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WHO IS IN CONTROL?

ontrol — always a hot topic. The reds and blues

fight for control of Congress. There will be a

monumental battle for control of the U.S.

come the November election. And of course,
there are currently a whole lot of people telling us
what we can and cannot do, where we can and cannot
go and who we can meet — if anyone at all.

Like political control, turbomachinery controls are
dynamic and changing. That is the subject of our cover
story. A wave of innovation has swept across the controls
and instrumentation field recently. We’ve talked about
many of these technologies for years. But they were
never quite ready for prime time. Many of them have
now reached sufficient maturity to be trusted by plant
operators and fleet owners.

The Industrial Internet
of Things (IIoT), digitali-
zation, miCroprocessors,
new software platforms,
the cloud, advanced ana-
lytics, machine learning,
wireless technology,
mobility, connectivity,
augmented reality, virtu-
alization, artificial intelli-
gence, cybersecurity, big
data, Software-as-a-Ser-
vice and many other
breakthroughs have
advanced the field like
never before. This has
given rise to enhanced capabilities for remote moni-
toring and operation, digital twins, remote field ser-
vice, maintenance automation, real-time plant and fleet
management and tighter inventory control. Those har-
nessing these tools report fewer unscheduled outages,
and longer plant and equipment lifespans.

In these times of dire forecasts about turbine sales
and slow market recoveries, it appears that software
and controls are destined to be a hot area for some time
to come. Those holding onto aging turbines without
replacement should at least want to operate them with
the latest controls. Similarly, the business world at
large is adopting these tools in a big way. Whether
from head office, partners, customers or rivals, pres-
sure will inevitably mount to adopt the latest control
and instrumentation software capabilities. Those look-
ing for market growth, or for an avenue to replace lost
revenue, would do well to look into how they can uti-
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software and controls
are destined to he a hot
area of the market for
some time to come.

lize these technologies to add value, bring about
greater connectivity and better serve their users.

The issue is otherwise packed with goodies. We have
a follow-up story to our May/June cover story on Covid-
19. Things appear less grim and many are seeing a slow
return to normality. There is also an overview article on
Power-to-X: an umbrella term for various approaches to
the conversion, storage and reconversion pathways that
take advantage of surplus electric power from renewable
energy (typically from solar during the day or wind at
night). The X stands for the type of energy into which the
electricity surplus is being converted. This is generally
gases, liquids or heat.

Further feature article topics include how to
upgrade centrifugal com-
pressors using inlet guide
vanes, a more efficient way
to conduct LNG regasifica-
tion, offshore air filtration,
how to repurpose aging tur-
bines into synchronous con-
densers, and best practices
for boiler and HRSG
upgrades. Columns take up
subjects such as a summary
of recent webinars, gearbox
trends, turbomachinery
startup and post-commis-
sioning, and the differences
between the storage and
transportation of energy.

Changes

After close to two decades at the helm, our publisher
Richard Zanetti has retired. Richard’s leadership
revived the fortunes of the magazine and made it what
it is today. Richard is replaced as publisher by Mike
Tracey, a veteran of the publishing field.

Further changes at the magazine: Our new associ-
ate editor Rory Pasquariello has taken over the online
and newsletter functions from Kalyan Kalyanaraman.
Kalyan is thanked for his many years of service. You
can find Rory’s email address in the masthead. Please
add him to your press distribution list.

We hope to have a chance to visit your booths some-
time in the near future — perhaps at PowerGen, if not
before. Wishing you all good fortune in your efforts to
emerge from this period of economic turmoil.

Let’s get back to work! m

DREW ROBB
Editor-in-Chief

www.turbomachinerymag.com
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U.S. LNG EXPORTS EXPERIENCE
FALLOUT FROM COVID-19 AND
THE OIL PRICE COLLAPSE

A revised forecast has come out on the
natural gas market primarily due to the
Covid-19 pandemic and the brief crude oil
price war initiated by Saudi Arabia due to
the failure of extending OPEC+ produc-
tion curtailments. These led to an unprec-
edented collapse in crude oil prices as
well as oil rig numbers declining at the
most rapid pace ever. As a consequence,
gas production has declined as well. Ana-
lyst firm RBAC, therefore, predicts that
gas prices will trend higher, breaching the
$3.00/MMBtu in January 2021. This will
be driven by domestic production
declines, especially in the oil-centric
basins, and to a lesser extent demand
rebounding, albeit at a modest pace.

An anticipated dramatic supply cur-
tailment will see U.S. natural gas produc-
tion falling from nearly 97 Bcf/d in Feb-
ruary 2020 to 88 Bcf/d during the June
2020 to August 2020 period. It could take
some time for production to rebound.

This is impacting U.S. LNG exports.
With global gas demand dropping dramat-
ically, U.S. LNG exports over the next
several years are expected to be signifi-
cantly lower than previously forecast. The
latest integration of RBAC’s modeling

system suggests approxi-
mately 1 Bef/d lower
exports though the bal-
ance of 2020, while the
divergence grows to over
3.5 Bef/d during the sum-
mer of 2021 and
approaches nearly 5
Bcef/d by December 2021.
This dramatic drop is due
to much higher prices
coupled with lingering
global gas demand weak-
ness which makes U.S.
natural gas less competi-
tive globally.

This does not mean
that U.S. natural gas will
remain uncompetitive
longer term. In fact,
prices remaining in the
$3.00 to $3.50/MMBtu range throughout
2021 and 2022 provoke the supply
response necessary to moderate prices,
said RBAC. Simultaneously, global
demand returns to more normal levels
leading to a rebound in U.S. LNG exports
thereafter.

U.S. domestic gas demand has been
impacted by Covid-19, though not as
much as crude and refined products have
been due to their greater use as transpor-

RBAC’s forecast of U.S. LNG exports made in Q4 2019
compared to the latest forecast in red. Source: RBAC’s
GPCM Natural Gas Market Forecasting System outlook.

tation fuels (diesel, jet fuel, and gasoline).
There is, however, some spill-over effect
from transportation fuels demand destruc-
tion to natural gas industrial demand.
Specifically, refineries, petrochemical
plants, auto manufacturing and other
industrial demand related industries have
significantly reduced operations — some
have ceased operating all together. This
shuttered demand is likely to remain lower
than normal until 2022 — 2023.

MHPS digest

Mitsubishi Hitachi Power Systems
(MHPS) bagged orders of 2,638 MW in
the first quarter of 2020, which brought
its market share to 28.5%. Sales in both
the advanced class and aeroderivative
segments contributed the most. One order
was for two renewable hydrogen-capable
JAC gas turbines (GTs) for the Inter-
mountain Power Agency in Delta, Utah.

MHPS received an order for a steam
turbine (ST) for the Datan Power Plant
in Taoyuan, Taiwan. The equipment
will be used to convert simple cycle
generators to combined cycle, increas-
ing capacity from 600 MW to 900 MW.
Combined cycle operation is scheduled
to begin in November 2023.

MHPS has received an order from
Chinese firm Baotou Steel Group for two
blast furnace gas (BFG)-fired 165 MW
GTs. These combined cycle power plants
(CCPPs) with M701S (DA) X series GTs
utilize BFG produced in the steel plant.
BFG-fired CCPP units comprise a GT,
heat recovery boiler, ST, power genera-
tor, gas compressor and auxiliary equip-
ment. BFG has a low-calorie rating com-
pared to natural gas. Special combustors
are required.
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Blade testing
The Electric Power Research Institute
(EPRI) has evaluated the application of
an inspection technology developed for
jet aircraft engines to help operate indus-
trial and power sector GTs more safely
and reliably. The evaluation focused on
applying Vibrant Corporation’s Process
Compensated Resonance Testing (PCRT)
for hot section blades, EPRI found that
the technology’s use can decrease the risk
of blade failure and extend component
life. Model-specific blade frequency
characteristics were used in testing.
PCRT is a non-destructive, ultra-
sonic technology for qualitatively eval-
uation of blade material state, struc-
tural integrity and dimensional varia-
tions. It applies statistical metrics and
pattern recognition tools to pick out
parts that differ from the rest.

Opra commissioning

Opra China successfully commis-
sioned an OP16 GT using a titanium
dioxide flash drying system at the
Lomon Billions project in China’s
Henan Province. The unit can achieve
more than 85% efficiency. Heat is con-
verted into electric energy and low-
grade heat is used for drying.

Voith digest
Voith Group and Moog, both developers,
manufacturers and suppliers of electric,
hydraulic and hybrid drive solutions,
have formed a joint venture known as
HMS — Hybrid Motion Solutions based
in Rutesheim, Germany. The joint ven-
ture aims to expand the hydrostatic ser-
vo-hydraulics business in various indus-
trial markets. The joint venture will
focus on research and development,
design and assembly as well as service.
Voith successfully completed the
acquisition of ELIN Motoren, an Aus-
trian high-tech company in the field of
electric motors and generators. ELIN
Motoren will remain independent as a
business and will continue to be active
using the established ELIN Motoren
brand. Customers of both Voith and
ELIN Motoren will continue to have
access to the same sales channels. ELIN
Motoren manufactures electric motors
and generators in small series, as well as
individualized solutions for industrial
applications. In this area, the company
focuses on electric machines, motors in
the low-voltage, medium-voltage but also
in high-voltage range, and generators, in
particular for wind energy and decentral-
ized energy generation.

www.turbomachinerymag.com



Kobe Steel subsidiary

Kobe Steel announced that a Chinese
affiliate, Wuxi Compressor has become
its subsidiary after acquiring additional
shares in the company. Based in Wuxi,
Jiangsu Province, Wuxi Compressor
manufactures designs and sells non-stan-
dard (process gas) compressors, a core
component used in petroleum refining,
chemical and natural gas plants.

In response to the growing demand
for non-standard compressors in China,
Kobe Steel acquired a 44.3% equity
share of Wuxi Compressor in 2011. With
additional 25.7% of shares acquired,
Kobe Steel is the majority owner. By
turning it into a subsidiary, Kobe Steel
will be able to provide more flexible
business operations and strengthen its
marketing capabilities while offering
better service in China. It aims to meet
the growing demand for non-standard
compressors in China.

Kobe Steel is one of the few manu-
facturers in the world that supply three
types of major compressors: screw com-
pressors, reciprocating compressors, and
centrifugal compressors. In particular,
Kobe Steel has the largest market share
for non-standard screw compressors.
The Kobe Steel Group has manufactur-
ing locations for non-standard compres-
sors in Japan, the United States and
China, along with sales and service loca-
tions in Germany, the United Arab
Emirates (UAE), Brazil, the Philippines
and Singapore.

GE digest

GE completed a major inspection of the
Siemens’s 60 MW SGT-800 gas turbine
(GT) installed at the Ufa TPP-2 CCPP,
owned by Bashkir Generation. The 519-
MW Russian plant is in Ufa, Republic of
Bashkortostan. Component repairs were
carried out at the GE Energy Technology
Center in Kaluga (150 kilometers south of
Moscow). The inspection included the
modernization of elements of the turbine
unit, as well as first startup, commission-
ing and tuning, test validations and safety
measures.

GE provided two synchronous con-
densers and flywheel units to Italian grid
operator Terna. for the Brindisi substation
in southern Italy. Each unit will supply
reactive power of up to +250/-125 MVAr
and 1750 MWs inertia to provide grid sta-
bility. They will be installed along the
transmission system to produce or absorb
reactive power to keep the power flowing
consistently. GE’s synchronous condensers
also regulate energy parameters, regulate
voltage, improve the energy factor, and
increase the inertia of the grid. Scope of
supply includes design, civil works, supply,
installation and commissioning of two
electrical two-pole generators, step-up
transformers, generator circuit breakers,
electrical and mechanical auxiliaries and

balance of plant, protection and controls
systems, monitoring and diagnostic sys-
tems, as well as 20 years of maintenance.
Each of the generators will be equipped
with a flywheel to respond to the inertia
requirements from Terna. In total, GE’s
eight synchronous condenser units will
supply up to 1,820 MVAr of reactive power
with a value of 10,500 MWs of inertia.

GE installed a new rotor and a com-
pressor upgrade on a GE 9F.03 GT at Tir-
reno Power’s 1,200 MW Torrevaldaliga
Sud Power Plant near Rome. The project
goal was to enhance reliability and avail-
ability. Engineering enhancements reduce
the impact of degradation that naturally
occurs with time on rotor components and
improves lifespan.

Edison has selected GE’s advanced
gas path (AGP) technology for its Torvis-
cosa 780 MW power plant, located in Tor-
viscosa, Friuli region, Italy. The hardware
upgrade applies to two GE 9F.03 GTs at
Torviscosa to increase the plant’s output
by more than 6% and its efficiency by
around 1%.

GE has received an order for its GT26
HE gas turbine upgrade with Japanese
power producer JFE Steel at its Chiba
Power Plant in Japan. Plant output is
expected to increase by more than 10
MW, with efficiency increasing by more
than 1%. The upgrade introduces technol-
ogy from GE’s HA GT, as well as additive
manufactured parts, streamlined aerody-
namics, new materials and better combus-
tion dynamics. The upgrade is expected
to be completed in Baden, Switzerland
and shipped for installation in 1Q 2021
and is expected to be operational by
mid-2Q 2021.

Renewable natural gas

U.S. Gain has completed a renewable
natural gas (RNG) supply agreement
with the Port of Seattle. RNG will be
used to heat Seattle-Tacoma Interna-
tional Airport (SEA) and power its fleet
of buses. RNG is produced from meth-
ane captured during the decomposition
of organic materials at agricultural
farms, landfills and wastewater treat-
ment plants. It is cleaned and condi-
tioned to meet pipeline standards and
injected into existing natural gas distri-
bution pipelines.

www.turbomachinerymag.com

Doosan digest
Doosan Skoda Power installed a DST-S20
ST with an output of 200 MW at the
Punta del Tigre combined cycle power
lant near Montevideo, Uruguay. Doosan
Skoda Power worked with Hyundai Engi-
neering & Construction, a Korean engi-
neering, procurement and construction
(EPC) company. In addition to the ST
(with double-casings, condensing with
reheat and the radial steam outlet from
rear low pressure part into the water con-
denser), the manufacturer supplied a gen-
erator, a control system and field instru-
mentation, an oil system, piping, a gland
steam system and drain system.

