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Abstract 
T h e  p re s e n t a t i o n  w i l l  g i ve  a n  o ve r v i e w  o f  e l e c t r i c a l  d r i ve  
t e c h n o l o g y  t h a t  c a n  b e  u s e d  t o  d r i ve  c o m p re s s o rs  i n  t h e  
p o we r  ra n ge  a b o ve  3 0 , 0 0 0  h p .  Te c h n i c a l  t re n d s  w i l l  b e  
d i s c u s s e d  w i t h  a  fo c u s  o n  va r i a b l e  s p e e d  d r i ve s  ( V F D )  a n d  
t h e i r  i m p a c t  o n  o p e ra t i o n a l  c o s t s  a n d  re l i a b i l i t y  o f  l a rge  
c o m p re s s o rs  w i l l  b e  s h o w n .  
T h i s  p re s e n t a t i o n  w i l l  a l s o  h e l p  t o  g i ve  a n  a u d i e n c e  t h a t  i s  
n o t  fa m i l i a r  w i t h  t h e  d e t a i l s  o f  e l e c t r i c a l  d r i ve  t e c h n o l o g y  
a n  o ve r v i e w  a n d  g u i d a n c e  fo r  p o s s i b l e  f u t u re  i nve st m e n t s  
i nvo l v i n g  h i g h - p o we r  e l e c t r i c a l  d r i ve  sy s t e m s .



Why Go Electrical? (1)
• S t ro n g  p u s h  fo r  C O 2 re d u c t i o n  g l o b a l l y  → I n c re a s i n g  

c o st  fo r  C O 2 e m i s s i o n s  a n d  s t r i c t e r  re g u l a t i o n s
• D e p e n d i n g  o n  s o u rc e  o f  e l e c t r i c a l  e n e rg y,  C O 2 fo o t p r i n t  

c a n  b e  s i g n i f i c a n t l y  re d u c e d  

Example: 30 MW Drive System, CO2 Emissions per day

Industrial Gas Turbine Drive Approx. 430 tons

Electrical Drive System / U.S. Energy Mix 2020
(40.5% Gas, 19.3% Coal, 19.7% Nuclear, 19.8% Renewable, 0.7% Other)

Approx. 260 tons

Electrical Drive System / Improved Future Energy Mix
(40% Gas, 20% Nuclear, 40 % Renewable)

Approx. 140 tons

Comparison: Commercial flight London-New York Approx. 200 tons

Sources: U.S. Energy Information Agency / European Commission Joint Research Center / Own calculations



Why Go Electrical? (2)
• E l e c t r i c a l  D r i ve  S y s t e m s  n o w  ava i l a b l e  u p  t o  1 0 0  M W  

→ Eve n  l a rge  i n d u st r i a l  G a s  Tu r b i n e s  c a n  b e  re p l a c e d
• C o nt i n u o u s  o p e ra t i o n  p o s s i b l e  fo r  u p  t o  5  y e a rs  w i t h o u t  

s h u t d o w n  fo r  m a i n t e n a n c e
• H i g h  Re l i a b i l i t y  d u e  t o  r u g ge d  d e s i g n  a n d /o r  re d u n d a n c y  

c o n c e p t s

Va r i a b l e  S p e e d  D r i ve  S y s t e m s  u p  t o  7 5  M W  a re  
i n  o p e ra t i o n  i n  t h e  O i l  &  G a s  I n d u st r y  t o d ay

P l e nt y  o f  re fe re n c e s  fo r  R a t i n g s  a b o ve  2 5  M W



Electrical Drive System



Components of Drive System

Grid Drive Transformer VFD Electrical 

Motor

Compressor

Coupling

• Tra n s fo r m e r :  Ve r y  M a t u re  Te c h n o l o g y
• M o t o r :  I n d u c t i o n  o r  S y n c h ro n o u s :  Ve r y  M a t u re  Te c h n o l o g y
• V F D :  Va r i o u s  To p o l o g i e s ,  o n g o i n g  I n n o va t i o n s



VFD Topology Overview

Line/Load Commutated

Medium Voltage Drives

High Power industrial applications

Self Commutated with 

voltage source DC link

Self Commutated with 

current source DC link

Thyristor based cyclo

converter (CC)

Load commutated 

Thyristor inverter (LCI)

Current source inverter

(CSI)

VSI with decentralized DC 

link

• SC-2L-H bridge 1

• SC-3L-H bridge 2

1) Cell based topology with LV semiconductors

2) Cell based topology with MV semiconductors

VSI with common DC link

• 3L-NPC/NPP

• Modular Multilevel 

Converter (M2C)



