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Abstract - Regulations on CO2 emission reductions, as well 
as potential taxations on CO2 production are coming in place 
worldwide. There are many possible ways to reduce CO2 
emissions in Chemical and Petrochemical plants. One is to 
replace steam turbine or gas turbine equipment drives with 
electrical drivers.  This can be done for new plants, as well as 
for existing plants, however, the requirements can be very 
different.

Index Terms — Turbine Replacement, Gas Turbine, Steam 
Turbine, Electrification, CO2 emission Reduction, Emission 
Reduction, Emission Tax

I. INTRODUCTION

This paper builds on a PCIC-2015 paper [1] that presented 
high speed solutions for turbine replacements with a focus on 
a Pacific Island refinery installation.

Now presented are more details related to current 
environmental and sustainability issues, including CO2 
emission reductions, electrical driver technology advances, 
challenges faced in production plants with turbine 
replacements and high speed motor field examples.

The international treaty on climate change, the Paris Climate 
Accords adopted in 2015 has led to many new and upcoming 
regulations in different regions around the world related to CO2 
reduction.  Countries, carbon energy producing companies, 
carbon refiners, carbon using manufacturers and major 
suppliers to the petroleum and chemical market have all had 
to make many adjustments.  Terms like “net carbon neutral”, 
“green energy” and “sustainability” are now commonplace in 
stockholder meetings and reports.

Natural gas turbines and steam turbines (coupled with their 
power plant sources of steam) are prime targets of refineries, 
chemical plants, and pipelines for reduction of C02, with the 
added benefit of overall energy efficiency and reduced 
operational costs.  

Both “green field” (new installations) and “brown field” 
(replacement of existing equipment) are addressed, including 
the most current and reliable technology in motors, variable 
speed electric drives and monitoring to support these 
applications. It should be noted that existing turbine 
installations often are central to plant operations and without 
redundancy.  100% availability is very commonly demanded.

 This paper will not try to present financial case studies 
related to efficiencies or emissions type penalties due to the 
wide range of efficiencies and emission levels to be 
considered, but rather address the replacements themselves.

A Check Sheet, provided to aid owner / operators of turbines 
in the evaluation or turbine replacements with electrical 
drivers, and is addition, field examples are provided. 

A.   Efficiency and Emission Footprint 

The turbine replacement promotes on two disciplines: 
efficiency improvement and emission footprint reduction. 

Fig. 1 Efficiency and Emission Comparisons

Fig. 1 provides an example of efficiencies differences 
between a mechanical turbine driver and an electric driver. 
The result is a “smaller” emission footprint. The yellow frame 
symbolizes the plant borders.  

The net efficiency roughly doubles when comparing an 
electric drive to a turbine mechanical drive. As these 
applications are often in a high power range (> 1 MW), this 
efficiency improvement can have a significant, long-term 
operating cost impact.  

While the reduction of the emission footprint within the plant 
for this application may reduce to zero, the energy consumed 
by an electrical driver must be produced.  That electrical 
energy source may still result in CO2 emission footprint. 
Alternatively, the electricity might be produced in wind farms 
or another green energy production.  Another possibility is a 
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modern combined cycle power plant  to provide the electricity 
and reduce the overall emissions.

The primary scope of turbine replacement affects two types 
of turbines used as a compressor driver: gas turbines and 
steam turbines. As for the gas turbine, the emission is directly 
related to the function of the turbine.  For the steam turbine, 
the emission is related to the steam production process in a 
boiler. In both cases the fuel (natural gas or steam) to drive the 
turbines is available “anyway”.  In case of the steam turbines 
in chemical or petrochemical plants, steam may be a 
necessary product for the process and/or a byproduct of the 
process. By installing bigger boilers, the necessary amount of 
steam could be made available.

But these traditional processes now come with a surcharge 
from new regulations.  Therefore, it is worth the effort to 
explore the benefits of replacing the turbines with electrical 
drivers and to balance the benefits of lower environmental 
taxes, lower operating costs and/or a more flexible process 
with the challenges to exchange turbines in existing plants; 
turbines which are running and earning profit.

