




   
 
 

Welcome to the Motor Summit 2010 

We welcome you to the third Motor Summit in Zurich. It has almost become a rule to have EEMODS 
and the Motor Summit in smaller format in Switzerland in alternating years. The scope of the Motor 
Summit has remained since the first such event in 2007 but technological development and policies for 
implementation have changed a great deal. We are sure that the 150 participants from 21 countries 
will enjoy intensive and useful two days. 

We would like to thank all our partners, exhibitors and sponsors. We thank the SwissEnergy program 
for supporting the Swiss motor implementation program Topmotors and its contribution to the Motor 
Summit. We enjoy the global partnership in 4E EMSA that makes for an excellent occasion to host 
specific workshops - open to an interested public. This year "Testing Centres" and "New Motor Tech-
nology" will hold their discussions back to back with the MS'10. 

You are all invited to join the Global Motor Systems Network by subscribing to our newsletter at 
www.motorsystems.org (English and Chinese). 

We wish you interesting days in Zurich and hopefully also a view of the city, the lake and the moun-
tains that surround this beautiful place. See you next at EEMODS'11 in Washington DC. 

The Motor Summit Team: 

Conrad U. Brunner Rita Werle Bea Meyer 

 

 

Willkommen zum Motor Summit 2010 

Es ist schon fast zur Regel geworden, dass in einem Jahr EEMODS und im Jahr danach der Motor 
Summit in Zürich in einem kleineren Format stattfindet. Seit der ersten Austragung 2007 hat sich die 
Aufgabe zur Einsparung von elektrischer Energie bei Antriebssystemen nicht geändert, aber die tech-
nologische Entwicklung und die Umsetzungspolitik haben sich stark verändert. Wir sind sicher, dass 
die 150 Teilnehmer aus 21 Ländern zwei interessante Tage in Zürich verbringen werden. 

Wir danken allen Partnern, Ausstellern und Sponsoren. Wir danken EnergieSchweiz für die Unterstüt-
zung des Schweizer Umsetzungsprogramms Topmotors und den Motor Summit. Wir freuen uns über 
die globale Partnerschaft mit dem Programm 4E EMSA, das uns eine gute Gelegenheit gibt, um inte-
ressante Workshops für ein Fachpublikum anzubieten. Dieses Jahr stehen "Testing Centres" und 
"New Motor Technology" auf dem Programm. 

Sie sind alle eingeladen, sich am Global Motor Systems Network zu beteiligen, indem Sie sich auf 
www.topmotors.ch (deutsch/französisch) oder www.motorsystems.org (englisch) für den Newsletter 
abonnieren. 

Wir wünschen Ihnen schöne Tage in Zürich und hoffentlich auch einen Blick in die Stadt, auf den See 
oder die Berge rundherum. Auf Wiedersehen an der EEMODS'11 in Washington DC. 

Das Motor Summit Team 

Conrad U. Brunner Rita Werle Bea Meyer 
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Motor Summit 2010
International Strategy, Wednesday 27 October
Time Topic Speaker
09:00 Coffee and Registration

Introduction
09:30 Welcome and introduction to MS’10 Conrad U. Brunner, Operating Agent IEA 

4E EMSA, Zurich, Switzerland
10:00 Efficient use of electricity: Swiss policy 

agenda
Pascal Previdoli, Deputy Director Swiss  
Federal Office of Energy, Bern, Switzerland

Policy, regulation
10:20 Current status of motor, pump and fan  

regulations
Ismo Grönroos-Saikkala, European  
Commission, Brussels, Belgium

10:40 European fan efficiency regulations Urs Steinemann, Ingenieurbüro US,  
Wollerau, Switzerland

Market, potential
11:00 EMSA: New motor technologies Charles Gaisford, WSP Energy, Abingdon,  

United Kingdom
11:20 IE4 motors on the horizon Michael Klein, Baldor Electric Germany 

GmbH, Kirchheim, Germany
11:40 First results from a global motor market 

study
Martin Jakob, TEP Energy, Zurich,  
Switzerland

12:00 Permanent magnet motors, application 
and efficiency potential

Stefan Berchten, MagnetDrives AG, Zug,  
Switzerland

12:20 Lunch
Standards

13:30 Small motor standards in the USA Rob Boteler, NEMA/Nidec Motor Corpo-
ration, St. Louis, USA

13:50 New IEC standards for motor efficiency  
classes and testing

Martin Doppelbauer, IEC TC2 WG 28/31, 
SEW-Eurodrive, Bruchsal, Germany

14:10 Small motors and pump standards in 
China

Zhang Xin, China National Institute for  
Standardization CNIS, Beijing, China

14:30 New motor standards in India Milind Raje, International Copper Pro
motion Council, Powai, India

14:50 Progress with pumps on a product and 
systems approach with variable frequen-
cy drives

Steve Schofield, BPMA/Europump, West 
Bromwich, United Kingdom

Tests
15:10 Results from motor check tests in Aust-

ralia
Andrew Baghurst, CalTest, Port Elliot,  
Australia

15:30 Results of the IEC Round Robin test Axel Möhle, IEC TC2 WG 28, Loher,  
Ruhstorf, Germany

15:50 Variable frequency drives testing methods Pierre Angers, Energy Technology Labora-
tory, Hydro Quebec, Shawinigan, Canada

Conclusions
16:10 Efficient electrical end-use equipment –  

a global contribution for energy efficiency
Hans-Paul Siderius, Chairman IEA 4E, NL 
Agency – Energy and Climate Change,  
Utrecht, The Netherlands

16:30 Panel discussion EU – IEC – Industry – NEMA
17:50 EEMODS’11 in Washington DC William Hoyt, NEMA, Rosslyn, VA USA
18:00 End
19:00 Reception and Dinner University of Zurich, Tower Restaurant
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Motor Summit 2010
Umsetzung in der Schweiz, Donnerstag 28. Oktober
Zeit Thema Vortragende
09:00 Kaffee und Gipfeli, Registrierung

Einführung
09:30 Begrüssung und Tagesziel Conrad U. Brunner, S.A.F.E., Projektleiter  

Topmotors, Zürich
10:00 Schweizerische Effizienzpolitik für  

elektrische Energie
Michael Kaufmann, Vizedirektor BFE,  
Programmleiter EnergieSchweiz, Bern

Markt und Effizienz
10:20 Energetisch effizientere Ventilatoren, neue 

Normen und europäische Vorschriften
Urs Steinemann, Ingenieurbüro US,  
Wollerau

10:40 Marktveränderung durch Mindestanforde
rungen

Martin Sager, BFE, Leiter Sektion Energie
effizienz, Bern

Motoren in der Industrie
11:00 Super-Premium Motors Aníbal T. de Almeida, University of  

Coimbra, Portugal.
11:20 Erfahrungen von industriellen Pilotobjekten 

bei Topmotors
Jürg Nipkow, S.A.F.E., Topmotors, Zürich

11:40 Der Motor-Check bei EnAW: Industrie-
kunden

Pascal Fotsch, EnAW, Lemon Consult, 
Zürich

12:00 Energieeffizientere Anlagen für die Nah-
rungsmittelindustrie

Fritz Langenegger, Bühler AG, Uzwil

12:20 Easy: Effizienz für Antriebssysteme Rita Werle, S.A.F.E., Programmkoordina
torin Easy

12:30 Mittagessen
Motoreneffizienz heute und morgen

13:30 Forschungsergebnisse für effizientere  
elektrische Antriebe in der Schweiz

Roland Brüniger, Forschungsprogramm-
leiter BFE «Elektrizität», R. Brüniger AG, 
Ottenbach

13:50 Permanent Magnet Motoren: Einsatzge-
biete und Effizienzpotenziale

Markus Lindegger, Circle Motor AG,  
Gümligen

14:10 Effiziente Motoren auf dem Prüfstand Max Schalcher, Swiss Alpine Laboratories 
for Testing of Energy Efficiency S.A.L.T. 
und HTW Chur

14:30 Elektrische und mechanische Tests bei  
Motoren vor Ort

Adolf Marty, SEMA Schweizerischer Ver-
band der Elektromaschinenbaufirmen, 
Elektromechanik, Antriebstechnik,  
Ing. Büro, Brunnen

Effizienzanalyse
14:50 Software-Tools erleichtern die Effizienz

analyse bei industriellen Anwendern
Thomas Heldstab, hematik, Topmotors, 
Zürich

15:10 Erfahrungsbericht: Motorcheck in Schoko-
ladefabrik

Bruno Spring, Produktmanager Energie
effizienz, BKW Energie AG, Bern

15:30 Pumpencheck für Wasserversorgung Yann Roth, Ryser Ingenieure AG, Bern
Abschluss

15:50 Einfluss der Energieeffizienz auf Innovatio-
nen, Investitionen und Wachstum: Beispiel 
Schweiz

Lucas Bretschger, Center of Economic  
Research, ETH Zürich

16:10 Podiumsdiskussion Bund – Industrie – Verband – Hochschule
17:20 EEMODS’11 in Washington DC Conrad U. Brunner, S.A.F.E., Projektleiter  

Topmotors, Zürich
17:30 Aperitif
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Testing Centres 
 
 
Workshop Agenda Tuesday 26 October 2010
 
 

Time Topic Speaker 

09:00 Registration   

09:30 Introduction 
Hugh Falkner for Department of 
Climate Change and Energy 
Efficiency, Australia 

09:45 Outcomes of IEC 60034-2-1 meeting on motor 
testing 

Martin Doppelbauer 
SEW Eurodrive 
Germany 

10:45 Break  

11:00 

IEC 60034-2-1 Standard 

Andrew Baghurst  
CalTest 
Australia 

Interpretative Guide for test laboratories 

New Flowchart to make testing sequence clearer 

Data exchange – sharing of single common data 
set to test algorithms used in different labs 

12:30 Lunch Break   

13:30 Recent advances in motor testing Pierre Angers 
Energy Technology Laboratory 
Hydro-Quebec’s Research Institute 
Canada 14:15 Test methods for other types of motor – 1 

14:45 Break   

15:00 Test methods for other types of motor – 2 
 

15:45 Facilitating information exchange between test 
labs 

16:15 Summary and next steps Hugh Falkner 

16:30 End   

 



International Energy Agency IEA 
Electric Motor Systems Annex (EMSA) 

 
New Motor Technologies 

 
 
Workshop Agenda Thursday 28 October
 

Time Session Topic 
09:00 Registration   

09:30 
Introduction Welcome & introductions 

  Summary of the project, aims & objectives 

09:50 

Session 1 Presentation: 'Technologies in scope of the project' 

Policy & compliance Presentation: 'Regulators, policy & compliance' 

  Updates on regional developments 

  Discussions & conclusions 

10:50 Break   

11:05 

Session 2 Presentation: 'Update on IEC standards in context of 'new 
motor technologies'' 

Test standards & scope 
Presentation: i) ‘Scope of standards & classification 
                      systems and relevance to new technologies’
 
                      ii) ‘Product definitions & scope'   

  Discussions & conclusions 

12:30 Lunch Break   

13:30 

Session 3 Presentation: 'Future research on permanent magnet & 
switched reluctance motors' 

Classification systems Presentation: 'Classification systems' 

  Discussions & conclusions 

14:40 Break   

14:50 

Session 4 Presentation: 'Constraints that test centres might face' 

