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P o w e r  S u p p l y  Q u a l i t y

M o t o r  p e r f o r m a n c e  i s  a f f e c t e d  c o n s i d e r a b l y  b y  t h e  q u a l i t y  o f  
i n p u t  p o w e r ,  t h a t  i s  t h e  a c t u a l  v o l t s  a n d  f r e q u e n c y  a v a i l a b l e  a t  
m o t o r  t e r m i n a l s  v i s - à - v i s  r a t e d  v a l u e s  a s  w e l l  a s  v o l t a g e  a n d  
f r e q u e n c y  v a r i a t i o n s  a n d  v o l t a g e  u n b a l a n c e  a c r o s s  t h e  t h r e e  
p h a s e s .  M o t o r s  i n  I n d i a  m u s t  c o m p l y  w i t h  s t a n d a r d s  s e t  b y  t h e  
B u r e a u  o f  I n d i a n  S t a n d a r d s  ( B I S )  f o r  t o l e r a n c e  t o  v a r i a t i o n s  i n  
i n p u t  p o w e r  q u a l i t y .  

T h e  B I S  s t a n d a r d s  s p e c i f y  t h a t  a  
m o t o r  s h o u l d  b e  c a p a b l e  o f  
d e l i v e r i n g  i t s  r a t e d  o u t p u t  w i t h  a  
v o l t a g e  v a r i a t i o n  o f  + /-  6  %  a n d  
f r e q u e n c y  v a r i a t i o n  o f  + /-  3  % .  
F l u c t u a t i o n s  m u c h  l a r g e r  t h a n  
t h e s e  a r e  q u i t e  c o m m o n  i n  u t i l i t y -
s u p p l i e d  e l e c t r i c i t y  i n  I n d i a .  
Vo l t a g e  f l u c t u a t i o n s  c a n  h a v e  
d e t r i m e n t a l  i m p a c t s  o n  m o t o r  
p e r f o r m a n c e .
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R e d u c i n g  U n d e r - l o a d i n g  

P r o b a b l y  t h e  m o s t  c o m m o n  p r a c t i c e  c o n t r i b u t i n g  t o  s u b - o p t i m a l  
m o t o r  e f f i c i e n c y  i s  t h a t  o f  u n d e r - l o a d i n g .  U n d e r  l o a d i n g  r e s u l t s  i n  
l o w e r  e f f i c i e n c y  a n d  p o w e r  f a c t o r ,  a n d  h i g h e r  t h a n  n e c e s s a r y  f i r s t  
c o s t  f o r  t h e  m o t o r  a n d  r e l a t e d  c o n t r o l  e q u i p m e n t .  U n d e r - l o a d i n g  i s  
c o m m o n  f o r  s e v e r a l  r e a s o n s .  

 S i z i n g  t o  Va r i a b l e  L o a d

I n d u s t r i a l  m o t o r s  f r e q u e n t l y  o p e r a t e  u n d e r  v a r y i n g  l o a d  c o n d i t i o n s  
d u e  t o  p r o c e s s  r e q u i r e m e n t s .  A  c o m m o n  p r a c t i c e  i n  c a s e s  w h e r e  
s u c h  v a r i a b l e - l o a d s  a r e  f o u n d  i s  t o  s e l e c t  a  m o t o r  b a s e d  o n  t h e  
h i g h e s t  a n t i c i p a t e d  l o a d .  I n  m a n y  i n s t a n c e s ,  a n  a l t e r n a t i v e  
a p p r o a c h  i s  t y p i c a l l y  l e s s  c o s t l y ,  m o r e  e f f i c i e n t ,  a n d  p r o v i d e s  
e q u a l l y  s a t i s f a c t o r y  o p e r a t i o n .  W i t h  t h i s  a p p r o a c h ,  t h e  o p t i m u m  
r a t i n g  f o r  t h e  m o t o r  i s  s e l e c t e d  o n  t h e  b a s i s  o f  t h e  l o a d  d u r a t i o n  
c u r v e  f o r  t h e  p a r t i c u l a r  a p p l i c a t i o n .
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P o w e r  F a c t o r  C o r r e c t i o n