B.   Gas Turbines

Gas turbines are commonly installed at natural gas pipeline 
stations, on offshore production platforms or floating 
production storage and offloading facilities (FPSO). Here gas 
is available out of the pipeline or out of the production. Usually 
pipelines or platforms have no strong electrical grid available, 
so the use of gas turbines as driver was the historically best 
choice. Already though, due to noise and/or exhaust 
constraints, some pipeline stations near populated areas were 
equipped with electrical drivers, where an electrical grid 
connection was possible without great investment. 

On offshore platforms, the electricity to operate the platform 
is normally produced with gas turbine driven generators. 
However, this amount of electricity available or the island 
network capacity is not typically sized to run the main 
compressors or pumps with electrical drives.  So also here, 
gas from the production is used to run gas turbines as 
mechanical drivers.

The gas turbines generally follow a kind of standardized 
power@speed combination.  TABLE 1 provide a sample chart 
of gas turbine ratings.  

TABLE 1
TYPICAL POWER AND SPEED COMBINATIONS FOR GAS 

TURBINES

These standard gas turbine sizes can ease the exchange, 
for the electric motors with this power@speed range can be 
designed for, and used multiple times, regardless the make of 
the turbine that it replaced . This is important, as the standard 
approach has a significant impact on the initial cost of the drive 
system and therefore on the capital expense (CAPEX) of the 
exchange project.

Gas turbines have a very high power density. The power 
related to the speed is comparably high to the capability of an 
electric motor.  However, the motor may have a larger 
diameter and heavier shaft than the turbine, so the power 
speed combination may create a challenge with the electrical 
driver in terms of rotor dynamics and maximum speed. 

Today it has become more common to see studies about 
how to electrify platforms or FPSOs, with floating wind farms 
or onshore grid connection. As those studies and the following 
electrification still need time, the initial turbine replacements on 
platforms will continue to happen on the steam turbine side.

C.   Steam Turbines

  The steam turbines are commonly installed in Chemical or 
Petrochemical plants and refineries, where steam is a 
necessary base product needed in the production and/or a by-
product of the process, so it was obvious to design plants with 
steam boilers large enough to run the plant process plus those 
steam turbines to be installed on the bigger compressors. As 
those main compressors require reliable drivers, the steam 
turbine was a good choice. 

But now with the need for efficiency increases and 
emissions reductions, the balance of the benefit with the 
challenges of process and driver changes in profit earning 
plants, leans towards an exchange.

As steam turbines are typically installed on an elevated table 
foundation, the available space after removing the turbine is 
often very limited. See Fig. 2. The new electric motor design 
must be able to provide the needed power@speed 
combination with minimal size and weight.  

Fig. 2 Typical Installation of Steam Turbine 

Another common attribute of steam turbines is that they are 
usually customized in power@speed to match the specific, 
sometimes very unique, mechanical driver (i.e., compressor).  
This leads to a large number of power@speed combinations 
required for the electrical drivers. Fig. 3 provides a graphical 
representation of speed and power combinations considered 
in turbine replacement studies
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Fig. 3 Power and Speed Values for ST Replacement Studies 
Received in 2019 and 2020

II. TURBINE REPLACEMENT MODELS

Since turbine replacement is still a fairly uncommon task, 
there are not yet the established business and project 
execution practices as compared to new plants, with the end 
user using a process license, placing the order for a turn-key 
solution to an Engineering, Procurement & Construction 
company (EPC), the EPC procuring at Original Equipment 
Manufacturer (OEM) and OEMs (and/or EPC’s) purchasing 
from the electrical vendors. 

The end users are involved in the turbine replacement, but 
in a different role. They are now already owner and operator of 
the plant and the equipment. Changes on the equipment such 
as a driver change and civil work on foundations are at the risk 
of the end user. The end user might involve an EPC to do the 
exchange, but those EPCs who do this exchange work may 
not be the same EPCs that did turn-key solutions for new 
plants.  The EPC might be a smaller office, located close to the 
site and maybe already have established relation with the end 
user doing service work and repairs. 

The compressor OEM service group will normally be 
involved if the compressor is to be refurbished or renewed.  
The compressor OEM can provide input for the drivetrain 
torsional study and in some cases input of the structure of the 
set.

The vendors for the electrical driver solution could be 
contacted through the end user, OEM or EPC.  

