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The turbomachinery controls marketplace is 
undergoing dramatic change. When I first 
started as editor more than 11 years ago, 
software was largely an afterthought. 

Hardware received almost all the attention. 
Since then, the software side of life has grown 

in stature. Remote monitoring, digitalization, 
artificial intelligence (AI), digital twins, manage-
ment via smart phones and tablets, big data, and 
analytics are all exerting inf luence over the 
design and operation of controls. This has neces-
sitated a swing away from black box systems to 
the use of open standards that facilitate integra-
tion of the controls with other systems. It enables 
a data-driven approach to maintenance and 
makes it far easier to remotely manage equipment 
and facilities. 

New security features, too, are being added to 
modern controls. Once you open up a black box 
to the Internet, danger lurks. Cybersecurity chal-
lenges such as phishing, ransomware, and other 
forms of malware make it imperative that modern 
controls are properly safeguarded. They need to 
be kept up-to-date with the latest patches, 
protected with advanced security tools, and must 
comply with security and safety standards set by 
bodies such as IEC and ISO. 

Once the groundwork has been done for the 
digitalization of controls, several other benefits 
emerge. Augmented reality features enable 
remotely guided commissioning and operation. 
Less experienced onsite maintenance personnel 
can be coached in real time by experts over the 
web. It is even possible to provide them with 
goggles or glasses that show them which valve to 
inspect, which welds need done, and what other 
maintenance items need to be checked. Digital 
twins, too, become available. They can be used to 
simulate the impact of changes to turbomachinery 
systems to see how best to resolve issues or opti-
mize performance. 

Additionally,  the demand to introduce 
hydrogen into gas turbines requires certain adjust-
ments to turbomachinery controls. The amount of 
hydrogen being mixed with natural gas needs to 
be monitored closely. Combustion controls have 
to be adjusted to prevent hydrogen-related issues 
like flashback. Hydrogen detection systems, fuel 
control systems, and valves all must be reworked 
to safely blend hydrogen. 

PUSH BACK
Of course, there is some push back. I’ve attended 
conferences where long-term controls specialists 
have bemoaned the problems with modern 
controls. But as the technology evolves, greater 
functionality emerges. In some cases, this extends 
as far as plantwide and fleetwide capabilities as 
everything operates on the same protocols and 
standards. There is no going back. Collaboration 
between users and the vendor community will 
result in further improvements to control systems 
in the years to come. 

Beyond our cover story, we have a series of 
features. One details how to optimize compressor 
maps. Another makes the case for dual-drive 
compressor trains i.e., using both electric-driven 
and gas-turbine driven compressors to avoid shut-
downs and improve economics. 

Meanwhile, supercritical carbon dioxide 
continues to be in the spotlight. While it disap-
peared from the limelight for many years as exten-
sive testing and scaling projects got underway, the 
amount of discussion of this technology is ramping 
up. That’s an indicator that it is approaching 
commercial viability. We include a rundown of a 
pilot project that is bringing supercritical carbon 
dioxide solutions closer to fruition. 

Another story covers the need for long-dura-
tion storage to supplement renewables and makes 
the case for turbomachinery based systems as the 
best available technology. Finally, we have a 
review of the recent Turbo Expo, a vendor spot-
light from Yaskawa/The Switch, and good work 
from our regular columnists. 

Enjoy. 

Collaboration between users and the vendor 
community will result in further improvements to 
control systems in the years to come. 

DREW ROBB
Editor-in-Chief

REVISITING CONTROLS
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INDUSTRY NEWS

WHY LNG WON T SOLVE THE 
WORLDS ENERGY SHORTAGE
By Timothy Lukac 

LNG around the globe is in demand. 
Prices have soared and shipments are 
being diverted to the highest bidder. But 
the industry is facing difficulties related 
to unprecedented demand, problems at 
LNG export terminals, and overall sup-
ply constraints. What has become clear 
is that LNG is not the answer to all the 
world’s energy problems. Nations can’t 
rely on it being available or affordable. 
They will need to find other energy 
sources to provide their populations 
with a reliable supply.

In February, Shell released its 2022 
LNG Outlook, giving a summation for 
the previous year and a projection for 
the future. It spoke of rising LNG de-
mand in 2021, and subsequent price 
volatility. Gas and oil prices have hit re-
cord levels over the last year. The out-
break of war in Ukraine, compounded 
by recovery from a global pandemic are 
two primary contributing factors.

Russia has long been a major sup-
plier of natural gas. According to the BP 
Statistical Review of World Energy, the 
top five pipeline consumers of Russian 
LNG are Germany, Italy, Belarus, 
Turkey, and the Netherlands. Russian 
gas imports made up nearly 40% of EU 
consumption last year; sanctions have 
complicated that relationship. 

The US LNG industry has been a 
major beneficiary of the growing need for 
LNG in Europe. But with export termi-
nals operating at or near full capacity, 
problems were inevitable. A few weeks 
ago, for example, the Freeport LNG 
terminal in Texas exploded. Supply was 
disrupted for three weeks. The result was 
a 10% reduction in the total natural gas 
imports in Europe. Since roughly 40% of 
European gas imports ended abruptly 
this year due to sanctions, global 
importers are tightening their belts. 
Another incident occurred at Shell’s 
Prelude floating facility in Australia. The 
workers sought better pay, which led to 
two weeks of downtime. 

One propos i t ion made by US 
Secretary of Energy Jennifer Granholm 
is to simply ramp up production. That’s 
easy for a country like the US that leads 
the world in natural gas exports, but not 
for others. Other options are to delve 
more into combined cycle gas turbine 
technology, renewables, and hydrogen 
blends. Finland, for example, recently 
announced plans to develop a national 
hydrogen pipeline network. 

The current problems present in the 
global LNG supply chain are significant. 
Prices will remain high while parties in 
Asia and Europe fight over limited ship-
ments. Diversification of energy portfolio’s 
is required to ease strain on supply lines. 

This highlights fundamental issues 
with LNG as an energy resource. While 
the surge in imports has been required 
due to the war, it still meanders around 
the main problem that LNG is trying to 
solve. LNG’s success ultimately relies on 
the premise that local and regional energy 
production is lacking. In other words, 
many places where energy production is 
unable to meet demand have turned 
to LNG. 

More investment into locally sourced 
energy is key to avoiding these troubles. 
Otherwise LNG supply can dry up rap-
idly due to problems with export termi-
nals, lack of ships to carry the LNG, 
political considerations, or regional con-
flicts. Bottom line: LNG can and should 
be used to supplement energy shortfalls 
around the globe but is no replacement 
for secure and reliable domestic energy.

In other LNG news: Petronas and 
Saba h  O i l  &  G a s  D e ve lopment 
Corporation (SOGDC) have signed a 
memorandum of understanding (MoU) 
that will see the Malaysian national en-
ergy company build Sabah’s f irst and 
largest near-shore floating LNG facility. 
The project, expected to be able to pro-
cess at least 2 million tonnes per year 
(t/y) of LNG, is known as ZLNG and 
will be located at Sipitang Oil and Gas 
Industrial Park (SOGIP). Under the 
MoU, Petronas and SOGDC will col-
laborate to make the project a reality 
with SOGDC committ ing to assist 
Petronas to secure all necessary approv-
a l s  a nd per m it s  w it h  SOGI P a s 
the developer.

Elengy Terminal Pakistan Ltd. Port Qasim LNG Terminal
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INDUSTRY NEWS

Albiomas Réunion Island Bois Rouge power station

MAN Energy Solutions 
heat pump rendering

HUGE MAN BASF HEAT PUMP
BASF and MAN Energy Solutions are conducting a feasibility study for the construc-
tion of an industrial-scale heat pump at the BASF site in Ludwigshafen, Germany to 
be completed by the end of 2022. The feasibility study is looking at the economic 
viability, efficiency, and competitiveness of the technology. The project’s goal is green-
house gas reductions, establishing the use of low-CO₂ technologies in chemical produc-
tion, and reducing the site’s natural gas consumption. The new pump, when finished, 
will produce up to 150 metric tons of steam per hour, equivalent to a thermal output 
of 120 MW. Ludwigshafen requires 20 million metric tons of steam every year. The 
plants use much of it as process steam in production; for example, to dry products, heat 
up reactors, or for distilling. 

VELO3D DIGEST
Velo3D is selling a Sapphire XC 3D 
printer to Knust-Godwin, a precision 
contract manufacturer. The Sapphire XC 
prints up to 600 mm in diameter and 
550 mm in height, uses eight 1-kilowatt 
lasers, and has a faster recoater versus the 
original Sapphire; increasing efficiency by 
more than 400% compared to the original 
Sapphire. Knust’s Sapphire XC will reside 
in their Katy, Texas facility. Calibrated for 
Inconel 718, it is compatible with its other 
printers. All six printers utilize Flow print 
preparation, Assure quality assurance soft-
ware, as well as the Velo3D Intelligent 
Fusion manufacturing process.

The company is also going to open 
its European Technology Center in 
Augsburg, Germany, situated in the 
Augsburg Innovations Park. The center 
acts as a hub for their efforts in the 
region, and a showcase for an end-to-end 
additive manufacturing solution. The 
new technology center is more than 
1,200 ft² (110 m²) in size, with a lab area 
featuring a Velo3D Sapphire printer and 
a showcase of parts that were printed 
using the company’s technology.

ANSYS SOFTINWAY 
PARTNERSHIP
Ansys and SoftInWay are partnering to 
simplify the workf low for designing 
single-stage, multi-stage, and multi-
module turbomachinery. The new work-
f low enables design transfer between 
platforms for multi-physics computa-
tional f luid dynamics (CFD) and finite 
element analysis (FEA). The partnership 
further digitizes the workflow, from the 
i n i t i a l  d e s i g n  i n  S o f t I nWa y ’s 
AxSTREAM platform, to analysis using 
Ansys’ 3D physics solvers Ansys CFX, 
Ansys Fluent, and Ansys Mechanical. It 
integrates simulations and optimization 
s t u d i e s  n e e d e d  t h r o u g h  A n s y s 
Workbench to automate the entire devel-
opment process in one chain. Workflow 
automation can lead to better designs 
and production cycles, which results in a 
faster time to market.

ALBIOMA DROPPING COAL
Emerson has been selected by Albioma to transition its coal-fired Bois Rouge plant on 
Réunion Island in the Indian Ocean to biomass wood pellet feedstock. In addition to 
delivering local engineering support for the project, Emerson will use its Remote Virtual 
Office (RVO) collaboration platform, enabling Albioma’s access to Emerson’s resources 
and ongoing support. The goal of overhauling the 108 MW facility is CO₂ reduction. 

All three generating units at the plant will also be modernized with new turbine 
protection, health monitoring systems, safety systems for the boilers, upgraded boiler 
control elements, and instrumentation. The transition project began in June 2022 
with an expected timeframe of five months.
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INDUSTRY NEWS

MITSUBISHI DIGEST
Mitsubishi Power is working with Ion Renewables on four battery energy storage 
system (BESS) projects, totaling 185.5 MW and 371 megawatt-hours (MWh), in 
Ireland as part of its Emerald storage solutions, enabling fast frequency and capacity 
response for power disruptions. The battery systems are being constructed at sites 
with existing electrical interconnects and will provide energy storage and system ser-
vices to Ireland’s National Grid. Mitsubishi’s role will include project engineering, 
equipment supply, and a 10-year long-term service agreement. Completing in 2024, 
these four BESS projects will increase the global capacity of Mitsubishi’s storage 
solutions to more than 2 GWh.

Mitsubishi Power, Georgia Power, and the Electric Power Research Institute 
(EPRI) recently validated fuel blending of hydrogen and natural gas on an M501G 
natural gas turbine at the McDonough-Atkinson Power Plant in Smyrna, Georgia. 
The demonstration validated 20% hydrogen fuel blending on a gas turbine. The 
McDonough-Atkinson facility operates six M501G series gas turbines as well as 
three steam turbines running in three blocks of 2-on-1 combined-cycle configura-
tion. Mitsubishi Power completed the hydrogen blending on one M501G gas turbine 
unit with an approximate output of 265 MW. DLN hydrogen blending was success-
ful at up to 20% at the designed 100% natural gas firing temperature, within emis-
sions compliance for the existing air permit, and without impact on the maintenance 
intervals. The team also confirmed improved turndown by testing up to 20% hydro-
gen at minimum emissions-compliant load.

HYDROGEN DIGEST
Rolls-Royce is acquiring 54% of 
Hoeller Electrolyzer to produce elec-
trolyzers. Hoel ler Electrolyzer 
deve lops  po ly mer  e lec t ro ly te 
membrane (PEM) stacks for the 
production of hydrogen. Hydrogen is 
needed for fuel cel ls, hydrogen 
engines, the production of synthetic 
‘drop-in’ fuels, and for industrial 
processes. The electrochemical reac-
tion takes place in a cell between elec-
trodes separated by membranes. Cells 
located one above the other are 
pressed together form a ‘stack’ – the 
electrolyzer core. High efficiency is 
promised by special surface technolo-
gies for the bipolar plates, which 
reduces the use of precious metals 
such as platinum and iridium as cata-
lysts, as well as increasing output 
pressure.