A s  n o t e d  e a r l i e r ,  i n d u c t i o n  m o t o r s  a r e  c h a r a c t e r i s e d  b y  p o w e r  
f a c t o r s  l e s s  t h a n  u n i t y ,  l e a d i n g  t o  l o w e r  o v e r a l l  e f f i c i e n c y  ( a n d  
h i g h e r  o v e r a l l  o p e r a t i n g  c o s t )  a s s o c i a t e d  w i t h  a  p l a n t ' s  e l e c t r i c a l  
s y s t e m .  C a p a c i t o r s  c o n n e c t e d  i n  p a r a l l e l  ( s h u n t e d )  w i t h  t h e  m o t o r  
a r e  t y p i c a l l y  u s e d  t o  i m p r o v e  t h e  p o w e r  f a c t o r

 T h e  i m p a c t s  o f  P F  c o r r e c t i o n  i n c l u d e  r e d u c e d  k V A  d e m a n d  ( a n d  
h e n c e  r e d u c e d  u t i l i t y  d e m a n d  c h a r g e s ) ,  r e d u c e d  I 2 R  l o s s e s  i n  c a b l e s  
u p s t r e a m  o f  t h e  c a p a c i t o r  ( a n d  h e n c e  r e d u c e d  e n e r g y  c h a r g e s ) ,  
r e d u c e d  v o l t a g e  d r o p  i n  t h e  c a b l e s  ( l e a d i n g  t o  i m p r o v e d  v o l t -  a g e  
r e g u l a t i o n ) ,  a n d  a n  i n c r e a s e  i n  t h e  o v e r a l l  e f f i c i e n c y  o f  t h e  p l a n t  
e l e c t r i c a l  s y s t e m .

I t  s h o u l d  b e  n o t e d  t h a t  P F  c a p a c i t o r  i m p r o v e s  p o w e r  f a c t o r  f r o m  
t h e  p o i n t  o f  i n s t a l l a t i o n  b a c k  t o  t h e  g e n e r a t i n g  s i d e .  I t  m e a n s  t h a t ,  
i f  a  P F  c a p a c i t o r  i s  i n s t a l l e d  a t  t h e  s t a r t e r  t e r m i n a l s  o f  t h e  m o t o r ,  i t  
w o n ' t  i m p r o v e  t h e  o p e r a t i n g  P F  o f  t h e  m o t o r ,  b u t  t h e  P F  f r o m  
s t a r t e r  t e r m i n a l s  t o  t h e  p o w e r  g e n e r a t i n g  s i d e  w i l l  i m p r o v e .
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M a i n t e n a n c e

 I n a d e q u a t e  m a i n t e n a n c e  o f  m o t o r s  c a n  s i g n i f i c a n t l y  i n c r e a s e  
l o s s e s  a n d  l e a d  t o  u n r e l i a b l e  o p e r a t i o n .  F o r  e x a m p l e ,  i m p r o p e r  
l u b r i c a t i o n  c a n  c a u s e  i n c r e a s e d  f r i c t i o n  i n  b o t h  t h e  m o t o r  a n d  
a s s o c i a t e d  d r i v e  t r a n s m i s s i o n  e q u i p m e n t .  R e s i s t a n c e  l o s s e s  i n  t h e  
m o t o r ,  w h i c h  r i s e  w i t h  t e m p e r a t u r e ,  w o u l d  i n c r e a s e .  P r o v i d i n g  
a d e q u a t e  v e n t i l a t i o n  a n d  k e e p i n g  m o t o r  c o o l i n g  d u c t s  c l e a n  c a n  
h e l p  d i s s i p a t e  h e a t  t o  r e d u c e  e x c e s s i v e  l o s s e s .  T h e  l i f e  o f  t h e  
i n s u l a t i o n  i n  t h e  m o t o r  w o u l d  a l s o  b e  l o n g e r  :  f o r  e v e r y  1 0 ° C  
i n c r e a s e  i n  m o t o r  o p e r a t i n g  t e m p e r a t u r e  o v e r  t h e  r e c o m m e n d e d  
p e a k ,  t h e  t i m e  b e f o r e  r e w i n d i n g  w o u l d  b e  n e e d e d  i s  e s t i m a t e d  t o  b e  
h a l v e d
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A  c h e c k l i s t  o f  g o o d  m a i n t e n a n c e  p r a c t i c e s  t o  h e l p  i n s u r e  p r o p e r  
m o t o r  o p e r a t i o n  w o u l d  i n c l u d e :

 I n s p e c t i n g  m o t o r s  r e g u l a r l y  f o r  w e a r  i n  b e a r i n g s  a n d  h o u s i n g s  ( t o  r e d u c e  
f r i c t i o n a l  l o s s e s )  a n d  f o r  d i r t /d u s t  i n  m o t o r  v e n t i l a t i n g  d u c t s  ( t o  e n s u r e  p r o p e r  
h e a t  d i s s i p a t i o n ) .  