A.   Brown Field

Turbine replacement in the brown field refers to the 
exchange of turbines in existing plants, pipelines, or other 
turbine facilities. Those turbines might have run already for 
many years or decades, and the production is stable.  

Steam turbines are traditionally very compact and usually sit 
on an elevated table foundation.  See Fig. 4.  As such 
replacement with a direct driven high speed motor system is 
necessary in most of the cases.  The following brown field 
dialogue will focus on steam turbine replacements but will 
have application to gas turbine replacements as well.

Fig. 4 Typical Steam Turbine on Elevated Foundation

There are three different levels of replacement scope as 
described below and shown in Fig 5.:

1) The ST is exchanged with an electrical driver, the 
compressor with a new compressor.

2) The ST is exchanged with an electrical driver and the 
existing compressor refurbished.

3) The ST is exchanged with an electrical drive and the 
compressor remains unchanged.

Fig. 5 Replacement Scope Cases 1~3

As for case one, the compressor OEM is involved, and the 
scope of work and responsibilities are very similar to new 
plants. The main difference is that the new compressor train 
needs to fit the existing foundation. This can be achieved by 
mounting a new skid, bearing the new compressor and driver 
on design to mount on the existing foundation. 

For the interfaces between driver and compressor the 
compressor OEM normally takes the lead.

In case two, the service group of the OEM is involved, and 
here the scope of work and responsibilities are very similar to 
new plants. The adjustment to the existing foundation needs 
to be done only for the motor. The adapter base plate can be 
in the scope of the electric drive vendor or others. The 
responsibility for the foundation review will lie within the 
compressor OEM or EPC.

The major difference for all involved parties is case three.  
As here the compressor OEM, who usually has the 
responsibility for the coupling and the string analysis, is not 
involved.  This scope must be now assigned to another party, 
the end user, the EPC or the electrical driver vendor.  The end 
user will need to determine who is assigned to the tasks 
considering the base/foundation review, dynamic analysis and 
coupling selections.

With an electrical driver, not only the 1x and 2x excitation 
must be considered. Additional torsional excitation are the 
short circuit excitations in case of a two or three phase short 
circuit, as well as the VFD related torsional excitations. 

Page 3 of 10

/20/$31.00 © 2022 IEEE

2022-PCIC-0638



4

The torsional analysis for the new string must be done. For 
the details of the calculation refer to API 684 recommended 
practice [2] and PCIC-2019-30 paper on torsional analysis of 
electric driven compressor trains [3].

 
Regardless of which parties will do the analysis the steps 

are the same:
 Examine the existing torsional analysis and recalculate 

with the tool to be used for the analysis and make sure 
to get the same results

 Check the coupling data sheet and properties of the 
existing coupling

 Exchange the steam turbine model with the motor 
model and recalculate

 Check the new eigenfrequencies with the 1x, 2x and 
VFD excitations in the Campbell diagram

 If no excitation is within the specified speed range, add 
the short circuit excitation 

 Here the safety concept must be decided and agreed 
to either let the coupling slip, break, or withstand

 If the agreed safety concept fits with the existing 
coupling the coupling can be used

 In case there are excitation within the specified speed 
range either the stiffness or damping parameters need 
to be adjusted or a new coupling with the required 
parameters selected. In case of selection of a new 
coupling it must take care not to change the weight of 
the half coupling on the compressor side, as this will 
change the lateral dynamics on the compressor side. 

 After selection of a suitable new coupling recheck shot 
circuit excitation for agreed safety concept. 

B.   Green Field

Turbine replacement in the green field refers to the 
installation of electrical drivers instead of gas or steam turbines 
when designing a new plant and/or to integrate electrical 
drivers in the standard compressor skids offered by 
compressor OEMs.

Generally, for new plants there is no space restrictions so 
the selection of the electrical drive can be a 4-pole (1800 RPM 
/ 60 Hz) motor plus gear box solution or a solution of a high-
speed motor with variable frequency drive (VFD).  See Fig. 6.

Note, while the gear box solution can normally provide a 
lower initial cost, the high-speed gearless solution provides a 
smaller footprint and weight plus:

 Higher system efficiency
 Variable speed control
 Eliminates gearbox
 Elimination of coupling
 Reduced lube oil requirements
 Reduced maintenance

...all these result in lower operating costs.

