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It was such a pleasure to walk the aisles
of a trade show once again, attend
sessions from industry experts, and
meet up with old friends. The 59th
annual Turbomachinery Symposium in
Houston in December of 2021 was my
first live event since early February of
2020. It was a welcome change.
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TURBO SPEAK

LIVE EVENTS RETURN

I

t was such a pleasure to walk the aisles of a
trade show once again, attend sessions from
industry experts, and meet up with old friends.
The 50th annual Turbomachinery Symposium
in Houston in December of 2021 was our first live
event since early February of 2020. It was
a welcome change.
Virtual events filled the gap during the
restrictions, but they can never replace the real
thing. Just as a live concert is far preferable to
watching a recording on YouTube, the random
elements of live events add to their charm. People
you haven’t seen in years emerging from a session.
Chance encounters in the corridors. Vendors with
a new story to tell. Attendees wandering over to
your booth for a chat.
Yes, overall attendance was down at the
Turbo Symposium, as well as and the number of
exhibitors. But only about 30%. Most vendors
said they didn’t notice any reduction in the
number of high-quality enquires. One even said,
“Half the people walking by and four times the
interest.” We applaud the organizers for going
ahead despite the many reasons not to.
Yet numbers being a little down is worrisome.
You can’t expect to have a long gap between
events and retain an audience. If you leave it too
many years, people may fall out of the habit of
going. In some cases, numbers might never return
to their peak. Western Turbine Users Inc., for
example, won’t take place this March. That will
be the third year in a row of no live event. When
it resumes in the flesh in 2023, will it be able to
resume attendance at previous levels? It might
take a couple of tough years to do so.
Regularity is everything. If you always go to
the gym each morning or three times a week, it
becomes a pattern woven into the fabric of your
life. Drop it out for a couple of weeks; it can be
challenging to get that schedule back in. For
industry events, regularity is a big deal. Regularity
of date. Regularity of location. Regularity
of content.
Take the case of Pennwell’s old PowerGen
International show. It was typically held in early
December every year. Vegas and Orlando took
turns as hosts. Once Clarion Events acquired
Pennwell, so much changed. The event is now in
late January (although this year has been postponed until May). It has been combined with
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another show (DistribuTech). Not completely
disrelated, but not the PowerGen we know and
attended for decades. PowerGen EU has been
rebranded as Enlit and combined with European
Utility Week. When we attended in 2019, the
utility side was more evident than the PowerGen
side in terms of booths and overall show focus.
Thus, the regularity of the institution known as
PowerGen has been upset. Time will tell if these
changes are merited.

You can’t expect to have a long gap between events
and retain an audience. If you leave it too many
years, people may fall out of the habit of going.
Meanwhile, a surge in COVID-19 cases led to
the cancellation of the Baker Hughes Annual
Meeting in Italy and the postponement of
PowerGen International until May. But the worse
of that wave may be over. There should be more
live events happening in late Spring and early
Summer. We plan to attend as many as possible.

FIRST ISSUE OF THE YEAR

We hope you find our first issue of 2022 of
interest. As well as a detailed report on the
Turbomachinery Symposium, it has a lengthy
news section and plenty of new products. Our
columnists cover digital twins and turbomachinery selection. As for features, we have a report on
an industrial plant switching from coal-based
power to natural gas, a story on the challenges of
hydrogen compression, a piece on speed sensors,
a Q and A from Sulzer Services, and a Vendor
Spotlight on MAN Energy Solutions.
Plenty for everyone.
Enjoy. ■

DREW ROBB
Editor-in-Chief
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INDUSTRY NEWS
POWERGEN PROGRAM
ANNOUNCED

PowerGen International, the biggest
show on the power industry calendar, has
issued an attractive program for its upcoming event.
Tracks include:
* Decarbonization
* Digitalization
* Optimizing Plant Performance
* Hydrogen
* Future of Electricity
* Energy Storage Breakthroughs
* A Leadership Summit.
From a turbomachinery perspective,
sessions of relevance include an OEM
discussion on the future of gas turbine
technologies. Speakers have been arranged from Genova Power Advisors,
GE Power, Siemens Energy, and
Mitsubishi Power. It will be interesting to
hear what they have to say.
As expected, it will be hard to escape
discussion of hydrogen. As well as what the
big OEMs say in their keynote: Sargent &
Lundy will cover the balance of plant impacts of hydrogen cofiring in gas turbines;
Siemens Energy will address the impact of
firing hydrogen in GTs with Heat
Recovery Steam Generators (HRSGs); and
Cleaver-Brooks plans to wax lyrical about
green steam and how to utilize hydrogen
with packaged boilers in auxiliary boiler
and district energy applications.
In the digitalization track, a Uniper
session will focus on artificial intelligence
(AI) and machine learning, and how they

PowerGen will now be held in May in Dallas

apply to condition monitoring of power
plants. The Electric Power Research
Institute’s chosen topic will be plant control strategies to suport grid frequency response. Southern California Edison and
GP Strategies, too, will host a joint session
on how to optimize the future workforce.
With so many retirements of late, and so
many vacant positions as part of the Great
Resignation, this should be a popular slot.
Note that the event has been postponed until May 23-25, 2022. It will be
held at the same location, the Kay Bailey
Hutchison Convention Center in Dallas,

INDUSTRY SHOWS POSTPONED OR CANCELLED

In mid-December 2021, the industry came together at the
Turbomachinery Symposium in Houston. This was one of the
first live gatherings in almost two years. Attendees were delighted
to see their old friends again. They looked forward to many more
such gatherings in the early months of 2022. But it was not to be.
PowerGen International has been moved to May. Other casualties include the Baker Hughes Annual Meeting (AM) in
Florence, Italy for the oil and gas industry, and the Western
Turbines Users Inc. (WTUI) conference in Southern California.
The AM is typically held late January/early February each
year. It is a gathering of oil & gas executives from all around the
world. Prior to Christmas, organizers were still hopeful of holding it. But a statement was issued in early January:
“Regrettably and after much consideration, we decided to
cancel the Baker Hughes Annual Meeting 2022, which was due
8
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TX. Show organizers issued a statement.
“With the recent surge in COVID-19
cases, we have had open and honest discussions with our exhibitors, sponsors, speakers, and attendees over the past few days.
At this time many companies still have
travel bans in place that are impacting their
decision to travel to events. We respect
those health and safety decisions being
made and are confident that delaying the
event until May will deliver an environment where people feel safe to reconnect
face-to-face and business can be done.”
Visit powergen.com for more details.

to be held in Florence at the end of January. Considering the
continuing spread of the Omicron variant, which is proving to
be highly contagious as well as impacting global airline travel,
we believe that prioritizing the well-being of our attendees,
partners, and employees must come first and foremost.”
The Baker Hughes AM is set to resume in January 2023.
This event is one of the best around to gauge trends in oil & gas
and LNG.
WTUI cancelled its Spring 2022 conference many months
ago to shouts of disappointment. Yet the organizers must have
had access to a reliable crystal ball by predicting the lay of the
land so far in advance. WTUI 2022 will be held virtually for the
second year in a row. As the biggest gathering of aeroderivative
turbine users in the world, this event is one of the cornerstones
of the turbomachinery calendar.
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INDUSTRY NEWS
VALMET BIOMASS BOILER FOR JAPAN

Valmet will supply a biomass power boiler and a f lue gas cleaning system to
Tahara Biomass Power of Japan. The new CFB (circulating fluidized bed) boiler
will enable the plant to achieve a stable power supply at high thermal efficiency
while reducing CO 2 emissions. The installation work is scheduled to start in
2023, and the plant will start commercial operation during 2025. The project
will be delivered in cooperation with the Japanese company JFE Engineering as
the EPC.

FLUITRON ACQUIRES
BETHLEHEM HYDROGEN

Industrial gas compression manufacturer
Fluitron has acquired Bethlehem Hydrogen,
a manufacturer of integrated hydrogen compression, dispensing, and storage systems.
BH’s headquarters are in Northampton, PA
with an engineering office in Kochi, India.

RENEWABLES GROW BUT GAS DOMINATES

The U.S. Energy Information Administration (EIA) just published a ShortTerm Energy Outlook (STEO). It
forecasts that “rising electricity generation from renewable energy resources
such as solar and wind will reduce generation from fossil fuel-fired power plants
over the next two years.”
The share of generation for U.S.
non-hydropower renewable sources, including solar and wind, is forecast to grow
from 13% in 2021 to 17% in 2023. During
that same period, the share of natural gas is
predicted to fall from 37% in 2021 to 34%
by 2023 and coal share from 23% to 22%.
“One of the most significant shifts in
the mix of U.S. electricity generation over
the past 10 years has been the rapid expansion of renewable energy resources,”
said Tyler Hodge, a senior economist in
the Office of Energy Analysis at the EIA.
The rise of renewables has certainly
been meteoric. It now generates 20 times
more power than at the end of 2011.
Coal’s fall from grace has been even
sharper. And with more coal plants being
shuttered over the next couple of years,
expect coal’s share to plummet below
20% soon.
“No doubt we see the retirement of
coal continuing to move forward,” said
Britt Burt VP of Research Power for
Industrial Info Resources. “Since 2012
there has been more than 107 GW of
coal-fired capacity retired in the U.S.,
and we are tracking an additional 67 GW
of coal-fired capacity scheduled for retirement from 2022-2030, according to
Industrial Info’s Global Market
Intelligence. During that same time period 2022-2030 there is more than 200
GW of solar and wind capacity scheduled for construction starts with more to
come.”
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Solar is the big winner. The grid had
63 GW of solar power generating capacity (not output) operating at the end of
2021. The forecast is for capacity to jump
by 21 GW in 2022 and 25 GW in 2023.
Further, 7 GW of wind generating capacity will be added in 2022 and another 4
GW in 2023. Operating wind capacity
totaled 135 GW at the end of 2021.
The tone of the release overall is one
of hopeful optimism that natural gas is
falling off the cliff in the same way as
coal. Yes, there will be reduced need for
fossil-fueled generation over the next two
years. But the decline will be felt primarily in the coal sector.
Hodge pointed out that natural gas prices surged to an average of $4.88 per million
British thermal units in 2021, more than
double the average cost in 2020. That is
probably the dominant factor in drop from
39% in 2020 to 37% at the end of 2021.
That prompted a slight uptick in coal generation to 23%. Unless natural gas prices remain high, coal will soon falter and natural
gas will probably regain that lost ground.

Hodge has a different take.
“Although we expect natural gas prices for electric generators to decline, the
operating costs of renewable generators
will continue to be generally lower than
natural gas-fired units,” he said. “We expect that regions of the country with the
largest increases in renewable capacity,
such as Texas and the Midwest/Central
regions, will experience the largest reductions in natural gas generation.”
Certainly, renewable generation
should continue to rise steadily for the rest
of the decade. But natural gas remains the
top source of power in the nation. It is unlikely to relinquish that position for at least
a decade, and probably longer.
“There is over 64 GW of natural gas
fired capacity that has the potential to
start construction for the remainder of this
decade,” said Burt. “This has the potential
to increase unless battery storage to support renewable energy is built in a rapid
fashion. Another constraint to the build
out of renewable energy is the lack of
transmission infrastructure to support it.”

www.turbomachinerymag.com
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INDUSTRY NEWS
IMPROVING CRYOGENIC OUTPUT

EUROPEAN “POWER”
STRUGGLE BOILING OVER

After years of anti-gas and anti-nuclear policy setting from the European Union, the
latest draft plan for stable power in the region includes nuclear and natural gas energy as part of its climate-friendly future. The
document immediately set off howls of protest and accusations of greenwashing.
The bone of contention is the EU executive commission’s proposed classification system. It defines investment in
sustainable energy in a way that allows gas
and nuclear energy under certain conditions. It may even open up both sources of
power to green financing. This is a stark
turnaround from prior policy that attempted to phase out or outlaw both.
With France and Germany having so
much clout in the region, these changes to
the plan may survive opposition. France
relies heavily on nuclear energy. The
German grid has been plagued by problems since it decided to shut down most of
its nuclear capacity and rely on renewable
resources. Its final nuclear facility is scheduled to be closed by the end of 2022. It appears the German government has come
to terms with the need for natural gasbased power to support renewable resources in order to maintain a stable grid
and avoid energy shortfalls or blackouts.
The EU’s target of becoming climate
neutral by 2050 remains. Environmental
groups are rallying to change the proposed
plan. But France and Germany hold sway
in the EU. And several smaller nations
agree with the need to support nuclear or
gas resources, at least in the short term. To
go into law, the plan requires the backing of
a majority of EU member states.
While the EU has largely been hostile
to natural gas, its dependency on LNG
and Russian pipeline gas is hard to ignore.
It will be interesting to see how this development plays out in the coming months.
10
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BCCK Holding, has been awarded an EPC contract to improve overall project
economics at a cryogenic gas facility in the Marcellus-Utica Basin, in southeastern
Ohio, U.S. Drawing upon its experience with cryogenic gas processing and natural gas liquids (NGL) extraction, BCCK developed a modification that will improve on the existing cryogenic plant design and equipment, increasing propane
recovery and associated revenue in the process. The project will utilize a skidded
BCCK design, which will be available to enhance propane recoveries at many of
the existing 200 MMSCFD gas subcooled process (GSP) facilities operating
throughout the U.S.