Testing & regional 
considerations 

Regional considerations 

Discussions & conclusions 

15:50 Close Summarise findings 

16:00 End   
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Participants

Name First name Organization E-mail Country
Abe Tomoya JEMA tomoya_abe@jema-net.or.jp Japan
Aebischer Bernard ETH Zürich baebischer@ethz.ch Switzerland
Affolter Hans Elektron AG h.affolter@elektron.ch Switzerland
Ahlgren Mikko Grundfos mahlgren@grundfos.com Finland
Ahman Anders Intertek Semko AB anders.ahman@intertek.com Sweden
Albig Jürgen Ziehl-Abegg AG juergen.albig@ziehl-abegg.com Germany
Alvarez Jorge Schneider Toshiba SAS jorge.alvarez@fr.schneider-electric.com France
Angers Pierre Hydro Quebec angers.pierre@lte.ireq.ca Canada
Baghurst Andrew CalTest abaghurst@bigpond.com Australia
Bailly Estelle EDF France estelle.bailly@edf.fr France
Baschnagel Leo Ernst Schweizer AG leo.baschnagel@schweizer-metallbau.ch Switzerland
Baumgartner Roger Baumgartner AG beb@baumgartner-ag.ch Switzerland
Berchten Stefan MagnetDrives AG berchten@magnetdrives.ch Switzerland
Berge Gerhard KSB gerhard.berge@ksb.com Germany
Berger Silvia S.A.F.E. silvia.berger@energieeffizienz.ch Switzerland
Betschmann Oskar Ziehl-Abegg AG Oskar.betschmann@ziehl-abegg.ch Switzerland
Bieri Hans Bieri Motoren bieri.motoren@bluewin.ch Switzerland
Bigler Hanspeter Nestlé hanspeter.bigler@rdko.nestle.com Switzerland
Bigler Marcel Halba AG marcel.bigler@halba.ch Switzerland
Bisang Walter EnAW walter.bisang@enaw.ch Switzerland
Bjergaard Jesper Grundfos jbjergaard@grundfos.com Denmark
Bolliger Urs EKAG und Partner urs.bolliger@ekag.ch Switzerland
Boteler Robert Nidec rob-boteler@nidec-motor.com USA
Braunwalder Armin S.A.F.E. braunwalder@energie-kommunikation.ch Switzerland
Brennan Terry NR Canada tbrennan@nrcan.gc.ca Canada
Bretschger Lucas ETH Zürich lbretschger@ethz.ch Switzerland
Brisset Franck Tecumseh Europe franck.brisset@tecumseh.com France
Brüniger Roland R. Brüniger AG roland.brueniger@r-brueniger-ag.ch Switzerland
Brunner Conrad U. S.A.F.E./EMSA cub@cub.ch Switzerland
Burghardt Michael Danfoss GmbH Michael.Burghardt@danfoss.com Germany
Chullabodhi Bunyongvut University Mahidol egswg@mahidol.ac.th Thailand
Chun Yon-Do KERI ydchun@keri.re.kr South Korea
Chunpong Pramoul University Mahidol egswg@mahidol.ac.th Thailand
de Almeida Anibal T. University of Coimbra adealmeida@isr.uc.pt Portugal
de Klerck Rob NL Energy & Climate rob.deklerck@agentschapnl.nl The Netherlands
deFay Richard CDA rdefay@cda.copper.org USA
Defreyne Pieter Howest pieter.defreyne@howest.be Belgium
Dereyne Steve Howest steve.dereyne@howest.be Belgium
Deuerling Rainer SKF GmbH rainer.deuerling@skf.com Germany
Diener Hansruedi Antriebe Rüti AG hansruedi.diener@antriebe.ch Switzerland
Doppelbauer Martin SEW Eurodrive martin.doppelbauer@sew-eurodrive.de Germany
Egger Otto ATB Motors otto.egger@at.atb-motors.com Austria
Egger Peter Grundfos pegger@grundfos.com Switzerland
Eichenberger Roger Axpo AG roger.eichenberger@axpo.ch Switzerland
Eichenberger Willy Eichenberger Elektro AG w.eichenberger@eichenberger-elektro.ch Switzerland
Ennenbach Frank ABS frank.ennenbach@absgroup.com Germany
Erismann Manfred IBA Aarau manfred.erismann@ibaarau.ch Switzerland
Erni Martin Axpo AG martin.erni@axpo.ch Switzerland
Falkner Hugh ATKINS hugh.falkner@atkinsglobal.com UK
Felber Othmar CKW othmar.felber@ckw.ch Switzerland
Ferrer Christian Antriebe Rüti AG christian.ferrer@antriebe.ch Switzerland
Fotsch Pascal Lemon Consult fotsch@lemonconsult.ch Switzerland
Frey Felix BFE felix.frey@bfe.admin.ch Switzerland
Gaisford Charles WSP charles.gaisford@wspgroup.com UK
Geuken Jörg ATB Motors joerg.geuken@de.atb-motors.com Germany
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Participants

Name First name Organization E-mail Country
Grönroos-Saikkala Ismo EC DG Energy Ismo.Gronroos-Saikkala@ec.europa.eu Belgium
Gutjahr Rolf CKW rolf.gutjahr@ckw.ch Switzerland
Häberle Norbert Schaffner EMV AG norbert.haeberle@schaffner.com Switzerland
Hari Bruno BSR Architekten AG bruno.hari@bsr-architekten.ch Switzerland
Heldstab Thomas hematik thomas.heldstab@hematik.ch Switzerland
Hess Michael AEK Energie AG michael.hess@aek.ch Switzerland
Heuer Christian Heblo AG christian.heuer@heblo.ch Switzerland
Hillinger Robert Rockwell rhillinger@ra.rockwell.com Switzerland
Hoyt William NEMA bill_hoyt@nema.org USA
Hubler Roland ABB roland.hubler@ch.abb.com Switzerland
Huse Horst HT-Analyst horst-huse@ht-analyst.de Germany
Hüsser Daniel Zitt Elektromotoren zitt@zitt.ch Switzerland
Iyama Sanaee Lawrence Berkeley NL ssiyama@lbl.gov USA
Jakob Martin TEP Energy martin.jakob@tep-energy.ch Switzerland
Jensen Finn Grundfos fjensen@grundfos.com Denmark
Jillehed Marcus Intertek Semko AB marcus.jillehed@intertek.com Sweden
Karademir Mahmut mk-elektromotoren ag info@swiss-motors.ch Switzerland
Kaufmann Michael BFE michael.kaufmann@bfe.admin.ch Switzerland
Kern Rolf EBM r.kern@ebm.ch Switzerland
Klein Michael Baldor mklein@baldor.com Germany
Kleissler Rolf Gebrüder Meier AG rolf.kleissler@gebrueder-meier.ch Switzerland
Kobel Beat Ryser Ingenieure beat.kobel@rysering.ch Switzerland
Könen Michael ATB Motors michael.koenen@de.atb-motors.com Germany
Koo Dae-Hyun KERI dyk371@keri.re.kr South Korea
Kuhn Gregor Eichenberger Elektro AG g.kuhn@eichenberger-elektro.ch Switzerland
Kulawik Moritz Oerlikon Journalisten AG kulawik@fachjournalisten.ch Switzerland
Kummer Michael Küffer Elektro-Technik AG info@kuefferag.ch Switzerland
Langenegger Fritz Bühler fritz.langenegger@buhlergroup.com Switzerland
Leumann Christof Leumann & Uhlmann christof.leumann@leumann.ch Switzerland
Lhenry Michel ABB michel.lhenry@fr.abb.com France
Linckh Vera LFU Bayern vera.linckh@lfu.bayern.de Germany
Lindegger Markus Circle Motor AG info@circlemotor.ch Switzerland
Liu Yung Lung ITRI ylliu@itri.org.tw Taiwan
Mäder Boris ATB Schweiz AG boris.maeder@ch.atb-motors.com Switzerland
Marty Adolf Ingenieurbüro Marty marty@automatik.ch Switzerland
Mauerhofer Daniel Umwelt Arena AG daniel.mauerhofer@umweltarena.ch Switzerland
McClelland Mike Leroy Somer mike.mcclelland@leroysomer.com France
McCoy Gilbert WSU Energy Program mccoyg@energy.wsu.edu USA
Meyer Andreas Rockwell ameyer3@ra.rockwell.com Switzerland
Meyer Bea S.A.F.E. bea.meyer@cub.ch Switzerland
Möhle Axel Loher GmbH axel.moehle@siemens.com Germany
Møller Torben Grundfos torbenmoeller@grundfos.com Denmark
Montani André EKZ andre.montani@ekz.ch Switzerland
Moonmongsap Worapoch University Mahidol egswg@mahidol.ac.th Thailand
Mörikofer Andreas BFE andreas.moerikofer@bfe.admin.ch Switzerland
Moser Michael BFE michael.moser@bfe.admin.ch Switzerland
Naeraa Rikke ENS rin@ens.dk Denmark
Nielsen Peter Achton Grundfos pacnielsen@grundfos.com Denmark
Nielsen Sandie B. Danish Technological 

I tit t
sandie.nielsen@teknologisk.dk Denmark

Nilkuha Krairit University Mahidol egswg@mahidol.ac.th Thailand
Nipkow Jürg S.A.F.E. juerg.nipkow@arena-energie.ch Switzerland
Nunez Miguel Unitec AG miguel.nunez@unitec-ag.ch Switzerland
Obata Takeshi Hitachi obata-takeshi@hitachi-ies.co.jp Japan
Ochsner Marcel IBA Aarau marcel.ochsner@ibaarau.ch Switzerland
Ogawa Susumu JEMA susumu_ogawa@jema-net.or.jp Japan
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Participants

Name First name Organization E-mail Country
Pillot Christian Schneider Electric christian.pillot@schneider-electric.com France
Poulsen Preben Grundfos prebenpoulsen@grundfos.com Denmark
Previdoli Pascal BFE pascal.previdoli@bfe.admin.ch Switzerland
Protas Erich Watt Drive protas.erich@wattdrive.com Austria
Raje Milind International Copper raje_milind@icpci.org India
Rath Ursula Consiste rath@consiste.de Germany
Rauber Walter IBA Aarau walter.rauber@ibaarau.ch Switzerland
Ris Daniel Schibli AG info@schibli-ag-bellach.ch Switzerland
Roesti André Eco-Optimum andre.roesti@eco-optimum Switzerland
Röllin Peter Volta AG volta@volta.ch Switzerland
Rom Michael Siemens Schweiz AG michael.rom@siemens.com Switzerland
Rommler Daniel Grundfos drommler@grundfos.com Switzerland
Roth Yann Ryser Ingenieure yann.roth@rysering.ch Switzerland
Sager Martin BFE martin.sager@bfe.admin.ch Switzerland
Sahlin Per-Ake ABB per-ake.sahlin@se.abb.com Sweden
Sarkisov Vadim SVS Nevelin vadim.sarkisov@svs-nevelin.com Germany
Sattler Peter energie consulting office@energie-consulting.at Austria
Schalcher Max HTW Chur max.schalcher@fh-htwchur.ch Switzerland
Schällibaum Heinz maxon motor ag heinz.schaellibaum@maxonmotor.com Switzerland
Schneeberger Werner ebmpapst werner.schneeberger@ebmpapst.ch Switzerland
Schneiter Paul S.A.F.E. paul.schneiter@energieeffizienz.ch Switzerland
Schnyder Gilbert Schnyder Ingenieure AG gilbert.schnyder@sing.ch Switzerland
Schofield Steve BPMA techdir@bpma.org.uk UK
Schuch Dieter Franklin Electric dschuch@fele.com Germany
Schultheiss Martin Elektron AG m.schultheiss@elektron.ch Switzerland
Seeberger Fabian Grundfos fseeberger@grundfos.com Switzerland
Siderius Hans-Paul Agentschap NL hans-paul.siderius@agentschapnl.nl The Netherlands
Sigloch Uwe ebmpapst Uwe.Sigloch@de.ebmpapst.com Germany
Spring Bruno BKW bruno.spring@bkw-fmb.ch Switzerland
Stangl Christoph Texas Instruments c-stangl@ti.com Germany
Stäuble Thomas ABB thomas.staeuble@ch.abb.com Switzerland
Staudacher Christian RIC Staudacher GmbH wickwigg@bluewin.ch Switzerland
Steinemann Urs Ingenieurbüro US ing.us@bluewin.ch Switzerland
Steins Dieter Deutsches Kupferinstitut steins-hohenstein@t-online.de Germany
Strebel Roger IBA Aarau roger.strebel@ibaarau.ch Switzerland
Ström Yngve Powermax AB yngve@powermaxmotor.se Sweden
Studer Sonja Swissmem s.studer@swissmem.ch Switzerland
Sun Wei S.A.F.E. sun.wei@abinternational.ch Switzerland
Thöni Markus EMWB Brienz m.thoeni@emwb.ch Switzerland
Van der Maas Jacobus ScanE Genève jacobus.vandermaas@etat.ge.ch Switzerland
Van der Merwe Lyon Fele lvandermerwe@fele.com Germany
Venzin Toni HTW Chur toni.venzin@htwchur.ch Switzerland
Verapong Prasert University Mahidol egswg@mahidol.ac.th Thailand
Wakulewska-Zeier Urszula Unitec AG u.wakulewska-zeier@unitec-ag.ch Switzerland
Watechagit Sarawoot University Mahidol egswg@mahidol.ac.th Thailand
Wehrli Ferdinand Hidrostal AG ferdi.wehrli@hidrostal.ch Switzerland
Werle Rita S.A.F.E. rita.werle@cub.ch Switzerland
Zhang Xin CNIS zhangxin@cnis.gov.cn China P.R.
Zurbuchen Adrian IBA Aarau adrian.zurbuchen@ibaarau.ch Switzerland
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The Motor World has Changed Rapidly 

Conrad U. Brunner 
Swiss Agency for Efficient Energy Use S.A.F.E.  
Operating Agent 4E Electric Motor Systems Annex EMSA 
Gessnerallee 38a, CH-8001 Zurich, Switzerland 
cub@cub.ch  
 
Global Electrical Motor Policy 
The last five years have shown a rapid shift in technologies and implementing policies of efficient elec-
tric motor systems. Electric motor systems have been recognized as the largest single technology 
responsible for over 40% of global electricity use and with an efficiency potential largely untapped.  