Fig. 6 Typical Electric Drive Options

III. TECHNOLOGY

Our focus now turns to the technology to achieve CO2 
emissions reduction in chemical and petrochemical plants, 
specifically for steam turbine replacement with electrical 
drivers.  

For all the characteristics a steam turbine provides as a 
driver, the electrical system needs to have a suitable design. 
Important criteria are:

 Since steam turbines are normally very compact and 
usually sit on an elevated table foundation. To continue 
to use the existing foundation, a gear box normally 
should be avoided, and a low weight, small-size high-
speed motor for direct coupling is necessary. 

 Steam turbines are customized and come in many 
different power@speed combinations the motor design 
must be flexible to meet those. 

 Since steam turbines are used at critical services and 
often run three to five years uninterrupted. The motor 
must be highly available and reliable in the design. 

Additionally, the time frame for the replacement might be 
limited to the usual scheduled service downtime of a plant after 
perhaps a 5-year running period. To keep the plant profitable, 
the replacement should be done within four to six weeks. 

This requires a more or less plug-and-play solution, properly 
pre-tested and suitable to be started and run up without need 
for field-balancing actions.

The basic electrical system for the replacement consists of 
the motor, a VFD and the transformer.

For the VFD and the transformers, established products for 
chemical and petrochemical applications can be used but with 
the understanding that the higher output frequency affects the 
motor design significantly more as the shaft is running now at 
much higher speeds.
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Fig. 7 Motor components for High Speed Motors  

Fig. 7 shows the components of a high-speed motor with a 
ranking from special high technology parts for high speed 
motors to low technology parts, common for all motors. 

With steam turbines running up to 16,000 RPM, motor must 
be capable of the same.  The parts of the motor most affected 
by this difference are the rotor and the frame. 

A.   Rotor

Fig. 8 Design Considerations for High Speed Rotor.  

Fig. 8 shows the sketch of a cross section of the active part 
of a shaft. The shaft and copper bars are depicted. The 
diameter can be 300mm and larger, depending on the 
necessary output power of the motor.  Now, let’s imagine this 
section rotates at a speed of 16,000rpm. 

The first effect that may come in mind is the centrifugal force, 
pulling on the rotor bars and the shaft material. The centrifugal 
force is a function of the radius and the square of the speed, 
so this force grows significantly when increasing from 60Hz to  
267Hz design (synchronous frequency of 2-pole motor at 
16,000rpm).

To picture an amount of force upon each copper bar, 
imagine the weight of a small truck hanging from each rotor 
bar as it spins. It must designed such that the material can 
handle this force and that no part of the shaft is moving due to 
the centrifugal force.

Next, one must consider the surface speed, as it can reach 
velocity levels up to 280m/s. This is close to supersonic speed, 
and air friction losses must be considered, as they can account 
for a major part of the losses in a high speed motor. To keep 
them on a minimum, and also to avoid additional noise due to 
turbulence, the rotor surface should be as smooth as possible.

Finally, the balancing of the rotor needs to be considered. 
The residual unbalance can be expressed as an eccentricity 
between the center of mass and the center of rotation of the 
shaft. To fulfill the vibration requirements of common 
specifications like ISO or API, a residual unbalance with an 
eccentricity of around 10 micrometers must be achieved and, 

very important, kept over the lifetime of the motor [5], [6], [7].  
That means, no moving parts, even in the fraction of 
micrometers during all operating conditions. A human hair has 
a thickness of around 25micrometer, double the size of the 
required unbalance eccentricity. 

There are many different designs possible for a rotor. 
Existing high speed motor design in the smaller kW range such 
as Permanent Magnet (PEM) low-voltage designs can be 
examined. As the required power of the steam turbines go up 
to 20 MW, this design might not be the suitable one. 

Fig. 9 Rotor Design with Laminated Core

Fig. 9 depicts a standard laminated design used for two pole 
motors that can be applied to higher speeds.  However, the 
strength of the lamination shrink fit on the shaft will limit the 
speed before separation occurs.  Additionally, these types of 
rotors have multiple parts that are fitted together, pieces that 
can move and will move with greater magnitude as the speed 
increases.

