separately at no-load acc. to c). The comparison of the
direct and indirect efficiency values also shows a good accordance with a deviation below
0.5 %-points.

Overall, the presented novel indirect method is a suitable addition to the standardized direct procedure
for permanent-magnet synchronous machines.

Currently the method is under review at IEC working group TC 2, WG 28 (Convenor: Dr. Axel Moehle).
An inclusion into the next revision of IEC 60034-2-X is targeted.
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Summary
India is a huge market for air compressors and the demand is ever increasing. Small and Medium
Enterprises (SME) are the major users of air compressors. SME typically use oil injected screw compressors ranging between 20 HP to 300 HP (15 to 220 kW). There are more than 30 manufacturers
and importers of oil injected screw compressors of this range. With the introduction of new energy
efficient oil injected screw compressors like the Permanent Magnet Synchronous Motor (PMSM) +
Variable Speed Drive (VSD) + Two Stage (TS) Compressors, there is a lack of knowledge among both
the importers of the technology and its users particularly SMEs about its performance.
Several industries have shown interest in two stage compressors. Although the two stage technology
is not new, the technology was common for bigger range (300 HP and above). More recently the technology has been introduced even for smaller capacities starting from 50 HP, (65 psig pressure) also.
While some manufacturers claim that two stage oil-injected compressors are efficient only when pressure requirements are beyond 200 psig (14 bar), some others claim the isentropic efficiency of these
compressors is about 85 % for smaller ranges as well.
Specific power consumption (SPC) is the ratio of total input power consumed by the compressor to the
free air delivery output of the compressor, at a prescribed pressure, normally 100 psig. It is denoted by
kW per 100 cfm/ 100 psig. Sometimes, isentropic efficiency is also called SPC. The paper discusses
various design factors that affect the SPC of air compressors, viz.
a) Screw profile and allied parameters.
b) Transmission losses.
c) Oil separation efficiency.
d) Motor and drive system
e) Number of stages (one/two stage)
The design of OIS+TS compressor is complex and therefore the SPC claims need to be certified by
CAGI or similar organisation. The energy savings claimed by many non CAGI approved PM+VSD+TS
manufacturers, is mostly due to the motor and drive system (PM + VSD) and not necessarily due to
the two-stage design.
In order to verify the energy savings by adoption of two stage air compressors, the authors collected
data by from industry, using single stage as well as two stage compressors (Table).
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Table: Data collected from industry
Industry A
Two Stage
400 HP/100 psig. 6 months old
FAD 2221 cfm at 100 psig
Compressor power 338 kW
Service factor 1.15
SPC 15.5 kW/100 cfm (average)
Industry B
Two Stage
177 HP/100 psig. 2 years old
FAD 988 cfm
Compressor power 158 kW
Service factor 1.15
SPC 15.4 kW/100 cfm (average)

Single Stage
218 HP X 2/100 psig. 2 years old
FAD by flow meter – 2148 cfm at 100 psig
Compressor power – 366 kW
Service factor 1.15
SPC 17.4 kW/100 cfm (average)
Single Stage
200HP/100 psig. 3.5 years old
FAD 962 cfm
Compressor power 179 kW
Service factor 1.15
SPC 17.2 kW/100 cfm (average)

Based on literature survey and field data, the following guidelines for adoption of two-stage compressors were framed:
1) If the compressed air requirement is for 8 hours a day and the can be met by small sized (< 50
HP) compressor, additional investment in a two stage may not be justified. The SME can go
for reputed fixed speed compressor with start/stop for up to 20 HP (with a bigger air receiver)
and soft starter up to 50 HP.
2) If the compressed air requirement is for 24 hours a day and can be met by medium sized (< 75
HP) compressor, PM+VSD seems to be the best option especially if the demand is fluctuating
(or is low in the night shift).
3) For large compressors, with a base load of 100 HP and above, especially for compressed air
requirement of 24 hours per day, two-stage compressor with IE3/IE4 fixed speed motor system from a CAGI approved supplier is recommended.
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IN SHORT

What is Topmotors?
]] Topmotors is an implementation program for efficient
motor driven systems in Switzerland.

]] Main focus: Topmotors offers professional support
through fact sheets, continuing education courses, workshops, newsletters, webinars and organizes an annual
Motor Summit. Topmotors has developed a 4-step audit
method, the Motor-Systems-Check (incl. software tools),
to analyze existing motor driven systems. Topmotors also
provides information on the current standards and regulations in Switzerland and the European Union.

]] Topmotors has been supported by SwissEnergy (Swiss
Federal Office of Energy) since 2007 and managed by
Impact Energy, an independent energy consulting office.
]] Electric motor driven systems represent around 70 % of
electric energy consumption in the industry and service
sectors. With more efficient motors, integrated systems
and their optimised operation, this consumption can be
reduced by 20 % to 30 % – a significant untapped savings
potential from which the economy and the environment
can benefit. The Topmotors program targets this big
energy efficiency potential and aims to reduce the electricity consumption of motor driven systems in industry,
infrastructure facilities and large buildings with economic
measures.