Doosan Skoda Power has made top
management changes. Sukjoo Kang
replaced the long-time General Director,
Jifi Smondrk. Global restructuring is now
underway. In addition, the new Chief Oper-

ational Officer (COO) is Daniel Prochazka.

Doosan Skoda Power is supplying two
50 MW STs with controlled extractions,
gearboxes and generators to the Volkswa-
gen factory in Wolfsburg, Germany.
Requirements for operation within the
automobile factory differ considerably
from standard supplies for conventional
or industrial power plants, as it generates
electrical energy and but also supplies
steam to other technologies of the factory.
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Siemens digest

Siemens Gas and Power has been selected
to supply a range of compression and power
generation equipment for the Balikpapan
Refinery located on Borneo Island in East
Kalimantan, Indonesia. The facility is
owned and operated by PT Pertamina (Per-
sero). The project involves the construction
of a residual fluid catalytic cracker (RFCC)
unit with a capacity of 90,000 barrels per
stream per day (bpsd); a liquefied petro-
leum gas (LPG) sulfur removal unit; a pro-
pylene recovery unit; and an 80,000 bpsd
middle distillate hydrotreater. Scope of
supply includes four GTs, 17 reciprocating
compressors and a single-stage, hot gas
expander. Compressor models include eight
HHE-VL compressors, two HHE-FB com-
pressors, four HHE-VG compressors, and
three HSE compressors, as well as four
SGT-800 GTs and five SST-600 STs. The
hot gas expander will recover waste heat
(i.e., flue gas) from the RFCC reactor to
produce 20 MW of power to drive an air
blower and ST. This will increase refinery
output from 240,000 barrels per day (BPD)
to 360,000 BPD.

Siemens Gas and Power was awarded a
contract to supply three SGT-300 industrial
GT generators, three mechanical drive SGT-
300 GTs and three Datum centrifugal com-
pressors for the Petronas Kasawari Gas Field
Development Project in the South China
Sea, offshore Sarawak in Malaysia. The cus-
tomer, Malaysia Marine and Heavy Engi-
neering (MMHE), has formed a joint ven-
ture with TechnipFMC to execute this work,
with Petronas as the end user. The three
SGT-300 units will have dual-fuel capability,
and each will have a power capacity of 7.9
MW. The three mechanical drive GTs will
produce 9 MW to drive the compressors to
compress and export sales gas to the exist-

ing riser platform nearshore, before deliver-
ing gas to the LNG complex. The units will
be delivered to the customer by Q1 2023.
Siemens Gas and Power was awarded a
contract from CCZ JV (a joint venture
between Chiyoda International, McDer-
mott International, and Zachry Group) to
supply three cryogenic boil-off gas (BOG)
compressor trains for the Golden Pass LNG
export terminal in Sabine Pass, Texas. The
facility will be integrated into the existing
Golden Pass LNG import terminal. It will
include the construction of three liquefac-
tion process trains, each with a nominal
output of approximately 5.2 million metric
tons per annum (MTPA). Scope of supply
covers the engineering, manufacturing,
and testing of the three, single-shaft cen-
trifugal BOG compression packages, along
with all installation and commissioning.
Each of the compressor packages will be
driven by a 6.8 MW electric motor. Manu-
facturing, testing, and packaging will take
place in Duisburg, Germany. Scope also
includes a frame agreement to supply all
low-voltage electric motors and electric
variable speed drives (1 —200 horsepower)
and all medium-voltage (250 — 1,500 horse-
power) electric motors. In addition to the
BOG compressor trains, Siemens Gas and
Power will also provide ST generator sets
for the Golden Pass LNG export terminal.
Siemens Gas and Power was awarded
a contract to supply two SGT-400 GT
compression packages for Midcoast Ener-
gy’s CJ Express pipeline expansion proj-
ect in east Texas. WHC Energy Services,
supported by Universal Pegasus, will be
the EPC provider. The two mechani-
cal-drive compression packages can pro-
duce 39,000-horsepower. The SGT-400
GTs will be packaged at Siemens Gas and
Power’s Telge Road facility in Houston,

Hydrogen turbine

The HyflexPower project aims to demon-
strate a GT running on 100% hydrogen.
Excess renewable electricity will be stored
in the form of green hydrogen. During peri-
ods of high demand, hydrogen will be used
to generate electrical energy. This is part of
what is known as Power-to-X (or P2X), i.e.,
converting electricity into another energy
vector. The X in this case is hydrogen.

The project consortium is made up of
Engie Solutions, Siemens Gas and Power,
Centrax, Arttic, German Aerospace Cen-
ter (DLR) and four European universities.
It is funded by the European Commission
under the Horizon 2020 Framework Pro-
gram for Research and Innovation. If suc-
cessful, it will be the first industrial-scale
power-to-X-to-power demonstration. It

will be launched at Smurfit Kappa PRF’s
recycled paper manufacturing site in Sail-
lat-sur-Vienne, France. The purpose is to
prove that hydrogen can be produced and
stored from renewable electricity and that
up to 100% can be run in a GT in com-
bined heat and power (CHP) plants. An
existing Siemens SGT-400 GT will be
upgraded to convert stored hydrogen into
electricity and thermal energy.

Engie Solutions operates a 12 MWe
CHP facility at the site that produces steam
for manufacturing. The project will begin
with a mix of natural gas and hydrogen
and gradually increase the quantity up
to100% hydrogen by 2023. Siemens
Energy will supply the electrolyzer for
hydrogen production and develop the
hydrogen gas turbine. Centrax will
upgrade the package.
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Texas, while the compressors will be built
at the company’s facility in Olean, N.Y.,
USA. The first compression trains will be
shipped later this year to support commer-
cial operation for early next year.

Siemens Gas and Power was selected to
provide three 33 MW SGT-700B GTs for a
Long-Term Program (LTP) with Ascend
Performance Materials’ nylon intermediate
and specialty chemicals facility in Decatur,
Alabama. This will allow Ascend to retire
assets that currently provide process steam.
The shift to GTs for steam generation is
part of a sustainability strategy. Siemens
will perform all scheduled outages for eight
years. At the time of the first inspection,
the B-series generators will be upgraded to
C-series models (35 MW rating) to operate
in a cogeneration application. Commission-
ing is expected in Q4 2021.

Vattenfall Warme Berlin commis-
sioned the Berlin-Marzahn CHP plant,
which was built by Siemens Gas and Power
as general contractor. It is a natural gas-
fired CCPP with district heating extraction.
It provides electricity for up to one million
inhabitants and supplies around 150,000
households with district heating. The plant
has an electrical capacity of 260 MW, a
thermal capacity of around 230 MW and a
maximum fuel efficiency of 92%.

High-temperature blades

The U.S. Department of Energy has
announced up to $28 million in funding
for a new Advanced Research Projects
Agency-Energy (ARPA-E) program,
Ultra-high Temperature Impervious
Materials Turbine Efficiency (Ulti-
mate). The program will develop and
demonstrate blade materials that can
operate in the high temperature and
high stress environments. Projects will
target applications in power generation
and aviation. The Ultimate program
aims to improve GT efficiency by
increasing the temperature capability of
materials. It targets operation continu-
ously at 1300°C or turbine inlet tem-
peratures of 1800°C or higher when
coatings are used.
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Man ES compressor trains
being installed at a facility in
the Netherlands for CO2
storage.

MAN digest

MAN Energy Solutions (ES) in Berlin
has been awarded a contract for the engi-
neering of three RG compressor trains for
a carbon capture, utilization and storage
project in the Netherlands. It will store 2.5
million tons of CO, per year under the
North Sea, captured by various compa-
nies in the Rotterdam port area. A pipe-
line will run for around 30 km to a plat-
form off the Dutch coast. CO, will be
pumped into the exhausted P18 gas fields.
Storage capacity should be about 37 mil-
lion tons. The captured CO, can also be

used for industrial applications, such as
greenhouse horticulture to foster faster
plant growth.

The MAN ES scope of work covers
the engineering of two RG 25-4 and one
RG 31-4 compressor trains with an order
for three additional units intended at a
later stage. The trains will be located at a
compressor station on Maasvlakte, the
man-made, western extension to
Europoort. CO, will be pressurized to
~132 bar to transport and inject the gas
into fields more than 3,200 meters below
the sea. The compressors can handle up
to 285 tons of CO, per hour, depending on
how many units are running. CO, storage
should begin by the end of 2023.

MAN ES will supply two MST050
STs, each with a gearbox, generator and
auxiliary components, for a CHP plant in
Leipzig, Germany. The STs, with a total
power output of roughly 56 MW, will help
supply the city with electricity and heat.
Condensation heat that is not used to gen-
erate electricity is utilized in the citywide

district heating network.

Turboden manufacturing

The Italian Organic Rankine Cycle
systems supplier Turboden has
expanded its internal production to
include the production of bundles for
air coolers and their on-site assembly.
These bundles consist of an assembly
of tubes, headers, side frames and tube
supports that make up air-cooled con-
densers, a core component of an ORC
plant. This helps to optimize ORC
design and shortens lead times

No engineer left behind

To support the turbomachinery commu-
nity, SoftInWay has started a “No Engi-
neer Left behind” program. Any engi-
neer that lost a job to the Covid-19 epi-
demic can reach out to learn@softinway.
com and receive free access to the edu-
cational version of the AXSTREAM
platform, and the company’s E-Learning
classes on topics such as turbomachin-
ery design, system level analysis/model-
ing, and rotor dynamics.

European Power-to-X
consortium
“FLEXibilize combined cycle power
plant through Power-to-X solutions
using non-CONventional Fuels,”
(FLEXnCONFU) is a research proj-
ect funded by EU’s research and
innovation program Horizon2020.
The goal is to develop and demon-
strate economically viable and repli-
cable Power-to-X-to-Power (P2X2P)
solutions that convert renew-
able-sourced electricity into hydro-
gen or ammonia prior to converting
it back to power. This will enable the
design and operation of an integrated
power plant layout that can untap
additional combined cycle flexibility.
Alternative fuels such as H, and
ammonia (NHj) are part of a planned
fuel switch in EU to reduce emis-
sions. FLEXnCONFU will first be
demonstrated in a microturbine. A
consortium of 21 partners is led by
Rina Consulting. It includes EDP
Gestédo da Produgao de Energia, Cen-
tre for New Energy Technologies,
Baker Hughes, MAS Advanced
Technologies for Power and Energy,
Hydrogenics (part of Cummins), Pro-
ton Ventures, Tirreno Power, Engie
Laborelec, ICI Caldaie and academic
and research institutions.

www.turbomachinerymag.com

Capstone digest

Capstone Turbine distributor Cal Micro-
turbine signed a long-term service con-
tract fora 1 MW Capstone C1000 Signa-
ture Series microturbine system installed
at a Wastewater Treatment Plant in
Southern California. It provides 10-years
of service coverage, including both
scheduled and unscheduled mainte-
nance. The plant uses microturbines on
biosolid-based renewable fuel for electri-
cal & thermal generation.

Capstone Turbine received an order
for three C65 microturbines from for a
large oil and gas midstream operator from
distributor Lone Star Power. Commis-
sioning is planned for this summer.

Capstone Turbine received an order to
provide a 600 kW Signature Series micro-
turbine to a pharmaceutical manufacturer
in Mexico. Distributor DTC Solutions
secured the order, which is scheduled to
be commissioned in July 2020. The natu-
ral-gas-powered microturbine will be
installed in a 90,000-square-foot facility
and serve as a pilot project to show the
benefits of microturbine technology in a
CHP application, with the potential to
implement the solution across two addi-
tional manufacturing facilities.

Capstone received an order for the
Walker’s Cay redevelopment project in
the Caribbean that includes two C1000
Signature Series (C1000S) microturbine
energy systems. Secured by E-Finity Dis-
tributed Generation, these units will be

commissioned in the Fall of 2020. The
liquified natural gas (LNG)-fueled C1000
Signature Series systems will replace die-
sel reciprocating engines.

Capstone received an order for a
three-bay, 400 kilowatt, C400 Signature
Series (C400S) microturbine system to
modernize a water pollution facility in
upstate New York. The microturbine will
be utilized in a CHP application and will
run on biogas produced on-site from
municipal solid waste. Distributor GEM
Energy secured the order. The CHP plant
will incorporate new digesters, advanced
gas treatment and heat exchangers for
heating the digesters. The microturbine
will generate electricity for the facility
with recovered heat utilized to sustain
the digester process.

Capstone has received an order for two
microturbine skid packages from an oil
and gas exploration and production com-
pany in the Sultanate of Oman. Pipeline
Supply Company (PSC), Capstone’s exclu-
sive distributor in Oman and Qatar secured
the order which is expected to be commis-
sioned in the spring of 2021. Each skid will
include two C65 Capstone microturbines.
They will run on high pressure sour gas
extracted from hydrocyclone systems at oil
and gas processing stations. High pressure
gas from the hydrocyclones at each site
will be bled down, cleaned and conditioned
before being used in each microturbine.
The power generated will be fed back into
the customer’s low voltage power grid.
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LNG struggles
Reduced demand due to economic slow-
down, coupled with the Covid-19 out-
break, has led to cancellations of long-
term LNG supply contracts and cargo
deferments by importing counties. This
has led to low utilization of liquefaction
capacity, primarily in the U.S. Further-
more, the fall in gas prices deepens the
crisis for LNG suppliers and upstream
gas producing companies in the region,
said analytics company GlobalData.

Failing to secure a long-term buyer
commitment for its Driftwood project,
Tellurian Investments is likely to delay its
final investment decision (FID) by nearly
two years. This is likely to push the proj-
ect commencement timeline to 2025. Sim-
ilarly, Pieridae Energy is delaying its FID
on the Goldboro project which probably
will not start now until 2025.

Royal Dutch Shell has also pulled out
of the Lake Charles project, owned and

operated by Energy Transfer.
In the absence of a potential
investor to replace Shell, the
FID of the project may get
delayed and its start year
pushed back to 2027.