The major shift in the last decade is in the number and size of countries adopting Minimum Energy 
Performance Standards (MEPS). By 2015 - with the recent addition of the 27 countries of the Euro-
pean Union - 70% of global electricity is used in countries with motor MEPS in place, only 2'167 TWh 
will be used in non-MEPS countries (rest of the world ROW). High and Premium Efficiency electric 
motors between 0.75 kW and 375 kW are now approaching to be a benchmark industry product in 
North America, in China and in Europe. This does not yet mean "mission accomplished". Many coun-
tries have entered the MEPS, as the table below shows, at a relatively low performance level only to 
secure the market bottom from even worse import products. It will take longer than 2015 to have a 
majority of the countries meet their MEPS at the IE3 level. 

 

It is remarkable that Europe set a precedent by including next to the electric motor also variable fre-
quency drives (VFD) and applications like pumps and fans in the package of mandatory standards. 
The European Commission has also mandated the standard makers Cenelec (and with this indirectly 
also the International Electrotechnical Commission IEC) to advance the current standards for testing 
and efficiency classification also for non-induction motors and VFD. 

 

Efficiency Levels Efficiency Classes Testing Standard Performance Standard
IEC 60034-30 IEC 60034-2-1 Mandatory MEPS

Global 2008
incl. stray load losses 

2007 Policy Goal
Premium Efficiency IE3 Low Uncertainty USA 2011

Canada 2011
Europe* 2015 (>7.5 kW), 2017

High Efficiency IE2 USA
Canada
Mexico

Australia
New Zealand

Korea
Brazil

China 2011
Switzerland 2011

Europe 2011
Standard Efficiency IE1 Medium Uncertainty China

Brazil
Costa Rica

Israel
Taiwan

Switzerland
bold means in effect
*) IE3 or IE2+VSD



Motor Summit 2010, Zurich, Switzerland 

Electric Motor Standards 
The key testing standards for electric motors are internationally harmonized since IEC 60034-2-1 was 
published in 2007. The old transatlantic question of how to introduce the additional stray load losses 
into the test method is now fully answered. The IEC testing standard is now under review to integrate 
the now available results of an extensive international research project Round Robin. It will certainly 
focus on a preferred testing method for each motor type and size and will choose the one with the 
highest accuracy and the best repeatability. The "Segregation of Losses" method with PLL from resi-
dual loss has become the global benchmark. The procedure and the sequence of the testing will be 
improved in the next revision of the standard to include the development of better instrumentation for 
torque and speed and the experience from the 20 plus labs. 

The next jump is then to bring the same level of accuracy to motors run at variable speed. The varia-
ble frequency drive requires specific testing instrumentation to recognize the impact of the harmonics 
to the motor performance as well as the VFD losses in low torque and low speed. The IEC 60034-2-3 
is progressing and will help industry and users to choose the best possible combination between mo-
tor and VFD. 

The motor efficiency classification in IEC 60034-30 has rapidly brought a harmonized terminology for 
the three different performance levels IE1 - IE2 - IE3 of electric motors worldwide. With the arrival of 
Super Premium Efficiency IE4, the introduction of new motor technology and the required rating of 
variable speed systems also this standard will need revision and extension of its scope to non-
induction motors. 

Technology 
In the shadow of the still dominating asynchronous induction motor - the work horse in motor technol-
ogy dominating all markets - new technology is slowly getting a foothold into the market. Starting at 
the lower end of motor sizes the permanent magnet motor has become the technology of choice for 
many applications below 10 - 20 kW in pumps and fans with variable speed. The combination with 
variable speed drive is also progressing to the point that the end-user does not have to negotiate with 
both the motor and the VFD manufacturer separately but that there are integrated and packaged units 
available. Also the packaging of the motor with VFD and its driven wheel in a pump or a fan makes for 
a smaller and better product. This secures that hard- and software match, resulting in smaller units at 
lower cost and better performance. It will be interesting to see how fast the technology change at the 
size below 10 kW will revolt the market in the 100 kW plus range. 

Concerns 
It is still a component market dominated by a dozen global brands selling cast iron housings with cop-
per wiring in it and claims of the ultimate energy performance. The electric motor system includes the 
mechanical and electrical components and unifies them to an efficient package. Its complexity has 
given trouble to industry and policy makers trying to set standards for entire systems. In addition, sa-
lesmen in many well-known companies still struggle every day to explain the small cost premium in 
terms of life cycle cost to a wary industrial buyer who will only benefit from the better efficiency. 

The other concern relates to the timely synchronization of introducing MEPS. As long as large markets 
like India, Japan or Russia do not have MEPS, they risk becoming the waste basket of low-grade elec-
tric motors that cannot be sold on other markets that have higher mandatory entry requirements for 
efficiency. 

Hopes 
The Global Motor System Network initiated by EMSA is growing: now over 2000 interested people in 
60 countries receive our newsletter regularly. The response is widely positive which means that the 
knowledge on technical and policy developments is not yet easily available everywhere. We take this 
as a mandate for future efforts in the field of energy efficient motor systems and EMSA. 
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1. Background and rationale 

Energy-using products account for the main part of energy consumption in households and for 
about 30% of total energy consumption in the EU. This number can be significantly decreased in a 
cost-effective way through a set of policies transforming the market towards more energy-efficient 
products. 

The setting of minimum efficiency and labelling requirements is widely recognised as one of the most 
effective policy tools in the area of energy efficiency. It is one of the 5 priority actions under the 2006 
Energy Efficiency Action Plan. Its swift implementation was requested by the European Council and 
the European Parliament, and it is in principle supported by all involved stakeholders, including the 
industry and NGOs. The setting of such requirements at EU level has the following benefits: 

– It provides the industry with a common and predictable regulatory framework. In light of the 
lack of Member State competence in this field, the Commission has a particular responsibility for 
addressing the energy consumption of products at EU level as it ensures the free movement of 
those products within the internal market, bringing down cost for manufacturers and consumers.  

– It has a big impact on the market. Historically such policies proved to be effective in transforming 
the market. The ecodesign and energy labelling requirements adopted so far or to be adopted by 
the end of 2011 are expected to bring approx. 40% of the overall EU energy savings objective by 
2020.  

– It is cost-effective: The energy efficiency of appliances is among the policy measures with the 
highest negative CO2 abatement cost, which means that it contributes to the environment while 
allowing saving energy and money. It does not create an excessive burden neither to the industry 
affected by legislation, nor to national administrations. It also spurs technological development and 
innovation, hence supports the competitiveness of industry.  

2. Work programme and strategy 
 
1st phase –addressing household energy consumption  
Since 2005, the first phase of implementation is above all focused on the domestic sector (heating, 
lighting, domestic appliances, consumer electronics and IT). The savings expected from these 
measures together represent approx. 40% of the EU target by 2020 (380 Mtoe, corresponding to 20% 
of the predicted energy consumption of about 1900 Mtoe in 2020 ). 
 
2nd phase – moving to the industrial and tertiary sectors 
The Ecodesign Working Plan for the period of 2009-2011 includes 10 product groups used mainly in 
the industrial and tertiary sectors (such as machine tools, industrial furnaces, big air-conditioning 
systems). In this framework additional 17 preparatory studies were launched and are expected to 
result in possible regulations in 2012. 
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3rd phase – strengthening existing requirements and possibly filling the gaps 
This phase will be initiated in 2011 with the adoption of a new Ecodesign Working plan. It is expected 
that it will be focused on the preparation of the revision of existing requirements than launching work 
on new product groups. 
 
3. Regulations on electric motors, fans and pumps  

An Ecodesign Regulation 640/2009 on electric motors 0,75-375 kW was adopted last year with first 
requirements coming into force on 16 June 2011 (minimum energy efficiency requirements set at IE2 
level). Further requirements will come into force on motors in power range 7,5-375 kW on 1 January 
2015 and be extended to motors bigger than 0,75 kW on 1 January 2017 requesting the minimum 
energy efficiency level of IE3, except if equipped with a variable speed drive (in this case, IE2 is 
sufficient).  

A regulation on fans 125W - 500kW is foreseen to be adopted early 2011. First requirements will apply 
on 1 January 2013 and the second tier requirements 1 January 2015. An adoption of a regulation on 
clean water pumps is planned for 2011. 

Further technical studies are planned to be launched on motors not yet covered by the current motor 
Regulation, on compressors and pumps used in pools and aquariums and pumps used in waste water 
management. A public tender on these product groups is planned to be launched early 2011.  

4. Standardisation in the field of industrial products 
 
The European Commission has issued a draft Mandate on electric motors (M/470) in 2010. Also, a 
mandating process is underway on variable speed drives (closely related to the above motor 
Mandate), on fans and on clean water pumps in 2011. Such a Mandate will allow the European 
Standardisation Organisation to adopt an existing standard or to develop new standard(s) for the 
needs of the present or forthcoming product legislation upon which the legislation can be technically 
harmonized. It is imperative that any new standard is also harmonized on a global level by IEC as 
soon as possible to avoid negative feedback from other regions. 
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In the framework of the Ecodesign Regulation several groups of electricity using products have been 
treated and their energy savings potential calculated by the European Commission. The annual 
electric energy used for fans driven by motors with an electric input power between 125 W and 500 
kW is estimated at 410 TWh. Without any further policy measures the electricity use would increase 
to 660 TWh/a in 2020. 

The Ecodesign Regulation for Fans from 2010 defines legally binding Minimum Energy Performance 
Standards of the efficiency of fans mandatory for all 27 European countries. The goal of this Direc-
tive is to improve the efficiency of fans in Europe. It is expected to produce energy savings of 34 
TWh/a in the field of the fans within the scope. 

Reduction of the Energy Demand 
In order to reduce the energy demand of fans there are a number of possible measures: The neces-
sary power is determined by the air flow, the pressure difference and the efficiency of the relevant 
components. External influences play an equally important role as the technical components. To 
achieve a low power demand the air flow and the pressure difference have to be minimized and the 
efficiency of the technical components maximized. Only the last element is treated in the Ecodesign 
Directive. It is important to know that the energy demand is dependent on of the actual load points 
and the operation time. A technically efficient fan brings little if it cannot be used in the optimum op-
eration range. For low energy demand it is imperative that the fan is working within the optimum effi-
ciency range and is properly sized. These influential effects have not - and cannot - be treated in a 
product oriented standard because they are dependent on the specific application. The operational 
issues are often more crucial for the energy savings as the maximum efficiency. 

New Requirements of the Ecodesign Fan Regulation 2010 
In the Ecodesign regulation for fans minimum energy performance standards are set for the total ef-
ficiency of the fan. Six different types of fans are distinguished. The requirements are dependent on 
the electrical power of the motor in the optimum operation point of the fan. Four different measure-
ments set-up are distinguished, depending on the position of the fan in the air duct. And the efficien-
cy is given for static and total pressure. 

The introduction of the regulation is planned in three steps: The „First Tier“ is planned for 2013, an 
efficiency increase is given in the "Second Tier" for 2015. The requirements take the lower possible 
efficiency of smaller fans into account. The current BAT (best available technology) is online with the 
second tier. In addition a set of "Target Values" are given for a future benchmarks that can become 
requirements in a later stage. 

