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CASE STUDY:  ELECTRIC MOTORS 
 
 
 

This  case  s tudy is  provided  to  i l l ustrate  a  practica l  example  ( in  practice)  on  how 
IEC Gu ide  1 1 8  [1 ] 1  concepts  can  be  appl i ed/found  in  e lectric motors  s tandards  and ,  more  
general l y,  on  how I n ternational  Standards  can  support the  energy efficiency market and  
national  energy efficiency pol icies .  

1  Electric motors  and  energy efficiency 

More  than  50  %  of a l l  e l ectrici ty worldwide  i s  converted  i n to  mechan ical  energy by e lectric 
motors.  I ncreasing  the  efficiency of these  motors  is  probably by far the  b iggest and  most  
affordable  energy efficiency opportun i ty.  The  b iggest  user of motors  i s  i ndustry.  I ndustry 
consumes  40  %  of g l obal  e lectrici ty,  of wh ich  the  l arge  majori ty d rives  electric  motors  i n  
mach ines,  pumps,  fans,  compressors,  conveyer be l ts ,  and  the  l ike  (source:  I EA [2 ] ) .  

Due  to  thei r energy saving  poten tia l ,  e l ectric motors  have  been  a  key focus  for several  both  
mandatory and  volun tary national  energy efficiency pol icies ,  adopting  m in imum  energy 
performance  standards  (MEPS)  for the  main  class  of i ndustria l  e l ectric  motors.  

I t  i s  estimated  that i f a l l  coun tries  adopted  best practice  MEPS  for i ndustria l  e l ectric motors ,  
by 2030  approximatel y 322  TWh  of annual  e lectri ci ty demand  wou ld  be  saved ,  g i vi ng  rise  to  
correspond ing  savings  of 206  Mt of CO2  em issions.  

I f us ing  the  best  avai lable  technology wi l l  typ ical l y save  about 4  %  to  5  %  of a l l  e lectric  motor 
energy consumption ,  i t  i s  through  the  optim ization  of the  complete  system  (motor,  d ri ven  
equ ipment,  converter,  con trol  equ ipment and  s trategy)  that much  larger savings  can  be  
ach ieved  (20  %  to  30  %  of a l l  e l ectric  motor systems'  energy consumption) .  

2  Standardization  and  energy efficiency:  IEC approach  

I EC has  set  up  an  Advisory Committee  on  Energy Efficiency (ACEE)  to  coord inate  i ts  
acti vi ti es  i n  th is  domain .  

ACEE  has  developed  two  Gu ides  ( I EC  Gu ide  1 1 8  and  I EC Gu ide  1 1 9)  wi th  the  a im  of defi n ing  
the  concept of Energy Efficiency Aspects  (EEAs)  to  provide  gu idance to  I EC Techn ical  
Committees  (TCs)  on  how to  approach  energy efficiency standard ization ,  promoting  a  
systems  approach  and  defin ing  procedures  for the  preparati on  of such  s tandards.   

I EC Gu ide  1 1 8  proposes  a  general  approach  to  energy efficiency standard ization  by defin ing  
the  concept of EEAs  as  a l l  those  e lements/services  that a  s tandard  can  provide  to  support a  
generic “energy efficiency improvement”  process.  F ive  categories  of EEA that  shou ld  be  
cons idered  when  developing  a  standard  have  been  proposed :  

 energy efficiency defin i ti on ;  

 energy efficiency measurement;  

 energy efficiency assessment;  

 energy efficiency improvement;  

 energy efficiency enabl ing .  

________ 

1  Numbers  i n  square  brackets  refer to  the  B ib l i og raphy.  
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EEAs shou ld  ensure  the  development of a  rational  and  effective  s tandard i zation  process  i n  
the  energy efficiency domain  as  they provide  a  systematic  approach  to  i den ti fy the  re levant  
scope  for s tandard ization  and  m ight serve  as  a  taxonomy to  map  existing  standards  to  i den ti fy 
standard ization  gaps  and  areas  where  standards  can  support  regu lation  and  to  stream l ine  the  
acti vi ty of I EC  TCs.  

3 Electric motors  and  energy efficiency:  boundaries  

Boundary defin i ti on  is  key for defin ing  the  scope for energy efficiency.  

To  h i gh l i gh t the  importance  of boundary defin i tion  and  to  i l l ustrate  how standard i zation  
support (needs)  may vary and  how the  same EEA may be  implemented  d i fferen tl y when  
boundaries  change,  th is  case  study wi l l  cons ider three  poss ible  boundaries  (see  F igure  1 ) :  

 the  motor (boundary 1 ,  see  Clause  4);  

 the  motor d riven  by a  converter (boundary 2 ,  see  Clause  5) ;  

 the  motor (p lus  a  converter)  d rivi ng  a  pump (motor d ri ven  un i t  – boundary 3,  see 
Clause  6) .  