MTU POWER SIGNS LONGTERM SERVICE AGREEMENT
WITH PETROBRAS

MTU Power and Petrobras have signed a
five-year service agreement for the maintenance, repair, and overhaul of the company’s 36 LM6000PC turbines. The contract
is valued at $160 million. On-site technicians can be dispatched from MTU’s
Brazilian base in São Paulo, whenever the
customer requires. The Brazilian facility is
also certified for workscopes up to level II.
Full overhaul services are to be carried out
at MTU Maintenance BerlinBrandenburg in Germany.

MITSUBISHI DIGEST

Mitsubishi Power has appointed William
Newsom, Jr. President and Chief Executive
Officer of Mitsubishi Power Americas.
Mitsubishi Heavy Industries (MHI)
has been awarded by Linde Engineering
the main refrigeration gas compression
trains for the Ust-Luga LNG project in
Russia. The order consists of the dual
shaft 120 MW H-100 gas turbines and
centrifugal compressors.
Mitsubishi Power has completed upgrade works for two combined cycle
plants with M701F gas turbines at
Senoko Energy in Singapore. .

CARBON NANOTUBES FROM FLUE GAS

SkyNano, developer of a manufacturing technique for the production of carbon-based nanomaterials using carbon dioxide and electricity, recently announced
the first ever production of carbon nanotubes from flue gas, obtained from Tennessee
Valley Authority’s (TVA’s) John Sevier Combined Cycle Plant.
Carbon nanotubes, which are 1/100,000 the size of a human hair, are used to improve the electrical properties in some lithium batteries, such as those used in electric
vehicles and consumer electronics, and to strengthen products such as wind turbine
blades and boat hulls, and sporting goods such as tennis rackets, baseball bats and bicycle frames. Carbon nanotubes at the molecular level are 100 times stronger and
one-sixth the weight of steel, and conduct heat and electricity similar to copper but
without concerns about corrosion.
Creating nanotubes from the carbon dioxide produced by a power plant marks a
major milestone in the development of carbon use. Manufacturers normally synthesize nanotubes from hydrocarbons in an emissions-heavy process, so producing them
through the transformation and utilization of carbon dioxide from power generation
opens the door to uses of power plant emissions that can help decarbonize the grid
even while keeping natural gas generation online.
This latest effort by SkyNano to produce advanced carbon materials from CO2 is
part of a three-year, federally funded project and a key step in bringing new carbon-utilization technologies to scale. In 2020, the U.S. Department of Energy’s
(DOE) Office of Fossil Energy and Carbon Management (FECM) selected SkyNano
to demonstrate the ability to utilize flue gas provided by TVA to produce
carbon nanotubes.
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INDUSTRY NEWS
NEW KP ENGINEERING CEO

KP Engineering, a provider of EPC solutions for the refining,
syngas, hydrogen and renewable fuels industries, has named
William E. (Bill) Preston as its new President and CEO. He
previously served as the company’s
P res ident a nd Ch ief O per at i ng
Officer. As CEO, he will be responsible for the overall direction, execution and global expansion of KPE.
Prior to joining KPE, he served in
vice president roles for companies including a division of Texaco and
C he v r o nTe x a c o , L i n c E n e r g y,
Sy nt he s i s E ner g y Sy s t e m s a nd
GreatPoint Energy. He also served as
CEO of The Energy Capital Group,
Bill Preston
developing syngas and chemical production facilities in the petrochemical and oil refining industr ies. Preston holds a Master of Science in Chemica l
Engineering from The University of Texas at Austin and a
Bachelor of Arts in Chemistry from Pomona College in
Claremont, California.

ANSALDO ENERGIA BEGINS CONSTRUCTION
OF POWER PLANT

Ansaldo Energia started civil works on the EP Produzione thermoelectric plant. It will build a combined cycle plant with a
power of approximately 800 MW. As an EPC contractor,
Ansaldo Energia will be in charge of the construction, from the
foundations to the start-up: the heart of the combined cycle consists of a GT36 H-Class gas turbine, two generators and a steam
turbine. In addition, the agreement also provides a multi-year
contract for the maintenance of the turbine. The start of the
commercial operation is scheduled for November 2023.

EMERSON TO MODERNIZE POWER PLANT
IN GEORGIA

The Municipal Electric Authority of Georgia (MEAG Power) has
selected Emerson to modernize and optimize operations at its
Wansley Unit 9 combined cycle power plant. Emerson’s Ovation
software and technologies will help to digitally transform the
Georgia plant through more flexible operations, improved process efficiency and enhanced cybersecurity. The Wansley Unit 9
modernization project is expected to be completed in 2022.

The turbomachinery and pump industry are driven
by demands for higher efficiencies and integrated
solutions where higher product speeds translate into
higher performance and a smaller, more economical
product. Euroﬂex®, Kop-Flex®, Thomas® and Addax®
couplings have a well-deserved reputation of innovation and high value in a host of tough applications, including
pumps, compressors, and other high-speed and turbine-driven applications. For more information about couplings, visit
regalrexnord.com/products/couplings.
Condition monitoring solutions powered by Perceptiv™ intelligence can help your plant implement a proactive maintenance
strategy, typically spending 70% less than a reactive maintenance strategy. In addition, our Perceptiv diagnostics
services team can help you ﬁnd the source of complex rotating equipment issues, as well as help you design and install
a monitoring and diagnostics system to track equipment performance, improve efficiency and better manage your
operations. To schedule time with a specialist, visit regalrexnord.com/perceptiv.
Did you know that you can have used HP couplings repaired for a typical savings of 50% compared to replacing them?
Our Kop-Flex re-certiﬁcation program can repair and re-certify used couplings to API 671 or other industry standards. To
talk with a specialist, visit regalrexnord.com/KopﬂexRecert.
Regal Rexnord merges Regal and Rexnord PMC’s strengths, resources and knowledge to provide solutions for every
industry that converts power into motion. For more products and solutions from Regal Rexnord, visit regalrexnord.com.
MCAD22012E
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INDUSTRY NEWS
U.S. NOW THE BIGGEST EXPORTER OF LNG

The U.S. continues to benefit from the
shale oil boom. The quantity of shale gas
being shipped to Liquefied Natural Gas
(LNG) export terminals in the Gulf of
Mexico is such that the country became
the world’s largest exporter of LNG for
the month of December 2020. Most
U.S. deliveries had Europe as their destination as that continent seeks to reduce
its dependency on Russian gas.
The Middle Eastern state of Qatar
has been number one for some time. But
the U.S. stole the crown for the month
mainly due to output from Cheniere
Energy’s Sabine Pass in Louisiana plant,
which recently brought a new LNG liquefaction train online.
Qatar may retake the lead as the
countries go head-to-head on deliveries
from month to month. And Australian
LNG capacity is such that it is always in
the running to be number one in any
given month. But late 2022 could see the
U.S. surge well ahead of both Qatar and
Australian once Venture Global LNG’s
Calcasieu Pass terminal comes online.
Meanwhile, Qatar has plans to add
yet more LNG capacity. That project
won’t see the light of day, though, until
the end of the decade. It may be difficult
for Australia and the U.S. to add much
more capacity due to policies that limit
natural gas opportunities. That’s good
news for existing LNG terminals.
Overseas buyers are buying as much as
13% of U.S. gas production per month.
Currently, Asia received the bulk of that
supply followed by Europe.
By the end of this year, U.S capacity
will rise to 11.4 billion cubic feet per day
(Bcf/d). But peak capacity could be
pushed to almost 14 Bcf/d if all seven
LNG export facilities (Sabine Pass, Cove
Point, Corpus Christi, Cameron, Elba

Island, Freeport, and Calcasieu Pass) have
all of their 44 liquefaction trains running
full blast, according to the Energy
Information Administration (EIA).
The turbomachinery aftermarket will
benefit, too. Those trains contain a large
variety of different compressors and turbines. Keeping those 44 trains operating
at or near capacity will require plenty of
help from aftermarket suppliers
and OEMs.
A new report is more good news for
the LNG sector. The Potential Gas
Committee released its year-end assessment of the nation’s estimated natural gas
resource base at an event hosted by the
American Gas Association. Technically
recoverable resources, those in the ground
but not yet recovered, total 3,368 trillion
cubic feet (Tcf). When you add in the

recovered gas, the total gas (resources plus
reserves) rises to a record 3,863 Tcf, up
slightly from the year before. The PGC’s
year-end 2020 resource-specific assessment of 3,368 Tcf includes 3,212 Tcf of
gas potentially recoverable from “traditional” reservoirs (conventional, tight
sands, carbonates, and shales) and 157 Tcf
in coalbed gas reservoirs.
According to the report: The Atlantic
Area contains 39% of total U.S. gas resources, followed by the Mid-Continent
with 18%. The Rocky Mountains has
17% of the potential future supply, while
the Gulf contains 16%. Changes in the
total assessment from year-end 2018 to
year-end 2020 arose primarily from the
evaluation of recent drilling, well tests,
and subsequent production data from
these four areas.

GE LM2500 gas turbines at Cheniere’s Sabine Pass LNG terminal.

KAWASAKI AND RWE HYDROGEN COLLABORATION

With the joint-demonstration project H2GTLingen, German energy company RWE
and Kawasaki Heavy Industries are planning to install a hydrogen-fueled gas turbine
based on renewable green hydrogen in Lingen, Germany. The gas turbine generator
set (GPB300 / L30A) with an electrical power output of 34 MW will be used to
re-electrify hydrogen. H2GT-Lingen will be one of the world’s first pilots to test 100%
hydrogen-to-power conversion on an industrial scale turbine. The hydrogen-powered
gas turbine is scheduled to be operational in mid-2024.
Image courtesy of Kawasaki.
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INDUSTRY NEWS
SULLAIR ACQUIRES COMPRESSOR-PUMP & SERVICE

Sullair has acquired its Salt Lake City-based distributor, Compressor-Pump &
Service (CPS). CPS had served as an independent Sullair distributor since 1991,
where they’ve specialized in the sales and service of compressors, blowers, pumps,
vacuum pumps and related equipment. Image courtesy of Sullair.

ATLAS COPCO ACQUISITIONS

Atlas Copco has acquired several companies recently:
• STERI, an Italian compressor distributor and service provider located in
Turin with 19 employees has a product
range that includes compressors, filters,
and ancillary equipment. The business
will become part of the Compressor
Technique Service division.
• Soft2tec, a German company that
manufactures and delivers camera-based tracking systems used for operator guidance in the automotive,
aerospace, and general industries,
which uses the brand name Nexonar.
Soft2tec is a privately owned company
based in Rüsselsheim am Main,
Germany, and has 38 employees. The
acquired business will become part of
the Chicago Pneumatic Tools division.
• HHV Pumps, founded in 2009 and
based in Bengaluru, India. With 151
employees, HHV Pumps is a provider
of vacuum pumps used for chemical
and pharmaceutical industries, electrical power equipment, general industry, and rotary vane pumps used for
manufacturing refrigeration and
air-conditioning. The acquired business becomes part of the Industrial
Vacuum Division.
• AEP, a French distributor of compressors, becomes part of the Service
Division.
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BAKER HUGHES DIGEST

Baker Hughes announced its investment in Ekona Power, a growth stage
company developing novel turquoise
hyd rogen product ion tech nolog y.
Through its investment, Baker Hughes
will enhance its broader hydrogen and
nat ura l gas decarbon izat ion solutions portfolio.
Baker Hughes has been awarded a
contract by Bechtel to provide gas turbines and centrifugal compressors to
support the expansion of the Pluto
LNG onshore processing facility in
Western Australia, which is operated by
Woodside. The scope of supply includes
six LM6000PF+ aeroderivative gas turbines and 14 centrifugal compressors
for the main refrigerant train, as well as
one gas turbine generator in addition to
the existing Train 1 power system.
Baker Hughes has been awarded a
contract with Santos, a natural gas producer in Australia, to supply turbomachinery equipment for the Moomba
Carbon Capture and Storage (CCS)
project. It will serve a gas processing
plant and permanently store 1.7 million
tonnes of carbon dioxide annually in
depleted natural gas reservoirs in the
o n s hor e C o o p e r B a s i n i n S out h
Australia. The company will provide
gas turbine, compressor and heat recovery steam generator technologies to
compress carbon dioxide.
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INDUSTRY NEWS
GE TO SPIN OFF GAS TURBINE BUSINESS AS PART OF INDEPENDENT ENERGY COMPANY

GE CEO Larry Culp chose LinkedIn to
make a major announcement. After getting rid of divisions such as consumer appliances, locomotive manufacturing, and
its entire oil & gas portfolio (sold to Baker
Hughes), the company is slimming down
once again.
Culp intends to split the company
into three entities: healthcare, aviation,
and energy. Apparently, the GE name
will live on in aviation, with the other two
areas being rebranded. But that is not set
in stone. Each entity will be independent and publicly traded.
The plan is to separate the
healthcare unit first, and follow
that with energy, leaving aviation on its own.
“We are on a path to become three stronger, more-focused companies positioned to
lead in the important highgrowth sectors of aviation,
healthcare, and energy,” said
Culp. “We must continue to deliver on our purpose of rising to
the challenge of building a world
that works by creating a future
of smarter and more efficient
flight; developing precision
healthcare that personalizes diagnoses
and treatments; and leading the energy
transition to drive decarbonization.”
These pronouncements probably
won’t fill the gas turbine supply chain
with hope for a brighter future. The majority of gas turbines operating in the
world today were made by GE. The
company also has a 45% share in the advanced gas turbine category (the most
modern models) since 2014, according to
Dora Partners. Among aeroderivative
gas turbines, GE gobbled up 88% of
worldwide sales in 2020 (excluding
Russian orders).
But overall gas turbine orders have
been trending down steadily for almost a
decade. Tony Brough, President of Dora
Partners, said that since 2012, MW orders for gas turbines are down 42% and
unit orders are down 67%. The response
from the industry leader has been wanting: Successive rounds of layoffs; years of
confusing rebrands such as GE Gas
Power, GE Water & Power, and GE
14
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Energy; and being missing in action at
major events. Look over the roster of exhibitors at the power industry’s biggest
show PowerGen and see if you can find
GE anywhere. They didn’t attend the
Turbomachinery Symposium either.
The current strategy seems to be to
sell what gas turbines they can, while
building up their hydrogen, energy storage, and renewable portfolio. What is
hard to find is anything related to reversing the downtrend on gas turbine sales.