LCI Basics

• L C I  D r i ve s  c o n s i s t  o f  s i m p l e  a n d  ro b u st  T hy r i s t o rs
• T h e  m o t o r  s p e e d  i s  c o n t ro l l e d  b y  s w i t c h i n g  t h e  c u r re n t
• L C I  D r i ve s  c a n  o n l y  o p e ra t e  w i t h  S y n c h ro n o u s  m o t o rs

uUViL p h a s e
c u r re n t

m o t o r
vo l t a ge



System with LCI Drive

Network

feeder

Transformer

SINAMICS GL150 

12/12 Pulse-

Harmonic Filter

MotorSupply line

DC-Link 

reactance

Po w e r  Q u a l i t y  I s s u e  w i t h  L C I
• L o w  p o w e r  fa c t o r
• H i g h  H a r m o n i c  i m p a c t  o n  s u p p l y  g r i d
• H a r m o n i c  F i l t e r  re q u i re d  o n  l i n e - s i d e



LCI Torsional Interactions
• L C I  p ro d u c e  o p e ra t i n g  s p e e d  d e p e n d e n t  i n t e r h a r m o n i c a i r -

ga p  t o rq u e  c o m p o n e n t s  ( p u l s a t i n g  t o rq u e )
• M e t h o d s  a re  ava i l a b l e  t o  p re ve nt  exc i t a t i o n  o f  t o rs i o n a l  

v i b ra t i o n s  o f  t h e  d r i ve  t ra i n .
• D e s i g n  o f  d r i ve  sy s t e m  t o  avo i d  exc i t a t i o n  ( e . g .  4 - p o l e  

i n s t e a d  o f  2 - p o l e  m o t o r )
• A c t i ve  e l e c t r i c a l  d a m p i n g  o f  p u l s a t i o n s  b y  V F D  c o n t ro l
• M e c h a n i c a l  d e s i g n  o f  t ra i n  ( e . g .  c o u p l i n g  p ro p e r t i e s )
• B l o c k i n g  o f  c r i t i c a l  s p e e d  ra n g e s

• Ef fe c t s  a n d  m e a s u re s  a re  w e l l  u n d e rs t o o d  b u t  m u st  b e  
c a re f u l l y  c o n s i d e re d  d u r i n g  p l a n n i n g  p h a s e



VSI Voltage Modulation
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VSI Drive Topologies

M2C 2L-SC-H-Bridge
“PERFECT HARMONY”

3L-NPP 3L-SC-H-Bridge
5L-NPC

3L-NPC



Footprint Comparison

• S y st e m  w i t h  L C I  h a s  s i g n i f i c a n t l y  l a rge r  fo o t p r i n t  d u e  t o  
H a r m o n i c  F i l t e r  re q u i re m e nt

Power 50MW m2 70MW m2

Component LCI VSI LCI VSI
Transformer 29.4 25 37.4 32.4

Harmonic Filter 45 N/A 60 N/A

Motor 3600rpm 27.7 26.4 33.6 31.7

Excitation 0.24 0.24 0.24 0.24

VFD 19.2 33.2 27.2 39.4

System Total 121.5 84.8 158.4 103.7



Typical Cost Split over 25 Year Life Cycle (30 MW System)

Initial Invest Drive System

Maintenance/Repair Costs

Energy Costs

95%

CAPEX or OPEX?

• C A P E X  a re  i n s i g n i f i c a n t  c o m p a re d  t o  O P E X  o ve r  L i fe  C yc l e
• E n e rg y  c o n s u m p t i o n  i s  t h e  m a i n  c o st  fa c t o r
• W h a t  i s  t h e  i m p a c t  o f  t h e  V F D  t e c h n o l o g y ?

2%

3%



CAPEX Comparison*

• V S I  S y s t e m s  d o n ’ t  re q u i re  h a r m o n i c  f i l t e r  a n d  h ave  c o st  
a d va nt a ge  fo r  t ra n s fo r m e r  a n d  m o t o r

• 5 - 1 0 %  o ve ra l l  C A P E X  a d va n t a ge  fo r  V S I  S y s t e m s  ( Eve n  
h i g h e r  i f  a d d i t i o n a l  E - H o u s e  m u st  b e  c o n s i d e re d  fo r  F i l t e r )

Component LCI VFD system VSI VFD system

Transformer 100% 95.0%
Harmonic Filter 100% 0%
Excitation 100% 100%
Motor 100% 95%
VFD 100% 125%
System Total 100% 90-95%

* E x a m p l e  > 5 0  M W



Efficiency Comparison

• S y st e m s  w i t h  L C I  c a n  a c h i e ve  s l i g h t l y  h i g h e r  e f f i c i e n c y  d u e  
t o  l o we r  l o s s e s  i n  t h e  V F D  a n d  t ra n s fo r m e r

• O ve ra l l  d i f fe re n c e  i n  sy s t e m  e f f i c i e n c y  i s  s m a l l  d u e  t o  
h i g h e r  l o s s e s  i n  m o t o r  a n d  h a r m o n i c  f i l t e r