C h e c k i n g  l o a d  c o n d i t i o n s  t o  e n s u r e  t h a t  t h e  m o t o r  i s  n o t  o v e r  o r  u n d e r  l o a d e d .  

A  c h a n g e  i n  m o t o r  l o a d  f r o m  t h e  l a s t  t e s t  i n d i c a t e s  a  c h a n g e  i n  t h e  d r i v e n  l o a d ,  
t h e  c a u s e  o f  w h i c h  s h o u l d  b e  u n d e r s t o o d .  

L u b r i c a t i n g  a p p r o p r i a t e l y .  M a n u f a c t u r e r s  g e n e r a l l y  g i v e  r e c o m m e n d a t i o n s  f o r  

h o w  a n d  w h e n  t o  l u b r i c a t e  t h e i r  m o t o r s .  I n a d e q u a t e  l u b r i c a t i o n  c a n  c a u s e  
p r o b l e m s ,  a s  n o t e d  a b o v e .  O v e r -  l u b r i c a t i o n  c a n  a l s o  c r e a t e  p r o b l e m s ,  e . g .  
e x c e s s  o i l  o r  g r e a s e  f r o m  t h e  m o t o r  b e a r i n g s  c a n  e n t e r  t h e  m o t o r  a n d  s a t u r a t e  
t h e  m o t o r  i n s u l a t i o n ,  c a u s i n g  p r e m a t u r e  f a i l u r e  o r  c r e a t i n g  a  f i r e  r i s k .  

C h e c k i n g  p e r i o d i c a l l y  f o r  p r o p e r  a l i g n m e n t  o f  t h e  m o t o r  a n d  t h e  d r i v e n  

e q u i p m e n t .  I m p r o p e r  a l i g n m e n t  c a n  c a u s e  s h a f t s  a n d  b e a r i n g s  t o  w e a r  q u i c k l y ,  
r e s u l t i n g  i n  d a m a g e  t o  b o t h  t h e  m o t o r  a n d  t h e  d r i v e n  e q u i p m e n t .  

 E n s u r i n g  t h a t  s u p p l y  w i r i n g  a n d  t e r m i n a l  b o x  a r e  p r o p e r l y  s i z e d  a n d  i n s t a l l e d .  

I n s p e c t  r e g -  u l a r l y  t h e  c o n n e c t i o n s  a t  t h e  m o t o r  a n d  s t a r t e r  t o  b e  s u r e  t h a t  
t h e y  a r e  c l e a n  a n d  t i g h t .
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A g e

  M o s t  m o t o r  c o r e s  i n  I n d i a  a r e  m a n u f a c t u r e d  f r o m  s i l i c o n  s t e e l  o r  
d e c a r b o n i z e d  c o l d  r o l l e d  s t e e l ,  t h e  e l e c t r i c a l  p r o p e r t i e s  o f  w h i c h  d o  n o t  c h a n g e  
m e a s u r a b l y  w i t h  a g e .  H o w e v e r ,  p o o r  m a i n t e n a n c e  ( i n a d e q u a t e  l u b r i c a t i o n  o f  
b e a r i n g s ,  i n s u f f i c i e n t  c l e a n i n g  o f  a i r  c o o l i n g  p a s s a g e s ,  e t c . )  c a n  c a u s e  a  
d e t e r i o r a t i o n  i n  m o t o r  e f f i c i e n c y  o v e r  t i m e .  A m b i e n t  c o n d i t i o n s  c a n  a l s o  h a v e  a  
d e t r i m e n t a l  e f f e c t  o n  m o t o r  p e r f o r m a n c e .  F o r  e x a m p l e ,  e x c e s s i v e l y  h i g h  
t e m p e r a t u r e s ,  h i g h  d u s t  l o a d i n g ,  c o r r o s i v e  a t m o s p h e r e ,  a n d  h u m i d i t y  c a n  
i m p a i r  i n s u l a t i o n  p r o p e r t i e s ;  m e c h a n i c a l  s t r e s s e s  d u e  t o  l o a d  c y c l i n g  c a n  l e a d  
t o  m i s a l i g n m e n t .  H o w e v e r ,  w i t h  a d e q u a t e  c a r e ,  m o t o r  p e r f o r m a n c e  c a n  b e  
m a i n t a i n e d