A spin off into an energy company in
a year or two isn’t likely to change anything. If the company has energy storage,
renewables, and traditional power in its
portfolio, guess which ones it is going to
emphasize? It might be better to divest all
gas turbine operations into a company
led by someone that wants to drive turbine sales upward. That company could
include research and development of hydrogen, hybrid, and supercritical carbon
dioxide-fueled turbines while continuing
to find ways to better market and sell natural-gas fueled turbines.
The energy transition won’t happen
overnight. Even states hostile to natural
gas such as California recently purchased
a bunch of mobile GE TM2500 turbines
to maintain power reliability. As more renewables are added to the grid, natural
gas plants are vitally needed to support
grid fluctuations, provide inertia, and
meet the inevitable shortfalls that occur
suddenly during peak periods. The world
needs both. And right now, there are

very few people in the gas turbine corner
making that point clear.
Let’s see how GE’s plan unfolds in the
real world.
Other GE Power news:
GE announced the completion and delivery of the first repaired HA component
from the recently opened Advanced
Manufacturing & Repair Technology
Center (AMRT) in Singapore. The center is co-located in Global Repair
Solutions Singapore Center
(GRSS), which was established in
2019, with the support of the
Singapore Economic Development
Board (EDB), to develop next-generation repair capabilities for GE
HA gas turbines.
GE and Harbin Electric
Corporation announced that
Chinese state-owned power utility
Guangdong Energy Group Co.,
Ltd. has ordered two GE 9HA.01
gas turbines for its Guangdong
Huizhou combined cycle power
plant in Guangdong province.
Expected to burn up to 10% by volume of hydrogen blended with natural gas upon start of operation, the
gas turbines will be the first to burn hydrogen blended with natural gas in mainland China. The project is expected to be
operational in 2023.
Working woth GE Gas Power,
Technip Energies has been selected by
BP to perform a Front-End Engineering
Design (FEED) study for the Net Zero
Teesside (NZT) Power project and the
Northern Endurance Partnership’s (NEP)
carbon compression infrastructure in
Teesside, UK. This FEED study covers
design and technical solutions development for NZT Power’s proposed 860
MW power station and carbon capture
facility. The Technip Energies and GE
Gas Power consortium will use Shell
Cansolv CO2 capture technology with a
planned capture capacity of 2 mtpa and
will be supported by Balfour Beatty for
the construction. The scope also includes
NEP’s planned 4 mpta Teesside high
pressure CO2 compression and
export facilities.
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INDUSTRY NEWS
SIEMENS ENERGY DIGEST

AUGMENTED REALITY
IMPROVES PRODUCTIVITY

TÜV SÜD, a provider of testing, inspection and certification services has developed a
guideline for defining the H2 readiness of power plants and is offering an independent certification to original equipment manufacturers and engineering, procurement, and construction (EPC) companies. The guideline for obtaining certification
was developed in collaboration with subject matter experts from Siemens Energy.
Siemens is also among the first to receive the H2 Ready certification under the
new guidelines.
Siemens Energy has secured an order for the turnkey construction of the combined
cycle power plant UTE GNA II in the integrated LNG-to-Power project GNA II, located at Port of Açu, in the Brazilian state of Rio de Janeiro. Construction of the power
plant is already ongoing. The customer is the project company Gás Natural Açu (GNA).
Siemens Energy formed consortium to establish a new industrial cybersecurity apprenticeship program to defend critical infrastructure. The Cybersecurity & Industrial
Infrastructure Security Apprenticeship Program (CIISAp) was launched with five
other founding members, including ICS Village, Regional Economic Development
for Eastern Idaho (REDI), MISI Academy, Capitol Technology University, SANS
Institute, and Idaho State University (ISU), who will collectively design and run an
apprenticeship program that links rigorous academic classes and educational training
with real-world job rotations at leading industrial companies.

GridRaster, a provider of cloud-based
Augmented Reality (AR)/Virtual Reality
(VR)/Mixed Reality (MR) technology,
released a study on how organizations
are implementing mixed reality technologies for their organizations. 41% say
they’ve implemented some form of AR/
VR into their strategy, and another 81%
say they either have plans to implement
in the next year or are starting to research the potential it could have on their
business. 67% say they need AR/VR
technologies to help with virtual maintenance and customer service visits; another 63% said they need AR/VR employee
training programs; 60% said they are
looking for remote collaboration through
mixed reality technologies.

Turn to
Elliott Group
for a partnership
you can trust.
Customers choose Elliott for unmatched
performance and reliability, supported by a
renowned global service network and regional
response. Who will you turn to?
n

Learn more at www.elliott-turbo.com

The World Turns to Elliott.
C O M P R E S S O R S | T U R B I N E S | C R Y O D Y N A M I C S® | G L O B A L S E R V I C E
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INDUSTRY NEWS
TECO-WESTINGHOUSE
LAUNCHES HEAT
RECOVERY SYSTEM

Velo3D’s European HQ.

VELO3D DIGEST

Velo3D has opened a technical center in Augsburg, Germany, where its Sapphire
systems will be assembled and demonstrated. They have also delivered an end-to-end
manufacturing solution to Schoeller-Bleckmann Oilfield (SBO) Technology, a
European contract manufacturer specializing in the production of metal parts for the
oil and gas industry. The new center will include more than 110 square meters of
space across a main hall (which will house Sapphire systems), a lab area, and offices.
Velo3D announced its first Sapphire XC delivery, the company’s newest and largest metal 3D printer that delivers faster production and larger parts. It is a scale-up
version of the Sapphire Printer, utilizing the same Flow print preparation software,
the same Assure quality control software, and the same Intelligent Fusion manufacturing process.
Sapphire XC is built to enable a transition of parts that were developed and qualified on Sapphire to the larger machine. This is said to reduce the cost of producing
parts by up to 75%. It allows the printing of parts up to 400% larger in volume. The
aerospace company receiving the new 3D printer will use it to scale up production.
Velo3D currently has a backlog of firm bookings for 17 additional XC systems as well
as 19 additional reservations.

CAPSTONE DIGEST

Capstone Green Energy Corporation
signed a 10-year parts and labor Factory
Protection Plan (FPP) service contract
for a C800S (800 KW) Signature Series
Capstone energy system installed at a remot e g a s c o m pr e s s io n s t a t io n i n
Southeast New Mexico
Capstone Green E nerg y ’s West
Coast distributor, Cal Microturbine, has
secured a contract to provide a 3.4 MW
microturbine based system for a renewable energ y customer i n sout her n
California. The system, which will be
configured with three Capstone Green
Energy C1000S Signature Series microturbines and one C40 0S Sig nature
Series microturbine, will provide onsite
16
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power at the customer’s facility using renewable fuel.
Capstone Green E nerg y C or p or at ion’s exc lu s ive d i st r ibutor for
Jamaica, Innovative Energy Company
Limited, signed a 20-year Parts & Labor
FPP service contract for a C800S, 800
kW, Signature Series Capstone energy
system installed at a hotel in Jamaica.
Capstone Green Energy has received
an order for a 600 kW, C600S energy
solution system, to be installed at a remote food processing facility in Bamako,
Mali. The system, which will provide
power to the site’s all-electric equipment,
is expected to be commissioned in
May 2022.

TECO-Westinghouse has teamed up
with L.A. Turbine and AG Equipment to
design and deploy a Heat Recovery
System (HRS) for heavy industry.
Designed for new and retrofit applications, this HRS includes green energy
CO2 capture. Product research and testing began in 2020 at Clemson University
in Clemson, South Carolina. The HRS
works alongside TECO-Westinghouse’s
mid- to large-scale battery storage systems, electric vehicle charging, and
wind/solar energy integration. Its inhouse U.S. and global manufacturing capabilities produce micro-grids for
grid-tied and remote applications in desert, mountain, and coastal regions.

SUNDYNE EXPANDS IN INDIA

Sundyne announced that it has expanded its of f ice foot pr int in
India. The off ice was initially established to serve local opportunities and
to prov ide eng ineering support for
Sundyne’s Arvada USA, Dijon France,
HMD-UK and Marelli-Spain operations. Over the last year, collaboration
between the India of f ice and other
Sundyne locations has grown exponentially, necessitating the office footprint expansion.

Sundyne’s new office in India.
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FLEXIBLE REMOTE SUPPORT
CUSTOMIZED FOR YOUR POWER PLANT.
Together. Smarter. Powerful.
The TOMONITM Suite of Intelligent Solutions is making remote support more
powerful than ever. Through advanced analytics and digitalization, power
plants can now virtually manage and monitor operations like never before.
All customized to maximize flexibility and profitability. Securely supported by
our team of subject-matter experts on demand 24/7, 365 days a year from our
Remote Monitoring Centers in Takasago, Japan, and Orlando, USA. Additional
support is provided by RMCs in Alabang, Philippines, and Nagasaki, Japan.
We’ve been perfecting power plant remote support for more than 20 years.
And today’s solutions are a continuation of our decades-long innovation.
Visit ChangeInPower.com/TOMONI to download our remote support white paper.

DATA FOUNDATION & ENABLERS
O&M OPTIMIZATION
PERFORMANCE IMPROVEMENT
FLEXIBLE OPERATION

TURBO TIPS

SELECTION, PURCHASE,
AND OPERATION OF
TURBOMACHINERY
Centrifugal Compressor With Side-Stream
BY AMIN ALMASI

M

any manufacturers, vendors, eng ineering firms, and operators have realized the importance of lessons learned
during different stages of design, development, and machinery introduction. Too often,
those lesson-learned documents have been lists
w it h a n over whe l m i n g nu mb er of it em s .
Unfortunately, many of the same mistakes are
repeated by engineers, vendors, contractors, and
operators in subsequent projects. Let’s review a
few ways to improve modern turbomachinery:

DESIGN REVIEW

The bulk of the design review is done by design
experts and engineers. However, there are two
groups of people that should be included in each
segment of the design review process: the commissioning/start-up team, and the people who will
operators operate and maintain the machinery. In
many cases a common shortfall is that companies
do not select the operations team at the time of
machinery selection. It is wise for operating
companies to assign operation leads and superintendents as soon as possible and have their inputs
on all key matters. A similar principle is applicable
for the commissioning team. The exchange of
data and information between engineering and
commissioning is vital.
There should be lines of communication established to help key people communicate each other
and transfer vital data, feedback, and experience.
The following are some examples:
• High-level requirements by client representatives: It is useful if client representatives establish and explain their high-level requirements
and expectations to engineering firms and
vendors/manufacturers. Of course, some of
18
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the expectations might not be achievable and
others might not be reasonable considering
technical, budget, or time-schedule constraints.
However, it is important to discuss these
matters as early as possible. It will be found
that while some expectations might not be
achievable in the way initially thought, alternatives might be formulated which can achieve
those expectations at a reasonable cost and
without greatly extending delivery times. It is
best to not be in a rush to oppose such expectations. It is advisable to spend some time and
resources to find a way to achieve them in a
more suitable way.

Combined with modern monitoring systems,
automation provides an opportunity for
improved reliability and availability. However,
there is such a thing as over-automation.
• Operator feedback: If there was a problem in
operation, the best way (and usually the only
way) to inform the engineering team (and
subsequently vendors/manufacturers) and
rectify the problem is via operator feedback.
• Communication with the commissioning
team: The communication between the engineering team (vendors/manufacturers) and
commissioning leads is vital. The commissioning team need data and documents to
plan and prepare for their tasks. Feedback
f r om t he c om m i s s ion i n g t e a m i s a l s o
important to consider provisions for smoother
and commissioning and start-up practices.
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TURBO TIPS
AUTOMATION

Automation is a major trend in plants and facilities. Automated operation is cost effective, efficient, advantageous, productive, and more easy
to manage. Combined with modern monitoring
systems, automation provides an opportunity
for i mproved rel i abi l it y a nd av a i l abi l it y.
However, there is such a thing as over-automation. The basic principle is to leave ordinary,
repetitive tasks to control systems and provide
operators w it h tools to do t heir ow n task s
better. In an over-automated plant, automation
hinders operators from operating efficiently. In
some cases, operators cannot inter vene and
override the automated system when there was
a problem.

FAULTY MACHINERY

A general guideline is to buy new turbomachinery
rather than second hand. In many cases, it can
cost more to rehabilitate and revamp second-hand

turbomachinery that to purchase new equipment.
There may also be cracks, corrosion, and erosion
that has not been detected. Manufacturer
warrantee should be mentioned as a key benefit of
new equipment.
Whatever equipment is used, shop inspection
is crucial yet is often overlooked. It should not be
left only to third-party inspectors. Such inspectors
are beneficial and are nearly always needed. In
fact, third-party inspection is often a mandatory
requirement. However, inspectors from the operating company, engineer consultants, the main
EPC contractor, and others are often needed to
inspect machinery at various stages. ■

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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SHOW REPORT

The exhibit floor featured most of the leading names in the turbomachinery industry.