The Middle East and
Africa (MENA) region, too,
has experienced LNG supply
contract cancellations and
cargo deferments by importing
countries. This has resulted in
low liquefaction capacity utili-
zation. The cascading impact
of global LNG supply overhang coupled
with reduced demand may lead compa-
nies to withhold or delay their capital
spend on upcoming multi-billion-dollar
gas projects, said GlobalData.

For example, the bidding process of
Qatar Petroleum’s Ras Laffan—North
Field Expansion project means it proba-
bly won’t start until 2021. Similarly, the

Rovuma LNG project is likely to be
delayed by a year.

Even active terminals are confronting
challenges. The Egyptian LNG terminal
has suspended its work till mid-July 2020
given current market conditions. And a
deal fell through between ENI, Naturgy,
the Egyptian government and EGAS to
revive Damietta LNG terminal in Egypt.

Green LNG

Siemens Gas & Power has entered into
an agreement with Total in green LNG
production. As part of the contract, Sie-
mens is exploring possible liquefaction
and power generation plant designs,
with the goal of decarbonizing the pro-
duction of LNG. Target areas include
reducing the environmental footprint of
LNG liquefaction facilities and the
associated greenhouse gas emissions,
plant reliability, maintainability, regu-
latory compliance, and development
costs. Gas turbine- and electric-driven
compression trains are being consid-
ered in tandem with proven sin-
gle-mixed refrigerant and dou-
ble-mixed refrigerant technologies. The
minimization of process flaring; heat
recovery, inlet air chilling, supplemen-
tary firing, renewables integration and
battery storage are also being consid-
ered, as well as how to leverage digita-
lization and automation platforms to
optimize plant design.

Combined Cycle starts up
Alliant Energy’s West Riverside
Energy Center has started commercial
operations. CCPP near the city of
Beloit, Wisconsin incorporates a GE
7A.05 GT. The project team included
AECOM serving as the EPC contrac-
tor, many subcontractors, as well as
HDR contributing as the owner’s engi-
neer. The next step includes construct-
ing a 6 MW solar facility adjacent to
the natural gas generating station.
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Flender in Australia

Flender, a supplier of mechanical drives
and a subsidiary of Siemens, has
announced plans for a new facility in
Tonkin Highway Industrial Estate in Bay-
swater, Western Australia. It will target

the wind energy and mining sectors. It
includes a new purpose-built 3,500
square meter facility set for completion in
September, and a 1.5 MW test bench
capable of testing complete drive systems
up to a voltage of 6.6KV.

LNG export tank

Venture Global LNG has announced the
raising of the first LNG storage tank roof
at the company’s Calcasieu Pass LNG
export facility in Cameron Parish, Lou-
isiana. The 1.8 million pound tank dome
and assembly were air raised into place,
enabling the roof to be erected concur-
rently with the shell. CB&I Storage Tank
Solutions, a division of McDermott
International, is constructing the proj-
ect’s dual 200,000 m3 tanks. The facili-
ty’s marine perimeter wall (including
access road gates) and levee are also
complete. Weeks Marine and EPC con-
tractor Kiewit worked together to com-
plete this scope. Piperack modules and
equipment for the project’s 720 MW
CCPP has arrived and is being installed.
The 10 MTPA facility is under construc-
tion at the intersection of the Calcasieu
Ship Channel and the Gulf of Mexico.

LM9000

Baker Hughes has completed the First
Engine to Test (FETT) on an LM9000
gas turbine that is to be deployed at the
Arctic LNG-2 project. The test supports
the OEM claims of 43% efficiency, 15
ppm NOx emissions and higher avail-
ability thanks to long maintenance
intervals (12,000 hours for borescope,
36,000 for hot section replacement,
72,000 for overhaul).

Derived from the GE90-115B air-
craft engine that has been used on Boe-
ing 777s since 2004, the LM9000 has
pressurized LNG compressor startup
capability without helper motor assis-
tance. Its modular package enables faster
installation. For mechanical drive, it
offers 67 MW, an exhaust temperature
of 455°C and an exhaust flow of 184.5
kg/s at an output speed of 3,429 rpm.
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START-UP & POST-
COMMISSIONING

KEY CHALLENGES & CONSIDERATIONS FOR TURBOMACHINERY

BY AMIN ALMASI

ommissioning should be done in
pre-planned stages. The first stage
includes the operation of individual
items of equipment and machinery
for the first time. The pre-energizing
checks include sequence checking and
testing of the mechanical, electrical and
control sub-systems to determine if each
item is satisfactory and will function as
required without problem or damage.

Following the satisfactory initial oper-
ation of individual sections of the tur-
bomachinery package, they are integrated
into the complete package. Sequential
start-up, operation and shutdown of each
system should be performed.

The next stage is the operation of
these integrated systems. Once the loop
test of each system is completed, each
system is integrated into the turboma-
chinery package. That is followed by final
commissioning of the integrated package
and its upstream/downstream facilities.
During this period up to the commence-
ment of the start-up, all systems, inte-
grated together as a single unit, should be
checked and adjusted under various
modes of operation and loading configu-
rations. This includes verification of sta-
ble software programs, software configu-
rations and the overall hardware setup.
These should also be documented and
archived for recordkeeping purposes.

Start-up
Start-up is the moment when the package
is put in actual operation for the first time.
During commissioning, operational pro-
cedures and instructions are prepared for
start-up and operation. But following
start-up and the initial weeks of operation,
corrections are incorporated into an
updated version of operational procedure.
During start-up, each unit is typically
brought up to operating conditions (oper-
ating temperature, operating pressure,
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etc.) and held there for a period of time to
validate the integrity of the unit before
material or fluid is allowed to flow to the
next downstream unit. Some equipment,

Skilled operators
and start-up
specialists are
needed during start-
up to undertake
initial operation.

for instance, may be able to safely work in
bypass or recycle mode to validate the
integrity of package.

Skilled operators and start-up special-
ists are needed during start-up to under-
take initial operation. Should a problem
develop such as the need for an emer-
gency shutdown, it is important to have
veterans on hand who know how to deal
with it. These experts should continue to
operate the package until everything is
stable, at which point regular operators
take over.

Post-Commissioning

Post-commissioning tasks cover a wide
range of activities and actions after
start-up to smooth out any issues that crop
up during the initial weeks or months of
operation. The reliability run is import-
ant, for example. It is a defined period,
often one or two months, during which
the turbomachinery package with all its
items and auxiliaries operates under nor-
mal working conditions without major
interruption or shutdown. Should a major

shutdown or failure occur sufficient to
prevent safe and full commercial use of
the unit, the reliability run should be con-
sidered void. A reliability test of two or
three month would then recommence
after the contractor/vendor has remedied
the cause of the defect.

For modern, controlled packages and
facilities, failure to operate in accordance
with normal operating procedures with all
systems under automatic control might
also be considered a failure in the reliabil-
ity run. However, a minor intervention
might not be a breach. Such defects typi-
cally do not require a shutdown and do not
result in output reduction. Similarly,
defective components and parts which do
not lead to a shutdown might be consid-
ered only as minor defects. However, there
have been different interpretations of such
situations. However, even minor defects
should be properly analysed and reported.

As the result of changes, modifications
and corrections during the commissioning
and start-up, a set of documents should be
issued with all corrections and changes.
This is usually known as the “as commis-
sioned” set of documents.

Lastly, comprehensive training of the
operations team is vital. They must
review operational procedures, complete
all necessary training and be up to speed
on the latest documentation related to
their equipment. B

Amin Almasi is a Char-
tered Professional Engi-
neer in Australia and
U.K. (M.Sc. and B.Sc.
in mechanical engineer-
ing). He is a senior con-
sultant specializing in
rotating equipment, condition monitoring
and reliability.
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THE EVOLUTION OF
TURBOMACHINERY GONTROLS

CONTROLS & INSTRUMENTATION PLAY CATCH UP WITH
TECHNOLOGICAL INNOVATION

BY DREW ROBB

urbomachinery controls and instru-

mentation have been relatively slow

to evolve. But an unprecedented

wave of technological innovation
over the past decade is bringing about
drastic change.

The Industrial Internet of Things (IIoT),
digitalization, microprocessors, new soft-
ware platforms, the cloud, advanced analyt-
ics, machine learning, wireless technology,
mobility, connectivity, augmented reality,
virtualization, artificial intelligence, cyber-
security, big data, Software-as-a-Service
(SaaS) and many other breakthroughs have
advanced the field like never before. The
advantages include remote monitoring and
operation, digital twins, remote field ser-
vice, maintenance automation, real-time
plant and fleet management, tighter inven-
tory control, fewer unscheduled outages,
and longer plant and equipment lifespans.

Companies like Compressor Controls
Corp., Emerson Automation, Baker
Hughes, Mitsubishi Hitachi Power Sys-
tems, GE Steam Power, Honeywell Pro-
cess Solutions, Regal Beloit and Veros
Systems are in the forefront of this trend.
They are harnessing these technologies to
make their control systems and instru-
mentation smarter, more responsive and
more user friendly.

www.turbomachinerymag.com

Tim Shea, Senior Analyst, ARC Advi-
sory Group, predicts that there will be a
period of sustained growth for turboma-
chinery controls over the next several years.

“This market has tremendous opportu-
nities with steady growth driven by replace-
ment of legacy turbine monitoring and con-
trols with new features such as the growing
demand for smart connected products based
on the Industrial Internet of Things (IIoT),”
said Shea. “The drive for process manufac-
turing productivity growth is pushing com-
panies to invest in new turbine monitoring
and controls for various process industries
applications driven by trends such as digita-
lization and IloT.”

MHPS-Tomoni
A digitalization initiative from Mitsubishi
Hitachi Power Systems (MHPS) is called
MHPS-Tomoni This encompasses con-
trols, instrumentation, data analytics, arti-
ficial intelligence (AI) and more. It is
aimed at making power plants smarter. The
average plant has nearly 10,000 sensors
that can generate more than a million
points of data every minute. MHPS-To-
moni takes this confusion of data and puts
it into a useable form.

“Digitalization is becoming the norm,”
said Ron Thomas, Senior Manager, Con-

trol Systems Integration, Mitsubishi Hita-
chi Power Systems Americas. “It is crucial
to understand what is happening within the
turbines and entire plant as operators need
to be able to analyze copious amounts of
data in real time to detect correlations
between different components to improve
efficiency, reliability and flexibility.”
MHPS-Tomoni is a suite of digital solu-
tions that can help to create an increasingly
smart power plant that will ultimately
become capable of various levels of auton-
omous operation. Increased digitalization
of interconnected devices and systems
assists control systems to do more, and
interface more effectively with advanced
analytics. In parallel, steady advances in
CPUs, memory and similar digital building
blocks provide the opportunity to increase
the capabilities of control systems, while
boosting speed and cost-effectiveness.

MHPS control room
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“We are focusing on the continued
development of real-time adaptive control
and actionable knowledge to optimize
power plant performance and improve
reliability,” said Thomas. “These technol-
ogies hold great potential for making
plants more productive, profitable and
environmentally friendly.”

The IIoT, for example, offers increased
availability of smart sensors and smart
devices that can provide expanded data for
more comprehensive control and protection
strategies, as well as analytics that are
derived from control system data. MHPS is
investigating how to securely use IIoT sen-
sor inputs for critical low latency control
system inputs with jamming immunity.

Modern data management and connec-
tion protocols and platforms such as the
OSISoft PI System have also proven useful
in facilitating communication, data sharing
and synergistic total plant control strate-
gies among different control systems and
programmable logic controllers (PLCs) in
the power plant. Similarly, the steady evo-
lution of computer operating systems adds
new capabilities to control system soft-
ware. This can create a challenge, though,
in terms of keeping software updated and
incorporating the latest security patches for
effective cybersecurity.

The cloud, too, facilitates greater use
of advanced analytics and machine learn-
ing to provide benefits to power plant oper-
ations & maintenance (O&M). Cloud-
based analytics, diagnostics algorithms
and artificial intelligence are providing
more powerful computation capabilities.
This offers the ability to make fleet-wide
correlations that incorporate the opera-
tional experience of many similar power
plants and support new concepts such as
autonomous logistics systems.

All of these advances are taking place
at a time when mobility and wireless func-
tionality are facilitating new O&M support
applications such as remote support using
augmented reality (AR), auxiliary equip-
ment monitoring and autonomous logistics
systems to make operational support more
productive. Additionally, virtualization has
radically changed product lifecycle costs,
removed hardware dependencies, and
made it easier to provide cyber security
and feature enhancements without costly
hardware upgrades.

“Greater connectivity with smart
devices in the plant and centralized analyt-
ics that perform monitoring, diagnostics
and logistics management enable total
plant O&M optimization strategies,” said
Thomas. “New approaches to O&M sup-
port such as remote combustion tuning,
controls settings changes and remote bal-
ancing support offer a channel for expert
advice and support to on-site staff.”
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Upgrades are available from legacy ALSPA controls to the GE Mark Vle control system.

He added that customers are asking
about cybersecurity, life extension of exist-
ing control systems that are using older
components and operating systems, virtual-
ization, and automation of O&M workloads.

What has this meant specifically for
MHPS users? The MHPS DIASYS Net-
mation (Digital Intelligent Automation
SYStem) controls platform was initially
introduced in the early 1980s. It has under-
gone several major upgrades as digital
technologies advanced in the ensuing
years. The latest version, Netmation 4S
being introduced to combined cycle plants
takes advantage of recent advances to
increase operational reliability and reduce
maintenance costs. It achieves this by
leveraging machine learning, analytics and
autonomous systems. The MHPS Virtual-
ized Netmation and Netmation Protect
Pack products provide cybersecurity pro-
tection and automation of most of the
recurring update and maintenance activi-
ties related to keeping control system soft-
ware current.

“The trend toward increased digitali-
zation of power plants will only accelerate
over the next several years to improve
their flexibility and profitability, making
them more intelligent using advanced
analytics and cloud computing,” said
Thomas. “Plant control systems lie at the
heart of the trend and provide the founda-
tion for increased digitalization, connec-
tivity and cybersecurity.”