Gasgrid-Finland is developing 
national hydrogen infrastructure to 
promote the hydrogen market in the 
Baltic Sea Region. Nearly 40% of 
the EU’s domestic hydrogen supply 
comes from the Upper Baltic. The 
Nordic Hydrogen Route (NHR) be-
tween Finland and Sweden aims to 
create a network of pipelines in the 
Bothnia Bay reg ion. Gasgr id is 
launching a demonstration on hy-
drogen transmission at Ovako’s 
Imatra mill.

Siemens Energy and Air Liquide 
are forming a joint venture head-
quartered in Berlin dedicated to the 
production of industrial-scale re-
newable hydrogen electrolyzers. 
Initial start is late 2023, reaching an 
annua l product ion capacit y of 
3 GW by 2025. A multi-GW stack 
factor y w i l l  a l so be located in 
Berl in. This factory wil l supply 
stacks to both of the partners and 
the market. Based on proton ex-
change membrane (PEM) electroly-
sis, the stacks are suited to harvest 
volati le renewable energy. They 
have also agreed to dedicate mutual 
research and development efforts for 
the next generation of electrolyzer 
technologies. One of the f irst proj-
ects is located in Normandy, France, 
and has a capacity of 200 MW.

BAKER HUGHES CONTRACT 
Baker Hughes is being awarded a con-
tract by Driftwood Pipeline to provide 
electr ic-powered Integrated Com-
pressor Line (ICL) technology and tur-
bomachinery equipment for Lines 200 
and 300, a natural gas transmission 
projec t  wh ich w i l l  be located in 
Beauregard and Calcasieu Parishes, in 

southwest Louisiana. The project will 
supply upwards of 5.5 billion ft³ of nat-
ural gas daily. It will initially include 
four 19MW ICL compressors for a total 
of four compressor trains, as well as a 
LM6000PF+ gas turbine for backup 
power for the initial phase of the pipe-
l ine project at Dr i ftwood’s Indian 
Bayou Compressor Station. 

Mitsubishi Powers Emerald storage solution
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3D PRINTING MATERIALS GROWTH
IDTechEx predicts that as the 
3D printing landscape grows, so 
too will the variety of compatible 
materials. Polymer, metal, wax, 
sand, and concrete are a few 
examples on offer. It is expanding 
from thermoplastics to metal-ma-
trix composites, bio-ceramics, 
and recycled plastics. The inven-
tory of usable materials expands 
as end-users demand higher 
quality product materials. 

Polymers are the face of the 
additive manufacturing (AM) 
materials market. They are the 
most widely used and materials 
for 3D printing. There is a percep-
tion that polymer 3D printing is 
only suitable for prototyping. 
Newer, higher-performing poly-
mers are changing this view. One 

such polymer is f iber-reinforced 
polymer matr ix composites 
(FRPs). Research into carbon 
f iber opens the gateway for 
complex composite parts. Beyond 
composites are high-temperature 
thermoplastics. Other polymers 
garnering interest include foams, 
recycled plastics, bio-based poly-
mers, and nanocarbons. 

Powders are the dominant 
feedstock in metal AM. One low-
er-cost alternative is metal wire. 
Another is metal injection mold-
ing pellets, which have more effi-
cient extrusion properties. Lastly, 
bound metal paste is seeing some 
traction as a safer alternative to 
powder. These emerging feed-
stocks will likely lead to continued 
growth in 3D printing materials.

Projection for the 3D Printing Materials Landscape  
Source: IDTechEx
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The Dania Beach Clean Energy Center

GE DIGEST
GE and Florida Power & Light (FPL) celebrated the arrival of new gas turbines at 
the Dania Beach Clean Energy Center (DBCEC). Powered by two GE 7HA.03’s, 
the DBCEC can now deliver 1,260 MW. The DLN2.6e combustion system is stan-
dard on these units. 

GE has orders for two LM2500+ aeroderivative turbines and two Heat 
Recovery Steam Generators (HRSG) that will deliver up to 54 MW of electricity 
and 210 tonnes per hour (TPH) of steam to Manildra Group’s cogeneration power 
plant at Shoalhaven Starches in Australia. In addition to providing the technology 
for the cogeneration power plant, GE is signing an eight-year contractual service 
agreement. The new equipment is part of an effort by Manildra Group to replace 
their coal-fired boilers with natural gas. 

GE Steam Power is signing a contract with Bharat Heavy Electricals Limited 
(BHEL) for the supply of three nuclear steam turbines out of six units for Phase 1 of 
the Nuclear Power Corporation of India (NPCIL) Domestic Nuclear Program 
being developed at Gorakhpur, Haryana (units 1 to 4) and Kaiga (Kaiga units 5&6) 
in India. This domestic program includes 12 units of 700 MW being developed by 
NPCIL with its own nuclear reactor technology utilizing Pressurized Heavy Water 
Reactors (PHWR). In total, it will represent 8.4 GW of electricity for the country. 
GE will manufacture the nuclear steam turbines at its facility in Sanand, Gujarat 
in India.

The GE Hitachi Nuclear Energy (GEH) BWRX-300 small modular reactor 
(SMR) was selected by SaskPower for potential deployment. In December 2021, 
GEH was chosen by Ontario Power Generation (OPG) as technology partner for the 
Darlington New Nuclear Project. GEH is working with OPG to deploy a BWRX-
300 at the Darlington site that could be complete as early as 2028. In May 2022, 
GEH SMR Canada and the Saskatchewan Industrial and Mining Supplier’s 
Association (SIMSA) agreed to cooperate to support the potential deployment of the 
BWRX-300 in Saskatchewan. The BWRX-300 produces no carbon during 
operation. It leverages a combination of new components, the licensing basis of the 
U.S. NRC-certified ESBWR, and the existing GNF2 fuel design. 

B&K VIBROS NEW CEO 
Brüel & Kjær Vibro (BKV) is naming 
Volker Polonyi as its new CEO and 
president. He joins from parent company 

NSK, which 
specializes in 
researching, 
designing, and 
manufacturing 
mot ion  and 
c o n t r o l 
s o l u t i o n s . 
Polonyi was 
director of the 
E u r o p e a n 
Technology 
C e n t r e ,  a 
regional R&D 
facility. He has 

also served as managing director for 
industrial bearing sales, sector manager 
for wind power technology, and head of 
application development.

Overall, Polonyi brings 35 years of 
experience in bearing and l inear 
technology.

ATLAS COPCO DIGEST
Atlas is continuing its global expansion 
efforts. It purchased Chinese Vacuum 
Pump company Shangdong Jinggong 
Pump Co. Headquartered in Zibo, 
Shandong Province, China, it’s a man-
ufacturing and development company 
focused on liquid vacuum pumps and 
systems. Further purchases include: 
Associated Compressor Engineers Ltd 
(ACE) of Stockport, UK that specializ-
es in the sale, installation, and service 
o f  c ompr e s s or  a i r  s y s t em s ;  a nd 
National Vacuum Equipment (NVE), 
headquartered in Michigan, USA is a 
manufacturer of industr ial vacuum 
pumps and packages for mobile use on 
tanker trucks. 

The Atlas Copco Edwards division is 
opening its doors to a new manufactur-
ing facility in Asan City, South Korea to 
produce vacuum pumps for semiconduc-
tors. A recent surge in demand has seen 
widespread investment in global semi-
conductor production capabilities. The 
new Korean facility is 16,000 m² in size. 

Volker Polonyi, CEO  
of Brüel & Kjær Vibro
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CENTRIFUGAL PUMPS
Challenges and Difficulties of Parallel Operation 
BY AMIN ALMASI

Centrifugal pumps are used in many plants 
and facilities. Many are operated in 
parallel. There are risks, difficulties, and 
concerns to consider for parallel operation 

of pumps. There are factors and parameters 
which should be considered to mitigate these risks. 

Many pumps, after all, have been damaged 
due to poor conf iguration, wrong selection, or 
operational carelessness in parallel operation. 
Further general knowledge on pump parallel 
operat ion is relat ively low. There has been 
limited publication material available on this 
important topic. 

Unfortunately, some engineers have been led 
to believe that pumps are like home appliances. 
They think they can put them in parallel opera-
tion and expect trouble-free operation. This is not 
true. The fact that pumps in parallel operation 
take suction from a common source and discharge 
into a common header is often overlooked. The 
fact that the pumps interact with each other is also 
poorly understood. 

Different types of pump, of course, present 
different behaviours when in the parallel opera-
tion. As an example, so called “sensitive pumps”, 
which are more affected by operation far from 
BEP (best efficiency point), can be more trouble-
some when used in parallel operation. 

WHY PARALLEL CONFIGURATION? 
There have been many reasons to put pumps in 
parallel operation. Sometimes, it is to cover a 
wide range of flow requirements. In other situa-
tions, they are installed in parallel for standby 
requirements or emergency back-up. In an 
expansion or renovation program, a few new 
pumps may be added to an existing set to increase 
pumping capacity. 

When pumps run in parallel, they would be 
expected to operate against the same discharge 
head. The combined pump “head-capacity” 
performance curve is, theoretically, determined 
by adding the respective flow rates of each pump 
at a series of specific head values. However, this is 
purely theoretical. There are many practical 

fac tor s  and parameter s  wh ich shou ld be 
considered.

If pumps are not properly selected for parallel 
operation and all required provisions for poten-
tially complicated operation are not foreseen, it 
can lead to inefficient operation, pump unreli-
ability, damage, and other operational problems. 
When wrongly selected pumps are operated in 
parallel, one of the pumps might be driven outside 
of its allowable operating range (far from BEP), 
even near shut-off point. This can result in over-
heating and pump damage. 

Parallel operation of identical pumps is a 
better-known topic than operation of dissimilar 
pumps. There are established rules for the parallel 
operation of identical pumps. Performance curves 
should be matched within specified tolerances. In 
other words, although pumps are theoretically 
identical, because of differences in manufacturing 
and tolerances, their curves are slightly different. 
The differences between curves should be limited 
to 2% to avoid problems.

DISSIMILAR PUMPS
Dissimilar pumps operating in parallel introduce 
engineering complexity. The head should be 
matched at rated point of each pump (not at the 
same volumetric flow rate points). Parallel opera-
tion of dissimilar pumps is most often seen in 
revamp, renovation, or expansion projects. 

For a revamp/renovation case, the head of 
new pump rated point should be matched with 
the head of the existing pump rated point (each 
has its own volumetric flow rate) considering the 
elevation head difference and frictional head 
difference (at downstream) for each pump. The 
surrounding area of rated points should offer a 
suitable operating condition for all pumps. 

If pumps are not properly selected for parallel 
operation, it can lead to inefficient operation, pump 
unreli ability, damage, and other problems.
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When dissimilar pumps are operated in 
parallel, however, there is risk if any pump is 
pushed to operate below its minimum allowable 
flow rate. As a practical measure, the pump 
manufacturer should be asked to simulate opera-
tion and explain all operational details and guar-
antee trouble-free operation for all combinations 
of parallel operation. In addition, operating points 
for all operating scenarios should be plotted and 
compared between the minimum continuous flow 
and the end of curve. A full simulation exercise 
and a study report for all possible parallel opera-
tion cases should be requested. 

PERFORMANCE CURVE 
The shape of the “head–capacity” performance 
curve should be carefully considered when 
selecting pumps for parallel operation. If the 
pump curve droops (the head drops) as the flow is 
reduced towards shut-off point, there can be oper-
ational problems. In this case, when the first pump 

is started, a second pump may not be able to move 
from the shut-off point. This pump could run near 
shut-off, overheat, and possibly fail. 

In other words, pumps in parallel operation 
work against the same discharge head. For a 
curve with more than one f low condition for a 
given head, a pump can be stuck near shut-off. 
This pump could fail over time. As a general 
rule, the performance curve should continuously 
rise to the shut-off point. In other words, pumps 
with head-capacity curves that droop towards 
shut-off point or have more than one flow condi-
tion for a given head, should not be operated 
in parallel. 

Amin Almasi is a Chartered Professional 
Engineer in Australia and U.K. (M.Sc. and 
B.Sc. in mechanical engineering). He is a 
senior consultant specializing in rotating 

equipment, condition monitoring and reliability.
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Let’s begin with a home-appliance analogy. 
Modern refrigerators come with a long list of 
features including sophisticated temperature 
settings, voice control, alerts when certain 

supplies are low or the milk goes bad, and more. 
On the downside, their motherboards sometimes 
struggle to cope with cold temperatures. Hence, 
you sometimes hear people longing for the old 
days when an old-school freezer could last for 
decades. However, those old freezers were also 
energy hogs and would be unlikely to receive an 
acceptable Energy Star rating. In any case, their 
manufacturing costs would probably be difficult 
to justify today. 