SPEED CONTROL OF AC INDUCTION MOTORS
T r a d i t i o n a l l y ,  D C  m o t o r s  h a v e  b e e n  e m p l o y e d  w h e n  v a r i a b l e  s p e e d  

c a p a b i l i t y  w a s  d e s i r e d .  B y  c o n t r o l l i n g  t h e  a r m a t u r e  ( r o t o r )  v o l t a g e  
a n d  f i e l d  c u r r e n t  o f  a  s e p a r a t e l y  e x c i t e d  D C  m o t o r ,  a  w i d e  r a n g e  o f  
o u t p u t  s p e e d s  c a n  b e  o b t a i n e d .  

D C  m o t o r s  a r e  a v a i l a b l e  i n  a  w i d e  r a n g e  o f  s i z e s ,  b u t  t h e i r  u s e  i s  
g e n e r a l l y  r e s t r i c t e d  t o  a  f e w  l o w  s p e e d ,  l o w - t o - m e d i u m  p o w e r  
a p p l i c a t i o n s  l i k e  m a c h i n e  t o o l s  a n d  r o l l i n g  m i l l s  b e c a u s e  o f  
p r o b l e m s  w i t h  m e c h a n i c a l  c o m m u t a t i o n  a t  l a r g e  s i z e s .  A l s o ,  t h e y  
a r e  r e s t r i c t e d  f o r  u s e  o n l y  i n  c l e a n ,  n o n - h a z a r d o u s  a r e a s  b e c a u s e  o f  
t h e  r i s k  o f  s p a r k i n g  a t  t h e  b r u s h e s .  D C  m o t o r s  a r e  a l s o  e x p e n s i v e  
r e l a t i v e  t o  A C  m o t o r s .

B e c a u s e  o f  t h e  l i m i t a t i o n s  o f  D C  s y s t e m s ,  A C  m o t o r s  a r e  
i n c r e a s i n g l y  t h e  f o c u s  f o r  v a r i a b l e  s p e e d  a p p l i c a t i o n s .  B o t h  A C  
s y n c h r o n o u s  a n d  i n d u c t i o n  m o t o r s  a r e  s u i t a b l e  f o r  v a r i a b l e  s p e e d  
c o n t r o l .  I n d u c t i o n  m o t o r s  a r e  g e n e r a l l y  m o r e  p o p u l a r ,  h o w e v e r ,  
b e c a u s e  o f  t h e i r  r u g g e d n e s s  a n d  l o w e r  m a i n t e n a n c e  r e q u i r e m e n t s .  
A C  i n d u c t i o n  m o t o r s  a r e  i n e x p e n s i v e  ( h a l f  o r  l e s s  o f  t h e  c o s t  o f  a  D C  
m o t o r )  a n d  a l s o  p r o v i d e  a  h i g h  p o w e r  t o  w e i g h t  r a t i o  ( a b o u t  t w i c e  
t h a t  o f  a  D C  m o t o r ) .

MOTOR SPEED CONTROL SYSTEMS

M u l t i - s p e e d  m o t o r s  M o t o r s  c a n  b e  w o u n d  s u c h  t h a t  t w o  s p e e d s ,  i n  
t h e  r a t i o  o f  2 : 1 ,  c a n  b e  o b t a i n e d .  M o t o r s  c a n  a l s o  b e  w o u n d  w i t h  t w o  
s e p a r a t e  w i n d i n g s ,  e a c h  g i v i n g  2  o p e r a t i n g  s p e e d s ,  f o r  a  t o t a l  o f  
f o u r  s p e e d s .  M u l t i - s p e e d  m o t o r s  c a n  b e  d e s i g n e d  f o r  a p p l i c a t i o n s  
i n v o l v i n g  c o n s t a n t  t o r q u e ,  v a r i a b l e  t o r q u e ,  o r  f o r  c o n s t a n t  o u t p u t  
p o w e r .  M u l t i  s p e e d  m o t o r s  a r e  s u i t a b l e  f o r  a p p l i c a t i o n s ,  w h i c h  
r e q u i r e  l i m i t e d  s p e e d  c o n t r o l  ( t w o  o r  f o u r  f i x e d  s p e e d s  i n s t e a d  o f  
c o n t i n u o u s l y  v a r i a b l e  s p e e d ) ,  i n  w h i c h  c a s e s  t h e y  t e n d  t o  b e  v e r y  
e c o n o m i c a l .  T h e y  h a v e  l o w e r  e f f i c i e n c y  t h a n  s i n g l e - s p e e d  m o t o r s