TURBOMACHINERY
SYMPOSIUM

Live Event in Texas Features Supercritical CO2, Air Blowers,
Compressors, Dry Gas Seals, and More.
BY DREW ROBB

T

he fiftieth annual Turbomachinery Symposium took place in mid-December 2021
in Houston. Texas. Attendees were delighted to be face to face with their peers
once again. For most, it had been two years since
their last industry show. Just about everyone commented that being at a live show highlighted how
20
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unsatisfactory virtual events were in comparison.
Clearly, live events are a needed and wanted commodity in the industry.
As expected, attendance at the show was a little down. With oversees visitors at a minimum due
to various travel restrictions, and some companies
within the U.S. forbidding travel, that was to be
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SHOW REPORT
expected. Despite that, the event attendance was
only 30% down compared to 2019. The exhibit
floor suffered a similar drop. However, most vendors were satisfied by the event. Several said they
had about half the booth visitors but got as many
leads and inquiries as they experienced two years
ago. One person said, “half the visitors, and four
times the interest.”

SUPERCRITICAL CO2

The welcome address by Eric Petersen, Director
of the Turbomachinery Laboratory at Texas
A&M University, kicked off the show. He updated
the audience on what had been happening over
the past two years, the activities of the
Turbomachinery Lab, the Industrial Advisory
Committee for the Symposium, and the programs
of the Turbomachinery Research Consortium
(TRC). The biggest news is the building of a new
wing for the Turbomachinery Lab.
Following the keynote, scores of technical sessions took place over the next three days.
Southwest Research Institute (SwRI) delivered a
talk on supercritical CO2 power cycles (sCO2).
There has been much talk about the transformational nature of this technology for a decade or
more. But commercial applications are only just
beginning to appear such as those from Hanwha
Power Systems.
Supercritical carbon dioxide power cycles provide higher thermal efficiency compared to traditional heat-source energy conversion including
conventional fossil and alternative energy sources.
This reduces capital costs due to smaller equipment
footprints and design modularity. In addition, sCO2
allows for rapid cyclic load and source following to
balance solar and wind energy power swings.
Compressing CO2 is not new. But it has been
accomplished mostly at lower vapor pressures or
at higher pressure and lower temperatures as a liquid. Compression near the dome (near critical
pressure and temperature – approximately 95°F
and 1,233 psi) has the advantage of a low head
requirement. To then pressurize from 1,233 psi
(the target inlet pressure of power cycles) to 3,916
psi, only a single compressor stage is required.
With far less power needed for compression, thermal efficiency is increased.
Stephan Cich, Group Leader in SwRI’s
Machinery Section, listed some of the favorable
fluid properties of sCO2 such as low specific heat,
high density, and high thermal conductivity. That
can mean only having to build a single-stage,
high-speed compressor rather than multi-stage
low-speed machines.
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But there are challenges. Around the transition
phase of sCO2 between liquid and supercritical
fluid, for example, there are massive swings in
density and enthalpy. There are also mechanical
instabilities, flow challenges, and potential
for chocking.
“A high gas mean density and higher speed
leads to high potential for mechanical instabilities,” said Cich. “There is also a need to find the
right balance between aerodynamics and rotordynamics in sCO2 compressor design as these two
areas tend to be in conflict.”

OIL & GAS COMPRESSORS

An Elliott Group session gave an overview of the
various types of compressors and air blowers used

The welcome address was delivered by Eric Petersen, Director of the Turbo Lab.

www.turbomachinerymag.com

21

SHOW REPORT

in the oil and gas industry. Brian Pettinato,
Manager of Aero and Structural Dynamics at
Elliott, briefly covered the basics, applications,
and operation of compressors, expanders, steam,
and gas turbines in refineries.
Modern refineries utilize a wide range of turbomachinery that must flexibly operate under
harsh fluid conditions with long life and minimal
maintenance downtime. In refinery service, the
fluids pose unique aerodynamic, materials, and
structural design challenges including wet gas service, high gas path temperatures, and corrosive,
flammable, and sometimes toxic service. These
requirements make the design, packaging, controls, application, and operation of turbomachines
in refineries both complex and challenging.
Operational and technical details or turbine and
compression applications such as gas boost, refrigeration, hydrogen recycle, blow gas compression,
coke gas compression, reformer recycle compression, steam turbine drivers, and gas turbine drives
were discussed including alkylation, reforming,
hydrocracking, fluid cracking, power generation,
and gas boost.
There followed a discussion of the materials
used in compressors delivered by Derrick Bauer of
Elliott Group. He said impellers typically use low
alloy steel (4140/4340) and martensitic stainless
steel as they are highly stressed components that
require materials with high yield strength.
Austenitic steels are not strong enough.
“Material selection should consider the right
materials to eliminate the risk of stress corrosion
cracking (SCC),” said Bauer.
The compressor shaft, on the other hand, is
typically made from low-allow steel. Stainless steel
is generally only needed in shafts if highly corrosive process gas is present. Shafts are not normally
at risk of SCC. It is the couplings that are under
high stress, not the shaft. Internal stationary components are usually made from structural-grade
carbon steel and casings from carbon steel. With
heat treatment, pressure-vessel carbon steel can
tolerate temperatures as low as -50°F. Bauer said
increased nickel content allows for lower temperatures, and cladding can be utilized to address corrosion issues.
Another Elliott session covered turbomachinery for olefins. Also known as alkenes, olefins is a
term generally denoting hydrocarbons that contain at least one double bond. Because of their
high reactivity, availability, and low cost, they are
used primarily in petrochemical synthesis, plastics, synthetic rubber, and chemical fibers. The
talk outlined the various compressors, expanders,
and steam turbines used in the plastics industry.
22
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Sessions were well attended, such as this one by Southwest Research Institute.

Supercritical carbon dioxide power cycles provide
higher thermal efficiency.
Plastic manufacturing processes such as ethylene plants use a wide range of turbomachinery
that must flexibly operate under harsh fluid conditions with long-life and minimal maintenance
downtime. Cracked gas feed-gas, propylene, and
ethylene refrigeration compressor trains are
nearly always custom engineered to meet the
high-volume, high-efficiency requirements of
modern ethylene plants. In ethylene services, the
fluids pose aerodynamic, materials and structural
challenges related to wet gas service, fouling, and
their high gas path temperatures.
Elliott has developed a process centrifugal
compressor capable of dealing with very high
flow. The use of increasingly higher flow coefficient stages in centrifugal compression services
such as LNG and olefin applications has been
a trend since the 1990s.
“For process centrifugal compressor applications, achieving higher flow rates through a
given sized compressor can reduce capital cost,”
said Vishal Jariwala, Aerodynamics Engineer,
Elliott Group. “Key technologies for enabling
such higher flow rates are high flow coefficient
(design ϕ > 0.12) and very high flow coefficient
(design ϕ > 0.20) aerodynamic staging featuring
covered impellers.”
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Applications involving very high flow (VHF)
coefficient staging have only first been applied
since around 2010. Elliott has been working on
a family of very high flow (VHF) stages with nominal design flow coefficient of 0.24 and moderate to
high Machine Mach Number (Mu) of 0.88. The
stage aerodynamic performance (range and efficiency) is optimized while still meeting targets
related to mechanical robustness and rotor
dynamic usability.
“A protype VHF state impeller has a covered
mixed flow discharge with seven full and seven
splitter blades,” said Jariwala.
Various impeller adjustments have been
made to optimize the design. On the stationary
component side, for example, small changes
were made such as a mixed flow diffuser, a diffusion controller crossover passage, and a low
vane-count return channel. Such changes have
resulted in the VHF stage’s higher efficiency
over the entire range.
In the real world these design adjustments
have resulted in cutting thousands of pounds of
weight from Elliott’s large 110 M compressor.
Two shop orders have been completed and
shipped with the VHF stage families. As well as a
weight reduction of 23-24%, the benefits include
increased flow capacity of 32% and favorable performance characteristics due to aerodynamics
changes. Its tested performance compares well
with its predicted performance.

John Crane Sense Turbo performs dry gas seal diagnostics.

JOHN CRANE PRODUCTS

John Crane attended the event to showcase
a wealth of new products.
John Crane Sense Turbo is a dry gas seal digital diagnostics solution to monitor conditions at
the heart of the compressor without negatively
impacting seal performance or life. Sensors
embedded directly into a compressor’s dry gas seal
deliver continuous, real-time insight to identify
issues and ensure corrective actions are taken to
extend the useful life of the seal. It is part of the
John Crane Sense platform ecosystem.
Throughout 2022, John Crane will launch two
additional digital monitoring solutions focused on
wet seals and monitoring other plant equipment.
The High Flow Liquid/Gas Coalescer (HFC)
is targeted for refinery, petrochemical and
chemical plant applications. It removes aerosols
and solids from process and fuel gas streams.
Typical process applications include burner tip
protection in furnaces, molecular sieve drier bed
protection, and amine unit protection. Product
benefits include:

Turbomachinery International • January/February 2022

Type 8648VRS Dual-pressurized Seal from John Crane.

• Very high separation efficiency of 99.9% for
improved process uptime.
• Extended filter element lifetime (>12 months)
to reduce operating costs.
• Increased gas handling capacity (210 am3/hr)
per element and welded pressure vessel design
results in lower capital costs.
• Computational fluid dynamic (CFD) designed
for optimum dimensions of the elements and
flow distribution.
In the first quarter of 2022, John Crane is
launching a couple of new products. The Type
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2874HTC incorporates HTC (high-temperature,
corrosion-resistant) seal faces and edge-welded
metal bellows to provide superior stability and
reliable operation at temperatures up to 425°C
(800°F). Its outward pumping spiral groove technology results in a dry gas seal that can run at all
operating ranges. In corrosive refinery applications, this reduces life-cycle costs compared to
conventional wet seals and systems and eliminates
problems associated with coking barrier fluids and
fouled heat exchangers.
The Type 8648VRS Dual-pressurized Seal
with NPSS seal technology is an expansion of a
product that has flourished in the midstream pipeline segment. A new dual-pressurized option for
high-pressure pipeline applications ensures full
containment of liquids. Its pressurized arrangement isolates the sealing interface from the process liquid, which can vary in composition,
volatility and can be subjected to extreme ambient
conditions. The Type 8648VRS allows operators
to meet containment and safety guidelines while
maintaining asset utilization across their network.
The Type 93LR Separation Seal is a non-contacting segmented bushing with a balanced lift-off
design that minimizes the gas consumption in
both pressure and flow control. The Type 93LR
has been designed to meet the requirements of the
API 692 standard and reduce the consumption of
separation gas. It can be retrofitted to installed dry
gas seals in the John Crane product range with
minimum modifications. Applications include
centrifugal compressors and other rotating equipment in the oil and gas and petrochemical industries. Benefits include:
• Balanced lift-off carbon ring minimizes the gas
consumption in both pressure control and
flow control
• Self-centralizing grooves ensure dynamic seal
concentricity to the shaft/sleeve
• Static restriction to oil ingress when separation
gas fails
• Consumption independent of the temperature
change
• No restriction to the gas type or its dew point
Other new John Crane products include:
The FCF Seal Gas Filtration System removes
liquid and particle contamination and maximizes
reliable dry gas seal operation. The filters comply
with international pressure vessel and design codes
and were designed in alignment with API 614 and
designed for API 692. The new FCF Series,
designed with a combination of new flow conditioning technologies, delivers up to 50% lower
pressure drop at start-up and in operation.
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The next Turbomachinery Symposium will return to its usual time slot. It will be held
from September 13 to 15, 2022 in Houston. For more information, visit tps.tamu.edu/

In corrosive refinery applications, this reduces
life-cycle costs compared to conventional wet seals.
The GS 54 Global Standardized Plan 54 uses
best-practice design to provide clean, cooled and
filtered barrier fluid, optimal seal performance
and pump up-time. The GS 54 is a standard solution that significantly reduces specification review
and delivery schedules and delivers pressurized
barrier system control for optimal mechanical seal
performance and reliability.
John Crane Diamond treated silicon carbide
offers various performance benefits. Seal face treatments are available as an enhancement to many
John Crane seal families. It uses one of the Earth’s
hardest materials to improve mechanical seal reliability and performance in difficult applications
involving poor lubricating fluids, abrasive particulates or slurries, and upset operational conditions
such as intermittent dry running. John Crane
Diamond’s extreme wear resistance enables treated
seals to handle abrasive or erosive conditions
beyond conventional hard seal face materials. In
addition, John Crane Diamond has a low coefficient of friction which results in lower heat generation and energy consumption on the motor. ■
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The Tate & Lyle corn milling plant in Indiana recently replaced its coal-fired boilers with a new CHP system.