Further, control systems are advancing
to keep pace with changing turbomachin-
ery needs. For example, gas turbines are
being developed to run on hydrogen and
control systems will play a major role in
enabling these new applications.

With MHPS launching the T-Point 2
validation power plant in Japan, the com-
pany is in the latest phase of autonomous
plant development. Many MHPS-Tomoni
digital solutions were validated at the orig-
inal T-Point 1. T-Point 2 entered commer-
cial operation with a Netmation 4S control
system and more than 20 digital solutions
that support increased autonomy of critical
systems and soon the entire plant.

GE Steam Power

Olivier Jamart, GE Steam Power’s Leader
of Automation and Controls, said that cur-
rent software and controls have changed
dramatically from the original analog
card versions that still exists in many
industrial and nuclear power plants across
the world. “The pressure on operating
budget and on higher flexibility can be
lessened by embracing the new software
and controls,” he said.

GE’s Mark Vle control system offers a
flexible platform for multiple applications.
It features high-speed, networked 1/O for
simplex, dual, and triple redundant sys-
tems, and Ethernet for I/O, controllers, and
supervisory interface to operator and
maintenance stations and third-party sys-
tems. The GE Predix platform offers
access to many digital apps and cybersecu-
rity. Plant-wide applications such as Asset
Performance Management use historical
data and real-time data analysis to predict
potential equipment failures and diagnose
related issues to help reduce unplanned
downtime and improve reliability.
Asset-specific applications, such as Gener-
ator Health Monitoring, continuously mon-
itor the rotor and stator conditions.

Jamart said GE offers upgrades to the
latest industry standard with minimal dis-
ruption by easing the migration process.
For example, the ALSPA installed base can
be switched to the Mark Vle platform. This
requires no modifications to I/O modules
and related process wiring, reusing of elec-
tronic cabinets and automatic migration on
the software application (control schemes
and control libraries) to the new engineer-
ing workstation. The latest cybersecurity
practices are incorporated.

“As operators embrace digital technol-
ogies to modernize their control and soft-
ware assets, they are more vulnerable to
cyberattacks,” said Jamart. “GE Steam
Power offers a proven cybersecurity solu-
tion on legacy and new operational tech-
nology (OT) to help power companies and
utilities plan, design and implement oper-
ational resilience into people, processes
and technology.”
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CCC'’s Guardian ODS controls

CCC

For Compressor Controls Corp. (CCC),
software changes are mostly focused on
cybersecurity, broader integration of high-
speed machinery data and virtualization.
Collaboration with SEEQ has made it pos-
sible to more easily analyze operating data
to quantify the potential economic benefits
that controls could have on turbomachin-
ery and process performance. Open and
standard programming methods have
allowed the company to port our algo-
rithms to other platforms in a manageable
and supportable way. Broadened access to
high-speed control data is also allowing
users to do better analysis of data. A new
high-speed data historization algorithm
allows CCC to send data to the historian
while minimizing bandwidth, storage, and
loss of data due to data compression.

Cybersecurity and Distributed Control
System (DCS) support are the two technol-
ogies most mentioned by CCC customers.

“Cloud and wireless have had little
impact on our offerings to customers,” said
Richard Hall, Vice President of Product
Management & Marketing at CCC. “IloT
is something we are watching, but we hav-
en’t had a strong signal from customers
during our Advisory Board meetings that
it’s something they see as a priority.”

CCC’s Prodigy system is growing
well, mostly driven by reliability and con-
trol capability. CCC control applications
such as Antisurge, Performance, Master/
Loadsharing, Speed/Extraction, Fuel and
others are at the core of its offerings. But
the company has been developing new
technology. Process Optimization Stud-
ies, Security Update Management, and
Guardian Pro ODS (Overspeed Detection
System), address areas such as the use of
data analytics, improved cybersecurity,
and expanding control capabilities to
other platforms.

Hall expects market segmentation to
continue. Some want automation stan-
dardization while others want better per-
formance and security. His company’s
approach is to offer solutions for either
customer type. For those that want great
performance and a focused experience,
hardware based solutions are available.
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For those that want good performance and
alignment with broader automation sys-
tems, CCC systems are available.

In the aftermarket, users are suffering
due to downsizing and retirements. They
need support from vendors with long-
term turbomachinery experience. As a
result, CCC is signing more service and
support contracts, as well as doing more
retrofits and replacement of controls from
other providers.

“The controls that get put in during a
project may not be supported by the small
companies that specialize in the algo-
rithms, or the mega-firms that focus on
large-scale automation systems,” said Hall.

Emerson

Emerson designed its Ovation platform to
be able to evolve to take advantage of the
latest technologies. This includes analyt-
ics, digital twins, mobile and remote
work, and cloud-based services. All are
embedded in the Ovation automation and
software platform. Wireless technology,
cloud storage, and mobile devices trans-
mit data from the process and asset level
and make it available to the operator,
maintenance engineer or plant manager
wherever they may be located.

Emerson analytical solutions go beyond
basic diagnostics to identify impending
process upsets or equipment anomalies and
trigger mitigating action to avoid down-
time or damage. This is accomplished via
modeling, Al based on advanced pattern
recognition (APR) and machine learning.
Ovation also supports integrated vibration
monitoring, generator excitation control,
safety instrumented systems, distributed
applications, virtualization and digital twin
embedded simulation. Subscription ser-
vices for Ovation include cloud-hosted dig-
ital twin and engineering services to sup-
plement onsite resources and reduce the
maintenance burden. Cybersecurity fea-
tures help to bridge the gap between oper-
ational technology (OT) and information
technology (IT) to mitigate risk.

“Our customers are seeking to digitally
transform their operations and our focus is
on using technologies and services to
accelerate their efforts,” said Jason Black-
burn, Director Global Power Marketing,
Emerson’s Power and Water Solutions.
“There are operational performance and
financial results to be gained by leveraging
IToT data across platforms from wireless
and other sensors to control systems to
asset performance platforms and making
this data available across the enterprise.”

He noted that customers are asking how
they can keep their plants running safely,
even when there are fewer personnel onsite
due to limited travel and site-level access.
With mobile applications, they can remotely

monitor control systems and processes off-
site. The Ovation Machinery Health Moni-
tor also provides alerts and insights for
operators and maintenance technicians on
the health and performance of rotating
machinery. Vibration events can develop
slowly over time and escalate to failure with
little warning.

Blackburn believes that the industry will
continue to leverage I1oT technologies, edge
computing, Al, machine learning, analytics
and expert system technologies. By expand-
ing their digital footprint, users can transi-
tion toward semi-autonomous operation.

By installing Emerson’s Ovation tech-
nology at its Redbud combined-cycle power
plant, Oklahoma Gas and Electric (OG&E)
gained the ability to cold start each unit 25
to 35 minutes faster. Located in Luther,
Oklahoma, the Redbud plant comprises
four identical 1 X 1 units generating a com-
bined output of 1,230 megawatts. The plant
began commercial operation in 2003 outfit-
ted with controls from nine different ven-
dors. This patchwork of control systems
presented numerous challenges.

“We recognized the inefficiencies
inherent in utilizing multiple different con-
trol systems. We wanted to consolidate to
a standard automation platform to improve
reliability and consistency across all units,”
said OG&E’s Khoa Le, project manager for
the controls upgrade.

Emerson replaced the steam turbine
controls as well as static excitation and
vibration monitoring systems with an inte-
grated Ovation solution. In addition, Emer-
son performed steam turbine mechanical
retrofits to eliminate single points of failure
and provide faster response. With the
upgraded and tuned steam turbine con-
trols, along with the redundant mechanical
design, the turbines can reach setpoint
quicker, reducing cold start times by 25-35
minutes per unit.

Emerson also replaced heat recovery
steam generator and balance-of-plant con-
trols at each unit and integrated the aux-
iliary boiler, water treatment, effluent
de-ionization and duct burner controls
into the Ovation system. Tied together on

Schematic of the scope of Emerson
Ovation controls

www.turbomachinerymag.com



STORY

a single network, each unit’s Ovation sys-
tem interfaces with OEM combustion tur-
bine controls for supervisory monitoring
and control.

Previously, plant personnel had to mon-
itor multiple process and alarm screens
from different vendors. By paring down
thousands of control sheets to hundreds
and implementing consistent logic, graph-
ics and alarm philosophies across the
entire plant, greater visibility was gained
into plant processes. Work for all four units
was completed during a 16-week outage.

Honeywell Process Solutions
Industrial process automation is an early
form of [IoT that has been in existence for
many decades. Control systems at large
process plants connect thousands of mea-
surement devices, equipment, and valves.
Communications with these devices hap-
pens in a coordinated way using control
methods to operate a complex process in a
way that is safe, reliable and efficient.

“We are scratching the surface in
helping users achieve better performance
during operations,” said Jason Urso, Vice
President & CTO, Honeywell Process
Solutions. “With more pervasive sensing,
new sensor types, faster data collection,
and new analytics methods, we will see
an inflection point where technology can
help users achieve greater performance.”

He considers digital transformation to
be invaluable in areas such as converting
data to knowledge and knowledge to
action. Project execution, for example,
typically involves sending large numbers
of people to remote locations and working
on the physical equipment until a project
is complete. By representing the physical
equipment as a digital twin, project engi-
neers can work remotely and on a virtual
version of equipment. This has been
implemented at Honeywell to complete
the development of controls, displays, and
safety logic, as well as subsequent testing
of those systems.

That same digital twin technology can
also be used for the training of operations
staff. Further, it can be used to monitor
process and equipment reliability. With a
digital representation of a process and
equipment, actual performance can be
compared against optimal performance
represented by the digital twin.

The cloud is another area of innovation.
Honeywell Forge Enterprise Performance
Management (Forge) is a software platform
that includes applications tailored to
improving throughput, yield, reliability
and efficiency. It can operate in the cloud
and on premise. Those selecting the cloud,
receive the set of application capabilities
without needing to maintain the software
or underlying hardware platforms.
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In light of the current crisis, many
customers are seeking solutions that allow
them to work remotely. Remote opera-
tions, remote service, and remote project
engineering methods have become essen-
tial to maintain business continuity in an
environment where the number of person-
nel onsite must be minimized. Honeywell
has evolved its offerings to support these
new methods of remote work. Experion
PKS Augmented Remote Operations soft-
ware is a new Honeywell offering that
allows process operators to both monitor
and control a process from remote loca-
tions. An example of this would be a case
where a local control operations center
must reduce staffing to comply with HSE
or local government requirements associ-
ated with social distancing. Experion PKS
remote operations can quickly and
securely establish a remote operations
center in an alternate facility either onsite
or remote to the site.

“Technologies like digital twins,
remote operations, virtualization and
wireless are a means to assure every day
is the best day of production and every
person is an expert,” said Urso.

Further products include:

» Honeywell Forge Enterprise Process
Management that combines applications
with digital twin technology to achieve
better levels of throughput, yield, reliabil-
ity and efficiency.

* Experion PKS Augmented Remote
Operations to extend operations to remote
locations.

» Experion PKS HIVE (highly inte-
grated virtual environment) — using Hon-
eywell LEAP project execution principles,
software and networking to unchain con-
trol applications from physical equipment,
and controllers from physical 10.

As for the aftermarket, there is a need
to address the many aging controls
deployed in the 1980°s and 1990’s. Part
obsolescence presents a lifecycle manage-
ment challenge. Replacing the legacy sys-
tem can be time consuming and expensive
as the built-in intellectual property (IP)
has to be recreated. Honeywell’s ELCN
offering utilizes virtualization to evolve
legacy technology without the need for IP
recreation. It does this by taking the leg-
acy hardware and emulating it in soft-
ware. This enables users to operate exist-
ing controls as-is within a software envi-
ronment. The old hardware is eliminated.

Baker Hughes

The Internet of Things has forced many to
take another look at the way users want to
operate their turbomachinery units. They
are no longer looking to only access data
and view data aggregation such as histori-
ans. Instead, they are demanding outcomes

or recommendations to improve opera-
tions. This trend led Baker Hughes to
evolve the Nexus OnCore Control System
to support edge devices including I1oT.
This provides a means of conducting more
in-depth analysis as well as remote moni-
toring for those that want to consolidate
expertise in different locations. The Nexus
OnCore Control System can integrate with
many wireless technologies. It can also
support secure remote management, as
well as, a Managed Services offering to
securely support remote working (work
from home) environments and situations.

In addition, the Nexus OnCore plat-
form has a simplified Human Machine
Interface (HMI) to make it more intuitive
and easier to operate by younger, lesser
experienced staff. This helps them to learn
the product rapidly and become productive
in less time than would be possible using
older generation control systems.

Terry Knight, Vice President for Con-
trol & Safety Systems at Nexus Controls,
Digital Solutions of Baker Hughes,
believes that we are not yet in a position
where control of equipment can or will be
directly from the cloud. However, he said
some are becoming more comfortable with
sharing information to an external server
via their own intranet, or to the cloud. This

The NexusOnCore control system from
Baker Hughes
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Plant operator using Regal Beloit controls
to interact with a condition monitoring
system using augmented reality

is especially the case if they have multiple
plants in multiple locations to enable them
to conduct fleet analytics, for example.

Over the years, he’s witnessed many
stages of evolution in controls. It began
with mechanical to electrical/electronic
drives, then moved from analog to digital
technology. Over time, digital technology
has become more compact, more reliable
and faster.

“The next phase will be with us for
some time as we figure out what should
remain a typical control system, what can
change to edge computing, what can be
conducted in a cloud environment, what do

Oil Mist Separators
for rotating machines

« Filtration efficiency of 99.99% at 0.1 microns
« Quality of lube oil remains constantly high
« 30,000 hours of continuous operation

+ 1-5 mg/m?® residual oil after filtration

FRANKE-Filter GmbH

Wiedhof g - 31162 Bad Salzdetfurth - Germany
+49 50 64 904-0 - www.franke-filter.com

20 Turbomachinery International  July/August 2020

we do with all the data available to us to
drive outcomes, whether to transmit to the
cloud and conduct analytics there, or con-
duct more analytics at the sensor level,”
said Knight.