The figures below show the fan efficiency requirements regarding static pressure (left side) and total 
pressure (right side) for the following fan types: 

AF Axial fan  
CF Centrifugal forward curved fan and centrifugal radial bladed fan 
CB0 Centrifugal backward curved fan without housing 
CB1 Centrifugal backward curved fan with housing  
MF Mixed flow fan 
CF Cross flow fan  
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Target efficiency first tier for efficiency category static pressure
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Target efficiency first tier for efficiency category total pressure
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Target efficiency second tier for efficiency category static 
pressure
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Target efficiency second tier for efficiency category total pressure
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Target efficiency BAT for efficiency category static pressure
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Target efficiency BAT for efficiency category total pressure

0

10

20

30

40

50

60

70

80

90

0 1 10 100 1'000

electric input power in kW

to
ta

l e
ffi

ci
en

cy
 in

 % AF-T
CF-T
CB1-T
CF-T
MF-T

 
S: static pressure, T: total pressure 

Consequences 
In the process of preparation a number of fan manufacturers were involved. This means that the 
larger companies are well prepared and will not have any problem to adjust their products to the new 
standards. It is expected to reduce electricity demand for fans due to the implementation of this 
regulation in Europe by 34 TWh/a. The energy savings potential is much larger when all possible 
measures from energy efficient planning and construction as well as optimum operation will be ap-
plied. An offensive of technological information accompanying the regulation as well as new educa-
tion programs for both engineering students and continuing training of technical people is needed. 

In Switzerland the study "Building in a hotter Climate" (faktor Publishers, Zürich 2008, 
www.faktor.ch) has dealt with the energy consumption of fans in ventilation and cooling systems. 
The result showed that with no measures the electricity demand for air movement in these installa-
tions will double from 2005 to 2035. If the future global warming is taken into account it can well be 
even three fold. With the application of all energy efficiency measures available today the electricity 
demand for 2035 could actually be cut to half of the current value. The influence of the global warm-
ing in this later scenario remains small. The Ecodesign Directive 2010 for efficient fans is a valuable 
contribution in order to achieve this energy savings goal. 
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The desire to reduce carbon emissions has led to many measures around the world to improve the 
energy efficiency of electric motors, and to apply them to new areas of application. Regulators have 
played a key role in this and examples of their influence include:  

a) collaboration with industry in the development and introduction of labeling standards in order 
to distinguish between different energy performance classes; 

b) introduction of mandatory minimum efficiency performance standards (MEPS) at the bottom 
end of the market; 

c) stimulation of the top end of the market through the introduction of measures such as financial 
incentives for best in class products. 

Regulators have also recognized that in certain variable duty applications and especially those 
associated with fans and pumps variable speed drives (VSDs)1 are effective in realizing energy saving 
opportunities, and in some countries measures have been introduced to promote their use. The 
energy performance of the VSD or motor-drive package however remains unclassified. 

The response by industry includes the development of higher efficiency AC induction motors, to the 
point where this technology is approaching the theoretical limits of efficiency, especially in the larger 
sizes. In addition, due to their higher overall efficiencies there are parallel moves by some 
manufacturers to bring other motor technologies such as permanent magnet (PM) and switched 
reluctance (SR) motors into the main stream. These technologies require electronic controllers in order 
to operate and offer variable speed functionality, which is advantageous as at least half of motor 
applications can benefit from variable speed control. 

Underpinning these measures are test methods to measure the energy performance of motors, and 
performance classification systems to rate their performance. As the market has traditionally been 
dominated by the AC induction motor the focus of the test and classification systems and measures 
introduced have been on this technology type; in addition there has been increasing global harmony 
associated with these; examples of which include the following: 

Motor test methods – in September 2007 the test standard IEC 60034-2-1 “Standard methods for 
determining losses and efficiency from tests (excluding machines for traction vehicles)” was published. 
This standard applies to DC motors and to AC synchronous and induction motors of all sizes within 
the scope of IEC 60034-1. For AC induction motors a number of test methods are presented and 
consensus is increasing over which are the most repeatable for the purposes of motor classification. 

Motor labeling – the IEC electric motor labeling standard IEC 60034-30 “Efficiency classes of single-
speed, three-phase, cage-induction motors” was published in October 2008. This is the first 
internationally harmonized labeling standard; which is initially intended for AC induction machines but 
may be extended in the future. This standard aligns with established measures in some countries and 
more recently regulators are choosing to align with it, for example the European Commission’s 

                                                 
1 Also referred to as adjustable speed drives (ASDs) 
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Regulation No 640/2009 introducing mandatory minimum performance standards for electric motors 
under the Energy Using Products (EuP) Directive. 

As motor technologies evolve and new products are introduced to the market it becomes evident that 
a variety of technologies will be competing on the grounds of energy efficiency and the existing 
standards framework focused on AC induction motors is inadequate. For the regulator the following 
questions arise: 

 Are there adequate test methods to accurately measure the energy performance of the 
new products? 

 How can the energy performance of the new products be classified?  

 How can fair comparisons be made between different motor technologies? 

 Can regulators be confident that the measurement methods and classification systems 
are sufficiently robust to be incorporated within a legal framework ensuring compliance 
with the required performance standards? 

Developing robust standards for these purposes requires considerable effort. In order to ensure 
reliable results, all test methods and procedures must be based on qualified research and supporting 
evidence, and must be consistently repeatable. Majority consensus must be achieved between all 
parties contributing to the standards, and where used for regulatory purposes the regulators must be 
satisfied that the standards are sufficient for compliance purposes.  Equally classification systems 
need to take account of how products perform in practice and this can be challenging for globally 
harmonized standards where there might be different operating constraints regionally. 

Standards makers are already active in this area; the IEC performance classification IEC 60034-30 
currently leaves the highest performance class, IE4 open and suggests it may only be attained by 
alternative technologies to the AC induction motor. In addition standards for variable speed machines 
are currently in development, for example Canadian standard CSA 838 “Variable frequency drives”, 
and IEC 60034-3-2 Part 2-3: ‘Specific test methods for determining losses and efficiency of converter-
fed AC motors’. The drafting of these standards is ongoing. 

Many detailed issues need to be taken into account and examples of those that might concern 
regulators include: 

 What product combinations should be tested and classified (motor only, VSD only, or 
both)? 

 What product configurations should be tested and classified (hardware options)? 

 Which operating modes should be implemented during the test (including software 
settings)? 

 What load profiles should the products be tested and classified against? 

 How and when to compare fixed speed machines with variable speed machines? 

 What regional constraints should be taken into account? 

A number of countries collaborating under the International Energy Agency’s (IEA) 4E Electric Motor 
Systems Annex (EMSA) have recognized the need to engage with the standards development 
process in order that their regulatory measures might be adequately supported. These countries 
include: the UK (leading), Australia, the Netherlands and Switzerland. 

The objective of Task G ‘New Motor Technologies’ is to engage with stakeholders (policy makers, 
standards makers, technical experts, manufacturers, academia and testing institutions) and facilitate 
dialogue and collaboration resulting in an improved understanding of stakeholders needs and leading 
to the finalizing of standards that are robust and sufficient for use by regulators. 

On Thursday 28th October 2010 Task G will be facilitating a side workshop at the Motor Summit to 
discuss further some of the matters indicated in this paper. 
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Energy management in the United States over the past thirty years primarily focused on the efficiency of 

“general-purpose” motors.  The Energy Policy Act (EPAct) of 1992 covered only AC induction motors of 1 

– 200 horsepower with rigid mounting bases. However, NEMA Premium® efficient motors are now 

included in the Energy Independence and Security Act of 2007 and are available with many additional 

mounting configurations and enclosures beyond what is mandated by law. Use of Premium Efficient 

motors has proven a viable method to significant energy savings – all the more important in today’s 

higher energy price market. Efficiencies are defined through 500 HP (375 kW) and are being studied to 

expand that standard. The new IE3 level of IEC 60034-30 now defines a similar premium efficient motor 

for IEC use. 

In addition to induction motors, (the work horse of industry) permanent magnet rotor AC motors (servos) 

have been available for incremental motion applications for years offering significant energy savings in 

many applications. Larger versions of these PM rotor motors are now available from fractional through 

several hundred horsepower.  

A typical application such as a tensioning roll on a paper machine will be in the mid-90% efficiency range 

using a PM rotor motor where the old DC motor was in the mid-80%.  Considering the losses of the power 

train (gear reducer), the system efficiency of the DC solution is near 60%. The greater flexibility of the PM 

motor can provide for the removal of the gear reducer. In addition, these servomotors offer the potential to 

replace inefficient pneumatic actuation systems found throughout industry.  Permanent magnet rotor 

motors can also lead to productivity improvements providing increased throughput in many applications, 

resulting in even greater system efficiency. 
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Any motor upgrade should be evaluated by the motor’s life cycle cost, rather than just its purchase price. 

Figure 1 shows the life cycle cost of a typical AC induction motor consists of only 2 percent for the 

purchase price and over 97 percent for the energy used over its life. 

 

 

 

 

Figure 1. Life Cycle Cost of an Industrial AC Electric Motor 

Thus, looking beyond general-purpose motors can result in significant energy savings. 
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Introduction 
Different studies have estimated that about 40 % of global electricity consumption originates from 
electric motor driven systems, but have been based on rather scarce data. The talk outlines estimates 
of the global electricity consumption of electric motors based on an energy demand model system 
developed at TEP Energy in 2008. Two types of modules were run: On the one hand, a simple top-
down module which considers the sector-specific share of the electricity consumption of electric 
motors. On the other hand, a bottom-up module considering sales and stock data of each economic 
space (country or country group) and respective operating specifications such as load and running 
hours, both by motor size. A goal of approach was to assess the market penetration of highly efficient 
motors for the period of 1995 to 2015 and its effect on the share of such motors within the global 
stock. 

Electricity Consumption of Motor Driven Systems 

Top-Down Approach 
The application of electric motor driven systems differs from sector to sector. A study from De Almeida 
et al. (2008) examined the shares of electric energy use of motors by specific sectors. According to 
this study, the sectors industry and transportation had the highest fractions (69 % and 60 % 
respectively), whereas electric motors accounted for only 20 – 25 % of the electricity consumption in 
the residential sector. These sector-specific shares of electric were applied to the countries’ respective 
sectoral electricity consumption. The results indicate that electric motors are the largest single 
consumption group, but the share of motors varies widely from country to country. Shares compared 
to the total electricity consumption of the countries vary between almost 40 % and more than 50 %. 
The economies with the highest annual electricity consumption of electric motors are the United 
States, the EU-25, and China with more than 1000 TWh each, followed by Japan and Russia with less 
than 500 TWh (including all types of motors).  

Bottom-Up Approach 
For the bottom-up approach, specific data from the twelve most relevant countries or country groups 
(EU-25) were collected and evaluated, such as sales data (including import and export of electric 
motors as well as import and export of electric motors built into large machines), stock data, running 
hours, motor load  and efficiency class shares. If available, all data were differentiated by size classes. 
Motors considered were mainly AC poly-phase motors with an output power ranging from 0.75 kW up 
to 375 kW. Data sources were sales statistics from national or regional manufacturers associations, 
national authorities (particularly statistical and customs offices, such as Eurostat, U.S Census Bureau, 
Rosstat, etc.), research and information papers (e.g. SAVE II project, ACEEE, etc.) and reports on 
behalf ministries and research funds (e.g. US DOE, European Commission, etc.), and independent 
commercial market studies (e.g. Frost & Sullivan). Due to the very low availability of motor stock data, 
a stock model, based on available sales data, was applied for most of the economies considered. 

Comparison of Top-Down and Bottom-Up Approach 
The results of the top-down and the bottom-up approach fit quite well for most countries, if it is taken 
into account that the bottom-up model included only the electricity consumption of electric motors with 
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an output power of 0.75 up to 375 kW. Differences in the results from the top-down and the bottom-up 
approach for some countries are explained for example by specific characteristics of the economy 
(e.g. the industry sector of Canada consumes large amounts of electricity for aluminum production, 
what could lead to an overestimation of the electricity use for electric motors in the top-down model) or 
uncertainties in the original equipment manufacturers (OEMs) business (export and import of motors 
installed in OEM-products are difficult to track in the customs statistics). 