Component LCI VFD system VSI VFD system

Transformer 99.2% 99.0%
Harmonic Filter 99.9% -N/A-
Motor 97.9% 98.1%
VFD 99.0% 98.5%
System Total 96.05% 95.66%



Reliability Comparison

• L C I  D r i ve s  i n h e re n t l y  h ave  h i g h e r  M T B F  d u e  t o  t h e  s m a l l e r   
q u a nt i t y  o f  c r i t i c a l  c o m p o n e nt s

• I n  c a s e  N + 1  re d u n d a n c y  i s  a p p l i e d ,  t h e  M T B F  fo r  b o t h  
sy s t e m s  i s  o n  a  s i m i l a r  l e ve l  

Component LCI System MTBF VSI System MTBF
Transformer 540y 540y
Harmonic Filter 95y N/A
Motor 65y 65y
Excitation 140y 140y
VFD (N) 6.5y 5.3y
VFD (N+1) 11.5y 11.8y
VFD system (N+1) 6.5y 6.5y



Influence of VFD Cooling System

• Re l e a s e  o f  h e a t  l o s s e s  t o  E - H o u s e  b y  h i g h  p o w e r  a i r -
c o o l e d  d r i ve s  i s  n o t  e c o n o m i c a l  d u e  t o  exc e s s i ve  H VA C  
re q u i re m e n t  ( 2 5 M W  V F D  → a p p rox .  2 5 0 - 5 0 0 k W  h e a t  l o a d )

• H i g h  Po w e r  V F D s  a re  u s u a l l y  w a t e r - c o o l e d  d u e  t o  e a s i e r  
h e a t  t ra n s fe r  o u t  o f  E - H o u s e

• Ty p i c a l l y,  a c t i ve  p a r t s  a re  m o u n t e d  o n  w a t e r  c o o l e d  h e a t  
s i n k s  a n d  c o o l e d  w i t h  c l o s e d  l o o p  n o n - c o n d u c t i ve  d e -
i o n i ze d  w a t e r  c i rc u i t .  C l o s e d  l o o p  c i rc u i t  c o o l e d  t h ro u g h  
h e a t  exc h a n ge r  a ga i n s t  ex t e r n a l  ra w  w a t e r  s u p p l y



VFD Water Cooling System

Deionized water

Recooling ModulePower SectionControl Module

∆
T

 =
 5

°C

Raw water

• C l o s e d - l o o p  d e - i o n i ze d  w a t e r  c i rc u i t  d i re c t l y  c o o l s  t h e  p o w e r  c e l l s
• S e p a ra t e  Re - c o o l i n g  u n i t  w i t h  w a t e r / w a t e r  H E X  a n d  p u m p s



High Power Air Cooled VFD

• S i m p l e  a i r - c o o l e d  p o w e r  s e c t i o n  w /o  w a t e r  c i rc u l a t i o n
• H e a t  d i s s i p a t i o n  v i a  a i r /a i r  o r  a i r / w a t e r  H E X
• → R u g ge d  d e s i g n  w i t h  re d u c e d  c o m p l ex i t y

To t a l l y e n c l o s e d
a i r - c o o l e d
p o w e r  s e c t i o n

A i r /A i r  H E X

A i r / Wa t e r H E X



Summary of Comparison

LCI System VSI System
Efficiency ( )
Reliability w/o redundancy
Reliability with N+1 redundancy
CAPEX
Footprint/Weight
Torsional Vibrations/Interactions
Flexibility
References >25 MW
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Conclusions
• H i g h - Po w e r  V F D  S y s t e m s  w i t h  L C I  D r i ve  a re  ve r y  m a t u re ,  

e f f i c i e nt  a n d  ro b u st  t e c h n o l o g y  w i t h  m a ny  re fe re n c e s  
• T h e  t re n d  i s  m o v i n g  t o w a rd s  V S I  D r i ve s  d u e  t o  h i g h e r  

f l ex i b i l i t y,  s i m p l e r  i n t e g ra t i o n  a n d  l o w e r  o ve ra l l  S y s t e m - C A P E X
• Re d u n d a n c y  c o n c e p t s  s h o u l d  b e  c o n s i d e re d  fo r  h i g h  p o w e r  V S I  

d r i ve s  i n  o rd e r  t o  i m p ro ve  re l i a b i l i t y
• R u l e  o f  t h u m b :  V S I  < 2 5  M W  a n d  L C I  > 5 0  M W.  2 5 - 5 0  M W  ra n ge  

d e p e n d s  o n  b o u n d a r y  c o n d i t i o n s  a n d  p r i o r i t i e s
• C u r re nt  l a c k  o f  re fe re n c e s  fo r  V S I  >  4 0  M W  i n  a  c o n s e r va t i ve  

m a r ke t .  C o m p e l l i n g  re a s o n  re q u i re d  fo r  m o st  u s e rs  t o  c o n s i d e r  
V S I .
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