A d j u s t a b l e  F r e q u e n c y  A C  D r i v e s : 

 A d j u s t a b l e  f r e q u e n c y  d r i v e s  a r e  a l s o  c o m m o n l y  c a l l e d  i n v e r t e r s .  
T h e y  a r e  a v a i l a b l e  i n  a  r a n g e  o f  k W  r a t i n g  f r o m  f r a c t i o n a l  t o  7 5 0  
k W .  T h e y  a r e  d e s i g n e d  t o  o p e r a t e  s t a n d a r d  i n d u c t i o n  m o t o r s .  T h i s  
a l l o w s  t h e m  t o  b e  e a s i l y  a d d e d  t o  a n  e x i s t i n g  s y s t e m .  T h e  i n v e r t e r s  
a r e  o f t e n  s o l d  s e p a r a t e l y  b e c a u s e  t h e  m o t o r  m a y  a l r e a d y  b e  i n  
p l a c e .  I f  n e c e s s a r y ,  a  m o t o r  c a n  b e  i n c l u d e d  w i t h  t h e  d r i v e  o r  
s u p p l i e d  s e p a r a t e l y .

MOTOR SPEED CONTROL SYSTEMS +

D i r e c t  C u r r e n t  D r i v e s  ( D C )  : 

T h e  D C  d r i v e  t e c h n o l o g y  i s  t h e  o l d e s t  f o r m  o f  e l e c t r i c a l  s p e e d  
c o n t r o l .  T h e  d r i v e  s y s t e m  c o n s i s t s  o f  a  D C  m o t o r  a n d  a  c o n t r o l l e r .  
T h e  m o t o r  i s  c o n s t r u c t e d  w i t h  a r m a t u r e  a n d  f i e l d  w i n d i n g s .  B o t h  o f  
t h e s e  w i n d i n g s  r e q u i r e  a  D C  e x c i t a t i o n  f o r  m o t o r  o p e r a t i o n .  U s u a l l y  
t h e  f i e l d  w i n d i n g  i s  e x c i t e d  w i t h  a  c o n s t a n t  l e v e l  v o l t a g e  f r o m  t h e  
c o n t r o l l e r .

Wo u n d  R o t o r  A C  M o t o r  D r i v e s  ( S l i p  R i n g  I n d u c t i o n  M o t o r s ) : 

 Wo u n d  r o t o r  m o t o r  d r i v e s  u s e  a  s p e c i a l l y  c o n s t r u c t e d  m o t o r  t o  
a c c o m p l i s h  s p e e d  c o n t r o l .  T h e  m o t o r  r o t o r  i s  c o n s t r u c t e d  w i t h  
w i n d i n g s  w h i c h  a r e  b r o u g h t  o u t  o f  t h e  m o t o r  t h r o u g h  s l i p  r i n g s  o n  
t h e  m o t o r  s h a f t .  T h e s e  w i n d i n g s  a r e  c o n n e c t e d  t o  a  c o n t r o l l e r  w h i c h  
p l a c e s  v a r i a b l e  r e s i s t o r s  i n  s e r i e s  w i t h  t h e  w i n d i n g s .  T h e  t o r q u e  
p e r f o r m a n c e  o f  t h e  m o t o r  c a n  b e  c o n t r o l l e d  u s i n g  t h e s e  v a r i a b l e  
r e s i s t o r s .  Wo u n d  r o t o r  m o t o r s  a r e  m o s t  c o m m o n  i n  t h e  r a n g e  o f  3 0 0  
H P  a n d  a b o v e .