Market Transformation For High Efficiency Motors 
In order to assess the electricity saving potential by introducing high efficiency motors to the market, it 
was important to understand how far the market penetration has already advanced and what 
developments can be expected in the close future. For the large countries and country groups, i.e. 
United States, EU-25 and China, detailed information about sales and stock figures of the different 
efficiency classes are available over the last decade or even over longer periods from various sources. 
Abstracting the actual sales trends from these countries, a general diffusion path of the market 
penetration of new electric motors can be derived. These ideal development cycles are then used to 
see how far each country is in the introduction of high efficiency motors at present by considering 
actual sales data and minimum energy performance standards (MEPS) which already became 
effective or are in the planning process. Furthermore, the past and future sales can be estimated, 
resulting in a continuous timeline from 1995 till 2015. Extrapolating the sum of the sales of all 
economies considered (as unit of the sales, total annual installed capacity is used) a global figure is 
obtained. Assuming a renewable rate for electric motors for each country separately and also 
differentiated by size classes, the stock model delivers figures about the development of the global 
stock by efficiency classes.  

Obviously it takes a long time until the annual sales of more energy efficient motors alter the running 
stock. Any global or national electric motor renewal program needs more than 10, rather 20 to 30 
years to have a complete turnover of system efficiency. It therefore has to be designed as a long and 
continuous effort. The sales volume for the high (IE2) and premium efficiency classes (IE3) will go in 
waves and follow the staggered implementation of mandatory MEPS. 

Rapidly expanding economies such as China, Brazil, India and Russia have a huge potential in new 
installed systems that can be engineered to perform optimally from day one. Nevertheless also large 
industrialized economies like USA, Canada, Japan, Australia and Europe have an untapped motor 
energy efficiency potential where the majority of improvements lays in retrofitting existing factories and 
production machines. 

Overall it can be stated that a tremendous electricity saving potential exists at present. To make use of 
this potential, energy efficiency policy instruments for electric motors have to follow a long term 
perspective in order to cope with the low turnover rate. But not only requirements for the efficiency of 
electric motors themselves should be included in such instruments, but also for the motor driven 
system as a whole as well as for the application of variable speed drives. The saving potentials 
located there are of even larger extent. 

Detailed assumptions and results of estimates that followed a similar, but a more refined approach as 
described in this summary paper will be available in an IEA information paper in due time (Brunner et 
al).  
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A Step Forward 
Since the mid-1990s Swiss industry and universities have been quite active in the research on and 
development of high-efficiency permanent magnet (PM) motors. They were motivated mainly by scant 
resources (rare earth elements and energy costs). The main focuses were on efficiency improvement, 
magnetic topologies, high-torque and improved ecological aspects compared with the induction motor, 
and on preferred fields of application. Examples of the outcomes of these developments made in 
Switzerland will be given. 

New Concepts of PM Motors 
In recent years the capabilities of electrical machines have been extended due to the progress of 1) 
permanent magnetic material 2) power electronics and 3) control electronics. This is leading to new 
features of PM machines. Mainly two magnet and flux topologies have been (re)invented: the 
Transversal Flux Machine (Mordey Patent 1897) and the single-tooth winding Longitudinal Flux 
Machine (AEG Patent 1895). Both topologies are the basis for significant winding loss reduction. 
Combined with the loss free flux generation in the rotor with PM and the electronic commutation of the 
stator currents and loss reduced core material it becomes possible to increase the frequency and 
decrease the volume of the machine. All this results in producing lower conversion losses in relation to 
the converted energy. 

Experiences with small and large PM motors 
In fact, smaller machines always have greater losses in relation to nominal power than large machines 
do. This and the cost of magnets were why the research on permanent magnets in the 1990s was 
concentrated on small machines. Outcomes of this research include world leading products by 
MAXON motors, MINIMOTOR SA, PORTESCAP, Sonceboz S.A and ETEL. SERVAX (Landert-
Motoren AG) became the world leading producer of efficient high-torque Transversal Flux Machines.  

Around 2000 a great deal of development work for gearless applications began, because magnet 
prices dropped due to the opening of the Chinese market for raw materials. The design of large PM 
machines became feasible. Large PM machines, designed in Switzerland by members from 
MagnetDrives AG will be shown. The application fields are compressors, elevators, aerial cable cars, 
hybrid cars, wind energy and cement mills. Machines for continuous operation have a short payback of 
the additional investment cost for the inverter, thanks to energy savings. Moreover they have reduced 
infrastructure and maintenance costs due to the reduced machine volume, weight and mechanical 
stress.  

Development of Efficiency and Cost  
The energy-saving potential within the range of small and medium motors is very high, and will 
transform the asynchronous induction motor market in IEC standard frames. The high numbers of IEC 
units up to 22kW on the market will soon be replaced by PM machines.   
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In partial-load operation, the difference between the efficiencies of PM and IEC motors have grown in 
favour of the PM motor. This applies to PM generators as well. Therefore it is a good choice for small 
power plants to be equipped with permanent magnet motors.  

PM motors need inverter-controlled power for optimal operation. The higher investment costs for the 
inverter can be amortized within months or a few years. Therefore permanent magnet motors are the 
preferred engine for pumps, ventilators, mills and compressors to save on energy and maintenance 
costs.  

In the range of several hundred kW up to a few MW, the costs for the permanent magnets are still 
significant, but will be compensated partly by the potentially compact design. In any case, the payback 
time for motors in continuous operation will be one to five years.  

Studies with gear motors have shown that there is an advantage to permanent magnet motors with 
moderate gear transmission ratios up to the power of some MW.  

The now available small PM motors for heat-circulation pumps are inevitable. The efficiency of rpm 
(rotations per minute) regulated permanent magnet motors is three to four times higher than a 
conventional circulation pump with an induction motor. 

However, there are several limitations to its usage with explosive materials, since neodymium is highly 
reactive with hydrogen. In this case PM motors have to be carefully designed. 

Lessons for the future 
It became apparent, that not only small PM motors achieve higher efficiency than the classic 
asynchronous motor. The higher cost for the magnets is compensated partly by the lower amount of 
active material needed. The payback is related directly to the annual operating hours. Current and 
future energy cost savings will easily compensate for these investments. 

Optimized operation by inverters leads to reduced wear on critical mechanical components. This key 
factor reduces maintenance costs. 

In addition, inverter operation makes it possible to optimize the appropriate current phase control to 
generate minimal losses in the machine. But this is only possible if the position of the rotor is known 
exactly and reliable because of the pole numbers. Much development is needed in the future to make 
this key factor competitive. This is particularly important in cases where the available space and heat 
removal are limited (e.g. traction applications and gear-integrated drives). For special applications it 
becomes indispensable to have a robust system to determine the position of the rotor like magnetic 
resolvers. 

The main problem remains the sourcing of rare earth materials and the usage of these resources. 
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Background 

The USA has lead the world in the development and implementation of mandatory minimum 

energy performance standards (MEPS) covering electric motors for nearly twenty years. The 

introduction has come in three stages: 

• First the Environmental Policy Act (EPAct 1992) for electric motors implemented  in 1998 

on the level of IE2 (general purpose, T-frame, single speed, squirrel cage, induction type; 

230/460-V, NEMA Designs A or B, continuous rated, 60 Hz, from 1 to 200 hp, 2-, 4- and 

6-pole (3600-, 1800- and 1200-rpm), open and enclosed)  

• Next the Energy Policy Act of 2005 (EPAct 2005), which established the now familiar 

NEMA Premium® (IE3) efficiency ratings as the basis for federal motor purchases. 

• Now the pending implementation on 19 December 2010 of electric motors from 1 to 500 

hp IE3 (Premium Efficiency) with the Energy Independence & Security Act (EISA 2007). 
This includes certain motors previously exempted from minimum efficiency requirements 

(U-frame motors; NEMA Design C motors; close-coupled pump motors; footless motors; 

vertical solid shaft normal thrust motors (as tested in a horizontal position); eight-pole 

(900 rpm) motors, and poly-phase motors with a voltage of not more than 600 V (other 

than 230 or 460 V)). Motors sized between 200 hp and 500 hp need only meet EPAct 92 

efficiency ratings. 

 

The willingness of motor manufacturers and regulators to work together has allowed 

unprecedented progress and realization of significant energy savings. 
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Regulatory forecast model: 1 to 200 hp Low voltage AC motors reaches OEM Markets  
 
 
Recent activities related to additional segments of the electric motor market 
 

1] Small motors  

• How do NEMA standards affect our small motor (below 1 hp) decisions?  

• Operating hours are very low for small motors compared to integral horse power 

industrial and commercial applied motors.  

• If overall motor size increases, how will this affect end-users?  

• How was the small motor rule developed? What is the expected impact on energy 

savings and greenhouse gas emissions’ reduction?  

• What will NEMA members do in response to this rule and implementation in 2015?   

 

2] Market transformation and incentives for end-users to accelerate change  

How will financial incentives affect the decision to repair a failed motor or replace it with a 

premium efficient design?  

NEMA has proposed several options to the US congress to stimulate early adoption of energy 

saving motors and advanced motor technologies. NEMA has yet to have any proposals 

implemented or funded.  

The presentation will review the past proposals and provide a status report on current bills in 

congress. 
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In recent years the International Electrotechnical Commission (IEC) has created and updated several 
standards related to energy-efficiency of electric motors: 

 IEC 60034-2-1 testing of losses and efficiency  

 IEC 60034-30 definition of energy-efficiency classes IE1, IE2 and IE3 

 IEC 60034-31 energy-efficiency application guide including a preliminary definition of IE4 

 IEC 60034-1 name-plate marking of efficiency and energy-efficiency classes 

On July, 22nd 2009 the European Union has issued the commission regulation (EC) No 640/2009 
implementing the EuP-Directive 2005/32/EC for electric motors. This regulation is implementing 
energy-efficiency requirements in Europe in three time steps: 

16 June 2011 High-efficiency (IE2) becomes mandatory for 0,75 kW up to 375 kW 

1 January 2015 Premium-efficiency (IE3) becomes mandatory for 7,5 kW up to 375 kW 

1 January 2017 Premium-efficiency (IE3) becomes mandatory for 0,75 kW up to 375 kW 

Acknowledging the fact that variable speed drives can often save much more energy than energy-
efficient motors alone, the requirements for premium-efficiency (IE3 - starting 2015 and 2017) are 
effective for constant-speed direct on-line operated motors only. Motors in variable speed drive 
applications are just required to be high-efficient (IE2). This should give users a small incentive to 
switch from constant speed to variable speed wherever useful. Due to the much higher cost related to 
frequency converters compared to the cost difference between IE2 and IE3 motors it is ensured that 
no user will implement a frequency converter in constant speed applications (where it would be 
counterproductive) in order to avoid the IE3 motor. 

The commission regulation uses many definitions from IEC standards but never references these 
standards directly. Furthermore, the regulation includes some notable exceptions (explosion proof 
motors, brake motors) that were included as political compromises without reasonable technical 
background. 

In preparation of the next step of regulations the European commission is in the process of defining 
two standardization mandates for CENELEC: 

On 23rd June 2010 the mandate M/470 EN “… for standardization in the field of electric motors” was 
issued.  

On 30th July 2010 the final draft 31/2010 EN of the mandate “…for standardization in the field of 
variable speed drives and/or Power Drive System products” was released. 
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The officers of CENELEC TC2, CENELEC TC22x and IEC TC2 together with the convenors of IEC 
working groups WG28 and WG31 have met several times in 2009/2010 in Nantes, Brussels and 
Hannover to discuss the requirements of these new mandates and to set up a work plan. Both 
committees will continue to work in close contact, exchange experts between the relevant working 
groups and build liaisons where appropriate. 

All motor related work will be handled by IEC in the above mentioned working groups 28 and 31. The 
specific tasks include the following: 

- Future developments of efficiency standards for AC induction motors (namely IE4); 
- Possible introduction of other types of motors, namely single phase induction motors, 

permanent magnet synchronous motors, reluctance synchronous motors, motors specifically 
built for frequency converter operation (according to IEC 60034-25) and more; 

- Determination of additional motor losses specific to frequency converter operation; 
- Enlargement of the power range (from some 0,18 kW up to 500 kW); 
- Introduction of a new state-of-the-art energy-efficiency class (IE5); 
- Definition of a standardized test report template; 
- Provision of values for measurement uncertainties including options to reduce the uncertainty. 

These requirements will be implemented by IEC in new editions of IEC 60023-2-1 (testing of motors 
direct on-line), IEC 60034-2-3 (testing of motors operated on variable frequency) and IEC 60034-30 
(energy efficiency classification). 