CHP UPGRADES

Replacing Coal Boilers With Natural Gas Brings Environmental Gains
BY DREW ROBB

I

t’s far from easy to get a natural gas power plant
built these days. According to Industrial Info
Resources (IIR) data, only about 11% of new
generation scheduled for the next five year will
be natural gas (the rest will be wind and solar).
Developers and asset owners who have delayed or
cancelled gas-fired, new-build generation typically
cite “market forces” as the reason for their decision.
That has led to the cancellation or delay of approximately 48 new-build gas-fired power plants in 25
states that were scheduled to begin construction in
2021 (see Turbomachinery Handbook 2022 cover
story, U.S. Power Industry Outlook 2022).
With utilities and independent power producers struggling to bring new combined cycle power
plants online, however, there is one area where
natural gas-based generation is enjoying real success – Combined Heat & Power (CHP).
According to Entropy Research, more than 80
GW of CHP has been installed in the U.S. at more
than 4,600 industrial and commercial facilities. In
total, that’s more than 7% of the nation’s generation
capacity and 12% of total generation. The vast
majority of these installations operate on natural gas.
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Part of the reason for CHP success is that it
offers a wealth of environmental and economic
benefits. As well as offering greater power reliability than the electric grid can usually offer, those
deploying CHP cite significant reductions in the
cost of energy. Further, they gain process steam,
facility heating, and in some cases, an extra revenue stream by feeding excess power into the local
grid. And when natural disaster strikes, CHP systems often continue to run in facilities while the
grid around them is down.

ELIMINATING COAL BOILERS

Tate & Lyle, a provider of food and beverage ingredients and solutions, recently upgraded a facility in
Lafayette, Indiana from coal boilers to CHP.
“Natural gas-fired cogeneration brings cleaner
energy online and helps us move away from the
use of coal boilers,” said Nick Waibel, Global
Energy Lead at Tate & Lyle. “We have set a goal
of eliminating coal from all our sites by 2025. Our
Decatur, IL facility, is also in the midst of replacing coal boilers with natural gas.”

Start up manager Spencer
Schath and Global Energy
Lead Nicholas Waibel of
Tate & Lyle beside the
newly commissioned
Siemens Energy SGT-700
gas turbine.
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The Lafayette South plant is one of several the
company uses to process 2% of the U.S. annual
corn crop. The company takes shelled corn
(maize), separates the kernels into their core components (starch, oil, protein and fiber), and processes them to create a range of products such as
specialty sweeteners and bulk ingredients which
are distributed globally. The complexity of corn
processing requires an array of boilers, tanks,
pumps, distillation columns, milling equipment,
separation screens, and evaporators.

WHY CHP?

“Natural gas CHP is an outstanding technology
with synergistic benefits for manufacturing plants,”
said Waibel. “The thermal demands of the manufacturing process (steam, hot air) drive the efficiency
on the system much higher than if we were to provide the electricity and thermal energy to the plant
separately. The overall energy efficiency increases
from around 50-60% to over 80%, resulting in a
big drop in overall emissions and major cost savings. In addition, cogeneration improves plant reliability by providing a local source of power.”
The basic CHP configuration at the Lafayette
South food ingredient processing plant is as follows: two Siemens Energy SGT-700 gas turbines
and two Heat Recovery Steam Generators
(HRSGs) provided by Rentech Boiler Systems in a
combined cycle arrangement.
The Siemens Energy units are designed for
high output/efficiency and lower emissions with a
wide fuel range capability. Due to high exhaust
heat, they are well suited to CHP. These units
include a third-generation dual-fuel Dry Low
Emissions (DLE) combustion system which keeps
NOx emission levels low.
“The gas turbine solution from Siemens
Energy matches up nicely with our plant design
and provides what we need from an energy and
environmental impact,” said Waibel.
He explained that with gas turbine performance
having large seasonal variation in Indiana, the
company chose units that would be able to provide
enough power for the plant 365 days a year.
“The seasonality of gas turbines gives a fairly
tight window of operation where the turbine can
cover 100% of the power demand on a hot summer’s day but have enough turndown on a cold
winter’s day to meet emissions requirements,” said
Waibel. “The twin SGT-700 design fitted right
into that window.”
A big part of the deal was concern about the
turbines being future proof. With so much talk
about hydrogen and the elimination of fossil fuels,
26
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Tate & Lyle wanted to know
that their new machines were
designed to run on natural
gas, hydrogen, or a mixture
of both. Although for the
foreseeable future, they will
run on natural gas.
“With an eye to the
future, our Siemens Energy
gas turbines will be able to
eventually operate on hydrogen,” said Waibel. “In these
dynamic times, we had to
ensure our investment will
serve us in both the near
term and the long term. It’s
good to know our turbines
can make the transition to
hydrogen when that supply
comes online in the future.”

STEAM DEMANDS

Steam from the CHP plant
plays a vital role in corn milling processes as well as in the The steam drum of the Rentech HRSG.
heating of the facility.
“The thermal demands of the manufacturing process allow manufacturers to extract even more
energy out of the exhaust stream than what can be
utilized in a combined cycle electricity plant,” said
Waibel. “In addition, the turbine exhaust gas can
be duct fired to produce more steam at a greater
efficiency (essentially 100%) than standard natural
gas boilers provide.”

“Our Siemens Energy gas turbines will be able to
eventually operate on hydrogen,” said Nick Waibel,
Tate & Lyle.
He’s talking about supplemental duct firing,
a feature included with the Rentech HRSGs.
Waste heat is captured from the turbine exhaust
and transformed into steam by the HRSGs. It is
then fed into the plant for use in various corn-related processes, as well as to steam turbines as part
of combined cycle operations. As supplemental
duct burners are included, Tate & Lyle can run
them regularly to boost steam production
when required.
“Similar to our relationship with Siemens
Energy, Tate & Lyle has enjoyed a successful history with Rentech heat recovery boilers,” said
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Waibel. “Building relationships with competent
and high-quality suppliers with proven track
records helps to build synergies between our production plants. The custom-built Rentech HRSGs
with duct firing are robust pieces of equipment
that are able to provide the plant steam requirements in a variety of process conditions.”
Although the plant hasn’t been running long,
early results are positive: Waibel notes stronger
grid resiliency, greater process efficiency, carbon
emissions slashed by more than 30%, and a drop
in greenhouse gas (GHG) emissions by around
40%. By replacing aging coal boilers, generating
electricity on-site, and recovering heat overall
energy efficiency has been boosted while substantially reducing energy costs and cutting water
usage by 5%. The plant manager also reports
greater process efficiency and power resiliency.
“We take our responsibility to the environment seriously and are committed to doing more
to care for the planet, including lowering our
greenhouse gas emissions by using cleaner
energy,” said Travis Montoya, Lafayette South
Plant Manager for Tate & Lyle.
This upgrade project, however, goes beyond the
needs of one facility. Stepping back to view the big
picture, the company has set targets for 2030 to
deliver: a 30% reduction in CO2 emissions; all of its
waste to be beneficially used; a 15% drop in water
use, and the elimination of coal from its operations
by 2025. Getting rid of the aging coal boilers is just
one step towards these goals, although it plays a big
part in divesting itself of coal usage.
“The Lafayette South Plant project not only
helps meet our sustainability goals in reducing
greenhouse gas emissions and water use – it’s also
a project that saves us money as a company, so it
was really a win-win for us,” says Waibel.
“Eliminating coal and going into a clean-burning
fuel is the right next step for our plant.”

that one CHP plant slashed
companywide CO2 emissions
by around 10%, as well as
leading to improved energy
and operational efficiency.
The plant manager estimated
a reduction in emissions of
more than 2,000 tons per
year, while satisfying all facility steam needs, and enabling
Tate & Lyle to switch from
grid power to generating its
own electricity. And with the
Rentech HRSGs being much
more efficient than the old
coal boilers, fuel costs were
considerably lowered.
The drivers behind the
2017 upgrade, then, were
both environmental and
economic. As well as the
steadily rising price of coal,
stricter emissions requirements would have necessitated the addition of The Rentech heat recovery boiler online and
expensive pollution control ready for operation.
equipment to keep the coal
boilers compliant.
“Changing regulations and policies have huge
repercussions,” said Waibel. “The environmental
targets we have set are some of the most ambitious
in our industry.”
Instead of investing in flue gas desulfurization
(FGD) and Selective Catalytic Reduction (SCR)
technology to stay within Boiler MACT limits, the
company decided to spend a little more to revamp
and expand its steam and electricity production
capabilities – and establish an environmentally
responsible pathway for the future.

NOT THE FIRST CHP RODEO

The U.S. Environmental Protection Agency’s
(EPA’s) Energy Star certification was recently
awarded to the corn wet mills in Loudon,
Tennessee and Lafayette South, Indiana. Having
met strict energy efficiency performance levels,
they are the only corn refining plants to earn this
accolade. Energy Star was introduced by EPA in
1992 as a voluntary, market-based partnership to
reduce GHGs through energy efficiency.
“This reflects the dedication and hard work of
our operations team, especially our technicians
who are committed to running these mills as efficiently as possible,” said Nick Waibel, Global
Energy Lead at Tate & Lyle. ■

This isn’t the first CHP installation for Tate &
Lyle. The company has several CHP plants running throughout its operations. But the Lafayette
South project was inspired by a similar one at
another of the company’s corn milling facilities in
Loudon, Tennessee.
Back in 2017, the company installed a similar
CHP system at that site: two Siemens Energy
SGT-700 gas turbines and two Retech HRSGs
with supplemental duct firing to replace aging coal
boilers. Just like Lafayette, the results at Loudon
were impressive: a year-over-year reduction of
around 35% in GHGs at the site. The addition of
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COMBINED CYCLE OVERHAUL
WITH OUR ONE-STOP SHOP
BY JOHN DURKEE, VICE PRESIDENT, OUTAGE SERVICES DIVISION OF MD&A

M

echanical Dynamics & Analysis (MD&A)
recently completed an overhaul at a
combined-cycle plant consisting of gas
and steam turbine majors, a steam turbine generator minor inspection, and a gas turbine generator major inspection. The customer’s
combined scope was the largest single project
implemented at the site since the combined-cycle
plant was commissioned.
M D& A sent all three rotors—the steam
turbine, gas turbine, and gas generator—to its
one-stop-shop, which was a huge selling point for
the customer. MD&A was able to leverage the full
capabilities of its state-of-the-art 250,000 squarefoot turbine-generator repair facility, centrally
located in St. Louis, MO to inspect and repair the
major components all under one roof.
To ensure the success of this large project,
coordination between all MD&A divisions was
critical, in addition to constant communication
with the customer. MD&A assigned a dedicated
project manager responsible for all on-site
services, including subcontractors, parts supply,
and shop services.
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MD&A’s scope included a 7EA gas turbine
major with a gas turbine rotor inspection and
assessment in its St. Louis repair facility. Upon
incoming inspection, the aft coupling patch ring
migrated, leading to galling on the aft f lange
coupling no. 12 bolt hole, galling in forward-flange
coupling no. 10 bolt hole, wear groove and
scratches on no. 3 journal, and circumferential lines
and scratches on no. 2 journal. MD&A experts
removed the damaged patch ring, manufactured
and installed a new ring, and machined the ring fit.
Incoming runouts and low-speed balance
checks were performed on the gas turbine rotor
with no runout issues found.
The M D& A team obser ved t he coat ing
peeling from S1 buckets. They measured dovetail
wear and bucket rock and found them to be well
within the MD&A acceptable range; therefore,
dovetail coating was not recommended. Bucket
rock is often caused by cycling power plants that
spend a considerable amount of time on a slow
roll or turning gear, and the result was wear
between the wheel and the buckets, which often
abrade the fir tree surfaces, causing a loose fit.
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M D& A performed an S1- S3 bucket
replacement during the repair portion
and conf irmed f inal assembly w ith
a low-speed balance. Its fuel nozzle
s e r v ic e s d i v i s io n a l s o p e r for m e d
a 7E A dual-fuel dr y-low NOx
Sy s t e m 1. 0 ( D L N1) pr i m a r y a n d
secondary refurbishment.
The steam turbine major included
removal of the rotor and shipping it to its
steampath division for L - 0 and L -1
buc ket r e pl a c ement s . D u r i n g t he
incoming inspection, MD&A experts
found heav y damage to the Stage 2
buc ket s: T he y, t o o, ne e de d t o b e
replaced, which the end customer agreed
to. T he M D& A tea m removed t he
buckets and performed a rotor-blast
cleaning to include the affected wheels.
It reverse-engineered and manufactured
the Stage 2 buckets and covers, and
installed L-0 buckets. It also reamed for
new pins, machined to fit the wheel, and
installed L-1 buckets. Lastly, the final
N DE and a low-speed ba lance
were performed.

In addition, the scope included a full
rewind on the 7A6 gas turbine generator
field. After the field was removed from
the stator, it was shipped to MD&A’s
repair facility’s generator clean room.
Upon incoming inspection, the team
found Nomex ® tab-style end blocking
with broken and torn tabs, damage to
the original creepage blocking, and
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cracked and deformed main lead copper
leaves. The field was rewound with new
creepage blocking, the main lead was
replaced, and the company’s experts
incorporated an end-winding blocking
modif ication to optimize the f ield’s
future reliability.