Regal Beloit

The IloT megatrend has created more need
to efficiently integrate technologies and
data sources into one place, while allowing
access to different users, said Dan Phillips,
Technical Director, Regal Beloit America.
His company has been integrating IToT
into its controls, new application technolo-
gies to leverage pattern recognition tech-
niques, the cloud for secure remote moni-
toring, and wireless connectivity.

“One challenge that we see frequently
with wireless technologies is that sensors
may not be applied correctly to the asset
and do not provide advanced warning of
faults or degradation,” said Phillips.

The company is also utilizing aug-
mented reality to instruct and train per-
sonnel on the assembly and repair of elec-
tromechanical systems. It allows users to
look at equipment on a tablet or smart-
phone to monitor equipment conditions.
They can peel back equipment layers to
look at critical components, read bills of
materials and gain a better understanding.

Phillips does not believe in one-size-
fits-all systems. Every scenario is a little
different. Prior to deploying a technical
solution at a customer site, it is important
to spend time identifying the value prop-
osition and understanding how success is
measured as each asset may have a differ-
ent critical component. In some applica-
tions, the gearbox might be the most crit-
ical. In others, it may be the motor, a bear-
ing, or multiple gearboxes or motors.

“Having a scalable system allows for
the flexibility to monitor all the compo-
nents within an asset,” said Phillips. “Addi-
tionally, a scalable system allows a user to
expand the system to adjacent power trans-
mission applications instead of having to
invest in different technology.”

Veros Systems
Veros Systems (Austin, TX) is a startup
with backing from Shell Ventures and
Chevron Technology Ventures. Veros uses
data-processing techniques to decipher the
current and voltage waveforms associated
with motors to gain insight into the perfor-
mance, mechanical and electrical condi-
tion, and likelihood of failure of rotating
equipment. Electrical waveform data are
sampled at the existing distribution infra-
structure (i.e. VFDs, starters, breakers).
“We collect and analyze just under
400,000 data points each second per motor
and only use electrical signals in our analy-
ses,” said Jim Dechman, President & CEO

of Veros Systems. “We utilize an edge
device in the electrical cabinet to sample,
digitize and compress the electrical wave-
forms that feed a motor. This data is sent to
the cloud for machine learning.”

This allows a motor to communicate
its condition, the condition of the machine
it is driving (compressor, pump, fan) and
the overall performance of the drivetrain.
Tapping into the electrical waveform sig-
nals is non-intrusive and fast. Installation
of external sensors (such as accelerome-
ters and proximity probes) and associated
cabling is not required.

A massive dataset has been accumu-
lated with readings that show how a motor
performs over time. Should the waveform
readings deviate from the accumulated
dataset, alerts are transmitted. With more
than 50 million large motors in factories
and plants around the world consuming
about half the world’s electricity, Veros
provides a means of tapping into their elec-
trical power lines to detect impending
issues or failures. The company has licens-
ing or distribution relationships in place
with Fluke and Siemens with more in the
pipeline wanting to integrate these mea-
surements into electrical power distribu-
tion systems and devices.

“Tapping into an electrical conductor
and providing warnings a month before a
compressor fails helps the operator to con-
duct repairs or schedule replacement of the
machine,” said Dechman. “Veros can also
analyze the motion of the motor’s rotor to
show how effectively it is operating.”

The technology achieves this by creat-
ing a model of motor health. It tracks the
motion of the motor rotor for any developing
mechanical issues are developing. Flutters
in rotor movement are transmitted through
the air gap and can be detected in the elec-
trical waveforms. A bearing issue in a com-
pressor, for example, exchanges energy that
impacts the rotor. Machine learning is used
to filter out process variations, electrical line
variations and other noise.

Jim Dechman, Veros Systems
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WEATHERING THE COVID-19

STORM

STRATEGIES INCLUDE DIVERSIFICATION, LIQUIDITY, AND
MAINTAINING CONTACT WITH CUSTOMERS

BY RORY PASQUARIELLO

o one saw a Covid-19 pandemic
coming. Big changes were made
virtually overnight. Most in the
sector report decreased sales, proj-
ect delays, supply chain disruption and
warehouse shortages. The pandemic is
expected to reduce power consumption in
U.S. commercial and industrial sectors by
more than 4%, according to GlobalData.

Yet there are encouraging signs. Oil
prices have rebounded somewhat, and
infrastructure projects are restarting as
economies cautiously reopen. For exam-
ple, GE completed its first major onsite
inspection project since the Covid-19 out-
break in China.

Turbomachinery International inter-
viewed turbomachinery industry leaders
to see how they’re faring, what’s changed,
and how they are responding. Companies
such as Mitsubishi Hitachi Power Sys-
tems, Howden, Rotoflow, SSS Clutch,
Velo3D, Sullair, Voith, MTU Power and
PAL Turbine Services reported on how
they are adjusting to social distancing and
other guidelines. Some of them said they
are pivoting from onsite work to remote
maintenance services. Others are invest-
ing in new technologies such as digitali-
zation and the Internet of Things (IoT) or
providing employees with better training.
More than a few have stripped down their
operations to focus on core competencies.

Howden

Howden, a manufacturer of compressors,
steam turbines, heaters, fans, and blowers,
noted postponements and cancellations of
planned outages with subsequent cancel-
lation of spare part orders. That’s hit their
bottom line.

In response, Howden expedited the
launch of a new remote service that uses
an augmented reality annotation technol-
ogy with real-time communications based
on the Chalk app from PTC. It connects
remote product experts to on-site field
technicians and customers. The company
also hired a dedicated IoT Strategy Man-
ager to improve its digital solutions.

“We see opportunities in remote mon-
itoring and support; as well as customer
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self-service interface points as key ele-
ments of a post-Covid world,” said Darryl
Halter, Vice President, Aftermarket at
Howden. “As customers continue to place
requests for quotes, we see that as a good
indication that they are looking to proceed
with projects when this is over.”

Halter’s advice? Adapt and innovate.
“When situations like this arise, we are
leaning into it, not fighting it. Accept that
this is the reality. Adapt to it and inno-
vate in ways that benefit the customer
and the company.”

Sullair
Sullair, an Indiana-based manufacturer of
portable and stationary rotary screw air
compressors (a subsidiary of Hitachi), has
felt Covid’s impact, particularly in its oper-
ations and facilities in China. It is continu-
ing to focus on its core business. With no
trade shows on the horizon, it is stepping
up efforts along other marketing channels.

“We are actively looking at other
means we can communicate our message
including virtual events,” said Brian
Tylisz, Vice President, Americas, Com-
mercial & Industrial at Sullair.

After mandated shutdowns ended,
Sullair reopened its factories and ramped

Sullair centrifugal installation

up business. But when business-as-usual
will return is anybody’s guess.

“Nobody within our industry had this
in their business plans for 2020,” said
Tylisz. “With nearly six months to go in
the year, it is difficult to predict a full-year
impact.”

While thankful for tools that make it
easier to communicate digitally, he said
that nothing can replace face-to-face
interaction.

“There is nothing like sitting down,
having a meal and looking somebody in
the eye while talking business,” said Tylisz.

MHPS
Despite Covid, business at Mitsubishi
Hitachi Power Systems (MHPS) is doing
well. The company had a record year, and
ranked first in market share by megawatts
for gas turbine orders in the first quarter
of 2020. The MHPS remote monitoring
and diagnostics centers have helped the
company leverage real-time data to help
users make risk-informed decisions on
delaying planned maintenance safely.
“Right now, it’s all about flexibility
and ensuring that our customers are able
to reliably keep the lights on while so
many other factors in our lives remain
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unknown,” said Marco Sanchez, Vice
President and Head of Intelligent Solu-
tions at MHPS Americas.

The current crisis has made it clear that
plant operators need remote operating solu-
tions to improve operations and protect
employees. As a result, MHPS is focusing
even more on its Tomoni Autonomous
Power Plant initiative.

“Going forward, we expect many
inspection and maintenance tasks will be
supported from an offsite location instead
of in person,” said Sanchez. Both artificial
intelligence (AI) and machine learning will
allow the knowledge of today’s experts to
be captured for the future.”

Sanchez’s advice to others in the tur-
bomachinery sector? Have flexible contin-
gency options in case of future disruptions.
This should include cyber-secure commu-
nication channels with sufficient bandwidth
for the desired level of implementation.

S$SS Clutch

SSS Clutch, a Delaware-based manufac-
turer of automatic overrunning clutches for
high-power and high-speed applications,
was remodeling its UK facility when the
world went into lockdown. It paused con-
struction for six weeks, delayed employees
from moving in and instituted remote work.

“Things were far from perfect and
seamless, but there has not been a huge
disruption,” said Morgan Hendry, Presi-
dent, SSS Clutch. “The situation has
helped us to establish better workflows and
practices for the future. It prompted us to
make positive changes.”

SSS Clutch obtains about a quarter of
its business from marine propulsion, a
quarter from mid-stream and down-stream
oil and gas and from half power genera-
tion. Hendry said the company hasn’t

Rotoflow’s Houston Service Center.
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skipped a beat on the operations side.
“We expect bumps in the road but not
a fall off,” he said. “There will be some
delays and cancellations within our oil &
gas portfolio, but we believe our overall
business will not see a material effect.”

Rotoflow

Rotoflow, a manufacturer of companders
and expanders, has been operating at full
capacity. It implemented heightened safety
procedures for those allowed to remain at
work in its manufacturing facilities. Office
employees worked from home.

The effect of the crisis on the company
for 2020 overall is uncertain. But one good
sign is that it recently achieved record pro-
duction in the industrial gases space.

“Once the crisis is over, we are look-
ing forward to re-engaging with custom-
ers face- to- face, offering even more val-
ue-added solutions, and introducing new
products,” said Sarah Farnand, Rotoflow’s
Global Sales Manager, New Equipment.
“One potential opportunity from the pan-
demic has been time to spend on some of
our product development initiatives.”

Her advice to the turbomachinery
world: “Focus on what you can control,
keep your employees safe, and don’t let
your guard down.”

MTU Power

For MTU, which offers diesel and gas power
generation system services, protecting cus-
tomers from disruptions has been top prior-
ity. It temporarily scaled back to emergency
staffing levels at its Berlin facility where GE
LM series turbines are serviced. As well as
protecting employees, this was a result of
supply chain disruptions. With reduced staft-
ing, the company maintained minimum ser-
vice levels, carried out field services and

received delivered engines and parts. This
minimized disruption for customers.

“We intend to flexibly adjust shop capac-
ities to meet demand going forward as we
monitor the supply chain situation, COVID-
19 developments and regional trends daily,”
said Gregor Stoecker, Director of Sales,
Industrial Gas Turbines at MTU Power. “We
can also support the ramp-up operations of
our customers by offering intelligent repair
solutions, flexible lease and rotable services,
and sourcing of serviceable material.”

Voith Turbo

The German-based Voith Group, which
manufactures drive components and sys-
tems for turbomachinery, has weathered
the crisis relatively well. It has carefully
monitored its supply chain to keep it up
and running. A few suppliers from regions
like Italy and India struggled. But overall,
its supply chain is almost back to normal.

That said, some large capital expendi-
ture projects, especially in the Middle East,
have been postponed. Further, travel restric-
tions have caused challenges in the after-
market, especially in Europe and the U.S.

“Thanks to our global service foot-
print, we benefit from close customer
proximity and the situation in China
improved much earlier than in many other
areas, so China strongly supported our
business in the past weeks,” said Rolf
Schweizer, Executive Vice President &
CEO Voith Turbo.

The drop in oil and gas prices hit
Voith particularly hard. It specializes in
drives for electrically driven gas compres-
sion for up-, mid-, and downstream appli-
cations. In response, it is strengthening its
capabilities in the retrofit area.

In the short-term, Voith sees potential
in service and aftermarket businesses.

“We will continue to invest in new
products and solutions (such as Vore-
conNX variable speed drives, the VECO-
Drive VFD, AeroMaXX turbo gear tech-
nology or new condition monitoring solu-
tions) that provide competitive advan-
tage,” said Schweizer. “The current crisis
has uncovered significant potential for
digital collaboration, autonomous opera-
tion and remote maintenance.”

Velo3D

Only a few months ago, Velo3D, a metal
additive manufacturing (AM a.k.a 3D
printing) solutions provider, AM applica-
tions in aviation and oil and gas were still
vital sales targets. However, all signs point
to those sectors scaling back capital expen-
diture investments. Sales at Velo3D ini-
tially declined 30%, forcing it to scale
back operating and capital expenditures. It
is now concentrating on its new product
development pipeline. But the company

www.turbomachinerymag.com



Cross-section of a CO, pump inducer produced using 3D metal printing by Velo3D.

Photo credit: Barber-Nichols

also landed a $20M order from an existing
aerospace customer and it hopes to be prof-
itable again by mid-2022.“As a smaller
business, we are more agile and can shift
our focus a little more easily than larger,
publicly listed companies,” said Benny
Buller, founder and CEO of Velo3D. “We
are targeting other industrial segments like

acrospace, defense and energy. We are also
putting more investment into marketing
and business development.”

One potential opportunity is in print-
ing parts traditionally manufactured via
casting. 3D printing offers much shorter
lead times and lower cost for small quan-
tities. Buller’s advice to others in the tur-

bomachinery sector is to stay agile.

“Agility is your strongest asset,” said
Buller. “Make investments in technolo-
gies that will enable you to be flexible to
keep costs down and respond to customer
and market needs quickly.”

PAL Turhine Services

PAL Turbine Services, a subsidiary of
Pond and Lucier, a field engineering ser-
vices company focusing on legacy gas and
steam turbines, is an example of the
unforgiving nature of market disruption.
The company has virtually ground to a
halt with purchase orders drying up,
according to Dave Lucier, owner and gen-
eral manager.

He complained about public utilities
and many private owners of gas turbines
(refineries, process plants) looking with
fondness at the lowest bid instead of
insisting on experience and technical
capability. As a result, PAL’s 20 full and
part-time engineers (each forty-year plus
veterans) don’t have much work.