All frequency converter and power drive system related work will be done in CENELEC TC22X. For 
that purpose the new working group WG6 (Energy Efficiency and Eco-design requirements for Power Drive 
Systems, switchgear and controlgear, Power electronics and their applications) has been created. The specific 
tasks include the following: 

- Definition of load profiles or load-speed profiles for typical applications; 
- Determination of losses and energy-efficiency of frequency converter; 
- Determination of losses and energy-efficiency of power drive systems; 
- Definition of parameters for resource efficiency, re-use and recycling. 

These requirements will likely be implemented by CENELEC in new standards within the EN 61800 
series. 
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The China motor energy efficiency label  
There is a national standard which specifies that Chinese motor manufacturers must 
declare the energy efficiency and other necessary information on the products’ 
nameplate, but some international manufactures do not comply with this rule. 
Nevertheless, the China Energy Label system is used for all products sold on the 
Chinese market including imported products. There are two kinds of energy efficiency 
label models for manufacturers: one has efficiency information, the other does not. 
For products which have the efficiency values on their nameplate, the simple label is 
used, thus the efficiency does not need to be stated on the label. For products which 
do not have the efficiency values on their nameplate, the label with the efficiency 
value is required. In the end, the efficiency grade has to be shown in both cases. 

 
Revision of the GB 18613  
GB 18613 is the mandatory energy efficiency standard for electric motors in China to 
promote the energy efficiency improvement of the motor and motor system. The 
development of this standard can be divided into three phases:  
1. The first version of this standard was issued by the Chinese government in 2002. 

Only minimum energy performance standards (MEPS) and target values were 
specified.  

2. In 2005, the China Energy Label scheme was kicked off. GB 18613 was under 
revision the same year and the 2nd version was issued end of 2006, taking 
effect on 1 July 2007. Compared to the first version, the most important 
change is that efficiency grades for motors were set which made it possible to 
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apply the efficiency label for electric motors. The eff1 and eff2 efficiency 
classification of the EU-CEMEP motor efficiency voluntary agreement was 
directly adopted as grade 2 and grade 3 respectively. The most efficient 
value, grade 1, was developed based on the Australian motor standard 
AS/NZ 1359.5. 

3. At the end of 2007 and in 2008, the motor efficiency test standard IEC1 60034-2-
1 and the first global energy efficiency classification standard IEC 60034-30 
have been published. This gave an impulse to the second revision of the 
Chinese motor energy efficiency standard. At present, the standard draft has 
been finished and sent to all stakeholders for feedback. A meeting is 
scheduled for next month to evaluate the final draft standard. Compared to 
the previous version of the standard (2nd version), several major changes 
have been made. Most importantly, the efficiency classification will be 
adjusted: grade 2 from the current rating system will become grade 3 in the 
new rating system, thus the current grade 3 will become history. The new 
grade 3 will directly correspond to the IE2 classification and grade 3 to IE3. 
The highest efficiency grade 1 will be based on IE3 with 15% loss reduction 
(IE4) and also refer to related information specified in IEC 60034-31. The 
standard shall be delivered to the Standardization Administration of China for 
approval end of this year and could be issued by the Chinese government 
next year. 

 
Revision of the testing method to synchronize with IEC 
China also changes the motor efficiency testing method for PLL in the new energy 
efficiency standard. The old method will not be used anymore (0.5% input power as 
the PLL) but the new method with summation of losses with load test will be applied: 
the PLL will be determined from residual loss. 
 
Financial incentive program for motors 
On 1 June 2009, China launched a large national financial subsidy program, the 
China Energy Savings program. The program will provide financial subsidy to cover 
the price difference between high and low efficiency products. The goal is to 
encourage product manufacturers to promote highly energy efficient products and 
convince consumers of their acquisition. The first product group involved in the 
incentive program was room air conditioners (not including variable speed products). 
Electric motors and energy efficient cars are included in the program since 2 June 
2010. Only relatively big manufactures meet the requirements to apply for the 
subsidy. The reason is twofold: the Chinese government needs to make sure the 
products sold are of high quality and more importantly, manufacturers shall have 
established a complete sale and post-sale reporting system to enable monitoring and 
verification of market transformation. 

                                                              
1 International Electrotechnical Commission 
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Synopsis 
The penetration of Eff1 (IE2) motors remains low in India and at the same time, below Eff2 (IE1) motors have a 
substantial market share. Harmonization of the current Indian Standards with IEC 600034-30, 2007 shall 
enable the promulgation of labeling up to IE3 / IE4 and the phase-out of below IE2 motors. The paper presents 
a roadmap for the introduction of the new standards & regulations in India. 
 
Introduction 
The concept of High Efficiency Motors (HEMs) is well known in India, however, its practice & adoption is 
another matter altogether. There have been focused market transformation approaches starting with a defined 
policy in the form of Energy Conservation Act 2001 followed by regulations like voluntary Labeling program & 
motor manufacturers’ proactive measures to introduce motors with higher efficiencies. However, for industrial 
motors, market barriers like misunderstanding of the different standards related to motors, business owners’ & 
purchaser’s focus on the initial purchase price than the life cycle cost, perceived risks associated with 
achievement of the claimed savings and a lack of tested business models for delivering and financing motors 
has resulted in low penetration of high and premium efficiency motors. There have been efforts from the 
energy efficiency advocates like International Copper Association in India along with other stakeholders to 
promote High Efficiency Motors through awareness campaign, capacity building of the end users in adopting 
HEMs. The Bureau of Indian Standards, and Bureau of Energy Efficiency with the support from energy 
efficiency advocates like International Copper Association, manufacturers’ associations like Indian Electric and 
Electronic Manufacturers’ Association and All India Electric Motor Manufacturers’ Association, test laboratories 
etc. have been addressing these barriers to improve the penetration of HEMs. 
An attempt has been made here to outline the measures taken to address the issue of standards 
harmonization and the steps taken in India.  
 
Standards Scenario for Energy Efficient Motors 
The standards body in India, Bureau of Indian Standards, first introduced an exclusive standard for energy 
efficiency motors in 1989 (IS 12615) which covered 4 pole motors up to 37 kW. Later, the same was revised in 
2004 with a proactive approach from the motor manufacturers. This revision covered the scope for all standard 
continuous duty motors up to 160 kW (2 pole and 4 pole), 132 kW (6 pole) and up to 110 kW (8 pole). Based 
on CEMEP, efficiency levels eff2 (improved efficiency) and eff1 (high efficiency) had been defined. Apart from 
the efficiency class this standard also specifies other performance parameters like breakaway torque, 
breakaway current, minimum speed, maximum full load current etc. for each of the rating. In other words this 
standard is a standard specifying performance specifications for energy efficient motors. The Bureau of Energy 
Efficiency launched its voluntary labeling plan in 2007 based on this standard – IS 12615:2004. The labeling 
plan had a limited success since it awarded voluntary endorsement labels of eff2 and eff1 to the eligible 
applicants. The major motor manufacturers had realized efficiency as a differentiator from the other motor 
manufacturers and had introduced motors with higher efficiency values than the eff1 levels. Hence the 
endorsement label failed to encourage such manufacturers to adopt the labels. The introduction of new IEC 
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standard 60034-30 for the efficiency classes for induction motors and subsequent adoption regulations based 
on the same by different countries, the Indian manufacturers, Bureau of Indian Standards (BIS), Bureau of 
Energy Efficiency (BEE) and other stakeholders realized the threat of trade barriers for exports from India and 
potential influx of inefficient motors in to the Indian market. The global harmonization of efficiency classes and 
testing methods and access to global markets triggered the Indian motor industry to harmonize its standards 
with latest IEC standards. During the annual sectional committee meeting of BIS for rotating machines, the BIS 
and BEE urged the motor industry to harmonize its standards with IEC with the immediate focus on revising IS 
12615:2004 to make it in line with 60034-30. Taking the basis of 60034-30 and the performance parameters 
specified in the existing version of IS 12615: 2004,a draft of revised IS 12615:2010 in September 2010 is 
made by the industry experts. It is now under wider circulation for comments from all stakeholders till end of 
November 2010. After considering all the comments and necessary action the standard will be finalized in the 
BIS sectional committee meeting by end 2010 / Jan 2011 and published by June 2011. 
The main features of the standard are: 

• The ranges covered are from 0.37 kW to 375 kW in 2, 4 and 6 poles. 
• Intermediate ratings are considered based on the Indian markets. 
• The efficiency classes are in line with 60034-30 termed as IE1, IE2 and IE3. 
• The testing method specified is as per 60034-2-1. Checking of capacity and building the same is the 

major task in implementation. 
• The other performance parameters like starting torque and starting current are considered and 

specified for all three levels (IE1, IE2 and IE3). 
 

3 phase squirrel cage induction motors market in India 
 More than 90%of the applications run by motors are catered by 3 phase squirrel cage induction motors. The 
eight to ten major big motor manufacturers have a market share of approx. 60% of the total 2’5 million 3 
phase, squirrel cage induction motors manufactured in India. Of the balance 40% market share the small and 
medium scale motor manufacturers have regional or local presence across the country. Most of these 
manufacturers do have good products but lack large production facilities and wide market access. There is 
also a large unorganized cluster of manufacturers who have small workshops and manufacture small motors  
 
Way forward  
Standard making body, BIS and the regulatory body BEE have been working towards bringing the supply 
chain, the end users and other stakeholders together to harmonize Indian standards with IEC taking care of 
the Indian market needs and conditions. The effort of harmonization of motor standards globally and the 
regulations introduced in different countries has been a trigger to move in a positive direction. On publishing 
the new motor standard, BIS and BEE are planning to draw a realistic but firm time line to withdraw IE1 and 
IE2 efficiency levels progressively in next 3 to 5 years. Few of the barriers need to be addressed for smooth 
implementation of these policies. 

• Capacity Building of small and medium scale motor manufacturers 
• Adequate test facility establishment as per prescribed testing standards 
• Awareness creation among the end users regarding life cycle cost 
• Establishment of incentive mechanisms for adopting high and premium efficiency motors and 

penalties in case of deviations 
• Technical issues by way of effects on the other performance parameters due to premium efficiency 

designs 
• Integrate motor Driven Systems in to the process so that the original Equipment Manufacturers also 

appreciate benefits of premium efficiencies. In India, the comparative star labeling of pump sets is the 
best example in this direction 

 
Conclusion 
The global harmonization of motor efficiency standards has triggered similar activities in India resulting in to 
revision of its current standard for energy efficient motors IS 12615 in order to harmonize with the IEC 
standards. BIS and the BEE have been working with all the stakeholders to implement this standard by 
addressing the barriers and planning a way forward to move towards premium efficiencies in next 3 to 5 years 
and compete in the global market.  
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INTRODUCTION 
The European Commission are currently introducing mandatory product related legislation onto specific 
pump types in Europe. Which pumps are included and how will this legislation impact on future exports to 
Europe? It has been identified that a “Pump System Approach” could potentially offer large energy savings 
and possible future business opportunities.  
 
THE ENERGY USING PRODUCTS (EUP) DIRECTIVE 
The potential savings within a rotodynamic pumping system can be up to 20 times the savings within a 
rotodynamic pump product. However it is clearly much easier to pass legislation on product improvement 
than on system improvement.  
The specific study which concerns the pump industry is Lot 11 which covers  electric motors 0,75 - 150 kW,  
water pumps (in commercial buildings, drinking water pumping, food industry, agriculture),  circulators in 
buildings and fans for ventilation in non-residential buildings.   
The EuP Directive is about products and not systems, the Lot 11 study has defined the pump types in scope 
as: 
Water Pumps: 

End Suction Own Bearings (ESOB) 
End Suction Close Coupled (ESCC) 
End Suction Close Coupled Inline (ESCCI) 
Submersible Multistage 3 to 6 inches 
Vertical Multistage up to 100m3/h 

 
Circulator pumps: 
Up to input power (P1) of 2500 
Consequently, system considerations will be made as described in the MEEUP methodology, but only to the 
extent that different technologies will interact in different ways. 
 
Europump, the European pump federation has fully cooperated with the European Commission on the EuP 
Directive. Furthermore it has also put in place working groups to investigate the energy savings potential with 
a  Product Approach (EuP Directive), Extended Product Approach and also a Systems Approach. 
The energy savings potential with pumping systems across Europe and total energy consumption is shown 
in Figure 1. 