Instead of using existing designs and try to use them in an 
expanded way it might be worth to do it the other way round:

#1 Which design would fit best the requirements and then
#2 Find out how to produce it. 
The best would be a massive rotor construction, made of 

one piece, with the electrical conductor copper bonded to the 
shaft steel to create an induction motor with a copper cage to 
have lowest electrical losses or use a steel body with open 
slots (a so-called Reluctance motor.  See Fig. 10). 

Fig. 10: Synchronous Reluctance Rotor 

As the preferred induction motor rotor is to include a 
massive shaft construction and copper cage, the possible 
technologies to manufacture such a rotor should thus be 
investigated. 

There are many ways to connect copper and steel: brazing, 
soldering, galvanic deposition, cold spray, diffusion welding, 
and so on. 

Diffusion welding uses the High Isostatic Pressure (HIP) 
method to produce such a massive rotor in a high quality and 
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commercially attractive way.
 With diffusion welding, the atomic properties of copper, a 

steel alloy and a bonding material are used. The chosen 
materials molecularly exchange electrons and diffuse into 
each other naturally over a long period of time. However, this 
natural process can be sped up and done in a controlled way 
by exposing the material to high pressure (1000 bar) and high 
temperature (1000 Degree Celsius) process, such that after 
only about one hour, the bonding is achieved.

Fig. 11 Examples of a Massive Shaft Design Produced Using 
HIP Technology

Fig. 11 displays HIP type, a massive squirrel cage induction 
motor rotor.  Design design has the precise properties needed 
for high speed operation.

 100% bonding between Copper and Steel body
 No moving parts
 Smooth surface
 Minimal thermal influence
 Unlimited lifetime

Such shafts have been in production and operation nearly 
20 years and are proven in more than 60 applications.

B.   Balancing and overspeed testing

Rotor balance and overspeed testing are vital for high speed 
motors. Fig. 12 shows an example of high speed balancing 
that is recommended to be performed according to the ISO 
standards [4], [5] and/or API 541 [6] standards.  Additionally, 
the residual unbalance should also be checked in the motor 
manufacturer’s balance machine at the rated speed points 
when possible. This helps to ensure the vibration requirements 
of the motor as a whole will be achieved

The overspeed test is recommended to be performed 
according to the relevant project specification and between 

10% and 20% overspeed. As some power@speed 
combinations are very challenging, sometimes a lower 
overspeed is agreed between the parties.  

Fig. 12 Set up of High Speed Rotor for Balancing 

For a HIP rotor with no moving parts, residual unbalance of 
the rotor will not change during the life of the motor, unless the 
rotor or motor is physically/externally damaged.  This is crucial 
for the Turbine replacement market, as the short installation 
and commissioning window does not allow unplanned events 
and additional time for field balancing.

C.   Variable frequency drive

The VFD must be designed and manufactured to match with 
the high speed motor rated voltage, frequency range and 
stator insulation system. Specifically for high speed systems, 
the higher output frequency requirements may cause some 
de-rating of the power electronics, in order to keep the required 
reliability.

Fig. 13 VFD Topology with multi-cell Layout

The VFD (and possibly a transformer) is an additional 
component that is added to the system compared to a 
mechanical driver. Together with the motors the VFDs must be 
designed with the highest levels of reliability.  VFD reliability 
can be enhanced with completely redundant systems, 
component failure bypass technology, redundant auxiliary 
systems, and/or semiconductor redundancy.  Alternatively 
complete cell redundancy, including not only the 
semiconductors, but control electronics, power supplies, and 
capacitors can be added.

D.   Digital System Control

Although not covered in detail in this paper, digitalization of 
assets is a hot topic today, providing operators real benefits on 
major topics, like reliability, availability and other OPEX related 
improvement. Also, this topic is not specifically for turbine 
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replacement projects, but applies to rest of the drive equipment 
on site or the even complete site also. Nevertheless, since 
digitalization can provide real benefits regarding important 
topics for turbine replacement projects, digitalization topics are 
shortly referred to.