After rewind, the field was balanced
in MD&A modern high-speed balance
facility. The high-speed balance bunker
can excite the f ield while at speed to
ensure no shorted turns when operating
at load.
O n - s i t e , M D & A’s g e n e r a t o r
specialist performed a test and inspect ion on the gas turbine’s generator
stator, which included a visual inspection, end winding inspection, borescope
inspection, and bore crawl through and
i n s pec t ion. T he elec t r ic a l test i ng
consisted of w ind ing insu lat ion
“megger” testing, polarization index
(PI), winding resistance, DC leakage
testing, and RTD testing. The specialist
also per formed a wedge-tap test to
determine tight and loose wedges to
produce a wedge tightness map in addition to a thorough cleaning. A minor
inspection was also performed on the
steam turbine’s generator.
Lastly, MD&A’s alignment division
performed a topless laser alignment on
the steam turbine that eliminates the
reassembling of the turbine for “tops-on”
measurements, sav ing hundreds of
man-hours and labor per turbine section.
Its experts per formed a traditional

tops-on/tops-off internal alignment on
the gas turbine.
A long w it h hav ing access to
M D& A’s t u rbi ne- gener ator repa i r
facility, the customer also benef ited
from choosing MD&A to execute the
out age by hav ing a single point of
contact for multiple services across the
entire combined-cycle platform.
Single point project management
allowed for coordinated scheduling of
concurrent work on-site and in-shop,
leading to an optimized execution that
was achieved on schedule. The project
manager had clear and responsive
communication with the elimination of
multiple vendor interfaces and provided
daily div isional job activ ity reports
directly to the end customer. With the
elimination of multiple vendors, there is
clear warranty responsibility, which
gives peace of mind to the customer.
Lastly, the customer was able to derive
sig n i f ica nt va lue from hav i ng one
vendor supply ser v ices, pa r t s, a nd
repairs due to the inherent efficiencies
of this approach. ■

MD&A is a full-service combined-cycle provider
and OEM-alternative—services, repairs, and
parts for your gas or steam turbine or generator.
For every job, large or small, the speed and effectiveness of its response team are matched only by
the depth and breadth of its engineering expertise. Call MD&A today for your combined-cycle
outage at (518) 399-3616.

www.turbomachinerymag.com

29

COMPRESSORS

HYDROGEN
COMPRESSION
Charting a Path for Hydrogen Transportation
BY FRANCESCO LA PORTA AND HIDENOBU USUDA

H

ydrogen presents opportunities as
a clean energy source, either used
as storage or as fuel in mobility, or
as a feedstock in refineries and
petrochemical processes. But there are
many challenges to overcome, many of
which revolve around the cost-effectiveness and reliability of hydrogen storage
and transportation technology.
Kawasaki Heavy Industries (KHI)
recently conducted a pilot study on hydrogen transportation. A new KHI carrier
transported hydrogen 9,000 km from the
eastern coast of Australia to Kobe, Japan.
Of the many challenges examined during
the sea voyage, the most vital was testing
the Atlas Copco Gas and Process centrifugal compressor for boil off gas (BOG) that
ensures hydrogen remains chilled at -253°
C in liquid form.
There are three main types of hydrogen: grey, blue and green. Grey hydrogen is typically a by-product from fossil
fuels, the use of which releases vast
amounts of CO2 directly into the atmosphere. This form of hydrogen production comes with lower costs but is less
environmentally desirable than blue
hydrogen (which is also fossil fuel-based,
but with the CO2 captured, stored and
compressed) and green hydrogen (from
renewable sources through electrolysis).
The hydrogen in the KHI pilot test carried grey hydrogen produced from
brown coal. If hydrogen is to have the
major future impact, wide-ranging
hydrogen storage and transportation
solutions are needed.
Hydrogen can be stored as a compressed gas or stored via liquefaction, as
it was in the pilot study. The liquid
hydrogen was stored on board the
116-meter-long, 8,000-ton vessel in a
30
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The pilot carrier vessel transporting liquefied
hydrogen from Australia to Japan.
Photo courtesy of HySTRA.

A single-stage integrally geared turbo
compressor was deployed for the pilot vessel.
It supports the H2 loading and offloading
process.

1,250-m3 double-shelled, vacuum-insulated single tank. It utilized a high-tech
boil-off gas compression system.
BOG compressor technology has long
been central to the liquid natural gas
(LNG) process. At atmospheric pressure,
LNG begins to boil at -165°C when it
converts to gas and the pressure in the
system increases. At this point it either
needs reliquefying and returning to the
tank or to be used as a fuel.

Major challenges emerged in the development of this transportation technology
related to the -253° C temperature, and
the fact that hydrogen is 800 times more
dense in liquid form (LNG is 600 times
more dense) than as a gas.
Working at such a temperature and
density presented engineers with questions about material embrittlement and
how to design a reliable seal-gas system
to new machine classifications and material qualifications. University labs and
suppliers worked closely with Atlas
Copco Gas and Process as part of the
development of a LNG liquefaction solution: an open-milled, light-alloy aluminum impeller with a cast S-steel volute
vertically split casing and machine plate
diffuser. Around the casing was a cutting-edge vacuum insulation solution that
ensured oxygen could not liquify from
ambient air.
The hydrogen transportation market
in shipping is relatively new. As engineers
developed the compressor, new classifications and regulations needed to keep
pace. A central factor preoccupying
Japan’s NKK marine society classification team revolved around safety, focusing mainly on the material choice and
leakage prevention. Materials qualification procedures entailed testing materials
down to liquid helium, -269° C: Impact
and tensile tests were carried out for
materials that contact cold hydrogen.
The seal gas system, which also acts
as a heating medium, was perhaps the
biggest challenge. The compressor
required a constant supply of warm
hydrogen to prevent condensation and
solidification of nitrogen and/or oxygen,
which could damage the shaft. As the
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COMPRESSORS

Warm Oil

Seal Gas

Process Gas

Materials testing for the compressor was based on
new research and development, supported by work
from university labs. Source: MPA Stuttgart

shaft temperature is so low, primary seal gas consumption is high. Additional heat flow into the
shaft is generated by warm oil in the bearing area.
Computational fluid dynamics (CFD) and thermal
finite element analysis (FEA) helped engineers
evaluate temperature distribution across the shaft.
Based on those analyses, thermal flow has been
balanced to guarantee safety in all possible operating and emergency scenarios.

LESSONS LEARNED

In 2020, the prototype KHI carrier completed its sea
trials from Australia to Japan. The lessons learned
are being used to introduce further improvements.
For example, engineers have fitted the compressor
with improved insulation materials and eliminated
potential sources of leakage. The NKK classification
society has approved key components, which are
now ready for large-scale production. New hydrogen
regulations and material qualifications and classifications have been established.
This pilot enabled technological advancements
in minimizing leakages, preventing cold bridges
and material embrittlement, and creating effective
seal gas systems. It boosted the technological case
for the cost-effective and reliable storage and
transportation of hydrogen.
BOG compressors for future commercial
hydrogen carriers are expected to play a central
role in loading and unloading hydrogen into carriers, plus during re-circulation and warm-up operations. Alongside this, research is ongoing into the
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Temperature distribution at operating conditions in °C
The reliability of the seal gas system was of utmost importance for this transportation
application. Temperatures range from the hottest in red to the coolest in blue.

potential of using hydrogen as a carrier fuel. The
next stage for KHI is creating commercial carriers
with an expanded tank size from 1,250 m3 to
160,000 m3. ■
Ulrich Schmitz and Lukas Schwarz of Atlas Copco Gas and
Process contributed to this article.

Francesco La Porta is an R&D Engineer in the
Atlas Copco Gas and Process. He holds a
Master degree in Mechanical EngineeringEnergy Systems from the University of
Padua, Italy.
Located in Tokyo, Japan, Ed Usuda is Atlas
Copco Gas and Process’ Business
Development Manager responsible for
Japan and Taiwan. He holds a BE
(Bachelor of Engineering) in Aerospace Engineering
from School of Mechanical Engineering of the University
of New South Wales, Sydney, Australia. For more
information, visit Atlascopco.com
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COMPONENTS & AUXILIARY SYSTEMS

SENSORS FOR SPEED
MEASUREMENTS

Which Sensors are Best for Different Turbomachinery Applications?
BY DANIËL VISSER

S

peed sensors for turbomachinery provide
the input for overspeed protection systems.
A faulty sensor leads to an unreliable input
signal, which has a negative influence on
the accuracy and reliability of the system.
There are several considerations that must be made
to select the right sensor, which can be categorized in
environmental and machine-related considerations.
Machine considerations include: expected
minimum and maximum speed; the target to be
measured and its specifications; any limitations on
the weight and size at the mounting location; and
the necessary cable length. On the environmental
side, factors to consider include: the expected
ambient temperature; if the measurement takes
place in explosion hazardous areas (ATEX) or in a
corrosive environment; and if strong electromagnetic fields are present.
For industrial speed measurements there are
three main types of measurement sensor:
• Variable reluctance (VR) sensors – also known
as: passive sensors, electromagnetic sensors or
magnetic pickup sensors (MPU).
• Eddy current sensors – also known as: proximity sensors or displacement sensors.
• Hall-effect sensors – also known as: active sensors.

VARIABLE RELUCTANCE (VR)

A VR sensor uses a magnetic field to measure
changes in the distance between the sensor tip and
the target object. The sensor contains a coil that is
wrapped around a magnet which causes a change
in the magnetic field (flux) and the coil as the teeth
of a gear pass the sensor. The moving gear creates
a varying flux that induces a voltage in the coil;
the frequency of which is related to the rotational
speed. The signal is a sinusoidal wave of which the
amplitude is dependent on the target size, speed
and distance.
VR sensors do well in high-temperature applications. Some can function in temperatures of more
than 300°C. Moreover, VR sensors are easy to use
32
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A sinusoidal output signal from a variable reluctance sensor.

and reliable. As this type of sensor has a two-wire
connection, it often fits within legacy infrastructures.
However, the amplitude of the signal depends
on a factor of the size, speed, and distance of the
target. If the speed is too low, the gear tooth too
small, or the distance to the target material too
much, the signal will be flattened and not usable.
On the other hand, if the speed is high, the gear
tooth large or the distance is small, the signal will
show high pulses. The application and positioning
of VR sensors requires special attention and
expertise to function properly. As these types of
sensors do not function well with low speed, they
are unsuitable for low or zero-speed detection.

EDDY CURRENT (PROXIMITY)

An eddy current sensor uses an electromagnetic
field to measure changes in the distance to an
object. As a pole wheel moves past the sensor, it
measures a variation in distance; close (tooth) and
far (notch). The rotational speed can be determined based on the time between these events.
One advantage of eddy current sensors is that
the measuring principle shows both the pulses and
the position with respect to the teeth. This
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provides insight into the set distance to the teeth of
the target object. They are available with a
dynamic current output, which allows for long
cabling (up to 1000m). Sensors with a dynamic
current output are less affected by cable impedance as compared to Hall-effect sensors, eddy current sensors based on voltage signals, and
VR sensors.
But it should be understood that at high speed,
saturation may occur, causing the signal shape to
flatten. When the gear teeth move past the sensor
at high speed, an eddy current sensor barely
detects a difference in distances. The higher the
frequency, the less effective an eddy current sensor
will be for speed measurements.

An eddy current sensor on a slotted speed wheel gives a square wave output signal.

HALL-EFFECT SENSORS

A Hall-effect sensor measures changes in magnet’s
magnetic field, caused by the ferromagnetic target
material. The sensors have built-in signal conditioners, which generate a clear square wave signal.
In contrast to VR sensors, Hall-effect sensors are
sensitive to the size of the magnetic flux rather
than the speed at which it changes. Hall-effect
speed sensors have a broad measurement range
and can be used to measure both low-speed or stationary parts and high-speed parts.
A Hall-effect sensor directly provides a digital
output which is easy to transmit and process.
Further, they usually feature internal signal processing. The signal is digitalized and amplified,
making it less susceptible to electromagnetic interferences (EMI). However, Hall-effect sensors are
limited to applications that operate in temperatures ranging from -40 °C to +150 °C due to
built-in electronics. Moreover, Hall-effect sensors
require a 3-wire connection. Also, the trigger level
is defined in the Hall-effect sensor and cannot
be changed.

TYPICAL SENSOR APPLICATIONS AND
REPLACEMENT OPTIONS

Any application requires different sensors and sensor features. However, three types of turbomachinery can be distinguished, with each having a
default sensor type provided by the OEM. The
recommended sensor replacements after end-oflife are may differ for specific applications.
• Large land-based turbines (power industry) are
typically provided with eddy current or Halleffect sensors by the OEM. Based on the frequency range and signal stability, a Hall-effect
sensor is recommended when the default sensor has reached end-of-life.
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A Hall-effect sensor generates a square wave output signal.

• Industrial turbines (process industryoil & gas
industry) are typically provided with eddy current or Hall-effect sensors by the OEM. Based
on the frequency range and signal stability, a
Hall-effect sensor is recommended when the
default sensor has reached end-of-life.
• Aeroderivative turbines are typically provided
with magnetic pick-up sensors (VR) by the
OEM due to their normal operation in harsh
environments. When it suits the application,
Hall-effect sensors are recommended after the
default sensor has reach end-of-life. ■

Daniël Visser works for Istec, a provider of
machine protection and monitoring solutions
that suit an increasingly demanding environment and takes care of sensors and systems
during operational life. An in-depth overview of each sensor can be found in the book Speed. It covers topics such
as speed measurements, overspeed protection, sensor
types, functional safety & SIL, and API 670. It can be
requested for free at www.istec.com/book-speed
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Q&A

SULZER SERVICES
TURBOMACHINERY
EXPANDS ITS OFFERINGS
WHAT MAINTENANCE AND REPAIR
SERVICES DOES SULZER SERVICES OFFER?

We provide an extensive range of turbomachinery,
pump, and electromechanical repair services to the
power generation, chemical, refining, pipeline, and
other process industries. With over 120 locations
globally, our team of experienced engineers and
technicians is dedicated to improving rotating
equipment performance for steam and gas turbines,
hot gas expanders, compressors, pumps, motors,
generators, and more. We offer:
• Turnkey inspections, analyses, repairs,
and overhauls
• Complete overhauls, retrofits, and duplicates
• Parts manufacturing, including additive
manufacturing solutions
• Coating solutions
• Full range of field services

WHAT TURBINE AND COMPRESSOR
COMPONENTS DO YOU OFFER?