 
Figure 1 Energy Saving Potential  
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EXTENDED PRODUCT APPROACH  
The SAVE study identified that better system control would save approximately 20% within a rotodynamic 
pumping system. The most effective method of controlling a pump is by speed and through a Variable 
frequency converter. A large percentage of the water pumps within the scope of the EuP are used on 
commercial and public buildings and subsequently operate under closed loop systems. This makes them 
ideal for variable speed operation 
To achieve an EEI (energy efficiency index) for the complete pumpset information will need to be sourced 
from: 

• Water pumps MEI  (mean efficiency index) 
• Motors information from  IEC 2 & 3 and also IEC 60034-31 
• VSD’s from IEC 60034-2-3 (draft) 

Also a total test procedure and EN standard will be required. The estimated cost for this work is in the region 
of 220,000 Euros which will be paid by the pump industry.   
 
SYSTEM APPROACH  
Finally you can see from Figure 1 that a system approach is needed in all circumstances for the optimisation 
of the pump operation to varying system conditions, to achieve the largest energy savings, to improve the 
reliability of the pump system, to guarantee less maintenance, to ensure a correct selection of the pump and 
system components and to create awareness that energy is the main factor in life cycle costs. 
Members of Europump have now started work within ISO on 14414 to write a new system assessment 
standard. The standard will include sections on how to benchmark a pumping system and how to compare 
an actual system performance to the design performance. It also was also fully recognised that a system 
assessor would need to qualified but this would need to be separate to the assessment standard and those 
interested can commence accreditation in accordance with ISO /IEC 17024. 
Many of the known systems standards are derivatives of energy management standards that are now 
available in other countries. 
Figure 2 shows the known energy management standards and how they should be linked to the pump 
industry. 

 
 

Figure 2 Known Energy Management Standards  
 
For further information and the current satus on; 
Product Approach (EuP Directive) 
Extended Product Approach  
Systems Approach  
Please contact Steve Schofield  BPMA & Europump  : 
Email: techdir@bpma.org.uk 
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Introduction 

The Australian and New Zealand governments’ Equipment Energy Efficiency (E3) Program uses a 
range of measures to increase the energy efficiency of products used in the residential, commercial 
and industrial sectors in order to reduce greenhouse gas emissions. These measures include 
regulations mandating the energy labelling of products and/or minimum energy performance 
standards (MEPS) that products must meet or exceed. Australia has MEPS in place for a range of 
products including induction motors. All products that fall under the scope of MEPS and/or labelling 
must be registered with E3 before they can be legally sold in Australia and New Zealand. The 
registration database is publicly available on www.energyrating.gov.au 

Since 1 October 2001, three phase electric motors manufactured in or imported into Australia must 
comply with mandatory Minimum Energy Performance (MEPS) requirements. From 1 April 2006 in 
Australia and 16 June 2006 in New Zealand, MEPS levels for three phase electric motors were 
revised to become more stringent (approximately equivalent to IE2 and known as MEPS 2). MEPS 2 
covers 2, 4, 6 and 8 pole motors from 0.73kW up to but not including 185kW in size. It is no longer 
legally permissible to import and sell MEPS 1 (IE1) motors.  

Around 5,500 models are now registered for motor MEPS 2 covering more than 50 different brands. 
More than 1,000 of the registrations are for voluntary High Efficiency levels (HEPS), which is 
approximately equivalent to IE3 levels.   

Recent check test results – three-phase induction motors 
Between March 2008 and August 2010, E3 undertook 50 motor check tests from 20 different motor 
suppliers. Motor models were selected from the registration database and purchased for testing. The 
check tests are undertaken according to either ‘Method A’ (AS/NZS 1359.102.3 – direct measurement 
of stray load losses) or ‘Method B’ (AS 1359.102.1 – assigned stray load losses) in a NATA-
accredited laboratory.  

We are very pleased with the high level of compliance with MEPS 2 levels. Only one motor supplier 
failed the check test. The registration for this product was cancelled as a result of failing the check 
test. The check-testing also revealed that a number of motors only passed their check tests because 
of the allowed tolerance values despite tolerances not being applied when registering their products.  

Check testing and test method standards 

Australian motor suppliers and manufacturers strongly support a robust compliance and enforcement 
program for Australia’s mandatory MEPS for induction motors. This compliance and enforcement 
program requires clear and unambiguous test method standards to ensure a ‘level-playing field’ for 
manufacturers and suppliers.  

If a test method standard is ambiguous and can be interpreted in several different ways or gives 
unreliable measurements, regulators are generally unable to take any legal or administrative 
sanctions against suppliers who do not comply with mandatory energy efficiency standards. This is 
unfair to the suppliers and manufacturers who are supplying products that meet the mandatory energy 
efficiency standards. Hence we need global harmonisation of robust and unambiguous test method 
standards. International cooperation on check testing and compliance for globally traded goods such 
as motors is also essential. 
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Australia’s approach to product compliance  

To ensure that products meet their declared energy rating and comply with MEPS, the E3 Committee 
implements a robust compliance regime. Check testing is conducted in two stages, and a full 
description of the process can be found in the National Appliance and Equipment Energy Efficiency 
Program Guidelines (www.energyrating.gov.au/admin-guidelines.html). Wherever possible, only 
National Association of Testing Authorities (NATA) accredited laboratories are contracted by the E3 
program to undertake check testing. 

All products which fail their check test are de-registered by the relevant State regulator, meaning the 
product can no longer legally be sold. Regulators have other options available to them in dealing with 
non-compliant products, including legal action and fines, and referral of the supplier to the consumer 
protection agency, the Australian Competition and Consumer Commission (ACCC), for false and 
misleading advertising. Companies may also enter into voluntary agreements with government to 
compensate both consumers and the environment when their products are identified as failing MEPS 
and/or labelling requirements. These agreements include compensating consumers who purchased 
their products and addressing the environmental damage by purchasing and retiring greenhouse gas 
abatement credits. 

International harmonisation work – APP EMSA Testing Centres 

The Asia-Pacific Partnership on Clean Development and Climate (APP) brings together Australia, 
Canada, China, India, Japan, Republic of Korea and the United States to address the challenges of 
climate change, energy security and air pollution in a way that encourages economic development 
and reduces poverty. The APP represent around half the world’s emissions, energy use, GDP and 
population, and is an important initiative that engages the key greenhouse gas emitting countries in 
the Asia Pacific region.    

The APP Buildings and Appliances Task Force ‘Harmonization of Test Procedures’ project includes 
sub-projects on Electric Motors and Motor Systems. In an effort to eliminate a major barrier to 
developing successful standards and labelling programs, this project plans to develop harmonised 
energy efficiency test procedures using a ‘Communities of Practice’ model. The achievements of this 
project include several project workshops between member countries, participation in Part 3 of the 
IEC round robin (Australia, China and Korea) and testing of 27 motors in Shanghai, China to four 
different test methods listed in IEC 60034-2-1. The results of this testing will help inform member 
countries of the comparative benefits of the various motor test methods. 

International harmonisation work – IEA 4E EMSA Testing Centres 

The International Energy Agency (IEA) Implementing Agreement for a Co-operating Programme on 
Efficient Electrical End-Use Equipment (4E) was set up in 2008 and is currently supported by around 
12 countries. A new Electric Motor Systems Annex (EMSA) was launched at the end of 2008 and is 
made up of a number of Tasks.     

The Task ‘Testing Centres’ began in early 2009. Australia leads the Testing Centres Task and other 
participants include Denmark and Switzerland. The aim of the project is to foster an ongoing dialogue 
between international testing centres. Ultimately this will enable testing centres to share information 
that in turn will lead to a common approach to testing electric motor efficiency. Improvements in 
international testing methods and an international forum for testing centres will give more confidence 
to regulators, manufacturers and motor purchasers. 

The achievements of this project include a successful workshop held in September 2009 in Nantes, 
France. Industry, government, independent and university labs were all represented at this workshop 
from Europe, Asia-Pacific, North America and South America. The second workshop is being held in 
Zurich on 26 October 2010. A web forum has also been in operation since September 2009 with a 
number of articles regarding motor testing already posted. Test laboratories are welcome to post 
comments in response to the articles. According to Leonardo Energy, the web forum has had 15,000 
visitors in its one year of operation. The web forum address is : 
http://www.leonardo-energy.org/international-motor-efficiency-forum-testing-centres-network  
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Driven by the introduction of efficiency classification for induction motors on the basis of IEC 60034-
30, the well-known IEC-standard 60034-2 was updated and replaced by IEC 60034-2-1 in 2007. 
Among other improvements, it was one objective of this update to increase the reliability of the 
efficiency figures determined on the basis of testing procedures. For that purpose a new test 
procedure with additional load losses from direct test (residual losses) similar to IEEE 112 was 
introduced. 

Furthermore, the well-known figure of 0,5 % as assigned value for the additional load losses was 
replaced by a curve, giving the upper value of the additional load losses of a large population of 
motors as a function of machine rating. This was introduced because experience showed, that the 
assigned value of 0,5% was in average far too low for machines with ratings below 1 MW. As a further 
result of this change the new procedure Eh-star was introduced to allow determination of the 
additional load losses by measurements instead of using the assigned value. 

To gain an objective database for the uncertainties of the procedures to determine the additional load 
loss, a test cycle in parallel to the first edition of the standard was launched in 2007. This so-called 
“Round-Robin-Test” aimed to gain experience with the newly introduced Eh-star-method for the 
determination of the additional load loss compared to the residual loss method. Therefore the test 
project focused mainly on the following two procedures: 

■ Summation of losses with load test: Additional stray load losses determined from residual loss 
(IEC 60034-2-1: 8.2.2.5.1) 

■ Summation of losses without load test: Additional stray load losses from Eh-star test  
(IEC 60034-2-1: 8.2.2.5.4) 

In addition, the test program also aimed to quantify uncertainties caused by material tolerances, 
manufacturing procedures and the different ways of interpreting the procedures defined in the 
standard. For this reason a three-step approach of the test set-up was chosen:   

■ Part 1: A series of tests in the same laboratory on a single motor.  
These test results were intended to provide data to quantify the difference between test methods 
and also to determine the influence of testing tolerances, i.e. impact of operator errors and test 
equipment.  
Each test had to be performed using the two aforementioned methods for determining additional-
load losses. It was proposed to perform a minimum of five tests, each on the same motor. The 
laboratories were asked to perform no more than one test per week and use different test stands 
and testers whenever possible.  

■ Part 2: A series of tests in the same laboratory on motors of the same design, from 
different manufacturing cycles, using the same test method.  
These test results were intended to determine the uncertainty caused by variations in material 
properties and manufacturing processes. 
Again, it was proposed to provide a minimum of five test results, but this time for the same motor 
design of five different manufacturing cycles. 

■ Part 3: A series of tests by different laboratories on the same motor. 
These results were intended to identify uncertainties due to different interpretations of the test 
procedures, differences in instrumentation and laboratory equipment and personnel variations. 
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In this sequence each of the motors under test of different manufactures was sent to at least five 
different test laboratories. In addition to testing the motors with the residual loss and the Eh-star 
method, the laboratories were asked for a comparison of 50 Hz versus 60 Hz performance. 

The whole test sequence covered four motor power ranges (1 - 10 kW, 11 - 50 kW, 51 – 200 kW and 
above 200 kW) and involved in total 21 laboratories.  

Even though the test setup was in principle very straightforward, the meanwhile available results of the 
“Round-Robin-Test” do not give clear indications for all points of the test program, as expected in the 
beginning. Nevertheless, with respect to the three parts of the test series the following conclusions can 
be drawn: 

■ Part 1: A series of tests in the same laboratory on a single motor. 
The results show a good correlation between Eh-star and the method of residual loss for 
additional load losses up to about 1000 W. This corresponds to machine ratings of approximately 
150 kW. For these ratings the current edition of IEC 60034-2-1 states a low uncertainty for the 
method of residual losses, so that this low uncertainty can also be expected for the Eh-star 
method.  
For higher ratings a bigger deviation between both methods has been observed, nevertheless the 
reason is not yet clear.     

■ Part 2: A series of tests in the same laboratory on motors of the same design, from 
different manufacturing cycles, using the same test method.  

As Eh-star was newly introduced with IEC 60034-2-1 and because partly historical data of the 
manufactures was used for this part of the test sequence, the results are mainly based on the 
method of residual loss. 

The test results show a significant variation of the losses determined for the same motor design at 
different points in time. The results lead to the conclusion that a variation of the total losses of 
approx. 5% is solely caused by material and manufacturing tolerances. 