Making assets just digital without digitalization strategy 
misses an enhancement opportunity. However, once 
digitalized full benefits can be explored, such as:

 Optimization of drive train performance by analyzing 
and combining process- and drive data

 Further optimization of the reliability and availability by 
pro-active response

 Remote assistance options, both proactive and, 
eventually, reactive. 

The opportunity to avoid any shutdowns has taken 
additional steps forward with available systems today

IV. CHECK SHEET

Appendix A provides a sample check sheet, describing the 
main steps towards a turbine exchange.

The check starts with an inventory of the potential steam 
and/or gas turbines to be replaced by the end user. The 
inventory should cover the power@speed combinations of the 
turbines, the expected date for exchange, the foundation 
information as a minimum. As the timeline from identifying the 
turbines until start of exchange is commonly about three years, 
the steam turbines with the potential for the first upcoming 
exchange can be identified. As explained above, the steam 
turbines are usually a customized design, however there may  
be several with similar torque requirements, so that maybe one 
motor design can be used to exchange different steam 
turbines. This could have a large positive impact on the 
CAPEX of the exchange project.

To go ahead with a firm study, normally an EPC will be 
involved and include detailed information on the existing 
mounting, compressor (or pump) string, the torsional analysis 
and the oil supply data needed.

From here, the discussion and decision on the scope for 
each supplier needs to be done. After that, the EPC or end 
user will collect all commercial data and eventually kick off 
the project.

V. FIELD EXAMPLES

A.   Brown Field – Refinery Steam Turbine Replacement

The steam turbine to be replaced was installed on an 
elevated table foundation as depicted in Fig. 14. To adjust the 
shaft height to the compressor an intermediate base plate was 
used. 

Fig. 14 Table Foundation.  Motor with Adapter Base 
The 8.250 kW, 5,855 RPM VFD-driven electrical motor was 

set up on the foundation and the connections for the main 
cables and auxiliaries as well as the purge system prepared 
prior to the commissioning start by the motor vendor. The 
commissioning then included the check of all connections and 
accessories and the purge system. 

In the next step, the motor was run up to operational speed 
in an uncoupled condition. The bearing vibration velocity levels 
were on a very low level as recorded in Fig. 15.

Fig. 15: Bearing Velocity @ 5867 RPM Uncoupled 

It was important to check were the bearing and stator 
winding temperatures and bearing vibration levels after the 12-
hour load run.  These were very satisfactory as well.  The 
bearing vibration levels in terms of velocity are show in Fig. 16.  
The shaft displacement vibration levels are show in Fig. 17.

Fig. 16 Bearing Velocity @ 5866 RPM at Load 

 
Fig. 17 Shaft Displacement after 12-hour Load Run at 

5247 RPM
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The complete commissioning was done within 3 weeks, well 
inside the scheduled time frame. The work on the exchange 
could continue and eventually the plant could be start at the 
planned time.

B.   Brown Field – Refinery Steam Turbine Replacement

In this example a study was completed to determine 
whether to replace an existing steam turbine with an electric 
motor and gear box or a high speed motor.  Due in large part 
to space constraints of the existing structure a 3,700 kW,  
5.700 RPM VFD-driven electrical motor was chosen.   In fact, 
the motor needed to be located on an overhung structure as 
shown in Fig. 18.

As this structure is flexible compared to the requirements of 
API 541 for a stiff foundation, an analysis of the foundation was 
done. Details can be found in the PCIC-2015 paper [1]. 

Fig. 18 Depiction of Elevated Foundation with Motor 
Partially Supported by Overhung Structure

With the excitation of the expected residual unbalance into 
the foundation analysis model, the expected response was 
calculated and the structure adjusted to reach vibration levels 
within the specified API limits. 

Fig. 19 Installation HS Motor on Site

Fig. 19 shows the high speed motor being lowered on the 
base for installation.

Also in this reference, the vibration of the motor at the factory 
(Fig. 20) and on the site (Fig. 21) was very low and stable over 
the time. Predictable behavior is a very big asset of the 
massive shaft design for steam turbine replacements.