ELECTRIC MOTOR MANAGEMENT DRIVES 

 Motors are fixed speed devices likely running 
between NLRPM and FLRPM

  Other speeds on the driven end have to be 
engineered (which will affect the load on the motor)

 Because of the “fan” laws (pumping or blowing) 
centrifugal devices are desired applications for 
varying LPS of air or water

CENTRIFUGAL FAN AND PUMP LAWS

 Flow and Speed
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ELECTRIC MOTOR MANAGEMENT 
 FAN LAWS EXAMPLE

 A 30 kW centrifugal blower is on a forced draft cooling 
tower.  It is basin temperature controlled but conversion 
to a variable speed drive is being considered.  When the 
blower is running at ½ speed, what is the impact on the 
LPS of air flow, and what is the new kW requirement?

 New LPS is __________old LPS

 New kW requirement is:

 These type savings are why variable speed drives are so 
popular today



ELECTRIC MOTORS 
VARIABLE VOLUME OPTIONS

 Outlet damper control (see sketch, location 1)

 Inlet vane control (see sketch, location 2)

 Magnetic clutching (see sketch, location 3)

➡  Eddy current clutch 

➡ Permanent magnetic clutch

 Variable Frequency Drives (see sketch,location 4)

 Hydraulic drives, variable sheaves, etc.

ELECTRIC MOTORS 
VARIABLE VOLUME OPTIONS SKETCH

1

2

3
4

VARIABLE SPEED DRIVE ALTERNATIVES 
PERFORMANCE

 The next page shows performance expectations from an 
older EPRI report

 The page after that shows performance from a more 
recent PNL test

 The third page shows an “average” VAV loading profile.  It 
can be used as a default loading if better figures are not 
available.  Quick Fan from DoE presents another default 
possibility.



TYPICAL POWER CONSUMPTION OF 
VARIOUS CONTROL SYSTEMS

VFD: DEFAULT LOADING PROFILE



ELECTRIC MOTOR MANAGEMENT 
 SELECTION OF BEST OPTION

O u t l e t  d a m p e r  c o n t r o l 

 


 S i m p l e  a n d  e f f e c t i v e  

 N o t  e f f i c i e n t ,  i n f r e q u e n t l y  u s e d  

 G r e a t  c a n d i d a t e  f o r  c o n v e r s i o n  t o  o t h e r s

I n l e t  v a n e  c o n t r o l 


 S i m p l e  a n d  e f f e c t i v e  

 M o r e  e f f i c i e n t  t h a n  o u t l e t  d a m p e r ,  b u t  

s i g n i f i c a n t l y  l e s s  t h a n  o t h e r  o p t i o n s ,  f a i r l y  
f r e q u e n t l y  u s e d  


 G r e a t  c a n d i d a t e  f o r  c o n v e r s i o n  t o  o t h e r s

ELECTRIC MOTOR MANAGEMENT 
SELECTION OF BEST OPTION

Va r i a b l e  F r e q u e n c y  D r i v e  ( V F D )  

 P r o b a b l y  m o s t  e f f i c i e n t  

 C o m p e t i t i v e  c o s t  

 H a r m o n i c  c o n c e r n s  ( i n p u t  a n d  o u t p u t ) 


➡ Wo r s t  d r i v e s  a r e  o l d  6  p u l s e  d r i v e s ,  w h e r e  m o s t  i n t e n s e  
h a r m o n i c s  a r e  t h e  5 t h  a n d  7 t h .   

➡ I n  g e n e r a l ,  w o r s t  h a r m o n i c s  a r e  n  ( + /- )  1 ,  w h e r e  n  i s  t h e  
n u m b e r  o f  p u l s e s .  

➡ A n d ,  h i g h e r  o r d e r  h a r m o n i c s  a r e  l e s s  i n t e n s e  t h a n  l o w e r  
o r d e r  o n e s . 


 R e m o t e  ( c l e a n  a r e a )  i n s t a l l a t i o n  

 M u l t i p l e  m o t o r s  m a y  b e  c o n n e c t e d  t o  o n e  d r i v e  

p r o v i d i n g  h i g h e r  s a v i n g s ,  b u t  s i z i n g  i s  c r i t i c a l  

M o t o r s  a n d  l o a d  m u s t  b e  a g r e e a b l e  t o  V F D s 


VARIABLE FREQUENCY DRIVE 
EXAMPLE

 A  l a r g e  5 0  H P  ( 3 7  K W )  b l o w e r  w i t h  i n l e t  v a n e  
c o n t r o l  d r i v e s  a  V A V  s y s t e m  o p e r a t i n g  6 5 0 0  h o u r s  
p e r  y e a r .   E n e r g y  c o s t s  $ 0 . 0 4 / k W h .   W h a t  i s  t h e  
t o t a l  s a v i n g s  p e r  y e a r  f o r  r e m o v i n g  t h e  i n l e t  v a n e  
c o n t r o l  a n d  r e p l a c i n g  i t  w i t h  a  V F D ?