 

Figure 1  – Motor driven  un i t  

4 Electric motors  and  energy efficiency:  EEAs 

4.1  General  

The development of a  set of I n ternational  Standards,  i ncl ud ing  a  scheme for energy efficiency 
classi fication ,  has  been  h i gh l y effecti ve  in  supporting  national  MEPS  pol icies  for e l ectric 
motors  and  u l timatel y the  trans i tion  to  h igher (e lectric)  motor efficiency.  

The  key success  factor was  to  prepare  a  coherent set of publ ications  that covers  the  most 
important i ssues  at s take.  Table  1  provides  a  l i st  of energy efficiency related  motor 
IEC publ ications.  
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Table  1  – Current  energy efficiency related  IEC  publ ications  for electric  motors  

Reference  Ti tl e  

I EC 60034-1 : 201 7  Rotati ng  e l ectri cal  mach ines  – Part  1 :  Rati ng  and  performance  

I EC 60034-2-1 : 201 4  Rotati ng  e l ectri cal  mach ines  – Part  2-1 :  S tandard  methods  for 
determ in ing  l osses  and  effi ciency from  tests  (exclud i ng  mach i nes  for 
traction  veh icles)  

I EC 60034-30-1 : 201 4  Rotati ng  e l ectri cal  mach ines  – Part  30-1 :  E ffi ciency cl asses  of l i ne  
operated  AC motors  ( I E  code)  

I EC TS  60034-31 : 201 0  Rotati ng  e l ectri cal  mach ines  – Part  31 :  Sel ection  of energy-effi cien t  
motors  i ncl ud ing  vari abl e  speed  appl i cations  – Appl i cati on  gu i de  

 

This  set  of publ ications  provides:  

 a  defi n i tion  of the  product scope,  thus  defin ing  the  boundaries  for energy efficiency;  

 a  scheme for energy performance classi fication  and  to lerances;  

 a  method  for measuring  energy performance;  

 gu idel i nes  for the  se lection  and  appl ication  of energy efficien t motors,  i ncl ud ing  variable‐

speed  appl ications.  

To  say i t  i n  I EC Gu ide  1 1 8  words,  th is  set  of publ ications  addresses  the  fol l owing  EEA 
categories:  

 energy efficiency defin i ti on ,  by defin ing  the  scope  for energy efficiency and  the  energy 
efficiency key performance i nd icators ;  

 energy efficiency measurement,  by defin ing  the  test methods  for the  energy efficiency key 
performance i nd icators;  

 energy efficiency improvement,  by provid ing  techn ica l  gu idel ines  for the  appl ication  of 
energy efficien t e lectric motors.  

Table  2  provides  examples  of EEA inclus ion  in  energy efficiency re lated  motor 
I EC publ ications.  

4.2  Define energy efficiency 

When  approach ing  energy efficiency improvement,  a  cl ear i denti fication  and  defin i ti on  of the  
boundary used  for energy efficiency considerations  i s  key.  

I EC 60034-1 ,  together wi th  I EC  60034-30-1 ,  provides  a  defi n i tion  of e l ectric motors  involved  
i n  terms  of type,  rated  power,  vol tage  and  number of poles ,  i nclud ing  the  defin i ti on  of thei r 
operati ng  envi ronment and  modes  of operation .  

IEC 60034-30-1  contribu tes  to  the  defin i ti on  of the  scope  for e lectric motors  energy efficiency 
by:  

 defin ing  the  energy efficiency key performance i nd icator for e l ectric  motors,  and  

 provid ing  an  efficiency classi fication  scheme wi th  clear thresholds  set between  classes  
i nclud ing  maximum  al lowable  tolerances.  

These  two  standards  establ ish  a  set  of l im i t  efficiency values  based  on  frequency,  number of 
poles  and  motor power:  

 making  d i fferen t motor technolog ies  fu l l y comparable  wi th  respect to  the ir energy 
efficiency poten tia l ;  
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 a l l owing  harmon ized  national  decis ions  on  the  classi fications  for energy l abels  and  
performance ti ers  for MEPS.  

4.3  Measure  energy efficiency 

I EC 60034-2-1  establ ishes  methods  of determ in ing  efficiencies  from  tests  and  speci fies  
methods  of obta in ing  speci fic  l osses.  