Sulzer’s manufacturing department can reverse
engineer and manufacture rotating and stationary
flow path components for all kinds of steam
turbines and compressors. This includes blades,
nozzles, and diaphragms. We fabricate or cast
case components and manufacture complete
rotating assemblies such as disks, rotors, and
shafts. We also manufacture hot section components for a number of gas turbines.

WHAT KIND OF CENTRIFUGAL COMPRESSOR SERVICES DO YOU SERVICE?

We service over 100 models of various compressors up to 30,000 HP. Additionally, we provide
field service crews utilizing our team of experienced technical directors, diagnostics engineers,
supervisors, and technicians for onsite solutions.
Field service support includes, but is not limited to:
• Preventative maintenance and
borescope inspections
34
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•
•
•
•
•

Major overhauls
Unit removal and replacement
Installation, alignment, and startup support
Vibration diagnostics
Field machining

WHAT TRENDS HAVE YOU OBSERVED
IN THE INDUSTRY?

In oil & gas, we have seen increased bundled outages
where companies contract Sulzer to perform major
outage work onsite and send the equipment to our
shops for expedited repairs. We have also seen a
trend with our customers outsourcing more repair
work while they focus on their core processes. In the
power generation sector, we have observed longer
runtimes due to advanced coatings and the extended
life of parts. In addition, fossil fuel plants are running
less due to the increased deployment of renewables.

Darayus Pardivala,
President, Americas,
Sulzer Services,
discusses repair services,
additive manufacturing,
and reducing lead times.

HOW ABOUT NEW PRODUCTS OR
SERVICES IN THE PIPELINE?

We introduced Laser Metal Deposition (LMD) as
our newest weld overlay process. The advantage
of this technology is that it utilizes a low heat input
laser system to build up worn or damaged components historically repaired by coatings or traditional welding processes. It also gives us the ability
to repair more complex geometries.
Recently, we expanded our aeroderivative
service offering for gas generators, power turbines,
and marine turbines, providing maintenance and
overhauls with full in-house component repairs and
performance testing. Additionally, we can supply
exchange and lease engines on specific models.
On the additive manufacturing front, we can
print parts to significantly cut lead times, as well as
reduce tooling investment costs. By printing parts
like vane trailing edges, nozzle airfoils, expander
segments, and pump components, we can optimize our repairs and replacements for quality
and delivery. ■
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LIKE NEW FOR LESS
With Regal Rexnord facilities
worldwide, we can recertify your
Kop-Flex® API-671 or other standardspecified 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™...

Regal Rexnord, Creating a better tomorrow and Kop-Flex are are trademarks of Regal Rexnord
Corporation or one of its aﬃliated companies.
© 2016, 2021 Regal Rexnord Corporation, All Rights Reserved. MC21067E • Form# 10042E

VENDOR SPOTLIGHT

MAN ENERGY SOLUTIONS
MAN is Emphasizing Digital Tools and Decarbonization Pathways
Within its Portfolio
BY DREW ROBB

M

AN Energy Solutions (MAN ES), a
daughter company of Volkswagen,
employs around 14,000 people at over
120 sites globally. As a major player in
advanced engineering for more than 250 years, it
has built a portfolio of technology solutions for the
marine, energy and industrial sectors.

GAS AND STEAM TURBINES

MAN ES offers modular, heavy-duty single- and
twin-shaft gas turbines in a power range between
6 MW and 12 MW. It is currently upgrading this
portfolio to operate on up to 100 % hydrogen. In
addition, it offers expansion turbines, which are
becoming important in energy recovery in many
industrial processes.
On the steam turbine side, MAN ES can
deliver back-pressure or condensing-type models
in a power output range from about 1 MW up to
about 50 MW. For mechanical drive the range
goes from about 1 MW to about 80 MW. Such
machines have been part of the company’s bread
and butter business for a great many years. It
boasts 1,350 customer references.

COMPRESSORS

Compressors and turnkey compressor train solutions manufactured by MAN Energy Solutions sit
at the heart of many processes in various industry
sectors such as industrial gases, oil and gas, chemical and petrochemical, LNG, CO2, urea, purified
terephthalic acid or nitric acid. The portfolio
includes centrifugal, axial, integrally geared, isothermal and process gas screw compressors as well
as vacuum blowers for the paper industry.
“I see great potential for the future of conventional machines, which can be further enhanced
for hydrogen and ammonia applications,” said
Mathias Scherer André, Senior Vice President,
Head of Sales & Project Management Industries
at MAN Energy Solutions. “Our customers in the
tissue, paper and cardboard production increasingly purchase our TURBAIR vacuum blowers
36
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A PTA machinery train by MAN Energy Solutions including an integrally geared
compressor, steam turbine, expander and motor/generator.

because of the reduced water and electricity consumption compared to conventional water
ring pumps.”
In addition to a wide range of conventional
centrifugal compressors with a vertical or horizontal parting line, the company offers oil-free hermetically sealed centrifugal compressors with
integrated high-speed motor drives. These come
under the product lines HOFIM and MOPICO.
They present broad application possibilities and
benefits. Whether as subsea, unmanned topside,
or even as a heat pump unit, the machine concept
can be configured for different demands and
equipped with application-specific features.
The HOFIM motor-compressor was initially
developed as a solution for gas storage. But customers now apply the technology in various other
segments. Most recently, it has been deployed as
the core element of MAN’s new cross-sector
ETES (Electro-Thermal Energy Storage) Heat
Pump unit. This is based on the operating principle of a heat pump, but on an industrial scale.

A centrifugal compressor
train for offshore gas
production by MAN ES.
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Two ETES Heat Pump systems are being
installed this year in a new district heating plant in
the Danish port city of Esbjerg. With an overall
heating capacity of 50 MW, the plant will supply
around 100,000 local inhabitants with approximately 235,000 MWh of heat annually.
Renewable power from nearby wind farms and
seawater will be used as a heat source for the generation of heating energy. The new plant will
guarantee an emission-free alternative to the city’s
current coal-fired power plant.
“This represents a new chapter in the success
story of our HOFIM compressor – an important
one that marks the path towards a decarbonized
future,” said Scherer André. “Energy in all its
shapes and sizes plays a fundamental role in the
future of our planet. That is why MAN ES is contributing to the climate goals established in the
Paris Agreement.”
Accordingly, the company is:
• Advocating a Maritime Energy Transition and
offering a range of alternative propulsion technologies to reduce fuel consumption and
emissions.
• Developing new technologies for the generation and storage of energy to deal with fluctuating renewable energies and lower the carbon
footprint of power plants.
• Implementing digital transformation to make
industrial processes more efficient and reliable.

CARBON CAPTURE, UTILIZATION,
AND STORAGE

MAN ES actively supports its customers in the
reduction, balancing, and avoiding of CO2 emissions by offering CO2 compression technology
solutions with the integrally geared product line.
In the Carbon Capture, Utilization, and Storage
(CCUS) field, MAN ES has more than 30 running
references around the world.
Aker Carbon Capture has entered into a cooperation partnership with MAN ES to offer energy
efficient CCUS compression solutions. Jointly
developed ‘Carbon Capture Heat Recovery’ technology (CCWHR) is applicable to large facilities,
such as the Heidelberg Cement Norcem cement
plant in Brevik, Norway, where the world’s first
carbon capture facility for large-scale cement production will soon be realized. From the summer of
2024, 400,000 tons of CO2 will be captured annually from the factory – corresponding to 50 % of
its overall emissions. Carbon will be compressed
and liquefied with technologies from Aker Carbon
Capture and MAN ES, and transported by ship to
an underground storage location.
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HYDROGEN TURBOMACHINERY

MAN ES already has decades of hydrogen compression experience, especially for refinery applications.
In the mid- to long-term, the company sees a huge
demand for turbocompressors to transport and store
large quantities of green hydrogen. With the acquisition of H-Tec Systems, its technology portfolio now
spans from green hydrogen production with electrolysers, across transport, and storage, to downstream
processes and end consumers of carbon-free fuels in
the marine and energy sector.
“We are open for pilot projects in this field to
demonstrate the technical and economic viability
of large-scale state-of-the-art hydrogen technologies,” said Scherer André.

Mathias Scherer André.

TURBOMACHINERY SERVICES

MAN PrimeServ operates a vast network of service
centers all over the world. Its focus is shifting away
from simple parts and on-site maintenance towards
extensive digital monitoring of compression equipment. It provides a suite of digital services to get
more out of the equipment at lower cost, such as
dynamic simulation, simulation-based control software, FAT (Final Acceptance Test), remote virtual
commissioning, operator training simulator, virtual
sensors, performance monitoring, and PrimeServ
assist for remote monitoring with its connection to
the MAN CEON Cloud, MAN’s digital
service platform.
“The journey through unmanned operation to
fully autonomous operation is well on the way,”
said Scherer André.
Regional PrimeServ service centers offer longterm service agreements, inspections and spare
parts deliveries, revamps, and complex rebuilds.
Customers can utilize these services to have turbomachines operating unmanned or they can leave
the monitoring of machine health status to MAN
ES by opting for the PrimeServ Assist application.
In addition, MAN EyeTech enables immediate
support for troubleshooting activities or overhauls.
This augmented reality-assisted application allows
mobile collaboration to be set up via data glasses,
or other video-capable terminals like smartphones
or laptops.
“Digital tools proved to be of paramount
importance after the pandemic’s arrival: since
2020, we have successfully executed fully remote
commissioning of compressor trains,” said
Scherer André. ■

The MAN HOFIM
motor-compressor.

MAN employee using
the augmented realityassisted MAN EyeTech tool

For more information, visit www.man-es.com
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NEW PRODUCTS

CO2 SEPARATION MEMBRANE FOR INDUSTRIAL EXHAUST GAS

DDR-type zeolite membrane.

NGK Insulators has developed a
DDR-type zeolite membrane, said to be
one of the world’s largest ceramic CO2
separation membranes. Demonstration
testing is currently in progress with a
view to using them for separating CO2
from associated gas and natural gas.
Amid a shift towards carbon neutrality,
there is a growing need for CO2 separation and recovery technology for industrial exhaust gas emitted from plants.
The membrane can be used for CO2
separation using differences in molecule
size. It is easily able to separate CO2 in
associated gas and natural gas, since

methane, their major component, has a
larger molecule size than CO2. On the
other hand, in industrial exhaust gas, the
major components are nitrogen and
oxygen, which have molecule sizes
similar to CO2. Therefore, it is difficult to
precisely separate CO 2 from industrial
exhaust gas using a DDR-type
zeolite membrane.
The newly developed CO2 separation
membrane for industrial exhaust gas
makes use of a difference in adsorption
characteristics (affinity) for molecules to
separate CO2 from nitrogen and oxygen,
which increases CO2 separation factor.
In testing uses simulated industrial
exhaust gas, the new membrane was
confirmed to have approximately five
times the CO 2 separation factor of a
conventionally developed DDR-type
zeolite membrane. Using the characteristics of ceramics, which can be used under
harsh conditions, the company is working
to increase the separation factor even
further for high temperature industrial
exhaust gases, aiming for commercialization in 2030 after demonstration testing.
ngk-insulators.com

CORROSION PROTECTION FOR TURBINES, GEARBOXES, AND
LUBRICANT SYSTEMS
Cortec’s newest lubricant additive offers
advanced cor rosion protect ion and
compatibility for ashless oil systems.
This is especially applicable to gearboxes, turbines, and other lubricant
s y stem s at r i s k for cor ros ion f rom
trapped water or moisture condensation. Corrosion can mean downtime
and ultimate failure on these critical
components. Cortec M-535 counters
these setbacks w ith two features for
corrosion protection in ashless systems.
Traditional corrosion inhibitor additives can only protect the metal surfaces
in direct contact with the oil to which the
inhibitor has been added. This leaves a
large percentage of the system unprotected as, for example, gearboxes are
often only half-filled. M-535 adds an
extra dimension of protection in the form
of vapor phase corrosion inhibitors.
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These molecules vaporize out of the
treated oil, diffusing throughout the headspace to form a protective molecular
corrosion inhibiting layer on metal
surfaces above the fluid level.
Compatibility with the base-oil is a
must-have for additives. When it comes
to turbines and other systems that use
ashless oils, additional compatibility
testing is essential. M-535 was designed
with an understanding of ashless performance requirements. It has been formulated for use in turbines, as well as many
general lubrication systems where ashless
chemistry is not mandatory. Possible
applications include gas turbines, wind
turbine gearboxes, speed reducers
between steam turbines and generators,
speed increasers, hydraulic systems and
compressor systems.