“Clients don’t want us to retire, but
they won’t send us business until they are
in trouble,” said Lucier. “Even then, they
want us to accept reduced rates, though
we charge about half OEM rates.” B
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LNG REGASIFICATION

NEW CONCEPT FOR POWER INTEGRATION WITH LNG

BY JIM BERRY

he cold available at an LNG import

regasification terminal is a resource

that can be harnessed to produce

cheap electric power. At most termi-
nals, this resource is wasted. At the few
sites that attempt to utilize it, the full
potential to produce low cost power at min-
imum investment is not met. Utilizing this
cold for inlet air cooling of the gas turbine
of a combined cycle plant results in a
power increase of only about 20% and a
minor fuel rate improvement. For the same
gas turbine applied to the new LNG Regas-
ification Re-Condensing Power Cycle, the
power increase is nearly 40% with a 15%
decrease in the fuel rate. This cycle does
not use steam, thus eliminating the prob-
lems associated with water treatment, con-
denser air leaks, deaerators and air ejectors
corrosion. In addition, it has a small foot-
print and low dollar per MW cost.

Regasification processes
At most LNG import terminals, atmo-
spheric pressure LNG is converted from
a minus 260°F liquid to gas at pipeline
pressure by first pumping cold LNG to
high pressure. The cold, high-pressure
liquid is then heated in a sea water heat
exchanger to produce high-pressure natu-
ral gas, which is directed to the receiving
pipeline. Most of the time, the available
cold in the LNG is wasted by cooling sea
water.

A few installations have incorporated
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processes that can use the cold such as a
co-located air liquefaction plant. Other
sites have integrated the gasification pro-
cess with power generation, using some
of this resource for gas turbine inlet air
cooling in a combined cycle power plant
to boost power output.

At a small number of facilities, LNG
is pumped 500 to 1000 psi higher than the
receiving pipeline pressure. It is heated
with both sea water and a high-tempera-
ture heat source such as the exhaust from
a gas turbine. The high-temperature,
high-pressure natural gas stream is then
expanded through a radial inflow turbine
to produce power. The turbine discharge
is directed to the receiving pipeline. This
process has been combined with gas tur-
bine inlet air cooling. Various Organic
Rankine Cycle (ORC) cycles have been
proposed for power generation integration
with LNG regasification.

OnPower has devised a more efficient
alternative. Its Re-Condensing Power
Cycle is as follows: the LNG is pumped to
a high pressure, heated and expanded to
produce power. The LNG is first pumped
to about 1500 to 2000 psi, heated in the
vaporizing side of a vaporizing/condensing
heat exchanger, superheated with gas tur-
bine exhaust, expanded in a turbine to pro-
duce power, and then re-condensed back to
LNG at a pressure of about 520 psi and
-130°F in the condensing side of the heat
exchanger. At that point, the 520 psi/-130°F

LNG is pumped 500 to 1000 psi higher
than pipeline pressure, heated, and
expanded through a second radial inflow
turbine to make additional power, with the
discharge of the turbine directed to the
pipeline. The cold in the -130°F stream can
be used to make additional power via ORC.
Residual cold from the ORC can also be
used for gas turbine inlet air cooling. The
radial inflow turbines involved in these
processes can be combined on a single
gearbox driving a single generator (See
sidebar for a detailed explanation).

The results from this cycle are as fol-
lows; The fuel rate falls to between 4,500
to 5,500 BTU/KW-HR depending on the
size and characteristics of the gas turbine,
system design and other parameters; the
power per mass of gasified LNG is more
than 1000 kW per Kg/sec; sea cooling is
reduced by up to 90%; as no steam is
involved, there are no associated problems
related to water treatment, corrosion or
vacuum leaks; and the equipment has a
smaller footprint compared to an equiva-
lent combined cycle plant.

In addition to LNG import terminals,
the system can be installed at large peak
shaving LNG plants. Most of such plants
operate for only a few hundred hours per
year. When combined with the Re-Con-
densing Power Cycle, however, they can
perhaps be utilized for thousands of hours
per year. To do so, they would store gas as
LNG at night using off-peak power and
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Re-Gasification Power Cycle Performance

Application Fluid Mass Flow
(kg/s)
LNG IMPORT TERMINAL LNG 801
LNG IMPORT TERMINAL LNG 17
LARGE PEAK SHAVING LNG
ENERGY STORAGE PLANT L 2
LIQUID AIR ENERGY STORAGE  LIQUID AIR 855

Site Elevation Net Output Energy to Produce
(kW) the Fluid (kW-hr)
SEA LEVEL 101,340 N/A
SEA LEVEL 104,450 N/A
400 99,876 79,540
400 120,540 123,100

Fuel Rate ol g With ORC
BTU/KW-hr Mass Flow
( ) (KWikg/s)
5225 1265 YES
5068 874 NO
5295 1248 YES
4330 1410 YES

Note: Estimated performance at 80°F using one (1) Siemens SGT-800 Gas Turbine; Inlet and exhaust losses accounted for

return it to the pipeline during the day
while producing on-peak electric power.
In the Northeastern U.S., environmen-
tal concerns have restricted the building
of sufficient pipelines to satisfy gas
demand. A large peak-shaving LNG plant
could reduce the need for new pipelines
while providing peaking power.
Over-supply of natural gas makes it
likely that natural gas and LNG prices will
remain low for some time to come. This
presents another potential application.
LNG export terminals located in areas of
high peak electric rates, using a portion of
the produced LNG, could cheaply produce
on-peak power as a revenue stream.
While this is a new process, the tur-
bomachinery, heat exchangers and cryo-
genic pumps are well within proven man-
ufacturing capabilities. Primary heat
would typically come from gas turbine
exhaust. However, it could also come from
a gas engine. If ORC is added to the cycle,
it can be sized to allow a second identical
gas turbine to supply exhaust heat. Alter-
natively, the exhaust flow from a single gas
turbine could be split between the LNG
power cycle and ORC. There would be
enough residual cold from the ORC to chill

the inlet air of the gas turbine(s). Adding
ORC to the Re-Condensing Power Cycle
almost doubles power output with a nomi-
nal impact on fuel rate.

Two different temperature heat sources
can be harnessed as part of this cycle such
as the exhaust of a gas engine, and the
jacket cooling water/turbocharger inter-
cooler heat. With an intercooled gas tur-
bine such as the GE LMSI00, it is possible
to use the exhaust heat and the compressor
intercooling heat of the turbine.

Energy storage

Sites with cheap off-peak electric power
could utilize hot heat transfer fluid heated
as the second heat source using electrical
resistance heaters. Power could be stored
for use at peak times.

Another potential storage opportunity
concerns the use of liquid air as the initial
cold liquid as part of a liquid air energy
storage system. In this application, the sec-
ond pumped, heated and gasified liquid air
stream is expanded through a turbine all
the way down to atmospheric pressure.
Alternatively, a portion of the heated and
gasified air can be directed to a gas turbine
combustor to substantially increase the gas

How the Re-Condensing Power Cycle works

» Atmospheric pressure LNG in reser-
voir 95 is pumped to about 1500 to
2000 PSI in pump 90

» The LNG is gasified in vaporizing/
condensing heat exchanger 10, then
heated in heat exchangers 20, 30, 50,
and 40 to about 550°F.

* The heated high pressure gas pro-
duces power in turbine 65 as the fluid
expands to a pressure of about 530 psi.
* The gas then flows through recupera-
tor heat exchangers 50 and 60, return-
ing heat to the cycle.

* The gas is directed to the condensing
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side of vaporizing/condensing heat
exchanger 10 and re-condensed to an
intermediate pressure LNG stream
(about 520 psia/-130°F) against the cold
upcoming high pressure LNG stream.
* The intermediate pressure LNG is
pumped to 1500 to 2000 psi in pump 96
and heated and gasified in ORC con-
denser 70 and recuperator 60.

* The heated gasified stream is directed
to turbine 66 where power is generated
as the gas expands down to the receiv-
ing gas pipeline pressure.

turbine power. The remaining portion can
be expanded through a turbine to atmo-
spheric pressure.

The following manufacturers are
thanked for their support with equipment
selections and performance data: Chart
Industries (cryogenic heat exchangers),
Atlas Copco Gas and Process (radial
inflow expander turbines); Siemens Energy
(gas turbine performance), Tulsa Heaters
(gas turbine exhaust gas heat exchangers)
and Nikkiso Cryo (cryogenic pumps).

Jim Berry is Technical
Consultant at OnPower,
a packager of turboma-
chinery, a designer and
builder of control panels,
and service provider for
gas turbine generator
sets. In addition to 200 gas turbine generator
sets, OnPower’s experience encompasses
supercritical CO,, solid oxide fuel cells, gas
turbine packages for patrol boats, rocket fin
coatings and generator sets to support frack-
ing operations. For more information on
OnPower’s patent pending Re-Condensing
Power Cycle, visit onpower.com
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NEW AND AGING TURBINES

HOW TO TURN OLD TURBINE GENERATORS INTO SYNCHRONOUS
CONDENSERS

BY MORGAN HENDRY

he viability of peaking gas turbines

(GTs) is under threat, especially in

parts of the U.S and Europe where

renewable power generation pene-
tration is high. Due to prioritization of
wind and solar, some utilities in Califor-
nia have power generation units running
at a few percent capacity per year.

In extreme cases, this has led to clo-
sures. The 750 MW Inland Empire
Energy Center in Southern California is
being demolished despite being little more
than ten years old. It’s H-class GTs have
been operating well below capacity for
many years. The combined cycle site is
going to be repurposed to become a bat-
tery storage facility.

These examples illustrate the eco-
nomic dilemma faced by operators in
some regions. The peaking and standby
power markets are steadily dwindling as
renewable energy plants multiply and bat-
tery storage is incentivized.

26 Turbomachinery International * July/August 2020

But closure of these plants is not only
expensive; it may be short-sighted.
Remove too many GTs and steam turbines
(STs) from the grid and you are likely to
cause disruption. Power quality will drop,
and a lack of inertia could lead to instabil-
ity and potential blackouts.

A better alternative may be to retain
these plants and repurpose the generators of
their idle turbines as synchronous condens-
ers that can offer grid stability and other
ancillary services. Then, if power genera-
tion is required in future, the plant can be
restarted/recommissioned for generation.

This has been done successfully in
scores of countries around the world. In
North America, in particular, there are a
large number of turbines operating as
synchronous condensers. Los Angeles
Department of Water and Power
(LADWP) has four GE LMS100’s operat-
ing primarily as synchronous condensers
but poised to provide generation when

necessary. Another four clutched LM6000
gas turbine generators operate at Com-
monwealth Chesapeake Power in Vir-
ginia. Further examples include: a
clutched LMS100 at Calpine’s Cumber-
land Energy Center in New Jersey; a
PWPS Twin Pac with two FT-4s and
clutches operating at Great River Energy,
St. Bonifacius Plant near Minneapolis,
Minnesota; and Sask Power’s Ermine
plant uses two clutched LM6000s to pro-
vide both real and reactive power to the
Saskatchewan grid.

Numerous steam turbine generators,
too, have been repurposed as synchronous
condensers including: a 44 MW ST gener-
ator at City Electric Systems, Key West,
Florida; four 150 MW generators at BC
Hydro’s Burrard Thermal near Vancouver,
British Columbia, Canada; two 1150 MW
ST generators at Zion Energy Center, Zion,
[llinois, a 550 MW generator at NIPSCO’s
Baily Plant, Chesterton, Indiana; and two
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Sask Power Ermine plant uses two
clutched LM6000s to provide both real
and reactive power to the Saskatchewan
grid.

500 MW generators at Xcel Energy’s Tolk
Power Station in Texas.

Grid inertia
It is important to appreciate why such con-
versions should be done and how to go
about it. Generators and motors provide
inertia as they rotate at the same frequency
as the electricity grid. Thus, the presence
of GTs and STs acts as a buffer against
power spikes and changes in frequency.
During the evening peak, frequency
falls as people turn on air conditioning,
heating, lighting and appliances. At off-
peak periods, frequency drops and voltage
rises as there is an abundance of supply. A

constant balancing act goes on behind the
scenes as system operators work to main-
tain voltage and frequency in the correct
range (60 Hz for the U.S). Occasionally,
utilities may have to disconnect neighbor-
hoods from the grid to avoid damaging
equipment and keep the rest of the network
in operation. This is known as load shed-
ding. Taken to extremes, a cascading series
of outages can lead to a major blackout.
The Northeast U.S. experienced this in
2003 when 60 million people were left
without power. On a smaller scale, New
York City and London suffered from black-
outs during 2019.

The problems of inertia and grid fre-
quency have been exacerbated as wind and
solar replace more and more traditional
energy sources. Wind doesn’t provide iner-
tia as frequency converters placed between
the wind turbine and the electricity grid
prevent the kinetic energy of their rotating
mass from providing inertia.

Further, getting wind and solar from
sometimes remote spots to load centers can
be wasteful due to a lack of reactive power.
Let’s review the difference between real
power and reactive power.

* Real power (also known as effective

power) delivers energy from the gen-

eration source to the load. It is mea-
sured in volts, amps and watts.

* Reactive power, measured in volt
amperes reactive (VARSs), does no
actual work. It could be regarded as the
form of electricity that creates or is
stored in the magnetic field surround-
ing a piece of equipment.

Reactive power does not travel well.
Doubling the amount of power consumed
quadruples the amount of reactive power
needed. Long transmission lines operat-
ing at heavy loads consume VARs. Fail-
ure to address reactive power on these
lines can lead to conductor heating and
voltage failure. If the voltage sinks too
low, the consequences can be electric sys-
tem instability or collapse, motor damage
and electronic equipment failure. If the
voltage goes too high, it can exceed the
equipment’s insulation capabilities and
lead to dangerous electric arcs.

The usual solution is to place static and
dynamic devices close to power loads. This
lowers the reactive current demand on the
transmission system. Static devices are rel-
atively low cost but are slow to respond.
Their output drops when voltage drops.
The best approach is a combination of
static and dynamic sources. Synchronous
condensers are a dynamic source. They
offer immediate response to power fluctu-
ation and can supply or absorb VARs to
smoothly balance the electrical system.