Similarly, I’ve been to trade shows and heard 
veterans lament the demise of old turbomachinery 
control systems. They complain that the new ver-
sions come with all kinds of digital bells and whis-
tles, yet they sometimes lack reliability and can be 
difficult (or expensive) to fix. There can be some 
truth to their assertions. Yet, modern controls can 
do so much more than legacy systems. 

Gone are the black box controls, replaced by 
open standards. Integration with other systems is 
far easier. Plant-wide, fleet-wide, and grid-wide 
controls become feasible as everything is running 
on the same set of protocols and standards. A main-
tenance person no longer must walk a mile to take 
a reading from a dial. That same function can be 
carried out at remotely via centralized controls. 

Meanwhile, the turbomachinery controls ven-
dor community continues to innovate. Companies 
such as Elliott Group, EthosEnergy, Continental 
Controls Corp., Siemens Energy, Honeywell, 
Solar Turbines, Mitsubishi Power, Emerson, and 
Rockwell Automation are steadily introducing 

more technologies and features into their tools. 
Let’s hear what they have to say about the latest 
trends and products.

SIEMENS ENERGY 
Philipp Lange, Solution Manager for Controls 
Modernization at Siemens Energy has noticed sev-
eral trends impacting the controls space. This 

TURBOMACHINERY 
CONTROLS GO 
HIGH TECH 
Remote Monitoring, Digitalization, Cybersecurity, Artificial 
Intelligence, Hydrogen Blending, Auto-Tuning, Big Data, 
and Digital Twins. 
BY DREW ROBB

Siemens Energy SPPA-T3000 controls

“ It is always a challenge to ensure 
security without compromising the 
comfort of system handling,” said 
Philipp Lange, Siemens Energy.
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includes a greater focus on functional safety in all 
areas of turbomachinery control, as well as digitaliza-
tion, which brings about virtualized applications, 
data-driven maintenance approaches, and paperless 
documentation. He also noted the slow emergence 
of “low-manned” operation of certain assets. 

“The pandemic highlighted the usefulness of 
remote capabilities, but also showed there is room 
for improvement to realize their full potential,” 
said Lange. 

Accordingly, Siemens Energy has added a 
variety of remote monitoring, digitalization, 
cybersecurity, safety, and compliance enhance-
ments to its controls. In addition, the company is 
looking into technologies such as 5G networks 
and rugged smart mobile devices that could help 
address the skills shortage due to workforce re- 
tirements and limited accessibility. 

The Siemens Energy SPPA-T3000, for exam-
ple, has been upgraded to address cybersecurity 
challenges such as online patching, user manage-
ment, improved hardening, and digital signatures. 
This has enabled these controls to earn IEC and 
ISO certifications for security. Further advances 
include the use of object-oriented project data-
bases, augmented reality for guided commission-
ing and operation, as well as cloud-based infra- 
structures to provide engineering and testing envi-
ronments independently from location and avail-
able hardware.

SPPA-T3000 will also be enhanced with 
SCADA functionalities to control multiple dis- 
tributed remote assets. New simulation capabili-
ties built into SPPA-T3000 aid users in working 
on digital twins of their own assets to create test 
scenarios for any adaptions without impacting the 
real system. 

CONTINENTAL CONTROLS 
Continental Controls Corp. offers a range of fuel 
control products for gas turbines and gas engines. 
For example, its pressure control valve handles a 
variety of gases that are typically delivered at a 
low pressure with a lower capacity than primary 
fuel control valves. This valve is also used to 
control what would have been flare gas by admit-
ting the gas into an enclosed combustor. 

Rick Fisher, Vice President at Continental 
Controls, noted several trends including: the 
desire to blend various gases to reduce greenhouse 
gas emissions (GHGs); instead of recording fuel 
consumption for two or more units, a requirement 

is evolving to include unit specific flow consump-
tion; and due to regulations about venting of 
excess gas, users are exploring the options to elim-
inate gas flaring and minimize fugitive emissions.

“Controls vendors will need to know how to 
mix and change the mixture as needed to main-
tain efficient operation and emissions reduction,” 
said Fisher. “Valve manufacturers will need to 
have secondary control valves to control the pro-
portion of gases in the mix as well as gas mixers to 
provide a homogeneous mix.” 

Continental Controls provides variable pres-
sure control valves and venturi mixers to allow for 
precise blending of fuels. It is currently engaged in 
qualifying all its gas turbine products for up to 
25% hydrogen. 

ETHOSENERGY
EthosEnergy EcoMax is a Dry Low Emissions 
(DLE) and Dry Low NOx (DLN) automated tun-
ing technology that continuously optimizes out-
put, emissions and combustion dynamics. This 
eliminates the need for manual gas tuning 
approaches that can lead to untapped capacity 
and efficiency. 

Take the case of a 775 MW combined cycle 
power plant in Turkey where two GE Frame 9FA 
gas turbines suffered from combustion chamber 
issues that caused the engine to trip. The facility 
implemented EcoMax to eliminate the trips 

“ AI-supported programs open a new 
and wider window for users,” said 
Hande Puhaloglu, EthosEnergy

“ Many customers are looking  
for valves that can control some 
percentage of hydroge,” said  
Rick Fisher, Continental Controls.  
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during changes in temperature. As well as major 
financial savings, the plant has gained improve-
ments in reliability, output, better manage its 
emissions, and reduced the risk of human error 
through manual tuning, according to Hande 
Puhaloglu, Sales Account Manager, EthosEnergy. 

She, too, noted a definite trend toward hydro-
gen blends. The company has signed a partner-
ship agreement with Politecnico di Torino for the 
research and development of technology to allow 
for the conversion of 40 MW gas turbines to 
accept up to 40% hydrogen.

“Plant operators are asking for control systems 
that can collect more qualified data and smarter 
solutions so that they can be more efficient and 
flexible while operating the plant. 

ROCKWELL AUTOMATION 
For turbomachinery control, Rockwell Automation 
focuses primarily on controls for single-stage com-
pressors and one- and two-valve steam turbines. 
They include communication and diagnostic capa-
bilities for improved uptime. It has recently been 
expanding its condition monitoring product portfo-
lio for compressor control systems. The Dynamix 
1444 Integrated Condition Monitoring System, for 
example, operates in conjunction with its Emonitor 
condition monitoring software and condition moni-
toring sensors.

“Emonitor condition monitoring software pro-
vides automated analytics capabilities for users,” said 
Andries Ernst Kruger, Engineering Team Lead for 
LifecycleIQ Services at Rockwell Automation.  

MITSUBISHI POWER 
Tom Logan, Senior Manager, Technology Inte-
gration – Intelligent Solutions, Mitsubishi Power 
Americas, highlighted trends such as operational 
flexibility, reliability, cybersecurity, and support for 
hydrogen and ammonia.

“Extreme weather events, like what Texas 
experienced in February 2021, the grid complica-
tions related to intermittent renewable sources, 
and the grid frequency impacts related to solar are 
driving the demand for flexibility and reliability 
solutions,” he said. 

As a result, users want turnkey solutions that 
incorporate plant hardware and controls logic, 
and that provide improved capabilities. For exam-
ple, Mitsubishi Power has invested heavily into its 
Tomoni portfolio to provide users with faster 
startup, higher ramp rates, continued operation 
during extreme environmental conditions, analyt-
ics, and a route to decarbonization.  

A recent controls scheme project validated fuel 
blending of hydrogen and natural gas at partial and 
full load on an M501G natural gas turbine. This 
was done at Georgia Power’s Plant McDonough-
Atkinson in conjunction with Electric Power 
Research Institute (EPRI) with a 20% blend. New 
instrumentation and control logic protected the tur-
bine during fuel transitions and sudden fuel mix 
changes to support safe operation. The electrical 
ratings of all components in hazardous areas had to 
comply with NFPA Class 1, Div 2, group B criteria. 

“Reviews of grounding were critical since the 
minimum ignition energy of a hydrogen-air mix-
ture is one-fifth that of natural gas,” said Logan. 

Gas turbine instrumentation was modified to 
increase the speed of measurement response time 
utilized to detect abnormal combustion. The 
application of higher speed devices also required 
review of prior control setting limits to verify that 
the higher speed of the new devices would not 
impact the protective logic associated with prior 
devices. In addition, over-firing logic had to be 
applied for the case where the gas turbine is oper-
ating on blended natural gas and hydrogen fuel 
under the condition that the hydrogen fuel supply 
tripped and natural gas operation continued. The 
sudden stopping of hydrogen would result in an 
increase in natural gas flow that would exceed the 
heat input required for base load operation and 
would result in over-firing of the gas turbine. New 
logic helped the system react quickly to the loss of 
hydrogen and inject a feed forward response to 
the position of the throttle valves.

Mitsubishi Power�s 
Netmation Protect Pack 
provides cybersecurity 
for turbine control 
systems to the NERC CIP 
requirements

“ There is an increasing focus on 
integrated and predictive condition 
monitoring on turbomachinery to 
better comply with the API 670 
standard,” said Andries Ernst 
Kruger, Rockwell Automation.  

“ NERC CIP regulations and  
the increased frequency of cyber-
attacks on critical infrastructure are 
driving development of cyber-
security controls,” said Tom Logan, 
Mitsubishi Power Americas.
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On the cybersecurity front, Mitsubishi Power’s 
Netmation Protect Pack provides an NERC CIP 
compliant operational technology (OT) network 
with a smaller attack footprint. The physical secu-
rity of this server-based system is easier to maintain 
than that of individual human-machine interface 
(HMI) stations. It provides centrally managed 
access control, an integrated intrusion detection 
system, and antivirus and malware protection, as 
well as failover capabilities, centralized disaster 
recovery, and automated backup and patching. 

ELLIOTT GROUP 
Klaus Brun, Director, Research & Development, 
Elliott Group, pointed to digital twins as a grow-
ing trend along with self-learning neural net-
works being used to augment turbomachinery 
controls. This raises the capability of analyzing 
large amounts of sensor data being collected on 
modern turbomachinery. Also, advanced diag-
nostic and rotordynamic monitoring capabilities 
are emerging within compressor control sys-
tems. In addition, Brun is seeing greater usage of 
remote and fleet monitoring systems for 
improved, continuous monitoring and analysis 
of equipment operations on an OEM’s fleet. In 
some cases, operators are integrating these sys-
tems with plant SCADA systems for improved 
operational control and efficiency. 

“Improved diagnostic capabilities can help to 
identify potential machinery problems early to 
schedule required maintenance and to avoid shut-
downs due to failures,” said Brun. “Digital twins 
have demonstrated the capability to identify and 
reduce performance losses due to fouling and 
equipment degradation.”   

Elliott Group works with Tri-Sen as its pri-
mary controls solution provider to develop 
machinery control systems that are customized for 
customer requirements and Elliott designs. They 
are equipped with mechanical and aerodynamic 
diagnostic features such as a digital performance 
twin, rotordynamic analysis, remote monitoring, 
non-linear surge control, and optimized integrated 
plant load-sharing. The newest Elliott Tri-Sen 
Gemini control system also includes machinery 
health monitoring and predictive forecasting to 
detect operational problems early on. The digital 

Elliott/Tri-Sen Gemini Controls

“ When combined with historical 
trending, digital twins can improve 
predictions for maintenance 
intervals and potential failure risks,”  
said Klaus Brun, Elliott Group.  
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twin that Elliott provides is based on the selection 
tools for the original compressor design and is 
automatically remotely updated to reflect the most 
up-to-date performance prediction for individual 
compressors. The Gemini control system also 
includes mechanical diagnostics capabilities such 
as rotordynamic waterfall, orbit, FFT and bode 
plots to help identify and address any potential 
mechanical issue early and quickly.  It can be 
accessed and monitored remotely using any 
mobile platform. Cybersecurity safeguards are 
built in.

HONEYWELL PROCESS CONTROLS 
Bret Walter, Engineering Consultant for 
Rotating Equipment and Turbomachinery 
Controls, Honeywell Process Solutions, has 
observed a trend of users moving away from the 
proprietary black box solutions for turbine and 
compressors controls. Instead, they favor a dis-
tributed control systems (DCS) that can handle 
the fast process response times required for tur-
bine governor, and compressor anti-surge and 
performance controls. 

“As workforces are aging and fewer workers 
are trained on the proprietary systems, customers 
struggle to maintain them,” he said. “They want 
turbine and compressor control system that can 
be maintained easily and efficiently.”

Traditional black box vendors, therefore, will 
have to adapt to meet customer requirements to 

run turbine governor and compressor anti-surge 
& performance controls inside the DCS. 
Honeywell is responding to these trends with 
Experion controller and IO Hive technology. It 
delivers a range of features to facilitate modular 
and parallel project execution and is based on a 
resilient, high-speed Ethernet field IO network 
that connects controllers to Honeywell’s Universal 
IO mounted in the production areas. Additionally, 
the company offers asset management via 
Honeywell Forge Asset Performance Management 
(APM) Asset Sentinel. It offers early detection of 
issues with the turbine and compressor while 
enhancing machinery monitoring and protection 
systems. Further, the Honeywell Experion PKS 
Turbomachinery Control Solution integrates with 
Honeywell’s Safety Manager Safety Controller 
SC300 to provide an API-670 / IEC-61508-
compliant system for safety interlocks of the tur-
bine and compressor. 