I EC 60034-2-1  sets  the  provis ions  for measuring  the  energy efficiency key performance 
i nd icator for e l ectric  motors  (efficiency)  wi th  the  appropriate  accuracy and  repeatabi l i ty 
a l l owing  for:  

 m in imum  energy performance  standards  (MEPS)  to  be  compared  and  assessed ,  and  

 fai r i ndustry competi ti on  based  on  the  energy efficiency of thei r products.  

4.4 Improve energy efficiency 

I n  add i ti on  to  the  standards  mentioned  i n  4 . 2  and  4 . 3,  I EC  TC 2  has  developed  a  Techn ica l  
Speci fication  ( I EC  TS  60034-31 )  to  support se lection  and  appl ication  of energy  efficient  
e lectric motors,  in  both  constan t‐speed  and  variable‐speed  appl i cations,  thus:  

 supporti ng  the  d issem ination  of energy efficient  technolog ies,  and  

 overcom ing  l ack of trained  personnel  and  techn ical  or manageria l  expertise.  

 

Table  2  – Energy efficiency aspect categories  and  examples  of i nclusion   
i n  energy efficiency related  motor IEC  publ ications  

Energy effi ciency aspect 
category 

Energy effi ciency aspect  Example  of i nclusion  i n  
publ ication  

Define  energy effi ciency of a  motor Defi ne  system  boundaries  
( i ncl ud ing  the  scope  for energy 
effi ciency)  

I EC 60034-1 : 201 7,  Rotati ng  
e l ectri cal  mach ines  – Part  1 :  Rati ng  
and  performance  

Define  energy effi ciency of a  motor Defi ne  EE  KPI s  (energy effi ciency 
key performance  i nd icators)  

I EC 60034-30-1 : 201 4,  Rotati ng  
e l ectri cal  mach ines  – Part  30-1 :  
E ffi ciency classes  of l i ne  operated  
AC motors  ( I E  code)  

Measure  energy effi ciency of a  
motor 

Defi ne  test  methods  I EC 60034-2-1 : 201 4,  Rotati ng  
e l ectri cal  mach ines  – Part  2 -1 :  
S tandard  methods  for d eterm in ing  
l osses  and  effi ciency from  tests  
(excl ud i ng  mach ines  for traction  
veh icles)  

Improve  energy effi ciency of motor 
and  converter 

Appl i cation  gu ide l i nes  I EC TS  60034-31 : 201 0,  Rotati ng  
e l ectri cal  mach ines  – Part  31 :  
Selection  of energy-effi cien t  motors  
i ncl ud i ng  variable  speed  
appl i cations  – Appl i cati on  gu ide  

 

5 The motor driven  by a  converter 

The scope  for energy efficiency now includes  not on l y the  e lectric  motor bu t i ts  control l i ng  
devices,  e . g .  a  converter (boundary 2) .  The  energy efficiency boundaries  have  changed ,  and  
add i tional  standards  are  needed  to  address  the  EEAs  considered  in  C lause  4.  

Consequentl y,  the  converter and  i ts  testi ng  and  efficiency classi fication  standards  have  to  be  
taken  in to  account and  the  i n teraction  between  converters  and  motors  and  their resu l ti ng  
combined  efficiency and  even tual  energy savings  wh i l e  de l i vering  an  adequate  service  need  
a lso  to  be  considered .  
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Table  3  l i sts  energy efficiency related  I EC publ ications  deal ing  wi th  converter d ri ven  motors,  
wh i l e  Table  4  provides  examples  of EEA i nclus ion  i n  energy efficiency re lated  I EC 
publ ications  for th is  speci fic boundary.  

Table  3  – Current  energy efficiency related  IEC  publ ications  for converter driven  motor 

Reference  Ti tl e  

I EC TS  60034-30-2: 201 6  Rotati ng  e l ectri cal  mach ines  – Part  30-2:  E ffi ciency cl asses  of 
variable  speed  AC motors  ( I E -code)  

I EC TS  60034-2-3: 201 3  Rotati ng  e l ectri cal  mach ines  – Part  2-3:  Speci fi c  test  methods  for 
determ in ing  l osses  and  effi ciency of converter-fed  AC i nduction  
motors  

I EC TS  60034-31 : 201 0  Rotati ng  e l ectri cal  mach ines  – Part  31 :  Sel ection  of energy-effi cien t  
motors  i ncl ud ing  vari abl e  speed  appl i cations  – Appl i cati on  gu i de  

I EC TS  60034-25: 201 4  Rotati ng  e l ectri cal  mach ines  – Part  25:  AC e lectri ca l  mach ines  used  
i n  power d ri ve  systems  – Appl i cation  gu ide  

 

Table  4  – Energy efficiency aspect  categories  and  examples  of i nclusion  in   
energy efficiency related  IEC  publ ications  for converter driven  motors  