 A s s u m e  t h e  p e r f o r m a n c e  f i g u r e s  i n  s l i d e  9  a p p l y  


 A s s u m e  t h e  l o a d i n g  f i g u r e s  i n  s l i d e  1 1  a p p l y .  


 C o n s t r u c t  a n  E x c e l  s p r e a d  s h e e t  t o  d o  t h e  c a l c u l a t i o n s  

( w i l l  b e  d o n e  f o r  y o u  o n  n e x t  p a g e )



VARIABLE FREQUENCY DRIVE EXAMPLE
Profit Improvement With Variable Frequency Drives

VARIABLE FREQUENCY DRIVE 
EXAMPLE

 Calculation for 50% load row in Spread Sheet: 

(50HP)(0.746kW/HP)(0.72-0.20)(0.23)(6500hr/yr)($0.04/kWH) 
= $1159  

Spread Sheet repeats this for all rows

ELECTRIC MOTOR MANAGEMENT 
SELECTION OF BEST OPTION

  Magnetic clutches (permanent magnet or eddy current) 

➡ Bulky and heavy on motor shaft 

➡ No harmonics 

➡ Close to same savings as VFDs, but less



$$$$
  Choose the technology that your staff understands and likes to use

 You probably don’t want to mix technologies in a given facility (WCT 
opinion)

 Most efficient is VFD followed closely by magnetic clutching followed 
(way back) by inlet vane and outlet damper controls

 Concentrate on centrifugal devices, not axial or reciprocating devices

➡ Chilled water pumps, cooling water pumps, etc. 

➡ Blowers on cooling towers or VAV (variable-air-volume) HVAC units

 For cooling towers, work on air side as opposed to water side

➡ Larger motors 

➡ Doesn’t affect operation as much (freeze protection, biological control, 
etc.) 

➡ Multiple cell towers may be a good candidate for one drive on multiple 
motors

ELECTRIC MOTOR MANAGEMENT 
 OTHER DRIVES

 Variable sheaves

➡ Very closely approach fan laws 

➡ Repeatability and maintenance often a problem 

➡ Many lock blades and install VFDs

 Hydraulics

➡ Effective  

➡ Expensive 

➡  Not often used as discussed here

ELECTRIC MOTOR MANAGEMENT 
AXIAL AND RECIPROCATING 

 Centrifugal laws do not apply

 More difficult to predict savings

 If linear, no “real energy savings” over present on/off 
operation (certainly improved soft start operations and 
perhaps control)

 Obviously, savings if converting from constant volume to 
variable volume



$$$$ 
VARIABLE SPEED DRIVE APPLICATIONS

 Any large centrifugal blower or pump that runs a lot! 

➡ Constant volume? Convert to var. volume  

➡ Variable volume with inlet or outlet control

 Chilled water pumps, large campus

 Cooling water pumps

 VAVs using inlet vane

 Forced draft (blower) cooling towers

COMPRESSED AIR MANAGEMENT	

 Most expensive utility for many companies

 Large cost reduction potential (20 to 30% common)

 Management 

➡ Demand side 

➡ Supply side

 Each 75 KW (100 HP) compressor costs approximately 
$25,000 per year to operate

 Try it:  8000 hours/year, $80/kW-yr, $0.05/kWh, running at 
70% load.

 Typical first cost is $30,000 to $50,000



AIR SYSTEM COMPONENTS MGMT

 Air Compressors


➡  Screw: convenient, fairly efficient, skid mounted, 

most popular (75 KW or so) 


➡ Reciprocating: usually large, expensive, very 

efficient, part load well, often two stage 


➡ Centrifugal: usually quite large, modulates 

efficiently down to a point (surge), often VFD 


➡ Others: other type exist but these cover the vast 

majority

AIR SYSTEM COMPONENTS MGMT +

  Intake air should be as cool and dry as possible

  Intake air filter should be large with low pressure drop (15 kPa), 
changed frequently

  Multi stage with interstage cooling helps

  Drivers can be electric motor (most), gas engine (load 
management or hybrid), or steam

  Significant waste heat available (250,000 kJ/75 KW.) Easy to 
recover on packaged screw air cooled machines.