HIGH-CAPACITY VACUUM
BREAKER

Warren Controls has announced the
Series 200 high-capacity Vacuum
Breaker, ideal for use on outdoor tanks
where there may be concern over falling
temperatures causing tank collapse. It
opens gradually to admit outside air to
relieve the vacuum in the tank, eliminating possible damage caused when
falling liquid levels and condensing steam
causes a vacuum that can damage a tank.
Available in in cast iron, carbon steel,
and stainless steel bodies and seats, the
Series 200 is offered in sizes ranging from
2 to 12 inches, with a variety of trim and
paint options. The valves feature air relief
capacities up to 14,280 SCFM of air in the
largest size and ANSI Class 300 flanges.
warrencontrols.com

NEW LED LIGHTS

Emerson today added new models to its
Appleton TL LED temporary work light
family, enabling electricians, MRO
crews, mechanics, and construction
professionals to leverage bright, energy-efficient 360° illumination in more
projects to achieve improved safety and
productivity. Depending on their needs,
customers can now choose from 60W
(200W HID equivalent – 7,200 lumens),
100W (400W HID equivalent – 12,000
lumens), or 150W (600W HID equivalent – 18,000 lumens) TL models, all
delivering highly mobile, affordable and
bright lighting.
masteringLED.com

Turbines and gearboxes need effective
corrosion protection.

cortecvci.com
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ENERGY

BRIGHTER FUTURE

Ansaldo Energia’s GT36 gas turbine is the top of the range for performance and
power in our portfolio. With our products and solutions, from EPC to service,
from digital twin to remote monitoring, Ansaldo Energia is ready to face the
challenges of the energy transition towards a cleaner and more sustainable future.

petercom

I TA L I A N

NEW PRODUCTS

HYPERMILL CAD/CAM SOFTWARE SUITE

Image courtesy of Concepts NREC.

AGILE ENGINEERING DESIGN
SYSTEM RELEASE
Concepts NREC has released a new
version of the Agile Engineering Design
System, w ith a focus on improv ing
rocket engines. The Agile Engineering
Design System is an integrated suite of
software modules for Computer-Aided
Eng ineering (CA E) and ComputerAided Manufacturing (CAM) specialized for turbomachinery. Among the
new CAM capabilities is the introduction of probing operations for on-machine probing or CMM formats. It also
supports customization of standard toolpath files. Predefined strategies can, for
e x a m p l e , c o m b i n e r ou g h i n g a n d
finishing operations into one alternating
pat h, or you ca n create you r ow n
strategy using individual passes from
one or more operations.
Rocket turbopump design was the
focus of enhancements in the CAE suite.
On the turbine side of the shaft there is
now a streamlined system for the design
and analysis of drilled nozzles from
meanline through CFD. On the pump
side we have taken many of our in-house
design methods for secondary flow paths
and built them into the Agile system,
from meanline through CFD, as well as
improved the automated meshing
of inducers.
In addition to the rocket turbopump
improvements, the CAE suite includes
enhancements to every module. Some
of the highlights are the ability to optimize secondary f low paths and seals
parametrically, as well as improvements to automated CFD optimization
to detect convergence and new
real-fluid modeling.
conceptsnrec.com
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Open Mind Technologies AG has introduced its latest version of the hyperMILL
CAD/CAM software suite. It offers users new and enhanced features for NC
programming in applications ranging from 2.5D to 5-axis. For example, there is a
break-edge function for contour milling, combined pocket milling together with a
finish path allowing cutter compensation, and increased efficiency for 3D plane
machining. The automated 3D plane machining strategy improves machining quality
by searching for suitable, high performance path layouts according to parameters
including when adaptive pockets are present.
Tool data such as length, radius, corner radius, and tool number and name, can
be transferred directly from hyperMILL to a Heidenhain TNC640 control using the
CONNECTED Machining module. It is possible to import calibrated tools from a
tool management system to create programs, and then transfer the tool list or individual tool data to the machine.
Additional features include: Five-axis radial machining strategy for blow molds has
been enhanced to better handle steep areas and undercut regions, and to adapt to
3-axis machines as required; improved linking logic in hyperMILL VIRTUAL
Machining Optimizer for 5-axis table-table machines; and enhancements to CAD
functions and the integrated hyperCAD-S Electrode module.
openmind-tech.com

The Mobil Solvancer oil-soluble cleaner. Courtesy of ExxonMobil.

EXXONMOBIL INTRODUCES MOBIL SOLVANCER
OIL-SOLUBLE CLEANER
ExxonMobil has introduced Mobil
Solvancer, an oil-soluble cleaner that
helps operators of power generation and
petrochemical equipment improve
equipment reliability and reach extended
overhaul-to-overhaul goals. The product
was developed with Fluitec and is based
on the company’s Decon technology.
Designed for gas and steam turbine
applications, compressors and hydraulic
systems, Mobil Solvancer supports oil
conversions, alleviate operational issues
due to varnish, and help with oil life
extension. It can be added to in-service
oils to dissolve varnish and organic
deposits. This helps address escalating

bearing temperatures and avoids issues
such as re-adhesion, transfer of deposits,
filter fouling, and oil line flow blockage.
The cleaner has a low treat rate of 3-5%.
Solvancer is said to be gentle on
systems and compatible with a wide
range of oils. It is compatible with lubricants and hydraulic oils formulated with
API group I to IV base stocks. It has no
adverse impact on in-service oil or additive performance. It offers seal compatibi l it y, and is ben ig n to pa ints and
coatings commonly used in gas and
steam turbine applications, compressors
and hydraulic systems.
mobil.com/en/lubricants/
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NEW PRODUCTS
DRY GAS SEAL DIGITAL DIAGNOSTICS SOLUTION

John Crane announced the launch of John
Crane Sense Turbo, a dry gas seal digital
diagnostics solution to monitor conditions at
the heart of the compressor. It uses sensors
embedded into a compressor’s dry gas seal
to deliver continuous, real-time insight to
identify potential issues and ensure corrective actions are taken to extend the useful
life of the seal. John Crane Sense Turbo
uses a four-step data flow process:
1. Sensors collect data on conditions
that impact seal health.
2. Data from different sensors is
combined, processed at the edge,
uploaded to the existing process control
system (PCS) and distributed control
system (DCS), and sent to cloud servers
for additional real-time processing and
archiving, using industrial-grade
using enterprise-grade cybersecurity in
cybersecurity.
the cloud with multifactor-protected
3. Real-time pre-set alerts and alarms
data portals.
are sent to applicable devices.
4. Access to secured and actionable
John Crane Sense Turbo is part of the
information is available on any device, John Crane Sense suite of solutions. It is

an open platform designed to allow third
parties, component OEMs, and end users
to digitize their physical devices with
application development support from
John Crane.
johncrane.com

MITSUBISHI POWER’S T-POINT 2: THE JOURNEY CONTINUES
FOR THE WORLD’S FIRST AUTONOMOUS POWER PLANT
Mitsubishi Power’s T-Point 2, the world’s first operational smart
power plant, has been operating commercially since July 1,
2020. By the beginning of 2022 it had over 6,000 operating hours
and well over 200 start/stop cycles. Many existing elements
of Mitsubishi Power’s TOMONI™ suite of intelligent solutions
were integrated into T-Point 2, and many new solutions are now
being validated on T-Point 2. These include control upgrades,
data analytics that provide O&M optimization, performance
improvement and flexible operation, and are the reason T-Point 2
is already the smartest plant in the world.
Mitsubishi Power works with customers to identify real-world
needs. We create tools that will make the autonomous power

plant a reality, while applying intelligent solutions to existing
power plants to make them more competitive and flexible
to support decarbonization. TOMONI Solutions installed at
T-Point 2 have been very successful in achieving the objective
of validating new solutions prior to deployment in customer
plants, and additional solutions have already been identified for
installation and validation later this year. The digital ecosystem of
the smart power plant of the future has enhanced flexibility and
security, with an improved level of reliability, lower O&M costs and
reduced CO2 emissions. Mitsubishi Power is pushing forward, and
T-Point 2 is moving closer every day to becoming the world’s first
autonomous power plant. For more information about TOMONI
intelligent solutions, visit changeinpower.com/tomoni.

© Mitsubishi Heavy Industries, Ltd. All rights reserved.
TOMONI™ is a trademark of Mitsubishi Heavy Industries, Ltd.
Mitsubishi Power is a power solutions brand of Mitsubishi Heavy Industries.

MP_99834_TOMONI_HUB_Turbomachinery-Print_Ad_7.25x4.75_R2.indd 1
Turbomachinery International • January/February 2022

1/28/22 9:33 AM
www.turbomachinerymag.com

41

MYTH BUSTERS

MYTH: THE DIGITAL TWIN
KNOWS IT ALL

T

he latest buzzword in the turbomachinery
industry is the digital twin. It’s being praised
as the holy grail for everything from failure
prevention and maintenance reduction to
life extension, improved operation, and parts forecasting. While the digital-twin concept offers definite value for machinery operation, some of these
claims stretch the truth. It’s worthwhile to discuss
what a digital twin really is, what it can do, and
where its limitations lie.
A digital twin is a computer virtual representation and simulation of a real physical object or
process. Although the idea has been around for a
long time, the basic concept and definition were
introduced in 2002 by Michael Grieves, then at
the Universit y of Michigan, as a model for
Product Lifecycle Management. NASA then
coined the term in 2010 in a Roadmap Report.
The digital twin consists of three parts: the physical object, the digital or virtual product, and the
connections between the two. The concept has
branched out into different types, such as the
digital-twin aggregate (DTA), where multiple
digital twins operate in parallel to simulate a
complex system.
Implementing a simple digital twin or a more
complex DTA requires data about the real-time
status of the real-life object, as well as the ability to
operate, maintain, or repair the real system
remotely via a parallel digital twin representation.
Think of Apollo 13, where the ground-based engineers were able to determine how to rescue the
mission remotely by simulating all operations and
failure scenarios to identify a viable solution.
Thus, “the ultimate vision for a digital twin is to
be able to create, test and build [our] equipment
in a virtual environment” (John Vickers, NASA,
2010).
In its purest form, the digital twin is a product
and technology development tool. That means it
is also an alternative to big data approaches,
where correlation is assumed to be a proxy for
causation. The digital twin is essentially a
computer simulation program that uses real-life
data to create simulations that can predict how a
physical asset will perform. Artificial intelligence,
self-learning, and software data analytics can also
be utilized to enhance and refine the output.
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But, to quote Lewis Carroll’s Humpty Dumpty
in Through the Looking-Glass, “When I use a word, it
means just what I choose it to mean.” So, what
does “digital twin” mean in current turbomachinery discussions about condition monitoring,
predictive interventions, condition-based repair
and process optimization?

Overuse of the term “digital twin” may lead potential
adopters to become cynical of the buzzwords and
shiny presentations.
The distinction between a simulation model
and a digital twin is not really clear. The basic
components of a digital twin are a model and
some real-life operational data. That’s nothing
new. For decades, we have used performance
models — in the form of performance curves or
compressor maps, for example — to determine
the health of equipment by simply comparing the
expected behavior (from the curves) to measured
performance data. The difference between a
model and a digital twin (i.e., “a digital twin
without a physical twin is a model”) does not help
because the performance curves actually reflect
the behavior of a real machine.

“A digital twin is a virtual representation and
simulation of a real physical object or process.”
The added feature of a true digital twin versus
a simple model is that a digital twin can adapt to
changes of the physical object over time. For
example, if a machine shows wear or has performance degradation, a true digital twin can adjust
whereas a simple model simulation cannot. The
digital twin thus provides added value in that it
provides a more accurate representation of the
current state of the machine. This can be of significant value when scheduling maintenance and
repairs or predicting remaining life since the
digital twin’s updated parameters directly relate to
known physical failure mechanisms.
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One of the key insights of digital-twin
operation is that the simulation model used in
the background does not have to be complicated. The use of performance curves noted
above can be part of a digital twin. But
updating the model to the current state of the
machine using measured data is not trivial.
Measured data is always subject to condition,
measurement, and statistical uncertainties.
The digital-twin correction using actual data
(from operations, field, and factory testing)
must be treated as a statistical process — the
more data, the better the model improvement. The sourcing of test data from multiple
(more or less) identical machines helps significantly when correcting the model. This means
that a manufacturer with a large number of
machines in operation (gas turbines, steam
turbines, compressors etc.) has an advantage
when building a digital twin.
The minimum requirements for the model
used in a digital twin are simply that it is sufficiently physics-based, accurate, and quick to
run. The concept of a digital twin, leaving all
the hype aside, is based on existing and mature
technologies. Overuse of the term may lead to
underutilization when potential adopters

become cynical of the buzzwords and shiny
presentations. Using the concept requires trust
in the model, the data, and the algorithms used
to update the model. Supervision by human
experts is still required for checking the plausibility of the model outcomes and digital-twin
recommendations. ■
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Your partner now,
and in the future

At Atlas Copco Gas and Process, our mission is to help our
customers become leaders in the global move to decarbonization
and a circular economy. This requires smart rotating equipment solutions
capable of pushing beyond known technological limits, and into uncharted territory.
Atlas Copco Gas and Process will play an essential role in this: We have the
experience. We have the technologies. And with factories in Germany, The United States,
Canada, China, Korea, and India, we have the global footprint to make these ideas a reality.
The move towards a more sustainable future includes emerging fields such as
Energy Storage, Hydrogen and Carbon Capture Utilization and Storage. Even though fossilbased feedstocks will be utilized less, our compressors, expanders and pumps will be needed
in many future applications that are needed to supply the global economy with consumer
and industrial goods.
With passionate people and state-of-the-art products, we are committed
to building a greener future.

Discover more at atlascopco-gap.com
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Powering the
energy transition

Atlas Copco Gas and Process is well prepared to support
our customer’s business and process requirements – especially
through H2 Production, Usage and Transportation. Building on decades
of experience in hydrogen-rich processes, Atlas Copco Gas and Process centrifugal
turbocompressors and turboexpanders enable many critical
processes in hydrogen, new energy markets and beyond.

Hydrogen
Production

Hydrogen
Transportation

www.atlascopco-gap.com

Hydrogen
Usage