Honeywell Forge APM Asset Sentinel for asset performance management 

“ As workforces are aging and 
fewer workers are trained on 
proprietary systems, customers 
struggle to maintain them,”  
said Bret Walter, Honeywell  
Process Solutions. 
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COMPRESSORS

Federal regulation of interstate gas 
transmission in the United States is 
regulated by the Federal Energy 
Regulatory Commission (FERC). 

FERC’s main concern is assuring the 
maximum seasonal flow capacity of an 
interstate gas transmission system. There-
fore, compressor stations must have suffi-
cient available driver horsepower to meet 
compression horsepower requirements 
for each compressor installation regard-
less of whe- ther full driver horsepower is 
needed or used. This criterion must be 
met for FERC to certify the interstate 
transmission system’s maximum seasonal 
capacities. 

FERC does not directly address oper-
ational flexibility and efficient operation 
to certify compliance and therefore pipe-
line compressors rarely operate near their 
design point. Operational flexibility and 
efficient operations are left to individual 
interstate transmission companies since 
system throughput varies throughout the 
year due to daily and seasonal fluctua-
tions of supply and demand.

This article exposes shortcomings to 
traditional manufacturer centrifugal 
compressor performance maps. Yet it is 
also apparent that these performance 
maps are not utilized effectively for their 
gas turbine drivers. This analysis indicates 
that maximum gas turbine horsepower is 
not sufficient to utilize the complete 
compressor performance map because 
compressor manufacturers generally 
choose to provide maximum flow design 
conditions at operations around 80% 
turbine speed. Therefore, larger horse-
power turbine drives are being specified 
and purchased to satisfy FERC certifica-
tion. The maximum horsepower available 
of a large turbine drive may never be 
utilized since the compressor manufac-
turer intentionally chose the FERC 

certified capacity to occur at a reduced 
speed (80%). 

AVAILABLE HORSEPOWER
A gas turbine’s available horsepower 
depends on atmospheric pressure and 
temperature. The required compression 
horsepower depends on pipeline flow 
conditions (i.e. gas composition, pressure, 
temperature, etc.). 

Centrifugal compressor performance 
maps provided by vendors provide plenty 
of operational information (i.e. speed, 
head, flow, and efficiency); however, this 
is not necessarily sufficient to determine 
if the operation of the gas-turbine/com- 
pressor unit can satisfy the operational 
requirements dictated by ambient and 
pipeline conditions.  

The traditional Head versus Flow per-
formance map identifies the performance 
envelope to determine compression horse-
power. These maps may not provide a 
clear picture of the possible operation 
available to the user in terms that are 
commonly used throughout the industry. 
For the past seventy years, there has been 
little improvement in user communication 
via the compressor map format.  

Therefore, new methods for evaluating, 
designing, and optimizing centrifugal com-
pressor maps used in natural gas transmis-
sion systems have been developed. Based on 
these methods, the most commonly used 
driver that powers many pipeline compres-
sors lacks the flexibility to effectively and 
efficiently utilize the complete speed and 
efficiency ranges provided by the centrifu-
gal compressor manufacturer. 

COMPRESSOR DRIVERS 
Compressor manufacturers develop per-
formance maps after receiving infor- 

mation based on specified design condi-
tions from pipeline design engineers. 
This includes the maximum capacity at 
inlet and outlet design conditions needed 
to meet FERC certification. 

Compressor manufacturers com-
monly locate the design point (Figure 1) 
using the design conditions along the 
highest efficiency line (82.5%) and at or 
above 80% speed. Yet pipeline compres-
sors rarely operate near their design 
point resulting in operations at reduced 
compressor and driver efficiencies, and 
gas recycling.

The forty-two intersection points 
within the boundaries of surge and stone-
wall can be considered valid operating 
points from the compressor vendor’s 
standpoint. But they are not necessarily 
valid operating points unless the driver 
can provide the required compression 
horsepower. 

A centrifugal compressor map pro-
vides the pipeline design engineer with 
infor- mation to determine where possible 
compression operations exist given head 
and flow coordinates. However, the map 
does not necessarily indicate if operation is 
possible since ambient conditions dictate if 
the gas turbine can provide the compres-
sion horsepower needed. It would be 
more useful to have a snapshot of all theo-
retical and physically possible operating 
points based on pipeline supply/demand 
conditions, daily or seasonal variations in 
pipeline operations, and changes in ambi-
ent conditions. These conditions could be 
substantially different from design condi-
tion. A clearer picture of what the com-
pressor/driver can do under off-design 
conditions would be helpful.

Using the information in Figure 1, 
Figure 2 provides physically possible 
operations at the appropriate intersecting 
speed and efficiency lines. Fortunately, 

COMPRESSOR MAPS
Evaluation, Design, and Optimization of Centrifugal Compressor 
Performance Maps
BY ROBERTO A. HEIN
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the operation at design conditions is possi- ble at 80% speed as 
predicted by the compressor manufacturer. 

Years of gas industry operating experience with gas turbine-
driven centrifugal compressors has shown that operations 
should not be considered below the 80% speed due to increased 
maintenance and operational costs. As general rule-of-thumb, a 
20% reduction in driver speed translates to a 50% horsepower 
reduction and an increasing gas turbine fuel rate. 

Inspection of Figure 2 shows only the operations with suffi-
cient driver horsepower while Figure 1 shows possible compres-
sor operations without the driver information. Figure 2 is more 
useful as it identifies those operations that are physically possi-
ble due to sufficient available driver horsepower. 

Pipeline design engineers use terms like head, ACFM, effi-
ciency, and speed when dealing with compressor performance 
maps. These terms do not clearly communicate the operation 
of a centrifugal compressor installation to other functional com-
pany groups. Figure 2 lacks the terminology commonly used 
between functional groups such as volumetric flow at standard 
conditions, Qstd (MMscfd), suction pressure, Ps (Psia), and dis-
charge pressure, Pd (Psia). More informative compressor per-
formance maps are presented in Figures 3 & 4 with terms 
commonly used throughout the natural gas industry.  

Changes in ambient temperature can readily be presented 
in this format. Decreasing the ambient temperature from 120℉ 
to 32℉ provides additional operation at 90% speed and three 

Figure 2: Available compressor map @120◦F 

Figure 1: Typical manufacturer compressor map. This map has seven 
speed lines (50% - 105%) and six efficiency lines (70% - 82.5%) with the 
resulting forty-two speed/efficiency intersection points to be used in the 
evaluation

Figure 4: Flow map @ 655 Psia and 32◦F

Figure 3: Flow map @ 655 Psia 120◦F
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additional operating points at 100% speed (Figures 3 and 4). 
These charts provide operating points on the compressor per-
formance map where there is sufficient driver horsepower from 
50% to 100% speed but without a horsepower amount. 

Figure 5 provides additional information concerning avail-
able (BHPavail) and utilized (BHPutil) horsepower versus volu-
metric flow rate (Qstd). Many operating points utilize less than 
half of the available driver horsepower which limits efficient 
driver operations. There is a substantial difference in available 
and utilized driver horsepower at lower speeds. At 50% RPM, 
utilized horsepower is 17% of available driver horsepower; 99% 
of available horsepower is utilized at 90% speed.  

In the 32℉ ambient temperature case (Figure 6), the utilized 
horsepower can be as low as 18% and as high as 97% of avail-
able horsepower at 50% and 100% speed, respectively. Figure 
6 depicts an increase in speed range from 90% to 100% due to 
the lower ambient temperature with three out of six points on 
the 100% speed line having sufficient driver horsepower.

DESIGN OPTIMIZATION 
A season needs to be selected for optimizing the manufacture’s 
compressor map. To comply with FERC certification, the win-
ter season (32℉) was selected. The summer season (120℉) was 
used to bracket optimization. 

Maps were developed to show operation before and after 
optimizing the manufacturer’s compressor map. Three values 
were generated: 1) BHPreqd: The required compressor horse-
power, 2) BHPutil: The utilized driver horsepower needed to 
physically satisfy compression needs,  3) BHPavail: Maximum 
available driver horsepower available at ambient conditions. 
These three values are plotted against Qmax (MMscfd) (Figures 
7 and 8) for a 120⁰F ambient temperature.  

The following conditions need to be satisfied at all 42 points 
for complete map operation to be physically possible: BHPreqd 
=BHPutil ≤ BHPavail. Figure 7 shows substantial levels of 
BHPreqd above 90% speed. Therefore, operations above 90% 
speed are not possible. Figure 8 shows after optimization of the 
initial manufacturer’s compression map additional operations 
are available at 90% speed. 

Prior to optimization, results show an operational improve-
ment at 32℉ (Figure 9). After optimization, all of the required 
horsepower, BHPreqd, is equal to the utilized horsepower, 
BHPutil. 

As Figure 10 (32℉) indicates, the entire optimized compres-
sor map can be utilized. Figure 10 supports the fact that suffi-
cient driver horsepower is available to allow operations within 
the optimized compressor operating envelop. The final opti-
mized compressor map with all possible operating points for 
Winter (32℉) is shown in Figure 11.  

A sensitivity analysis was also performed by varying the 
design inlet pressure +/-50 Psia (Figures 12 to 15). The results 
indicated no problems in achieving the design flow rate at the 
design discharge pressure (Pd) with the available horsepower 
(BHPavial) at 32℉.

As stated earlier, operations below 80% speed should be 
limited due to increased maintenance and operational driver 
costs. Even with compressor map optimization, there remains 
the problem that most possible physical operations exist below 
80% gas turbine driver speed.   

An alternate compressor driver capable of providing com-
plete and efficient compressor map coverage would be needed 
to obtain operations on the complete, optimized compressor 
map. But years of operating experience with gas turbine-driven 
centrifugal compressors has shown that operations should not 
be considered below the 80% speed. Thus, 

Figure 5: Available and utilized horsepower @ 120◦F GT inlet 
temperature

Figure 6: Available and utilized horsepower @ 32◦F GT inlet 
temperature
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Figure 7: Before optimization @ 120◦F   

Figure 8: After optimization @ 120◦F Figure 10: After optimization @ 32◦F

Figure 9: Before optimization @ 32◦F

1. Optimization of existing and new compressor maps provides 
insight into limitations in operational flexibility of large ISO  
horsepower gas turbines (7,150-31,050hp) given driver 
constraints.  

2. The replacement of a gas turbine driver with a driver that 
can perform efficiently and effectively at 50% to 100% com-
pressor speed levels is needed to utilize the entire centrifugal 
compressor map based on the results provided. The com-
plete compressor performance map will be made available 
at lower speeds in the event that such a driver becomes 
available.  

3. Analysis indicates larger capital-intensive gas turbines are 
specified because compressor manufacturers chose to pro-
vide maximum flow design conditions at inefficient opera-
tions around 80% turbine speed. Therefore, users purchase 
larger horsepower turbine drives and never utilize their 
horsepower capabilities.
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Figure 11: Optimized flow map @ 32◦F GT inlet temperature
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RECOMMENDATIONS
Reconfiguration of interstate natural gas compressor stations 
from gas-driven compression only to electrical power genera-
tion for gas compression and electrical power sales can benefit 
optimum full-load operation of the existing gas turbines. The 
excess electrical power produced could supplement renewable 
energy derived from wind, solar, geothermal or nuclear sources 
supplying electrical power in the absence of a conventional 
power station during events such as the 2021 Texas Electrical 
Reliability Council of Texas (ERCOT) rolling-blackout since 
the gas supply is available directly at the compressor station(s).

Additionally, if the variable speed electric motor drive 
becomes an option, replacement of the currently installed com-
pressor(s) with new hermitically sealed electric motor driven 
compressors should be considered along with adding new elec-
trical generator(s) coupled to the existing gas turbine(s). The 
existing gas turbine(s) could now operate at 100% load 

powering the electrical generator(s) to supply power for either 
gas compression or to the electrical grid. There would be times 
during seasonal demand for gas compression (Winter - residen-
tial heating) or power generation (Summer – electrical power 
for cooling). And if a viable variable speed electric motor drive 
option becomes available in the 50% to 100% speed range then 
the electric motor driver’s power characteristics should be used 
to develop an optimum compressor/driver map.  There will be 
no need to simulate seasonal horsepower changes due to ambi-
ent conditions since seasonal changes do not affect the horse-
power rating of an electric drive. 