 Sequencers:  For multiple compressor dispatching

➡ Use a remote (not in compressors) PID control loop to dispatch multiple 
compressors 

➡ Dramatically reduces control differential and smoothes operation 

➡ Can be extremely cost effective

AIR SYSTEM COMPONENTS MGMT +

  After coolers:  Air leaves a compressor at 
approximately 100% RH.

➡  Cooling removes significant moisture; must be trapped 
and drained (exhausted) 

➡ Air cooled or water cooled and they are quite cost 
effective; save energy in dryer and provide dryer air. 

➡ Water cooled more effective but water should be used 
elsewhere or reused through small cooling tower



AIR SYSTEM COMPONENTS MGMT +

 Receivers: storage devices to smooth demand on 
compressor

➡  Further cooling removes more water (traps)

➡  Can significantly reduce demand fluctuation on 
compressor controls 

➡ 4 to 8 litres of storage per LPS of compressed air flow 
(but this varies a great deal) 

➡ Located before dryer (wet), after dryer (dry), throughout 
plant, and at large loads

AIR SYSTEM COMPONENTS MGMT +

  Dryers: Further reduce dew point to avoid moisture in 
plant equipment

➡   Refrigerated: cools air to about 4 C and reheats by 
precooling incoming air.  Thus, dew point around 4 C.  
Not dry enough for many plants. 

➡ Desiccant: chemically removes moisture by saturating 
media which must be dried before reusing.  Usually two 
stacks.  Expensive but dew point around -23 C. 

➡ Deliquescent: similar to desiccant but wet material is 
removed and replaced.

AIR SYSTEM COMPONENTS MGMT +

  Dryers: Further reduce dew point to avoid moisture in 
plant equipment

➡   Refrigerated: cools air to about 4 C and reheats by 
precooling incoming air.  Thus, dew point around 4 C.  
Not dry enough for many plants. 

➡ Desiccant: chemically removes moisture by saturating 
media which must be dried before reusing.  Usually two 
stacks.  Expensive but dew point around -23 C. 

➡ Deliquescent: similar to desiccant but wet material is 
removed and replaced.



AIR SYSTEM COMPONENTS MGMT +
 Distribution lines: get air where needed and provide further 

storage

➡  Large lines are good for systems operating full time (often 10 
cm) 

➡ All lines should be “looped” so air comes at any need from two 
directions

 Traps and drains: traps and drains located throughout system to 
remove moisture.  Can be a large source of air leaks.

 Supply side: should be managed first

➡ Air leaks: large cost (see diagram), often 20% or more of capacity goes to 
leaks (artificial demand).  Air leak detection and repair is extremely cost 
effective. 

➡ Air motors: great torque properties, small handprint, will not spark, but VERY 
ENERGY INEFFICIENT (7 - 9 kW air vs. 1 kW electric common)

AIR SYSTEM COMPONENTS MGMT +

 Pressure supplied: proper level critical 


➡  Approximately 1% energy savings for each  15 kPa drop 
(increase) in air pressure 

➡ Productivity cost can greatly exceed  energy savings so 
be careful 

➡ Distribution drop should not be more than about 10% 
(600 kPa at tank to supply 550 kPa to tool) so receivers, 
better looping, etc. may enable pressure to be dropped 
without affecting tool

COMPRESSED GAS SYSTEMS

 Gas systems fall into three categories

➡  Compressed air systems, compressed on site   

➡ Compressed gas systems, with high pressure storage 

➡ Liquid storage

 Most systems with pressures greater than 100 kPa have 
one thing in common:  leaks.

 Compressed air system leaks result in more 
compressor energy and expense.

 Leaks in other systems result in loss of purchased gas.



COMPRESSED GAS 

 AIRMaster+

➡ Software tool sponsored by US Department of Energy 

➡ Estimates potential savings from selected energy 
efficiency measures and calculates paybacks

★ Reduce air leaks 

★ Improve use efficiency 

★ Reduce air pressure 

★ Use unloading controls 

★ Adjust set points 

★ Reduce operating time 

★ Add receiver volume

THE WORLD’S 1ST GREEN TECHNOLOGY 
MARKETPLACE

THANK YOU