MITSUBISHI CHEMICAL
ADVANCED MATERIALS

Mitsubishi Chemical Advanced Materials is the Leading
Global Supplier of Thermoplastics

Don’t forget to take a picture of

the QR Code Below!

www.turbomachinerymag.com

Turbomachinery International * July/August 2020 27



5,000 HP acceleration unit designed and
built by EME Corp. using a Koenig
Engineering starting & turning gear
module with duo-concentric SSS turning
gear and starting clutches installed to
automatically connect/disconnect the
acceleration system to the generator

GT conversions
It is a fairly simple and inexpensive matter
to convert a GT or ST generator for use as
a synchronous condenser. It can either
operate purely as a synchronous condenser
or can be set up to deliver real power or
reactive power whenever desired.
Conversion is achieved by installing a
synchro self-shifting (SSS) clutch between
the turbine and the generator. The turbine
brings the generator up to speed. Once the
generator synchronizes with the grid, the
turbine disconnects from the generator and
shuts down. The generator uses grid power
to keep spinning, constantly providing lead-
ing or lagging VARSs as needed. The clutch
disengages the prime mover and the gener-
ator when reactive power is needed. When
real power is needed, the clutch automati-
cally engages for power generation.

Steam turhine conversions

It is not always economically feasible to
install or retrofit a clutch between a steam
turbine and generator, particularly an
existing machine that has been in service
for many years. In this case, it often easier
and cheaper to physically disconnect the
steam turbine from the generator, either
seasonally or permanently. Instead, add an

Size 220 SSS Clutch installed in 30 MW
peak load steam turbine generator plant
with Rolls Royce Avon gas turbines in
1971 in Sweden continues to provide
synchronous condensing; reactive power,
spinning reserve and grid inertia.
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acceleration system to the exciter end of
the generator to be used to accelerate the
generator to synchronous speed so the gen-
erator can be connected to the grid as a
synchronous condenser. A clutch between
the acceleration system and exciter enables
the acceleration system to be automatically
disconnected and shut down. If power gen-
eration is needed in the area seasonally, say
summer or winter, the steam turbine could
be physically reconnected and MW’s and
MVARs would both be available.

The retrofit of an acceleration system
should take into account the power to ini-
tiate generator rotation and overcome gen-
erator losses up to full speed when syn-
chronizing to the grid. A thrust bearing
should be included in the acceleration sys-
tem to axially position the generator rotor
until it is connected electrically. Depend-
ing on generator size, it might be desirable
to include a turning gear into the acceler-
ation package, as the turning gear of a
large steam turbine generator is most
often located between the ST and the gen-
erator. Therefore, when the ST is discon-
nected or removed, the turning gear is
removed as well.

Retrofit considerations

Changes to existing machines in order to
repurpose them can sometimes be chal-
lenging. The first consider is space. Is there
enough room in the turbine hall to enable
an acceleration system to be installed?
Sometimes the generator is placed close to
buildings walls leaving insufficient axial
room. At other times, the foundation under
the generator may not extend far enough to
accommodate the acceleration system. In
such a case, the system can be installed on
the mezzanine floor on a few inches of con-
crete. Suitability for support of this addi-
tional equipment must be considered.

How about power for the acceleration
system? Full speed windage losses as well
as the excitation losses when the generator
is being connected to the electrical grid
need to be determined or estimated. The
amount of power the acceleration system
will need is also influenced by the pres-
ence of modern digital controls or if the
machine has a synchro scope that requires
more time to get the frequency, phase and
voltage in sync with the electrical grid. In
addition, the time desired to start and
connect the synchronous condenser to the
grid must be determined i.e., the amount
of power needed to accelerate the genera-
tor inertia within a specified time. All this
must be calculated to calculate the size
and power of the drive.

Once power is determined, the next
step is to consider how to transmit it
through the existing generator exciter.
Original ST generator exciters were never

designed to take in power through the
non-drive end. Some models even have a
permanent magnet generator (PMG) on
the end. Some machines can have the
PMG removed and use external exci-
tation. If the exciter shaft has a torque
limitation, the acceleration time can be
extended to limit that portion of the accel-
eration system’s torque.

The generator typically shares a lubri-
cation system with the turbine, often
located on a floor below the turbine gen-
erator. In some cases, it is simpler and
cheaper to install a replacement lube sys-
tem, sized for the generator and accelera-
tion system requirement only, and to
locate it adjacent to the generator.

If there is no bearing lift oil system,
the breakaway torque from the accelera-
tion system may be too high. In some
cases, generator bearings can be con-
verted to have lift oil. Alternatively, a
large turning gear can be incorporated.

Finally, control system modifications
will be needed to make the whole system
work with the addition of the clutch, the
acceleration system drive and any new
lubrication system. The extent of controls
changes will depend on the desire to keep
as much of the original plant’s controls or
upgrade to new PLC-based equipment.

New generators

Clutches can, of course, be installed on
new generators. When gas turbines are
being specified, it may be wise to include
a clutch. This provides insurance against
changes in policy or sudden reductions in
plant usage rates. If the power output of
the GT lessens significantly, the plant may
be able to gain revenue by offering syn-
chronous condenser services.

By doing so, power plants and turbine
owners gain the ability to provide or
absorb VARSs to correct a lagging or lead-
ing power factor. They can also meet peak
VAR requirements without reducing the
output of generators. Incorporating a
clutch in a peak load generator enables
maximum flexibility and increases the
potential return on capital investment
over the lifetime of the installation. B

Morgan Hendry is Presi-
dent of SSS Clutch of
New Castle, Delaware, a
manufacturer of the
large clutches that are
used in synchronous
condensers. For more
information, visit SSSclutch.com
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BOILER BEST PRACTICES

BOILER UPGRADES AND HRSG INSTALLATIONS REQUIRE CARE

BY KEVIN SLEPICKA

here are many aging boilers out there

in urgent need of replacement.

Whether they are in refineries, power

plants or combined heat and power
(CHP) facilities, there are many factors to
take into account in boiler or Heat Recovery
Steam Generator (HRSG) selection, instal-
lation, cost and maintenance.

Boiler selection

Some sites are suitable for a package
boiler fabricated in a factory and shipped
to the site for installation. Their standard-
ized sizes don’t fit the needs of some
refineries and power plants, but those that
can make them work often gain a good
boiler at lower cost.

Beyond a certain size, though, it
becomes prohibitive to ship packaged
boilers. That’s where stick-built (or cus-
tomized) boilers come in. They are tai-
lored to the individual facility, with com-
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ponents shipped to the site where they are
assembled and welded. They are more
expensive and take longer to install as
they are made to specific site and process
conditions.

A hybrid approach combines elements
of package and stick-built boilers. Design
is done to facility specifications. It is pre-
assembled and tested at the manufactur-
er’s site before being transported in one or
more pieces for installation and commis-
sioning. This greatly reduces the amount
of onsite construction work that needs to
be done, hence their lower cost compared
to stick-built alternatives.

A large ethanol plant in the U.S., for
example, needed a boiler to that could
provide 290,000 Ibs of steam per hour at
250 psig and 555°F of superheat. It also
needed to rapidly ramp up or down in
response to demand. Rapid ramping
requires a maximum heat release of less

than 80,000 Btu per hour per cubic foot,
which places a limitation of about
200,000 pounds per hour on the size of
unit that can be shipped. A hybrid
approach was preferred.

The convection section, and the mud
and steam drums were manufactured and
shipped to the field for installation. The
tubes were attached in the field. The boiler
can ramp from 20% to 100% load in about
five minutes without breaking down due
to thermal stress. Oversized downcomers
are positioned out of the heat path. This
eliminates deviation from nucleate boiling
where steam goes up the downcomers and
fights with the water coming down (a com-
mon cause of rupture).

Sizing considerations

Large power plants, refineries and petro-
chemical facilities can cost tens and even
hundreds of millions. A boiler represents
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a tiny fraction of overall costs. But an
unreliable boiler or problematic HRSG
can bring the facility to a standstill.

Sizing boilers with little margin, there-
fore, may be ill-advised. Smaller boilers
that constantly run near capacity may be
cheaper, but reliability eventually becomes
an issue due to constant wear and tear.
They may suffer from water carry over
from the steam drum to the superheater.
Eventually the superheater blows out.

To minimize unscheduled downtime,
it is generally advisable to specify large
furnaces, steam drums and oversized
boilers. A larger steam drum offers more
separation to more easily remove water
from the steam before it arrives at the
superheater. And in the event of loss of
feedwater flow, a large steam drum pro-
vides operators with valuable minutes to
address the situation before steam levels
fall and a trip is triggered.

By running the boiler well below
capacity, the likelihood of a breakdown is
greatly lowered. Warranty problems can
also be avoided. A more conservative
approach to specification helps the facility
gain a more reliable boiler for a small
increase in cost. In the long run, it usually
turns out to be far cheaper than trying to
keep a smaller boiler constantly running
at or near capacity.

Take the case of the new CHP plant at
Ford’s Dearborn, Michigan campus. It
was originally specified at 23 MW to
include two Solar Mars 100 gas turbines
and a 3 MW condensing steam turbine.
While this meant lower capital and oper-
ating costs, it didn’t allow for fluctuating
steam and electricity requirements, or
future expansion. In partnership with
developer DTE Energy, Ford opted for a
larger facility that could generate enough
electricity to be sold externally.

A new design called for two 14.5 MW
Solar Titan 130 gas turbines, a 5 MW
condensing steam turbine from Siemens
and Rentech HRSGs. The facility is
designed to produce heating, steam and
electricity for internal use as well as feed-
ing the grid. The 34 MW, 370 k-l1b/hr
steam CHP plant offers enough steam
load for Ford, and optimized sizing to
provide electricity for the grid. Ford gains
long-term contracts for steam and power
from DTE as well as an on-site genera-
tion, greater energy efficiency and low-
ered emissions.

Emissions changes

Older boilers are often a source of regula-
tory concern. When upgrading or adding
a new boiler, the specification of larger
furnaces is a good way to curtail emis-
sions and minimize problems with flame
impingement. Selective Catalytic Reduc-

www.turbomachinerymag.com

The layout and power generation configuration of Ford’s new Central Energy Plant.

Courtesy of DTE.

tion (SCR) and LoNox burners can also
lower NOx production.

Coal-burning and simple cycle gas
turbine facilities in some areas face new
regulations that severely limit emissions.
California, for example, has set targets to
reduce greenhouse gas (GHG) emissions
to 40% below 1990 levels by 2030. It
includes a 20% reduction in emissions
from oil refineries. This is forcing many
to replace older coal-fired boilers. Those
that desire onsite power as well as process
steam are switching to natural gas-fired
combined cycle plants. This requires the
addition of an HRSG.

Example: Morning Star Packing is a
California-based producer and packager
of tomato-ingredient products. It decided
to install new boilers, combustion sys-
tems, and an SCR system at one facility
to double steam production while lower-
ing NOx emissions. Morning Star opted
for two boilers from Rentech with register
burners and an SCR system by John Zink
Hamworthy. The register burners brought
NOx levels down to less than 30 ppm,
which the SCR then reduced to 5 ppm.
Boiler efficiency was raised from below
80% to around 85%, thereby lowering
fuel expenditure.

Design for the site

No two refineries or power plants are
identical. Equipment and products pro-
duced can vary considerably. One facility
may require an abundance of steam from
a boiler that follows steam load and can
fire up or down on demand. Another site
demands recovery of waste heat to raise
efficiency and lower emissions. And a
third may suffer from severe space con-

straints that limit options. Thus, a cook-
ie-cutter approach to specification can
lead to problems. The owner require-
ments, the needs of the process and the
conditions of the site should ultimately
determine the boiler selected.

An cast coast refinery serves as a
case in point. It had to deal with new reg-
ulatory requirements to install expensive
emissions equipment to cut NOx and SO2
emissions. This included leak detection
and repair, SCR, Continuous Emissions
Monitoring Systems (CEMS), reduction
and eventual elimination of fuel oil burn-
ing, and ultra-low NOx burners to help
bring NOx emissions below 0.040 Ib per
mmBTU.

An important part of meeting its refin-
ery steam requirements was the replace-
ment of older boilers with two more effi-
cient units that brought emission levels to
the required range. These units came with
water-cooled membranes, accelerated nat-
ural circulation of the water, and burners
that could use natural gas or refinery gas.
Each boiler could deliver 250,000 1b/hr of
superheated steam at 575 psig and 730° F.
In conjunction with all the other emis-
sions control technologies, this brought
NOx emissions down to 2 PPM, CO to 20
PPM and NHj slip to 5 PPM.

Another design feature specific to this
site was redundancy. Each boiler can pro-
duce enough steam to run the entire plant,
with the other on hot standby. Each has
dual fans as well as monitoring and safety
systems. Each boiler comes 1,200 RPM
forced draft fans from Robinson Indus-
tries driven by a Dresser-Rand steam tur-
bine with a Lufkin gear. The turbines are
controlled by a Woodward electro-pneu-
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Every site has a different layout and different needs. Boilers must be tailored to those

needs.

matic governor with a Flowserve Valtek
pneumatic actuator.

Lowering operating costs
Aging household appliances are far less
efficient than the latest models. Simi-
larly, aging boilers, some dating back to
the early days of the Cold War, can be
costly to run and have higher emissions.
By adding high-efficiency, natural gas
boilers, fuel costs can be slashed and
emissions lowered.

The reason for such gains is the evo-
lution of technology. The latest genera-
tion of equipment comes with features

How to Maintain Boiler Health

Proper maintenance can extend the life of
an aging boiler by several years. Tuning is
also needed to counter gradual output and
efficiency degradation caused by soot or
corrosion buildup.
Maintenance best practices include:

* Regularly measure conductivity or

total dissolved solids (TDS) to deter-

mine blowdown rates

» Maximize efficiency by implementing

automatic control of boiler excess air

* Each day check that water treatment is

functioning properly

* Look for and eliminate steam system

water hammer monthly

* Monitor and assess fuel costs for

steam generation on a quarterly basis.

» Benchmark steam production, effi-

32 Turbomachinery International  July/August 2020

such as SCR and LoNox burners inte-
grated into the boiler. Modern designs
lower the amount of refractory, so oper-
ators don’t need to worry about replacing
refractory seals or rebuilding refractory
walls. Additionally, placement of the
superheater in the convection section
protects it from hot exhaust gas, boosts
reliability and extends lifespan.