Roberto A. Hein, P.E., retired engineer 
Phone: (915) 276-4346  
Email: m.hein@sbcglobal.net

Figure 12: Horsepower @ -50 Psia & 32◦F

Figure 13: Flow Map @ -50 Psia & 32◦F Figure 15: Flow Map @ +50 Psia & 32◦F

Figure 14: Horsepower @ +50 Psia & 32◦F 

Optimized Discharge Pressure/Flow Map Optimized Discharge Pressure/Flow Map

Qmax(MMscfd)

BH
P

0

35000

30000

25000

20000

15000

10000

5000

0

500 1000 1500 2000

BHPutil

BHPavail

BHPreqd

Optimized Required, Available & Utilized HorsepowerOptimized Required, Available & Utilized Horsepower

Qmax(MMscfd)

BH
P

0

35000

30000

25000

20000

15000

10000

5000

0

500 1000 1500 2000

BHPutil

BHPavail

BHPreqd

Qatd(MMscfd) Qatd(MMscfd)

D
isc

ha
rg

e 
Pr

es
su

re
 (p

sia
)

D
isc

ha
rg

e 
Pr

es
su

re
 (p

sia
)

0 0

1050

1000

950

900

850

800

750

700

650

600

1050

1000

950

900

850

800

750

700

650

600
200 200400 400600 600800 8001000 10001200 12001400 14001600 16001800 18002000 2000





www.turbomachinerymag.com September/October 2022 • Turbomachinery International28

COMPRESSORS

Oil & gas companies are under intense pres-
sure to decarbonize and lead the energy 
transition while meeting production goals. 
For many assets including pipeline com-

pression stations, gas and LNG plants, and pro-
duction sites, generating the horsepower required 
for compression can be a significant contributor to 
both facility emissions and OPEX. 

Selecting the type of machine to perform this 
duty has historically been a binary decision for oper-
ators – with most opting for either an electric motor 
or mechanical drive solution, such as a gas turbine or 
reciprocating engine. However, a strong business 
case can be made for combining one or more 
mechanical drive components with an electric motor 
(or motor-generator) into a single hybrid/dual drive 
train. These configurations can offer advantages 
over single-drive systems including flexibility, effi-
ciency, lower costs, and a reduced carbon footprint. 

HYBRID DRIVES 
Many facilities, particularly pipeline compression 
stations, already feature both electric motor- and 
gas turbine-driven trains. By using different driv-
ers, operators can avoid being locked into a singu-
lar energy supply. Operating two trains means at 
least partial station operation if or when one needs 
to be shut down for maintenance. However, hav-
ing separate trains does not always constitute the 
most efficient equipment arrangement, as one 
train might be sitting idle for much of the year. 

A hybrid/dual drive may be a better option in 
certain circumstances by affording operators the 
same flexibility to use available gas or grid electric-
ity as their energy source but without the complex-
ity of installing two trains. This lowers CAPEX as 
ancillary infrastructure is greatly reduced such as 
foundations, piping, wiring, cabling, electrical sys-
tems, and Balance of Plant (BoP). 

Example: Electric motor-driven (EMD) com-
pression is being viewed as one facet of decarbon-
ization. On grids with a high percentage of wind 
and solar, an operator can use an EMD to run 
compressors during off-peak hours when prices 
are low and grid stability is high. The gas turbine 

DUAL DRIVE COMPRESSORS 
Making the Case for Hybrid (Dual) Drive Compression Trains
BY GAUTAM CHHIBBER

Figure 1: Simplified layout for a hybrid/dual drive train

Figure 2: LNG dual drive layout 

would only be started up when electrical power is 
not available or prices were high. 

As the motor can be designed to dually work as a 
generator, it also becomes possible to use any extra 
power from the turbine to produce electricity for site 
duty. The additional electricity can potentially be 
sold back to the grid. Grid connectivity, too, requires 
constant gas turbine speed. This can be achieved 
with advanced electronics. Similar flexibility is also 
provided by using variable inlet guide vanes (VIGVs).

Another scenario where a hybrid drive can be 
beneficial is at sites with gas turbine-driven compres-
sion trains that experience large temperature fluctua-
tions due to seasonality. Available power from gas 
turbines decreases as the ambient temperature 
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increases. As a result, units are often oversized to ensure sufficient 
power during the hot summer months. However, the same gas tur-
bine may generate much more power during the winter than the 
compression train requires. This results in low-load operation of 
the gas turbine, reduced efficiency, and increased emissions. 

Opting for a hybrid drive by installing an electric motor on 
the shaft end of the compressor opposite the gas turbine can solve 
this problem (assuming a grid connection is available). In such 
cases, a smaller turbine can be selected to operate fully loaded. 
The motor or motor-generator supplies any additional horse-
power required when the temperature rises above design point. If 
the turbine produces more horsepower than is required for the 
compression duty in colder months, the motor-generator can be 
used to produce additional electricity, which can be used at the 
site or sold to the grid. By running the gas turbine at an optimal 
load, NO� and CO emissions are reduced. Fuel consumption and 
associated CO₂ emissions are also decreased.

TRAIN ARRANGEMENT
Depending on the application and specific type of equipment 
used, multiple dual drive configurations are possible. In the case 
of centrifugal or integrally geared compressors with two shaft 
ends available, a typical arrangement would involve installing 
an electric motor or motor-generator on one side of the com-
pressor shaft end and the gas turbine on the other. The need for 
clutches and gearboxes will be determined by the type of motor 
used and operation of the compression train.

For centrifugal compressors, a typical train configuration 
would comprise a gas turbine with a clutch on one side and an 
electric motor with a speed increasing gearbox and a clutch on the 
other side. With such a setup, the electric motor could be used as 
the primary driver (the gas turbine as backup) when electricity is 
available from the grid. Switching between the motor and the gas 
turbine is possible via engagement and disengagement of the 
clutches, with minimal disruption to pipeline operation. 

For axial inlet compressors, which only have one end for 
connecting a driver, the motor will have to be installed between 
the gas turbine and the compressor. The motor acts as a part of 
the shaft which transmits power from the gas turbine to the 
compressor. In gas turbine drive mode, the circuit breaker is 
open and the motor continues to spin without a load. 

REAL WORLD EXAMPLES
A utility-scale LNG liquefaction plant in the Northeast United 
States is being built. It features a gas/electric drive system. It com-
bines a Siemens Energy SGT-300 gas turbine (8 MW), STC-GV 
integrally geared compressor, and electric motor-generator to 
ensure stable and efficient operation of the refrigeration/liquefac-
tion train. The compressor is pinion-driven from the gas turbine 
side and bull gear-driven from the motor-generator side with no 
need for clutches or a separate gearbox. A single lube oil system 
supplies oil for the entire train. 

During cold months, the gas turbine drives the N₂ refrigera-
tion compressor and the generator, supplying about 3 MW of 

additional self-generated power to meet the plant’s electrical 
demand. This reduces the need to purchase power from the 
grid. When turbine output decreases during summer, the 
motor-generator acts as a motor to supply additional power to 
the compression system. After start-up, the facility is expected 
to produce a baseload of 170,000 gallons of LNG per day and 
up to as much as 250,000 gallons without shutting down. 

The hybrid drive concept has also garnered attention in the 
downstream sector. In refineries, the Purified Terephthalic Acid 
(PTA) process is exothermic (releases heat). It normally includes 
a steam turbine, one or two hot gas expanders, and a motor/
generator to export power. The motor/generator starts the pro-
cess by driving the train to produce air. Once the process is pro-
ducing steam and off gas, the motor generator is used to export 
power to the grid. The train is not stopped.

Operators can’t  afford a shutdown due to grid instability or 
lack of available power. Supplementing an electric motor-
gener ator with a gas turbine (or vice versa) in a dual/ hybrid 
train provides added assurance. 

Gautam Chhibber leads the Proposals team at Siemens 
Energy. He is responsible for delivering market-specific 
solutions to meet energy market challenges. For more 
information, visit siemensenergy.com 
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Supercritical carbon dioxide (sCO₂) 
power cycles are Brayton cycles that 
utilize sCO₂ working fluid to convert 
heat to power. They offer the poten-

tial for higher system efficiencies than are 
possible with other energy conversion tech-
nologies such as steam Rankine or Organic 
Rankine cycles; especially when operating 
at elevated temperatures. sCO₂ 
power cycles are being consid-
ered for a wide range of appli-
cations including fuel-fired 
systems, waste heat recovery, 
concentrated solar power, nu- 
clear power generation, and 
energy storage. 

The unique properties of 
sCO₂ offer benefits over steam 
as a working fluid in closed and 
semi-closed cycles to absorb 
thermal energy, to be com-
pressed, and to impart momen-
tum to a turbine. The super- 
 critical state of CO₂ – nominally 
above 31℃ (88℉) and 7.4 MPa 
(1070 psia) – is easily achieved. 
Above these conditions is a supercritical 
fluid with compressibility but with higher 
density compared to steam or air. This 
results in much smaller turbomachinery (a 
factor of 10:1) for a given power level.

Given these attributes, sCO₂ power 
cycles can offer several potential benefits:
• Higher cycle efficiencies due to the 

unique fluid and thermodynamic 
properties of sCO₂

• Reduced emissions resulting from 
lower fuel usage

• Compact turbomachinery resulting in 
lower cost, reduced plant size and 
footprint, and more rapid response to 
load transients

• Reduced water usage, including water-
free capability in dry-cooling applica-
tions in applicable site conditions

• Heat source flexibility applicable to 
zero and low emissions heat sources.

These benefits can be achieved in a 
wide range of power applications includ-
ing gas and coal-fired power plants, bot-
toming cycles, industrial waste heat 
recovery, concentrated solar power, ship-
board propulsion, biomass power plants, 
geothermal power, nuclear power, and 
energy storage.

To facilitate the development and 
commercial deployment of the indirect 
sCO₂ cycle at elevated turbine inlet tem-
peratures, pilot-scale testing is required to 
validate both component and system per-
formance under realistic conditions at 
sufficient scale. 

Accordingly, GTI Energy, Southwest 
Research Institute (SwRI), and General 
Electric Global Research are executing 
the Supercritical Transformational Elec-
tric Power (STEP) Demo project to design, 
construct, commission, and operate an 
integrated and reconfigurable 10 MWe 
supercritical CO₂, (sCO₂) pilot plant test 
facility. 

The project is funded partially by the 
US DOE’s National Energy Technology 
Laboratory (NETL) as well as team mem-
bers, component suppliers, and Joint 
Industry Program (JIP) members. The 

facility is located at SwRI’s San Antonio, 
Texas, USA campus. Its goal is to facili-
tate sCO₂ cycle-based power generation 
commercialization. With the design phase 
complete, Phase 2 is now well underway 
in a dedicated 22,000 ft² building.  

There are several objectives in mind 
for this ambitious project. As well as 

demonstration of the oper-
ability of the sCO₂ power 
cycle, researchers want to 
verify component perfor-
mance, and demonstrate 
the potential for producing 
a lower cost of electricity, a 
thermodynamic cycle effi-
ciency of greater than 50%, 
and a ≥ 700℃ turbine inlet 
temperature. Additionally, 
they plan to validate a re- 
compression closed Brayton  
cycle (RCBC) configuration.  

A couple of different con- 
figurations will undergo test-
ing. The initial system con-
figuration will be the sCO₂ 

simple cycle operated at turbine inlet 
temperature of 500℃ and pressure of 
250 bar. It comprises a single compressor, 
turbine, recuperator, and cooler. This con-
figuration offers the shortest time and 
lowest risk to obtain steady-state and 
transient data. It is particularly relevant 
to waste heat recovery applications from 
small simple cycle gas turbines. An 
RCBC configuration, operating at 715℃ 
and 250 bar, will follow to demonstrate 
the highest efficiency potentially achiev-
able within the limits of state-of-the-art 
known and approved materials.

COMPONENT AND  
MANUFACTURING INNOVATION 
Plenty of work has gone in to ensuring the 
various components are fit for purpose. 
Here are a few examples: 

SUPERCRITICAL CO² 
10 MW Demonstration Project Under Construction
BY JOHN MARION 

Assembly of supercritical carbon dioxide pilot showing welding of the 
piping network in progress in the facility
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The 10 MW turbine has been tested 
in a predecessor project at 1 MW to 715℃ 
and 27,000 rpm. Improvements for 10 
MWe testing include increased rotor life 
(100,000 hours), shear ring retention rather 
than bolts, couplings on both shaft ends, 
and improved aerodynamic performance 
with an optimized volute flow area. 

Control of the flow to the turbine and 
shut off in an emergency situation 
requires a special control valve adapted 
from a GE Power commercial steam tur-
bine to accommodate sCO₂ fluid and the 
operating temperatures. When needed 
for an emergency shutdown, it will close 
in under two tenths of a second. It uses 
Haynes 282 high temperature nickel alloy 
material, advanced stem sealing, and 
compact self-contained actuators lever-
aged from commercial designs used by 
Baker Hughes. 

The compressors leverage an existing 
commercial Baker Hughes product line 
as well as work undertaken by GE and 
SwRI in the DOE-funded APOLLO 
program. The compressor rotors are a 
monolithic design for the reduced size 
impellers inherent in this compact sCO₂ 
power cycle. Like the monolithic turbine, 
these have been 5-axis EDM machined 
by Baker Hughes in its shops in 
Florence, Italy. 