Energy effi ciency aspect 
category 

Energy effi ciency aspect  Example  of i nclusion  i n  
publ ication  

Define  energy effi ciency of 
converter d ri ven  motor 

Defi ne  EE  KPI s  (energy effi ciency 
key performance  i nd icators)  

I EC TS  60034-30-2 : 201 6,  Rotati ng  
e l ectri cal  mach ines  – Part  30-2 :  
E ffi ciency cl asses  of variable  
speed  AC motors  ( I E -code)  

Measure  energy effi ciency of 
converter d ri ven  motor 

Defi ne  test  methods  I EC TS  60034-2-3: 201 3,  Rotati ng  
e l ectri cal  mach ines  – Part  2 -3:  
Speci fi c  test  methods  for 
determ in ing  l osses  and  effi ciency 
of converter-fed  AC i nduction  
motors  

Defi ne  energy effi ciency and  
effi ciency cl assi fi cation  of 
converter and  converter wi th  motor 

Defi ne  test  method  and  energy 
effi ciency key performance  
i nd icators  for converters  and  
motors  d ri ven  by converters  

I EC 61 800-9-2 : 201 7,  Ad justabl e  
speed  electri ca l  power d ri ve  
systems  – Part  9-2 :  Ecodesign  for 
power d ri ve  systems,  motor 
starters,  power e l ectron ics  and  
thei r d ri ven  appl i cati ons  – Energy 
effi ciency i nd icators  for power d ri ve  
systems  and  motor starters  

Improve  energy effi ciency of motor 
and  converter 

Appl i cation  gu ide l i nes  I EC TS  60034-31 : 201 0,  Rotati ng  
e l ectri cal  mach ines  – Part  31 :  
Selection  of energy-effi cien t  motors  
i ncl ud i ng  variable  speed  
appl i cations  – Appl i cati on  gu ide  

 

6 The motor driven  uni t 

Widen ing  the  scope  for energy efficiency further to  incl ude  the  enti re  motor d ri ve  un i t,  
boundary 3  i s  now cons idered .  

To  deal  wi th  energy effi ciency of such  a  system ,  the  i n teraction  between  the  motor (and  i ts  
converter)  and  the  d riven  equ ipment has  to  be  taken  in to  account.  From  a  s tandard ization  
poin t  of view,  th is  i n teraction  requ i res  an  agreement and  coord ination  between  e lectric 
products  s tandard ized  by I EC (motors  and  converters)  and  mechan ical  products  standard ized  
by I SO (pumps,  fans,  compressors,  etc. ) .  
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Table  5  l i s ts  energy effi ciency aspect categories  and  examples  of the ir i nclus ion  i n  energy 
efficiency re lated  I SO  publ ications  on  pumps,  fans  and  compressors.  

Table  5  – Energy efficiency aspect  categories  and  examples  of i nclusion  in  energy 
efficiency related  ISO publ ications  on  pumps,  fans  and  compressors  

Category Pumps  Fans  Compressors  

Defin i ti ons  -   I SO  1 3349: 201 5,  Fans  – 
Vocabu l ary and  defi n i ti ons  of 
categories  

I SO  5390: 1 977,  
Compressors  – 
Classi fi cation  

 

I SO/TR 1 2942: 201 2,  
Compressors  – 
Classi fi cation  – 
Complementary i n formation  
to  I SO  5390  

Testi ng  I SO  9906: 201 2,  Rotodynam ic 
pumps  – Hyd rau l i c  
performance  acceptance  
tests  – Grades  1 ,  2  and  3  

I SO  5801 : 201 7,  Fans  – 
Performance  testi ng  us ing  
s tandard i zed  a i rways  

I SO 1 21 7: 2009,  
D i splacement compressors  – 
Acceptance  tests  

 

I SO  5389: 2005,  
Turbocompressors  – 
Performance  test  code  

Effi ciency 
calcu lation  
method  

-  I SO  1 2759: 201 0,  Fans  – 
Effi ciency cl assi fi cation  for 
fans  

I SO  1 2759: 201 0/Amd . 1 : 201 3  

I SO  1 21 7: 2009/Amd. 1 : 201 6  
Calcu l ation  of i sentropic 
effi ciency and  rel ati onsh ip  
wi th  speci fi c  energy 

Effi ciency 
cl ass i fi cation  

-  -  -  

Aud i t  I SO/ASME  1 441 4: 201 5,  
Pump system  energy 
assessment  

I SO/ASME  
1 441 4: 201 5/Amd . 1 : 201 6  

-  I SO  1 1 01 1 : 201 3,  
Compressed  a i r – Energy 
effi ciency – Assessment  

SOURCE:  EMSA PG  MDU  201 7  
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