]] Thinking in terms of systems is a central element of the
Topmotors program. An electric motor is part of a motor
driven system: frequency converter, motor, transmission
and the driven application (pump, fan, compressor, transport system, industrial process equipment, etc.). Energy
can be saved only if all the components of a system are
optimally coordinated, the necessary output is delivered,
efficient components are used and operated correctly.
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Topmotors in short – What is Topmotors? | November 2017 | www.topmotors.ch | info@topmotors.ch
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Who is Impact Energy?
Impact Energy Inc. (iE) is an independent consultancy founded in 2014 and based in Zurich. iE
(www.impact-energy.ch) is concentrating its field of work on energy efficiency in the industry,
commercial and agricultural sectors. It is engaged in research, policy implementation, industry
consulting and training. Impact Energy.
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iE leads in Switzerland the Topmotors program (www.topmotors.ch) that was launched in 2007.
Topmotors is an awareness raising and training program supported by the Swiss Federal Office of
Energy, to promote the energy efficiency of electric motor systems in industry. Topmotors includes a
continuing education course in Industrial Energy Optimisation, focusing on electric motor systems and
energy management, organised in cooperation with three Swiss universities.
iE is regularly staging the Motor Summit in Zurich, in 2020 for the 10th time (www.motorsummit.ch).
The MS'20 brings international representatives from policy and industry, as well from research, energy
consulting and NGOs together for a 2-day intensive discussion on market transformation towards
efficient motor systems.
iE, represented by Rita Werle, is coordinating together with Maarten van Werkhoven (TPA advisers),
the Electric Motor Systems Annex (EMSA, www.motorsystems.org) in the IEA Technology
Collaboration Programme on Energy Efficient End-Use Equipment (4E). EMSA publishes regularly a
newsletter for the Global Motor Systems Network with about 4'500 active members in 85 countries, in
English, German, Spanish, Japanese and Chinese.
iE, represented by Conrad U. Brunner, works together with Andrea Vezzini (Bern University of Applied
Sciences), as the Swiss delegates in IEC working groups for motors (TC 2) and converters (SC 22G).
Currently, iE with EMSA in cooperation with IEC WG18, is organizing the global Round Robin Program
for converter losses.
iE works with Renergy, Beijing on the Topmotors Program China. In Zhenjiang, Jiangsu province, an
industrial energy efficiency program was launched in 2014. A Motor Summit China was held in 2015.
iE has worked in collaboration with TERI in 2016 on energy efficient pumps for agriculture in India,
supported by the Swiss agency for Development and Cooperation.
iE works to promote efficient motor systems in and outside Switzerland through the program
Topmotors supported by the Swiss Federal Office of Energy.
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About the IEA 4E Electric Motor Systems Annex (EMSA)
Electric motor systems consume annually about 10 700 TWh worldwide and are responsible for
53% of the global electric energy consumption (2015). This corresponds approximately to the
combined electricity consumption of China, the European Union (28 countries) and the USA.
The IEA 4E Electric Motor Systems Annex (EMSA) promotes opportunities for energy efficiency in
electric motor systems. It supports the development of internationally aligned technical standards and
the coordination and implementation of effective energy efficiency policies to improve the energy
performance of new and existing motor systems, increasing energy efficiency and reducing
greenhouse gas emissions worldwide in the EMSA member countries, industrialised countries and in
emerging economies and developing countries.
EMSA's work focuses on the following areas:
• International Standards. EMSA contributes to the development of internationally aligned and
globally applicable technical standards for motor systems:
o EMSA stays up-to-date with the activities of, and contributes independent research
results for, relevant International Electrotechnical Commission (IEC) standards
committees, in which some EMSA members participate directly.
o EMSA runs an international round robin testing programme for converters in
cooperation with IEC.
o EMSA researches advanced technology motors.
o EMSA is active in the field of Coordination and Alignment of IEC and ISO standards
for energy efficient electric motor driven systems.
• Digitalization and motor systems. EMSA explores the potential for energy savings through
ICT technologies in motor systems, identifies barriers and possible solutions.
• Motor Systems Tool. EMSA has developed this independent user-friendly software tool MST
to assess the efficiency of a complete motor system.
• Outreach. EMSA provides a Newsletter, information and publications in this working field.
EMSA provides a platform for an in-depth technical and policy exchange between members
and is a vehicle for collaborative projects. Some of EMSA's research results are made publicly
available through its publications.
EMSA publishes a range of guides covering best practice policies, lessons learnt and opportunities for
the international alignment of technical standards and regulations, with:
• 4E EMSA Policy Guidelines for Motor Driven Units – Part 1 (2016) and Part 2 (2018)
• EMSA Energy Audit Guide for Motor Driven Systems, 2018
• 4E Energy efficiency roadmap for electric motors and motor systems (2015)
• EMSA Policy Guidelines for Electric Motor Systems - Part 2: Toolkit for Policy Makers (2014)
• EMSA Motor Policy Guide – Part 1: Assessment of Existing Policies (2011)
The EMSA Motor Systems Tool calculates the energy efficiency of a motor system, taking into account
the motor, controls, transmission and driven application. It is intended for engineers and others aiming
to optimise existing and new electric driven systems. The DTI Hydracalc has recently been published
and is specially designed for optimising hydraulic systems. Both tools can be downloaded for free.
Nine members work together in EMSA: Australia, Austria, Denmark, European Commission, The
Netherlands, New Zealand, Sweden, Switzerland and the USA. Switzerland is the EMSA’s lead
country with Roland Brüniger as Country Representative. For more information, please visit
www.motorsystems.org or contact:
Maarten van Werkhoven
EMSA Operating Agent
TPA advisors
Aerdenhout, Netherlands
+31 23 536 8090, mvanwerkhoven@tpabv.nl

Rita Werle
EMSA Vice Operating Agent
Impact Energy Inc.
Gessnerallee 38a, Zurich, Switzerland
+41 44 226 20 10, rita.werle@impact-energy.ch
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