Various operating scenarios have 
been addressed, including low-speed 
start of the compressor under liquid or 
two-phase conditions. During a pressur-
ized hold, the sCO₂ loop will cool to 
ambient temperatures and liquid CO₂ 
formation is likely. Restart with liquid or 
two-phase CO₂ is required to avoid loop 
blowdown and control flexibility is a 
requirement with special care and moni-
toring to warm up under low load and 
avoid potential equipment damage.

Component commissioning of the 
system is ongoing with plans to complete 
plant construction in early 2023. The 
team expects to complete the initial 
phase of testing later in 2023 with publi-
cation of results and findings to follow. 

John Marion, Senior Director 
Programs, Energy Supply & 
Conversion at GTI Energy, 
Des Plaines, IL, USA. GTI 
Energy is focused on devel-

oping, scaling, and deploying energy tran-
si t ion solut ions that improve l ives, 
economies, and the environment. To 
receive a copy of the ASME paper which 
details the test set up and components, 
contact JMarion@gti.energy

The recompression closed Brayton cycle configuration has the potential to deliver greater than 50% thermodynamic 
cycle efficiency at commercial scale
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During a few very hot and calm weeks in 
July of 2022, more than 30,000 MW of 
Texas wind power was operating at less 
than 8% of rated capacity. At the same 

time, demand hit record levels. Fortunately, the 
state scraped by without blackouts. In February 
of 2021, however, a similar no wind period during 
an unusual cold spell also knocked out some fossil 
fuel and nuclear generating capacity. It caused 
blackouts lasting for days across the state and 
multiple deaths, mostly due to a lack of heating. 

Such occurrences aren’t confined to Texas. It 
is common for parts of California to run out of 

power on hot days when there is little wind after 
the sun goes down, or on hot cloudy, windless 
days. Northern California, in particular, has suf-
fered rolling blackouts for the last couple of sum-
mers. But now Southern California is beginning to 
experience similar issues.

The popular solution to such problems is bat-
tery storage. The basic concept is to place battery 
farms at strategic points. These batteries would be 
used to store excess off-peak renewable energy 
which could then power the grid when wind or 
solar falter during peak periods. However, batteries 
are expensive, have a lifetime of less than 12 years, 

Just In Time Energys 105 MW combined gas and electric energy storage system with partial electric heating

62 MW Gas Turbine

From 62 MW  
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LONG-DURATION 
STORAGE 
Batteries are Not Enough: Renewable Success  
Requires Both Short- And Long-Duration Storage 
BY JAMES BERRY
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have a large physical footprint, and are practical for 
only a few hours of energy storage. They are a good 
short-term emergency power source and will 
undoubtedly play a role in the future energy mix. 
But they don’t solve the underlying problem – if the 
grid is down for more than a few hours, longer 
duration energy storage is required. 

HYBRID LONG-DURATION STORAGE
To accomplish a high penetration of renewable 
energy on the grid (more than 20-25%) while 
maintaining reliability, long-duration energy stor-
age systems are required that can store multiple 
days of energy. Hybrid, long-duration energy stor-
age systems can fill this need. 

Like a plugin hybrid car, long-duration hybrid 
energy storage systems store electricity at off-peak 
times and return it when needed with the addition 
of some fuel. And like the plugin hybrid, these sys-
tems offer synergy. 
• Energy density: the same factor that gives the 

plugin hybrid much greater range than a full 
electric vehicle (EV). 

• Some plugin hybrids allow the engine and bat-
teries to be used together to provide short 
bursts of power greater than what the battery 
or engine alone can supply, just as hybrid 
energy storage systems can return energy to 
the grid at a rate faster than the maximum 
charge rate, something batteries can’t do.  

• As with the plugin-hybrid vehicle, there are 
CO₂ emissions, but this is largely offset by 
charging at off-peak times with renewable 
energy, and the reduced environmental impact 
from the mining and manufacturing of the 
equipment compared to the manufacture of 
lithium-ion batteries. 

• When the battery goes dead on the plugin hybrid 
the car can still run on the engine. When the 
stored energy in the hybrid long-duration energy 
storage system is used up, they can still produce 
about 30% of their power by burning fuel.

• Plugin hybrids cost more than an engine 
driven car but less than a full electric vehicle – 
the long duration hybrid energy systems cost 
more than a peaking gas turbine but less than 
the same kilowatt-hour battery storage system

CAES STUDIES 
Compressed air energy storage (CAES) is a proven 
method of long duration hybrid energy storage. 
There are currently two of these systems in opera-
tion that have been running for several decades: the 
330 MW plant in Huntorf, Germany; and the 110 

Compressed Air Energy Storage System: Overrunning clutches from SSS Clutch 
allow the generator to be used as a motor to drive air storage compressors

Compressed Air Energy Storage System
Clutches Allow the Generator to Be Used as a Motor Saving The Cost of a Separate Motor and Associated Cabling and Switchgear
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MW system in Macintosh, Alabama. These instal-
lations use off-peak power to compress air that is 
stored in underground salt caverns. They return 
more than 120% of the stored power to the grid at 
peak times by heating the air in a natural gas-fired 
combustor and expanding the hot, high-pressure 
air through a turbine driving a generator. The fuel 
rate is 30% better than that of a modern combined 
cycle power plant. The main drawback of CAES 
technology is the requirement for a location with 
very specific geology. 

But CAES isn’t the only game in town for long-
duration storage. Several novel approaches to hybrid 
energy storage technologies are under development. 
These systems will allow a higher penetration of 
renewable power while maintaining grid reliability. 
Each of these systems is turbomachinery intensive.    

LIQUID SALT     
Pintail Power’s Liquid Salt Combined Cycle sys-
tem is probably the easiest of these technologies to 
implement and is currently being marketed. The 
system uses gas turbine exhaust to pre-heat feed-
water and superheat steam. But the hard work of 
converting the pre-heated water to steam is han-
dled by a steam generator using liquid salt heated 
by electrical resistance heaters using excess off-
peak renewable energy. 

This is the same liquid salt that has been used 
successfully in concentrated solar power (CSP) 
systems as well as a heat transfer fluid in refinery 
applications. The salt has a lifetime beyond 20 
years. While salt is capable of being heated to well 
over 1000℉, Pintail’s system limits the 
temperature to about 800℉ to avoid the need for 
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special alloy steel piping and heat exchangers. 
When added to an existing combined cycle power 
plant, it doubles the output and improves the heat 
rate to less than 5000 BTU/KW-HR (68+% 
efficiency). Liquid salt combined cycle technology 
is scalable from under 50 MW to over 600 MW. 

LAES INSTEAD OF CAES 
Just In Time Energy has devised two approaches 
to long-duration energy storage, both based on 
the same technology. Its Optimized Liquid Air 
Energy Storage System (LAES) is an improvement 
over traditional LAES technology. LAES systems 
use off-peak power to make liquid air. At peak 
times, liquid air is pumped to high pressure, 
vaporized, heated, and expanded in a turbine to 
make power. While the basic concept has been 
around for more than 30 years, there is only a 
single pilot plant in operation. 

Several air separation companies have proposed 
LAES systems, but all these systems use a regenera-
tor vessel to store the phase change cold from the 
pumped liquid air as it is vaporized prior to heating 
in some type of heat absorbing media. This cold is 
used to reduce the power consumption when mak-
ing the next batch of liquid air. The problems with 
this concept are: the regeneration vessel is almost as 
large as the liquid air storage tanks; it is operating at 
the pump discharge pressure; and fabricated from 
expensive cryogenic materials. 

The heat rate of these systems ranges from about 
3500 BTU/KW-HR to 5000 BTU-KW-HR and 
they have an energy ratio (on-peak produced 
electrical energy/off-peak energy consumed) 
between about .75 and 1.2, depending on the 
configuration. Energy density ranges from about 320 
to 370 KW-HR per cubic meter of stored liquid air.  

GAS/ELECTRIC STORAGE SYSTEM
Just In Time Energy’s 105 MW Combined Gas 
and Electric Storage System uses the same con-
cept as its Optimized LAES system except that the 
working fluid is liquefied natural gas (LNG) from a 
pipeline, produced at off-peak times with excess 
renewable power. These systems store excess 
renewable energy at off-peak times as LNG. They 
return electric energy to the grid and gas to the 
pipeline system at peak times. 

As the second expansion in this cycle is down 
to the pipeline system pressure rather than atmo-
spheric, heat rate is typically less than that of 
Optimized LAES, but still under 5000 BTU/
KW-HR. The energy ratio varies between about 
.75 and 1.0, Energy density is about 130 KW-HR 

The liquid salt combined cycle concept from Pintail Power

per cubic meter of storage. This system has two 
primary revenue streams – the value of the power 
returned to the grid and the value of moving the 
natural gas from off-peak to peak times. 

Potential applications include new or existing 
peak-shaving LNG plants as well as LNG import 
and export terminals. On the export side, this 
technology could facilitate arbitrage between spot 
market LNG sales and spot market power sales. 
Additionally, this could work well in areas such as 
NY state where there is both a need for on-peak 
power and gas, and where excess off-peak power 
and pipeline gas is available.

Another possible application is in natural gas 
storage sites that use depleted oil or gas production 
fields (about 80% of the gas storage sites in the 
U.S.). At most of these storage fields, the discharge 
pressure decreases sharply as discharge flow 
increases at peak times. This limits the flow from 
the field and requires compression power to get 
the gas into the pipeline system. By taking gas 
from the field at off peak times and producing 
LNG with excess renewable energy with the 
Combined Gas and Electric Storage System, gas 
can be returned to the pipeline at peak times in 
combination with the normal flow from the 
storage field. Concurrently, peak time power can 
be sold to the grid.   
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IMPROVING GRID STABILITY  
When not producing power, all three of these new 
energy storage technologies can be used to 
improve grid stability by adding VARs (Volt-
Amps-Reactive) and inertia to the grid. This is 
achieved by including overrunning clutches 
between the generators and turbine drivers. These 
clutches allow the generators to stay synchronized 
with the grid after the turbine drivers are shut 
down. Further, clutches placed between turbines 
and generators allow faster starting and potential 
spinning reserve credits in certain markets. 

This is particularly important in light of the 
increased presence of renewables and a general 
trend to decommission coal plants and aging gas 
turbines plants. Wind and solar power provide very 
little VARs to the grid and almost no inertia. Low 
VARs reduces the power factor on the grid. This 
results in overheating of transmission lines and 
reduction in the overall power handling capability 
of the grid. A lack of inertia, on the other hand, 
limits short-circuit current capability and makes it 
difficult to maintain a constant frequency. 

Flow diagram of Just In Time Energys Optimized LAES system 

Typical Turbomachinery and Associated Rotating Equipment  
Used in Hybrid Long Duration Energy Storage Systems

KEY
1 — Feed Water Pump               2 — Liquid Salt Circulating Pump              3 — Cryogenic Pump
4 — Usually                5 — Sometimes with Combustor

Jim Berry is Technical Consultant for SSS 
Clutch, a manufacturer of overrunning clutches 
for industrial applications. For more informa- 
tion, visit sssclutch.com
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The Turbomachinery Expo took place again in 
2022 for the first time since 2019. Rotterdam 
in the Netherlands hosted the event. About 
2000 people attended around 1000 technical 

presentations as well as 16 panels, 38 tutorials, three 
special lectures, two plenary sessions, an exhibit hall, 
and a keynote – a lot to pack into one week. 

Vendors such as Southwest Research Institute, 
Shell, Uniper, ETN Global, Air France KLM 
Group, Deltalinqs, Siemens Energy, and Rolls 
Royce covered a wide range of topics. Supercritical 
CO₂, hydrogen, and decarbonization were in the 
forefront. But they were balanced out by plenty of 
briefings on coatings, maintenance, gas turbine and 

compressor advances, liquefied natural gas (LNG), 
research on turbomachinery innovation, and more. 

The week began with a keynote on the future of 
propulsion and power. A range of speakers offered 
their views on the energy transition and how it will 
impact aviation, power generation, and oil & gas.  

Victor van der Chijs, Chairman of Deltalinqs, 
representing the logistics, port, and industrial com-
panies in the port of Rotterdam, welcomed every-
one to the city. He noted that The Netherlands 
obtains 55% of its energy demand from renewable 
sources and is actively engaged in building hydro-
gen infrastructure. Yet he emphasized the need to 
balance renewables with gas-fired generation. 

2022 TURBO EXPO 
Speakers Stress Hydrogen, Decarbonization, Supercritical CO₂, and LNG 
BY DREW ROBB 

The keynote address at the 2022 Turbo Expo in Rotterdam 
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Christer Björkqvist, Managing Director and 
founder of ETN Global, followed to present the 
overall theme of the keynote as the “Energy 
Trilemma.” This, he said, is all about balancing 
three things:  
• Access and affordability 
• Security of supply 
• Environmental Sustainability. 

He invited several speakers on stage to elabo-
rate on this theme.

Priscilla Chandrasekaran, Global LNG Tech-
nology Innovation Manager at Shell Global 
Solutions International, covered the various syner-
gies between LNG and hydrogen as well as what 
the decarbonization of LNG means in the real 
world. It requires the acceleration of the produc-
tion of hydrogen-ready GTs. Options need to be 
available to retrofit such machines into existing 
plants as well as offering models for new facilities. 