Fig. 20 Measured Shaft vibration at Factory Acceptance 
Test.  Maximum Vibration below API 541 Specification

Fig. 21 Five Day Vibration Trend at Commissioning with 
Maximum Vibration well below API 541 Specification Limit

Brown Field – Gas Pipeline, High Speed Motor Installations

Replacement of two 5000 HP reciprocating engines and bull 
gears depicted in Fig. 22 with high speed 12,000 HP, 9,500 
RPM motors (non-turbine gas engines).

Fig. 22 Gas Engine and Gear Box Replaced 

Fig. 23 provides a picture of one of two 12,000 HP, 9.500 
RPM motors supplied to the same midstream operator to 
replace (2) existing 5,000 HP high speed motors at another 
pipeline station.
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Fig. 23 Installed 12,000 HP HS Motor 

Regarding couplings, for this operator, their standard is to 
replace the entire coupling when replacing engines or motors 
in brownfield.  They request it to be supplied by the vendor 
responsible for torsional analysis, but they consider offerings 
from motor vendor and compressor vendor.  Note also the 
motor manufacturer will often need to install the half coupling 
for as part of the testing of the motor.

Lastly in these, as well as all other high speed motor 
installations, consideration must be made for the VFD 
installation.

VI. CONCLUSION

While the implementation challenges exist to replace gas 
turbine and steam turbine installations on green field and 
brown field installations, the push for lower operating costs and 
decreased emissions of CO2 are leading more energy 
companies to the option of electrical drivers for mechanical 
equipment in the Chemical and Petrochemical industries.

With this electrical option, choices must be made from the 
variety of motor designs and VFD systems available to achieve 
the optimal reliability, operational performance and installation 
execution. 

While it is a difficult decision to replace existing, time-proven 
gas and steam turbines it can be accomplished effectively with 
diligent planning, effective communication and cooperation 
between customers and suppliers, and highly reliable electric 
drive trains solutions.
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VIII. NOMENCLATURE AND APPREVIATIONS

Q Balancing Grade acc DIN ISO 1940
 Angular velocity
 Distance between geometric center and center of  
           Gravity
VFD    Variable Frequency Drive
FAT    Factory acceptance test
FPSO Floating Production Storage and Offloading Vessel
HIP     High Isostatic Pressure
HS High Speed
HP Horsepower
KW Kilowatt
RPM Revolutions per Minute
ST Steam Turbine
1x 2x  one time and two times speed/frequency  
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APPENDIX A

CHECK SHEET FOR TURBINE REPLACEMENT

Item Comment Effect Involved 
parties

Remaining time 
to next 

scheduled 
shutdown

Identify exchange schedule Overview

Identify Potential Investment & Savings Overview

Turbines with similar torque requirement 
might be served by same motor design

Cost 
savings

2 Establish exchange schedule of 
potential turbines to change out

End User

Rated power and speed

Maximum continuous operating speed

Cooling medium inlet temperature

Foundation maximum available length and 
width
Foundation static load capability

Foundation dynamic load capability

Existing turbine bearing oil supply (flow 
rate, inlet temperature, oil type)
Coupling data and drawing

Torsional Analysis existing train

Optional select one for a 
prototype exchange study
Do an exchange study on a 
bundle

5 Share the data of the selected 
bundle or exchange prototype 
with the electrical driver vendor

Determine fast feasibility check and budget 
cost

Overview 
for 
Investment

End User / E-
Vendor / EPC 36 months

6 Firm study with electrical driver 
vendor

Determine firm designs and cost for the 
exchange

End User / E-
Vendor / EPC

Decide on scope of supply especially for 
base plate, coupling and torsional analysis, 
oil supply, grid connection

End User / E-
Vendor / EPC / 
Engineering 
Company

7 Kick-off turbine exchange Lead times with delivery on site might be 
15-18 months depending on included tests, 
site location

End User / E-
Vendor / EPC / 
Engineering 
Company

20 to 24 months

8 Equipment on síte 1 to 2 months
9 Installation and commisioning

10 Start up

1

3

4

36 months

Project Specific

Identify the potential turbine(s) to 
be exchanged in the plants 
including the remaining time for 
the next overhaul window

Complile the necessary 
information for a first budget and 
technical feasability check at the 
motor vendor. Data base: 
Documantation on existing 
plant/string

30 months

End User

End User / 
potential EPC

End User
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