■ Part 3: A series of tests by different laboratories on the same motor. 
Unfortunately the results of this part of the test series give the most unclear picture. In this part the 
same motor was tested by different laboratories with the two different procedures. As a result of 
this, one part of the laboratories determines higher losses by the Eh-star method, while the other 
part does this for residual loss, even though the same machine is tested. It even happened that two 
consecutive measurements of the same laboratory on the same machine using the same method 
resulted in a difference of additional losses of more than 100%. Reasons for such effects are not 
clarified yet. 

Based on these partly unsatisfactory results, IEC working group 28 is currently working on a revision 
of IEC 60034-2-1. The main conclusions incorporated in this revision are the following: 

■ Also with respect to practical reasons the method of residual loss will be introduced as 
preferred method to determine the additional load for compliance checks with national energy 
efficiency regulations for all 3-phase machines with ratings up to 1 MW. 

■ All other methods, including Eh-star, will be kept in the standard for field- or routine testing 

■ To avoid misinterpretation, which may have caused the unclear variations of the part 3 
measurements, the description of the procedures will be detailed with respect to 
instrumentation and sequence of testing. 

■ Even though the results of the Round Robin test did not fully meet the expectations, the test 
series proved that the loss tolerance of 15%, which is currently mentioned in IEC 60034-2-1, is 
reasonable. None of the test results showed variations above 15%, nevertheless tolerances of 
10% to 12% appeared regularly. 
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Many industrial processes require precise and accurate control over system 
parameters such as flow, pressure, temperature, process speed, etc. The use of a 
variable frequency drive (or converter) to match the motor driven equipment speed 
and torque to the requirements of the process load can result in large energy savings 
particularly in variable torque or centrifugal loads. It is estimated that 30% of 
industrial motor system energy is candidate for converter application to control the 
speed and torque of a motor. 
 
However, the introduction of a variable frequency drive produces extra losses: in the 
converter itself plus the additional losses in the motor due to the converter. In this 
way, the measurement technology and instrumentation to assess these losses 
require special attention. 
 

 
 

Figure 1 
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A benchmark study of three (3) converter sizes from five (5) different manufacturers 
has been recently performed in Canada to try to establish a recognized test protocol 
for determination of efficiency of a converter, a motor supplied by converter or a 
combination of both converter and motor. The proposed test protocol is currently the 
basis of a new standard, CSA C838: Variable Frequency Drives under development 
in Canada. Figure 1 presents an overview of the test set-up used in this study. 
 
In the U.S., the Air-Conditioning, Heating, and Refrigeration Institute (AHRI), a trade 
association representing manufacturers of air conditioning, heating and commercial 
refrigeration equipment and its Engineering Committee, recently developed AHRI 
Draft Standard 1210P, "Performance Rating of Variable Frequency Drives", and is 
awaiting Method of Test (MOT) validation testing with the help of Hydro-Quebec's 
Research Institute with the expected publication date of year end 2010. The section 
is working closely with CSA committee C838 in hopes of harmonizing efforts in this 
standard development. 
 
On the IEC side, working draft (WD) has been proposed to IEC Technical Committee 
2 "Rotating machinery" (TC2), Working Group 28 (WG28) on method in determining 
efficiency of both converter and motor similar to the one proposed to CSA with the 
focus on harmonization. The current draft has been discussed at the TC2 meeting in 
September 2010 in Passau, Germany and will be improved by end of 2010. This 
work will be coordinated with IEC Subcommittee SC 22G "Adjustable speed electric 
drive systems incorporating semiconductor power converters" that is fully engaged 
with the performance and testing of converters. This alter work has become very 
timely due to a recent European Commission mandate to Cenelec (and indirectly to 
IEC) on energy performance standards for variable speed drives. 
 
This presentation is aimed to summarize the latest developments with each standard 
mentioned with some details on differences and also some issues that each standard 
committee has to face. 
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44EE  IImmpplleemmeennttiinngg  AAggrreeeemmeenntt  aanndd  AAnnnneexxeess  

Hans-Paul Siderius 
4E Executive Committee Chair 
NL Agency 
+31 88 602 2609 
hans-paul.siderius@agentschapnl.nl  

WWhhaatt  iiss  tthhee  44EE  IImmpplleemmeennttiinngg  AAggrreeeemmeenntt??    
4E is an International Energy Agency (IEA) Implementing Agreement established in 2008 to support 
governments to formulate effective policies which increase production and trade in efficient electrical 
end-use equipment. 
Globally, electrical equipment is one of the largest and most rapidly expanding areas of energy 
consumption which poses considerable challenges in terms of economic development, environmental 
protection and energy security. As the international trade in appliances grows, many of the reputable 
multilateral organisations (for example the G8, APEC and the IEA) have highlighted exchanging of 
information amongst countries as a cost-effective means to further improve policies and maximise 
energy efficiency.   
Eleven countries have joined together to form 4E as a forum to cooperate on a mixture of technical 
and policy issues focused on increasing the efficiency of electrical equipment.  But 4E is more than a 
forum for sharing information – it initiates projects designed to meet the policy needs of participants.   
Participants find that pooling of resources is not only an efficient use of available funds, but results in 
outcomes which are far more comprehensive and authoritative.  Like all IEA Implementing 
Agreements, participation is open to all countries. 

WWhhyy  ccrreeaattee  aannootthheerr  ffoorruumm  ttoo  iimmpprroovvee  tthhee  eeffffiicciieennccyy  ooff  eelleeccttrriiccaall  eeqquuiippmmeenntt??  
International collaboration has become increasingly important in the development of energy efficiency 
policies and there are now several bilateral and multilateral initiatives that are either regional or focus 
on particular topics of common interest.  Some of these flow from high-level national participation in 
groups such as the G8, APEC and most recently, the International Partnership for Energy Efficiency 
Community (IPEEC). All of these provide a useful contribution, however, there are still gaps that 4E 
fills. 
4E participants believe that the 4E Implementing Agreement is the only mechanism that focuses on 
the area of electrical equipment and joins energy efficiency policy makers from Asia with Europe and 
North America. The focus allows 4E to deal in sufficient detail to be effective in identifying and tackling 
barriers; while 4E’s reach gives it an important role in collaborating and extending existing activities, 
which is particularly crucial when tackling issues relating to global trade and harmonisation.  
For example, 4E has developed activities that are complimentary to Asia Pacific Partnership on Clean 
Development and Climate (APP) and Asia Pacific Economic Cooperation (APEC) projects, building on 
the frameworks established through such projects to engage a wider range of countries.  This is an 
efficient use of resources which avoids duplication of efforts while also stimulating the global alignment 
of policies.      

HHooww  iiss  44EE  ssttrruuccttuurreedd??  
4E is managed by an Executive Committee (ExCo) comprising one voting delegate from each 
participating country, which currently includes Austria, Australia, Canada, Denmark, France, Korea, 
Netherlands, South Africa, Switzerland, the United Kingdom and the United States. 
This executive group meets twice yearly to manage the work programme of 4E, which is laid out within 
a Programme of Work approved on an annual basis, and to promote the activities of 4E.  Secretariat 
functions for the ExCo are provided by the Operating Agent, funded by annual membership fees.    
The main collaborative research and development activities under 4E are undertaken within a series 
of Annexes, each of which have a particular focus and agreed work plan.   Each Annex has one or 
more ‘lead country’ which establishes the Annex and invites other 4E members to participate.  Once 
approved by the ExCo, Annexes are operated by their participating members who are responsible for 
agreeing and managing workplans, setting budgets and organising the tasks to be undertaken.   
All members of 4E are required to participate in the Mapping and Benchmarking (M&B) Annex, since 
this is considered to be a central component of the work of 4E.  The output of the M&B Annex will 
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enable the ExCo to monitor effectiveness of policies and to identify future priorities for 4E projects.  
Membership of all other Annexes is voluntary; depending on the priorities of individual countries.    

WWhhaatt  iiss  aann  AAnnnneexx??  
Annexes are in effect working groups formed by a group of countries that decide to work 
collaboratively together on a specific technology or topic.  The activities of 4E are entirely determined 
by the members that participate.  Any member of 4E can bring forward suggestions and ideas, and are 
encouraged to do so.  The ExCo will consider any reasonable proposal, so long as at can demonstrate 
that it has support from other participants, is well thought through and is viable. 
As at September 2010, the approved Annexes are: Electric Motor Systems, Mapping and 
Benchmarking, Standby Power and Solid State Lighting. 

HHooww  ffrreeqquueennttllyy  ddoo  mmeeeettiinnggss  ooccccuurr??  
The ExCo meets twice each year and alternates between Europe and other participating countries. 
ExCo meetings typically last for one day and are timed to coincide with other events relevant to 
electrical equipment policy makers.  Annexes have their own meeting schedule, and often include 
teleconferences to keep participants up-to-date.  Some Annex meetings occur around the ExCo 
meeting so that delegates can attend both.   

HHooww  mmuucchh  ddooeess  iitt  ccoosstt  ttoo  jjooiinn  44EE  aanndd  tthhee  AAnnnneexxeess,,  aanndd  wwhhoo  ddeecciiddeess  hhooww  tthhiiss  mmoonneeyy  iiss  ssppeenntt??  
The work of 4E involves a high degree of co-ordination amongst participants and significant amounts 
of new analysis, and therefore some financial contribution is required.  However, the ExCo and 
Annexes are mindful of the need to keep contributions to a minimum in order to encourage wide 
participation.  At the same time, because members are pooling their resources they are able to 
maximise the impact of their expenditure.     
The annual joining fee for the 4E is €10,000 per country, and covers the cost of the Operating Agent in 
providing secretariat services for the ExCo, publications and promotional activities such as the 
website. The Operating Agent provides a financial report to each ExCo meeting, which approves an 
annual budget. 
The annual fee for joining the Mapping and Benchmarking Annex is currently €15,000 per country, and 
all countries are required to participate in this Annex.  The fee structure for the other Annexes varies 
depending upon the task undertaken by each group, and the degree to which in-kind contributions can 
be used.     

  AArree  tthheerree  aannyy  ootthheerr  ccoossttss??  
Members of the ExCo and Annexes are required to cover their own travel expenses for meetings, as 
well as the time needed for these meetings and in reviewing documents and other management 
functions. 
In the work undertaken within Annexes there is usually a component requiring input from participants, 
which is clearly identified within the Annex proposal.  This may involve only the time taken for 
meetings, or in identifying local sources of information, or in providing contacts.  Some countries 
allocate these tasks to specialist staff or to consultants; however this is a matter to be determined by 
individual participants.    

HHooww  iiss  tthhee  IIEEAA  iinnvvoollvveedd  iinn  44EE??  
4E is one of 41 IEA Implementing Agreements active in 2007, spanning a wide range of energy 
technologies.   Implementing Agreements were established by the IEA to allow interested member and 
non-member governments to pool resources and research the development and deployment of 
particular technologies.  
As well as creating a legal contract and a system of standard rules and regulations, the IEA 
Committee on Energy Research and Technology (CERT) and Governing Board have a formal 
responsibility to approve new applications for Implementing Agreements.  The IEA Secretariat also 
provides legal advice and support, and reports on energy technology collaboration activities through 
the IEA Web pages, the OPEN Bulletin and the publication Energy Technologies at the Cutting Edge. 
4E was established for an initial five year period with an option to extend, subject to a thorough review 
of 4E’s effectiveness and achievements and agreement by the participants and the IEA CERT.   
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EEMODS is coming to the US for the first time in the history of the prestigious conference. The Westin 
Alexandria in Alexandria, Virginia, USA will be the site of Energy Efficiency of Motor Driven Systems – 
EEMODS 2011. Hosting the conference will be the National Electrical Manufacturers Association – 
NEMA. The dates for the conference will be September 12-14, 2011. The host committee has been 
working hard to design a program valuable to attendees from around the globe. Participation at 
EEMODS provides attendees with an outstanding opportunity to meet and learn about the leading 
technologies and policies affecting motor driven systems from around the world.  Attendees will 
include trade associations, consultants, utilities, manufacturers, government regulators and 
academics. Prior EEMODS conferences have significantly influenced major regulatory and technical 
changes to motor driven systems. 
 
 
A call for papers will be issued in the fall of 2010. Registration for the conference will be available in 
early 2011 at the EEMODS 2011 website: www.eemods.org. 
 
 
Sponsorships for EEMODS ’11 are available at different levels. Only three Platinum sponsorships are 
left. For sponsorship information contact William Hoyt at bill.hoyt@nema.org. 
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