She noted the growing supply/demand gap. 
Current production levels need to double over the 
next two decades in order to keep pace with 
demand projections.

“We need to make the decarbonization of LNG 
simple and affordable,” she said. “Retrofits need to 
be accomplished without months of downtime or the 
need for complex fuel gas management systems.”

Dr. Thomas Thiemann, Senior Vice President, 
Siemens Energy, added that although countries 
such as Germany had achieved rates of around 
50% renewable generation on the grid, the fact 
remains that there are long periods without wind 
and sun in Europe. He championed batteries and 
pumped storage as ways to increase the value of 
renewables by storing energy. Batteries were char-
acterized as providing short-term power for the 
minutes and the hours when wind or solar are 
offline. But they are not a viable solution when the 
energy shortfall lasts for days. That is where LNG 
and gas-power generation come into their own. But 
these systems also need to become hydrogen ready. 

Pedro Lopez Estebaranz, COO, Uniper and 
Michael Grootenboer, Senior Vice President 
Engine Products for the Air France KLM Group, 
continued the theme of the energy trilemma, 
wrapping up the opening morning.  

SESSIONS GALORE 
As the foremost technical and research-oriented 
show in the world of turbomachinery, the Turbo 
Expo always serves up a wide variety of sessions. 
Here are just a few of the highlights: 

Southwest Research Institute (SwRI) delivered 
a tutorial as an introduction to supercritical CO₂ 

“ We can only accommodate the 
rapid rise of sustainable energy if we 
can rely on power plants with fast-
starting gas turbines that can deliver 
the reliability and continuity that 
households and industry demand‚” 
said Victor van der Chijs‚ Deltalinqs.

“ Wind and solar are not 
dispatchable and can�t provide 
electricity on demand‚” said 
Christer Björkqvist‚ ETN Global. 

“ LNG demand will almost double 
between now and 2040‚” said 
Priscilla Chandrasekaran‚ Shell. 

“ Compressed gas offers enormous 
energy density for transportation as 
well as storage capacity‚” said 
Thomas Thiemann‚ Siemens Energy. 

(sCO₂). There has been much interest on sCO₂ for 
the past decade. Ten years ago, it was the talk of 
the show, but progress since that time has been 
slow. The session provided a good grounding of 
specific areas related to sCO₂ power cycles, 
demonstration test facilities, heat exchangers, tur-
bomachinery, materials, and the various fluid 
properties of CO₂ and CO₂ mixtures. 

Presenters mentioned sCO₂’s role in the 
decarbonization of the power generation sector, 
transportation, and industrialization processes. 
But there are practical challenges to overcome. 
Current research is addressing these challenges to 
bring the technology to commercial fruition. 
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A later panel addressed the digitalization 
journey of the propulsion and power industries. It 
will require large investments as well as cultural 
changes to realize the promise of digitalization: 
improvements in workforce efficiency, increased 
pace in design, manufacture and test, and greater 
interconnectivity driven by more compute power, 
modern IT hardware, and faster digital networks. 
These gains, in turn, require an understanding of 
the data needs of the digital age. A vast amount 
of data already exists in organizations. It needs to 
be better managed and utilized to support data-
driven decisions and to create a data-centric cul-
ture. Challenges abound in areas such as data 
gathering, storing, handling, and interpretation 
of data. 

Another tutorial by a speaker from NASA 
Glenn Research Center delved into environmental 
barrier coatings (EBCs) for gas turbine applications. 
The implementation of ceramic matrix composites 
(CMCs) in the hot section of gas turbines, for exam-
ple, can lead to increased thermal and propulsive 
efficiency as a result of their high temperature capa-
bility, high strength-to-weight ratio, and toughness. 
However, problems need to be overcome. 

The SiO₂ scale responsible for oxidation resis-
tance at high temperature for SiC-based CMCs, 
for example, is subject to rapid volatilization by 
water vapor generated as a by-product during the 
combustion process. Subsequently, enhanced oxi-
dation and rapid surface recession occurs resulting 
in decreased structural integrity and reduced life-
time. To combat the volatilization and surface 
recession due to water vapor, EBCs have been 
developed to protect CMC components. EBCs 
are considered an enabling technology for SiC-
based CMCs as they are critical for durability, 
and longer life. The tutorial encompassed an 
understanding of the environmental degradation 
mechanisms of SiC-based ceramics, a history of 
EBC development, an introduction to EBC failure 
modes (such as oxidation, recession, thermo-me-
chanical fatigue, degradation by calcium-magne-
sium-aluminosilicate deposits, solid particle 
erosion, and foreign object damage), an introduc-
tion to environmental durability test methods and 
characterization of EBCs, and future directions 
and challenges.

Hydrogen, of course, came in for attention at 
the show. One of the top hydrogen-related ses-
sions considered what would be needed to develop 
and deploy hydrogen technologies for the genera-
tion electricity and the powering of aviation. 
Panelists noted the present state-of-the-art for 
hydrogen generation and transport, energy stor-
age, and how hydrogen can best be deployed for 

power and propulsion. Additionally, they delved 
into the challenges in converting current and 
installing new infrastructure for handling, trans-
porting, and storing hydrogen. 

Sarah Hopkin, Hydrogen Researcher at Shell 
Oil, emphasized that for hydrogen to succeed, 
pipelines were needed that could contain hydro-
gen safely, as well as carbon capture, utilization, 
and storage (CCUS). There are already around 
5000 km of hydrogen pipelines in the world, 
mostly in the US and Europe. While the industry 
has been piping hydrogen for a long time, there is 
little experience in repurposing existing pipelines 
for hydrogen. Part of the problem is that the pres-
ence of hydrogen affects the fatigue properties 
of steel. 

On the same pane, Tim Allison, Machinery 
Department Director, Southwest Research Insti-
tute, focused on the machinery needed for evolving 
energy storage applications. He began by stating 
that California managed to power its entire grid 
by renewables for a brief period recently. But 
during the late afternoon and evening, non-renew-
able sources must be available to meet any supply 
shortfall. Further, the existing turbomachinery 
supply chain is ideally suited to take on the chal-
lenges of energy storage. Turbomachinery, he said, 
decouples power from duration. Machinery-based 
systems can be utilized in pumped hydro, com-
pressed air energy storage (CAES), liquid air 
energy storage, and other applications to lower the 
cost of long-duration energy storage. 

Attendance was down on previous years, though that is to be expected after a break 
of a couple of years due to travel and event restrictions

The ASME Turbo Expo 
Conference 2023 will take 
place in Boston, USA  in 
June 2023
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“ Although we are not the first AMB 
provider in the industry‚ our goal is to 
bring this technology as a cost-
competitive option to a wider scope of 
applications rather than being an 
option only for high-end oil & gas 
applications‚” said Markus Silventoinen. 

Yaskawa Electric Corp. is one of the world’s 
leading manufacturers in the fields of drive 
technology, industrial automation, and 
robotics. Founded in 1915 and based in 

Kitakyushu, Japan, Yaskawa strives to optimize 
the productivity and efficiency of machines and 
industrial systems via innovation. Today, Yaskawa 
has 14,500 employees worldwide and a business 
volume of EUR 3.7 billion. 

In 2014, Yaskawa became the sole owner of 
The Switch. Yaskawa Environmental Energy / 
The Switch focuses on electrical drive train 
products, capabilities, and solutions. Included 
within its portfolio are electrical machines and 
high-power converters to original equipment 
manufacturers and system integrators for 
selected wind, marine and turbo (high-speed) 
applications. 

SOLID ROTORS 
Its solid-rotor technology integrates with high-
speed machinery, and is designed to improve 
the efficiency, simplicity, and robustness of tur-
bomachinery. A solid rotor is built of a single 
piece of steel that is not sensitive to thermal 
cycling. This offers stable and effective bending 
stiffness combined with an ability to retain its 
same balancing class. As a comparison, in case 
the rotor would be made of a plate stack 
shrink-fitted to a shaft, its stiffness would rely 
on the axial compression of such a stack. 
Therefore, it can change over time or when 
operating in fluctuating temperatures.

“We are known as a provider of robust high-
speed electrical machines using solid-rotor tech-
nology,” said Markus Silventoinen, Mechanical 
Engineering Manager at Yaskawa Environmental 
Energy / The Switch.  

HIGH-SPEED ELECTRICAL MACHINES
The company also supplies complete high-speed 
machines for integrated turbomachinery, such as 
impellers directly on its machine shaft, as well as 
standalone machines that connect to adjacent 
machinery via a flexible coupling. Additionally, it 
delivers active part components for electric machines 
that can be integrated with turbomachinery. 

The standard solution is to equip the rotor 
with a copper squirrel cage for improved effi-
ciency and power factor. Efficiencies up to 97% 
can be reached, depending on the rating of the 
machine. The cage is made only from solid mate-
rials. Further, the company can provide feasibility 
studies of direct drive electrical machine solutions 
along with commissioning and service for its 
equipment. 

“Our simplified electrical drive technology and 
products help optimize the performance of tur-
bomachinery,” said Silventoinen. “The high-
speed machine can be coupled directly to the 
system without other mechanical parts, like gear-
boxes, even as a hermetic compressor motor or 
turbine generator unit. The variable frequency 
drive (VFD) supports operational optimization via 
energy savings.” 

YASKAWA 
ENVIRONMENTAL 
ENERGY/ THE SWITCH
Solid-Rotor Technology for Turbomachinery Applications 
BY DREW ROBB
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VENDOR SPOTLIGHT 

Standalone motor for 
blower from Yaskawa 
Environmental Energy / 
The Switch 

TURBOMACHINERY USE CASES
Some of the key turbomachinery use cases for this 
technology include: 
• New designs for compressors, turbines, 

or pumps 
• Test benches with wide speed ranges 
• Replacing old steam or gas turbine prime 

movers with standalone machines

Making heat or converting it to electrical 
energy is a hot topic today, added Silventoinen. 
New technologies for industrial-size (> 1 MWe) 
heat pumps are needed to increase efficiency in 
processes that generate heat for district heating.

“Whether you’re looking for efficient heat 
pumps or high-speed generators in Organic 
Rankine Cycle (ORC) applications, solid-rotor 
technology is a good fit,” he said. “Both solutions 
typically use radial turbomachinery in >1 MWe 
powers and need high rotational speeds of 
>10,000 rpm.” 

Solid-rotor technology can also raise the 

robustness and simplicity of integrated high-
speed motors in heat pump applications and 
high-speed generators in ORC applications.

LOOKING AHEAD 
The organization is currently looking into oppor-
tunities for its high-speed technology to be imple-
mented in hydrogen-related applications. And its 
low-speed permanent magnet machines are being 
used with generators for offshore wind and with 
direct-drive shaft generators and propulsion 
motors for marine applications, both of which can 
be a part of the future hydrogen economy.

Its latest technology is in-house active mag-
netic bearings (AMB), which are currently being 
tested by a pilot customer. Contact-free bearing 
technology can simplify machines, maximize 
robustness, and minimize losses for better system 
efficiency. 

For more information, visit www.theswitch.com

Leading the way in smart aeration
with DDA enabled wastewater solutions

www.howden.cloud/wastewater   #thehowdenadvantage
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NEW PRODUCTS

SIEMENS ENERGY OFFERS VIA MOBILE POWER UNITS 
Siemens Energy offers two trail-
er-based mobile power units. 
The Via 5.8 is a single trailer 
power station with no perma-
nent foundation required. It can 
be taken off-road thanks to 
high-load shock and vibration 
measures. It is DOT-compliant 
and weighs in at 105,000 lbs. 
without a tractor. The dimen-
sions are 8 ft 6 in for width, 53 ft 
length, and 13 ft 9 in height.

Dry and wet low emissions 
options are available, along 
with dual fuel. Multiple gener-
ator options allow a wide range 
of variable frequency drive 
(VFD) and distribution volt-
a g e s .  A p p l i c a t i o n s  a r e 
enhanced by 60 Hz dua l 
voltage (2.6 kV/4.16 kV) or 
13.8 kV and 50 Hz with 6.6 kV 
and 11 kV selections. There are 
up to three sets of main switch-
gears. The outside temperature 
can go as low as -40℃ (-40℉) 
up to 50⁰C (122℉). It includes 
a light, robust aeroderivative 
gas turbine. The output power 
measured at the generator 
terminals is 5.8 MW, heat rate 
is 11,445 – 12,805 kJ/kWh, 
and 10,848 – 12,137 BTU/kW.

The Via 7.9 has dimen-
sions of 2.6 m (8 ft 6 in) width, 

19.2 m (63 ft) length, and 
4.2 m (13 ft 9 in) height. It has 
7.9 MW output, 11,930 heat 
rate (kJ/kWh), and 12,587 
heat rate (BTU/kWh). It is 
also a single trailer unit. The 
drivetrain is aligned in the 
factory. The generator is 

13.8 kV, 60 Hz. Other volt-
ages and 50 Hz options are 
available. Ambient tempera-
tures can be as low as 20℃ 
(-4℉) up to 50℃ (122℉). It 
contains a light-industrial gas 
turbine that can operate on 
wellhead gas, natural gas, 

Compressed Natural Gas 
(CNG), Liquified Natural Gas 
(LNG), Liquified Propane 
Gas ( LPG) and d iesel .  It 
includes a Dry Low emission 
(DLE) combustion system.

SiemensEnergy.com

A Siemens Energy Via 7.9 mobile power unit.

ELLIOT CRYOGENIC EXPANDER 
Elliott Group’s new impulse-type, two-phase cryogenic 
expander allows for the expansion of liquefied gases into 
two-phase mixtures. Harnessing the energy of two-phase expan-
sion increases the expander’s generator output, reduces boil-off 
losses, and improves the overall liquefaction and cooling 
processes. Each expander is custom-designed and built for use 
in LNG liquefaction, refrigeration, and separation processes. 

The device has optimized staging to minimize axial load at 
the radial ball bearings. Because it tolerates a high content of 
vapor mass, it is offered for liquefaction and refrigeration 
processes with relatively high vaporization capability in cryogenic 
hydrocarbon applications. It achieves efficient operation with 
vapor mass content up to 35%. It also shows improved efficiency 
of the liquefaction process, with an estimated LNG production 
gain of 5-7% by reducing boil-off.

The isentropic efficiency of these units is estimated to be at 
around 60-70%, depending on the mass flow rate and unit pres-
sure drop. They do not require a Joule Thomson (JT) valve at 
the downstream and have generator nameplate ratings ranging 
from 300 kW to 2.2 MW for a single unit. The units can be 
used in parallel for high-flow operations. 

The new cryogenic expander also features an axial flow 
impulse design with reduced overhung and stage reaction; a 
vertically suspended upward flow configuration; a single-shaft 
compact design with submerged generator; and cooling and 
balance lines to adjust pressure and flow to efficiently cool the 
submerged generator and lubricate the ball bearings. In addition, 
retrofitting the unit is an option.

Elliott-Turbo.com 
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NEW PRODUCTS

Howden BASE steam turbine rendering

HOWDEN 1000 KW TURBOGENERATOR
Howden has announced a new single-stage impulse turbine capable 
of up to 1000 kW of power generation. The machine, titled 
BASE, is designed as a generator drive for the 75-1000 kW 
power range. Its primary use case is in small Combined Heat 
and Power (CHP) plants, in decentralized solar facilities, as 
well as for waste heat recovery, for example, in bottoming cycles 
attached to gas engines and biogas engines, or for utilization of 
residual process steam.

BASE has an inlet pressure of up to 40 bar(a) or 580 psi, with 
an inlet temperature for dry saturated steam up to 400℃ (750℉). 
The generator can run in either 50 Hz or 60 Hz modes. The back-
pressure for the unit is up to 7 bar(a) or 160 psi or vacuum. The 
dimensions of the unit are 2.5 m (8.2 ft) length, 1.5 m (4.9 ft) width, and 
2 m (6.5 ft) height. It can either be a backpressure or condensing type. It 
has an oil unit integrated in the base frame. It is a small and compact 
design, with only minimal foundational work required. It showcases 
quick-start technology, which does not require preheating of the turbine.

Howden.com 

LIKE NEW FOR LESS

Creating A Better Tomorrow

With Regal Rexnord facilities worldwide, we can recertify your 
Kop-Flex® API-671 or other standard-specifi ed coupling anywhere, 
at any time, and bring it back to like-new condition, with a typical 
savings of 50% compared to new. As part of our journey with a 
continuous improvement mindset, we set targets to reduce our 
footprint in every Regal Rexnord location around the world. 

For more information about how we can help with your coupling needs, 
call Application Engineering at 800-626-2120, or talk to a spcialist at:

regalrexnord.com/KopFlexRecert
Creating a better tomorrow™...

For more information about how we can help with your coupling needs, 
call Application Engineering at 800-626-2120, or talk to a spcialist at:

eating A Better T

Regal Rexnord, Creati ng a bett er tomorrow and Kop-Flex are are 
trademarks of Regal Rexnord Corporati on or one of its affi  liated companies.
© 2016, 2022 Regal Rexnord Corporati on, All Rights Reserved.  MC21067E • Form# 10042E

VISIT US AT 
TURBOMACHINERY 
& PUMP SYMPOSIA 
BOOTH 2335!



www.turbomachinerymag.com September/October 2022 • Turbomachinery International44

NEW PRODUCTS

LARGE-FORMAT  
METAL 3D PRINTING
Velo3D has released another 3D additive 
manufactur ing (A M ) model .  The 
Sapphire XC 1MZ allows users to print 
parts up to one meter in height. It shows a 
400% increase in throughput over the 
original Sapphire and Sapphire XC 
printers. It has a build volume of 600 mm 
x 1,000 mm and utilizes eight 1-KW 
lasers. It also features a faster non-contact 
recoater and an integrated end-to-end 
manufactur ing solut ion, t it led the 
Intelligent Fusion manufacturing process. 
The printer will be available in all the 
materials currently offered by Velo3D, 
including Aluminum F357, Amperprint 
0233 Haynes 282, GRCop-42, Hastelloy 
C22, Hastelloy X, Inconel 625, Inconel 
718, Scalmalloy, and Titanium 6AI-4V 
Grade 5.

Velo3D.com

FLAME SENSOR SYSTEM
Reuter Stokes, part of Baker Hughes, has introduced an FT Lite flame sensor system 
for high-temperature industrial burner applications with operating temperatures up to 
120°C. The sensor is ideal for utility boilers, cement kilns, and recovery boilers. The 
sensor system holds North American, ATEX, and IECEx certifications for hazardous 
areas. For power generation, a Class I, Division 2 and Zone 2 FT Lite sensor are 
available. For the oil and gas industry, there is on offer a Class I, Division 1 and Zone 
1 certified version.

It has a 4-20 mA output powered by 24 VDC, without the need for additional 
amplifiers. Designed for harsh burner environments, the FT Lite sensor’s 15-foot 
interconnect cable features a MIL-SPEC connector which withstands up to 250℃. 
For burner management systems that require backward compatibility to relay inputs, 
a pre-configured DIN rail-mounted relay module that converts the FT Lite sensor’s 
output is available. The relay module is suitable for Zone 2 hazardous environments. 

Reuter-stokes.com

METRIX PHASE TRIGGER 
Metrix is offering a phase trigger once-per-
turn marker solution as part of its Digital 
Proximity System (DPS). In installations 
with a faulty once-per-turn phase marker, 
the vibration monitoring system is rendered 
virtually useless. The recently developed 
DPS enables the repair of faulty once-per-
turn phase markers without the need to 
shut down and open up the machine. This 
helps to avoid unscheduled downtime, or 
extensions of downtime on startup.

Operationally, the speed system 
works at up to four pulses at 100,000 
rpm, or 400,000 pulses per minute. The 
DPS can be used to gain the scale factor 
to obtain an adequate pulse for the vibra-
tion monitoring system to report correct 
phase and speed values. This speed 
adjustment feature is included with the 
free DPS software.

Metrixvibration.com

SIEMENS DIGITAL BUSINESS PLATFORM

Siemens’ new Xcelerator is an open digital 
business platform, facilitating digital trans-
formation for customers in industry, build-
ings, grids, and mobility. It includes a 
portfolio of internet of things-enabled 
hardware, software, and digital services to 
connect customers, partners, and devel-
opers. Xcelerator revamps hardware and 
software to become modular, cloud-con-
nected, and built on standard application 
programming interfaces (APIs). 

The first Software-as-a-Service (SaaS) 
offering on the platform is Building X. 
It’s an end-to-end data and analytics 
suite breaking down data silos across 
domains such as energy management, 
security, and building maintenance. It is 
a modular, cloud-based suite, with artifi-
cial intelligence (AI) enabled applications, 
robust connectivity, and cybersecurity.

Siemens.com
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MYTH BUSTERS

MYTH: AN ASME PTC-10 
TYPE 1 IS BETTER THAN 
A TYPE 2 TEST

An ASME Power Test Code 10 (PTC-10) is 
a closed loop performance test for centrif-
ugal compressors. It is often undertaken in 
the factory prior to shipping of a new 

compressor. It is a rather expensive test since it 
requires complete installation and commissioning 
of the compressor in the factory. 

There are two alternative procedures to test 
the centrifugal compressor offered in PTC-10:  

i. A test with a gas that is very close in compo-
sition and thermodynamic properties to the 
specified (design or guarantee point) gas at 
pressures and power demand close to the 

contractual values, called a type 1 test or 
ii. A test using a substitute gas that is different 

from the contractual gas but allows to emulate 
the aerodynamic operating conditions, usually 
with an inert gas mixture like nitrogen or 
carbon dioxide, and at pressures lower than 
the specified gas, called a type 2 test.

Considering the distinction between the two 
tests, it appears obvious that by def inition the 
type 1 test is the more desirable choice since it 
utilizes the actual gas composition rather than an 
emulated gas. But sometimes the obvious choice 

TIME FOR A  
CONTROLS UPGRADE?
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i s not necessar i ly the best opt ion or 
right answer.

Before we dig into the question, let’s 
provide more details about these tests. 
PTC-10 tests are tests to confirm aerody-
namic compressor performance. Nothing 
else. There is nothing in PTC-10 about veri-
fying mechanical limits or characteristics. 
The compressor has a contractually agreed 
guarantee performance point that is to be 
verified in a PTC 10 test. i.e., this is a test for 
compressor power, efficiency, and aerody-
namic operating range only. 

The operating point is defined by a gas 
flow, a suction and discharge pressure, a 
suction temperature, and a gas composi-
tion. While a Type 1 test requires the use 
of a gas composition very similar to the 
actual design gas composition, a type 2 test 
allows the use of a different gas, typically 
an inert gas like nitrogen or CO₂. 

In a type 2 test, test conditions are 
selected so that aerodynamic similarity is 
reached. The volume reduction due to 
the compressibility of the gas is retained. 
Machine Mach numbers are the same as 
for the contractual operating conditions. 
This means that all velocity relationships 
within the compressor are the same as for 
the contractua l condit ions. It i s not 
required to operate at the same pressure 
or f low of the specif ied conditions, nor 
will the compressor operate at the same 
speed or power consumption as required 
for the compressor at the specified condi-
tion. The ASME power test code provides 
a precise methodology to accomplish this, 
and the rules for reaching an aerodynam-
ica l ly s imi lar point are wel l proven, 
allowing a precise representation of the 
operating conditions. 

The key advantage of using a gas as 
allowed by a type 2 test is, that the gas, 
typically a pure or binary gas mixture, is 
available with a precisely known composi-
tion. The thermodynamic behavior, that is 
the relat ionships between pressure, 
temperature and volume, is well known. 
The use of similarity laws is well estab-
lished, Mach numbers are retained, and 
this allows to maintain aerodynamic rela-
tionships. The gas mixture used in a type 1 
test will generally not provide that advan-
tage. Therefore, a type 2 test will generally 
provide more accurate performance 
test results.  

Furthermore, the setup time, test dura-
tion, and costs for a type 1 test are signifi-
cantly larger than for a type 2 test. Test 
stand capabilities, and the available power 
of the test stand drivers have to be consid-
ered when deciding since a type 1 test 
usually requires more power and thus 
larger drivers. For a type 1 test, the gas 
must be carefully mixed from several 
components, and the mixture concentra-
tions have to be maintained throughout the 
test to avoid uncertainties. 

On the positive side, the operating 
conditions required for a type 1 test can 
provide information about the rotordy-
namic and mechanical behavior of the 
compressor. However, the test code by 
itself does not provide any requirement to 
monitor or measure these characteristics. 
The ASME PTC10 code is strictly an 
aerodynamic test code. There are other 
tests, mentioned in the API 617 standard, 
such as a full load, or full speed and full 
pressure tests, that are designed to verify 
the rotordynamic performance or the 
mechanical behavior. 

In other words, the extra effort to 
conduct a PTC 10 Type 1 test does not lead 
to more precision regarding the aerody-
namic and performance results than a type 
2 test. It may actually result in reduced 
accuracy since there are higher gas compo-
sition measurement uncertainties. And it 
certainly will significantly increase the cost 
and time consumption for a PTC-10 test. 

Klaus Brun is the Director of R&D at 
Elliott Group. He is also the past 
Chair of the Board of Directors of 
the ASME Internat ional  Gas 
Turbine Institute and the IGTI Oil & 

Gas applications committee.

Rainer Kurz is the Manager of Gas 
Compressor Engineering at Solar 
Turbines Incorporated in San 
Diego, CA. He is an ASME Fellow 
since 2003 and the past chair of 

the  IGTI  Oi l  and Gas  Appl ica t ions 
Committee.

Any views or opinions presented in this article are solely those 

of the authors and do not necessarily represent those of Solar 

Turbines Incorporated, Elliott Group, or any of their affiliates.
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