Oregon State University (OSU), for
example, replaced aging boilers with a
CHP plant. The new facility consists of a
combustion turbine from Solar Turbines,
an HRSG, an Elliott steam turbine and
two auxiliary boilers. This provides all

ciency and quality to verify that dry
steam is being generated

 Annually inspect the boiler, deaerator,
feedwater tank, chemical treatment
equipment, piping, valves, pressure
reducing stations, heat exchangers,
coils, air vents, vacuum breakers, flash
tanks, condensate pumps and fittings

* A properly maintained boiler is likely
to outlast plant personnel so include
knowledge transfer and comprehensive
documentation.

* Monitor the air-to-fuel ratio: CO forms
instead of CO, if airflow is inadequate,
releasing less than one-third the amount
of heat. Excess air leads to heat getting
carried away by excess stack gas. Effi-
cient operation, therefore, depends on

the steam as well as half of the electrical
needs of the 570-acre OSU campus
located in Oregon.

The central steam plant hadn’t been
upgraded since 1948. The replacement
facility had to comply with Oregon’s State
Energy Efficiency Design (SEED) i.e.,
exceed code efficiency requirements by at
least 20%, and lower emissions. The cam-
pus uses absorption chillers, so there is
little fluctuation in electricity demand
throughout the year. Steam is used for
heating, cooling and humidification the
buildings, providing hot water, sterilizing
greenhouse soil and lab experiments.

The new CHP facility consists of a 5.5
MW Solar Taurus 60 engine that can run
on multiple fuels (natural gas, distillate,
biodiesel or methane), a Rentech HRSG
with a preheater, duct burners from R&V
Engineering, two auxiliary package boil-
ers with LoNOx burners, each capable of
85,000 Ibs of 200 psig steam per hours, a
1 MW Elliott backpressure steam turbine
generator, and an Emerson Delta V con-
trol system. The plant can produce up to
6.5 MW of electricity and up to 280,000
Ibs. of steam per hour. By switching from
utility to onsite power, the university esti-
mated annual savings of more than half a
million dollars. B

Kevin Slepicka is Vice President of Heat
Recovery Boilers at Rentech Boiler Systems,
a company that provides boilers and HRSGs.
For more information, visit www.rentechboil-
ers.com

maintaining the proper air-to-fuel ratio.
» Keep heat transfer surfaces clean of
deposits such as calcium, magnesium
and silica as this lowers thermal con-
ductivity, retards heat transfer and leads
to overheating and tube failures. A 1/64
inch layer of iron plus silica scale
formed by high pressure steam can pro-
duce a 3.5% fuel loss. A rise in flue gas
temperature often indicates deposit for-
mation.

« Use water softeners, demineralizers or
reverse osmosis to prevent scale. Addi-
tionally, proper blowdown practices and
the addition of scale retardant chemicals
to water are further preventive mea-
sures.

www.turbomachinerymag.com



There are a variety of different applications for Power-to-X, some of which are included above.

WHAT IS POWER-T0-X?

HYDROGEN TURBINES AND POWER-TO-X TECHNOLOGIES IN
CARBON-NEUTRAL ENERGY SYSTEMS

BY CHRISTER BJORKQVIST

ower-to-X is an umbrella term for

a number of conversion, storage

and reconversion pathways that

use surplus electric power from
renewable energy, typically solar and
wind. “X” stands for the type of energy
into which the electricity surplus is being
converted. These are generally gases,
liquids or heat.

Efforts to cut carbon emissions and
improve local air pollution require
changes to how energy is produced and
consumed. The European “Green Deal,”
for example, is a set of policy initiatives
from the European Commission with the
aim of making Europe climate neutral by
2050. It includes the phase out of coal, a
substantial increase in renewable genera-
tion and ambitious targets to cut green-
house gas (GHG) emissions by 2030.

www.turbomachinerymag.com

Wind and solar energy represent the
main pillars of these plans, but hydrogen
has a complementary role. It is seen as a
way to enable large-scale integration of
renewables into the power generation net-
work; as a means of distributing energy
across sectors and regions, and as a stor-
age buffer to increase system resilience.
Wind and solar require large-scale energy
storage to compensate for short-term and
seasonal imbalances. Due to the orders of
magnitude involved, this can best be
achieved by converting excess electricity
using various Power-to-X concepts.

Hydrogen can be produced in numer-
ous ways including fossil fuels, biomass,
crops, nuclear energy and from renewable
energy sources, such as wind, solar, geo-
thermal and hydroelectric power. This
diversity of potential supply sources is

why hydrogen is seen as the ideal energy
carrier. The main Power-to-X concept
being targeted uses excess renewable
electricity production from wind and sun
to split water into hydrogen and oxygen in
an electrolyser. As the hydrogen is pro-
duced from purely renewable sources, this
is known as green hydrogen.

In the transition phase, natural gas
reforming would be required. This is a car-
bon-neutral resource if carbon capture
technology is utilized. The reforming of
hydrocarbons is seen as a kick-starter to
the provision of sufficient hydrogen supply
at short notice, enabling the creation of the
necessary hydrogen infrastructure. This
includes investment into gas grids. Mean-
while, existing assets and infrastructure
can be used with adapted gas turbine tech-
nology to reduce the carbon footprint of
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There are various approaches to decarbonization depending on the primary source.
CCS means carbon capture and storage (or sequestration). CCU means carbon

capture and utilization.

power generation and oil & gas. The scal-
ability of gas turbines from small decen-
tralized to large centralized systems offers
enough flexibility in terms of production
capability and local storage requirements.

Power-to-X concepts also offer an
opportunity to reduce GHG emissions in
heavy transportation vehicles, ships and
air traffic. For instance, synthetic kero-
sene obtained using electricity from
renewables is currently the only fuel
enabling climate-neutral flight. Linking
traditionally separated sectors of the
energy system like electricity, gas, heat
and transport, can raise energy efficiency
and lower network investment costs. This
is known as sector coupling. For example,
coupling hydrogen gas turbines with other
industries (e.g. chemicals and refineries)
enables waste heat to be used.

Power-to-Gas is the most promising
concept as it can provide significant
amounts of hydrogen or synthetic meth-
ane utilizing excess electrical power from
renewables to produce a gas fuel. Elec-
trolysis is used to produce hydrogen,
which can be used directly or converted
to syngas, methane or liquefied petroleum
gas (LPG). The resulting gases can either
be used as chemical feedstocks, burned to
produce heat or converted back into elec-
tricity using gas turbines and gas engines.
In addition, power-to-gas opens the door
to long-term energy storage of clean elec-
tricity for use in all other energy con-
sumption sectors.

Power-to-Liquids is a process that adds
carbon dioxide to hydrogen to produce
ammonia, methanol or kerosene. If the
added carbon comes from biomass, sewage
sludge or is extracted directly from the air,
it is CO2-neutral. These fuels are easier to
store and transport than pure hydrogen and
can be used as feedstock in industry. For
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example, 150 GWh could be stored in one
50m x 30m liquid ammonia tank. Under-
ground storage could also be used, espe-
cially salt caverns as a space-efficient long-
term storage option.

Power-to-heat works either by resis-
tance heating or via a heat pump. Large heat
pumps in district heating systems with ther-
mal energy storage are an especially attrac-
tive option for power-to-heat or cold as they
offer an efficient way to make use of excess
wind and solar power.

A hybridization layout is being devel-
oped and demonstrated as part of a Euro-
pean Commission-funded PUMP-HEAT
project. It is based on the coupling of a
fast-cycling heat pump (HP) with a com-
bined cycle (CC) power plant. The project
aims to enhance performance under any cli-
matic conditions. This approach can be
applied to new or existing plants and to an
entire fleet to improve power flexibility and
efficiency. Integration of a CC, HP and cold/

hot thermal storage can reduce the mini-
mum environmental load (about 50% of full
output, operating at lower loads, can reduce
combustion temperature, reduce the conver-
sion of CO to CO, and potentially exceed
permitted emissions.). It can also raise
power ramp rates, increase electrical grid
resilience and improve gas turbine flexibil-
ity. Further, it demonstrates that Thermal
Energy Storage (TES) combined with a heat
pump can be integrated into CCs as an
equivalent to conventional electrical storage
at lower cost.

Turbine innovation

The current turbine fleet is optimized for
natural gas but can probably handle up to
5% hydrogen without modification. Fuels
with higher hydrogen content or pure
hydrogen demand modifications to the
combustion system, greater fuel flexibility
and improved safety measures.

Technologies were developed for
Integrated Gasification Combined Cycle
(IGCC) plants that can burn gas mix-
tures with high amounts of hydrogen.
However, they typically use dilution
agents such as water or nitrogen that
reduce efficiency, increase complexity
and add costs. Some industrial scale gas
turbines are under development that can
burn gas mixtures with high hydrogen
content (up to 100%) without dilution.
However, they may not offer sufficient
fuel flexibility. This is an area ripe for
turbomachinery innovation.

With little to no modification, a blend
of hydrogen and natural gas can be trans-
ported within the existing gas infrastruc-
ture. A new or retrofitted piping infra-
structure, though, would be necessary for
100% hydrogen transport. Combusting
hydrogen at the point of production could
solve this problem during the initial phase
of the transition.

Figure 1: Carbon content in a methane/hydrogen mixture. There is a non-linear
dependency of carbon content in fuel versus volumetric hydrogen content. Therefore,
high hydrogen content is required to maximize the impact on CO2 emissions.
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Options for storage and transport of hydrogen, depending on its state.

Another vital area of research con-
cerns system dynamics and how best to
integrate fluctuating renewables. Cooper-
ation is needed between hydrogen produc-
ers, end-users, gas turbine manufacturers
and academia to demonstrate technology
effectiveness in a timely and cost-efficient
way. Key areas include combustion insta-
bility, how to maintain low NOx emis-

sions for up to 100% hydrogen, coping
with a range of natural gas and hydrogen
mixtures, and addressing rapid changes in
fuel composition. New materials and
cooling technologies are also needed for
hot gas path components.

Work is ongoing with the FLEXn-
CONFU project to increase the flexibility
of combined cycle power units by running

them partially on hydrogen or ammonia.
The goal of the EU-funded project is to
develop and demonstrate economically
viable and replicable Power-to-X-to-
Power solutions.

All available options for the effective
and flexible use of surplus power from
renewable energy will be combined to
level the power plant load by converting
electricity into hydrogen or ammonia
prior to converting it back to power. The
hydrogen co-firing concept will be
demonstrated at EDP’s 1.2 GW Gestao da
Producdo de Energia Ribatjo power plant
in Portugal.

Christer Bjorkqvist is
Managing Director of
ETN Global. The mission
of the turbine network is
to bring together the tur-
bomachinery value chain
to accelerate research,
development and demon-
stration of safe, secure and affordable car-
bon-neutral turbomachinery-based energy
solutions by 2030. Visit etn.global for details
on future gas turbine research and develop-
ment in ETN’s hydrogen report, “The Path
Towards a Zero-Carbon Gas Turbine.”

Outstanding efficiency of over 97 % at peak
The variable speed drive - VECO-Drive

Speed regulation in a power range be-
tween 4 and 15 MW is attained by operat-
ing an electrical superimposing planetary
gear in combination with frequency con-
trolled servo motors.

voith.com

www.turbomachinerymag.com

Saving energy and reducing CO, emmis-
sions in rotating equipment applications
has never been easier.

For more information, contact us:
Tel: +49 7951 32-261
vs.drives@voith.com

VOITH

Inspiring Technology
for Generations
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GCENTRIFUGAL COMPRESSOR

UPGRADE

BOOSTING PLANT EFFICIENCY BY ADDING INLET GUIDE VANES TO

AGING COMPRESSORS

BY DONALD DE REGNIER

he transportation industry is respon-

sible for 70% of global oil demand.

Air travel alone consumes approxi-

mately 8 million barrels per day
(MBPD) of oil feedstocks. During the last
few months, refineries around the globe
have operated at significantly reduced
capacities. As the transportation industry
(and the world at large) bounces back, pro-
cess conditions in refineries will change
yet again. These dynamics are prompting
plant operators to evaluate compressors
and their control systems to ensure they
operate at peak efficiency.

Centrifugal compressors used in refin-
eries can last for 30 years or longer.
Re-vamps, re-rates and upgrades to com-
pressor components such as motors, impel-
lers, seals, bearings and control systems
extend operating life. They can also
enhance performance characteristics to
meet new operating requirements.

An upgrade that can boost efficiency
and help refineries lower energy costs is the
addition of Inlet Guide Vanes (IGVs). IGVs
are a series of blades arranged at the inlet of
a centrifugal compressor. Pneumatically
driven IGVs pre-switl the gas flow entering
the impeller. As a result, turndown is

IGVs retrofitted onto an existing Sundyne
multi-stage compressor.
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increased while reducing the amount of
work needed from the main driver.

IGVs are especially valuable when pro-
cess conditions change. When plants oper-
ate at lower capacities, they move less gas
through their compressors. This alters the
velocity vectors of the gas passing through
the impeller of the compressors. Impellers
have fixed blade angles; any change in the
gas speed vector relative to the impeller
blade speed vector can trigger internal
stalls and begin surge conditions. An anti-
surge system will protect the unit. How-
ever, opening the anti-surge valve boosts
electrical or water consumption, as well as
energy costs.

IGVs help to smooth out surge condi-
tions. During turndown, the compressor
control system rotates the IGV to pre-swirl
the gas and adjusts the flow to fit the fixed
impeller inlet blade angle. Adjustment of
the internal geometry keeps the compres-
sor within its best operating range and low-
ers the surge threshold. Like the wing of an
airplane, each vane is designed with an air-
foil cross-section. This minimizes aerody-
namic losses in the full open position
(vanes positioned parallel to the rotational
axis). The inlet guide vanes can modulate
from fully opened to fully closed positions
to provide a variable degree of pre-swirl.

IGVs have long been considered a
requirement for high-flow applications
such as reactor feeds, gas boosting for
power generation, or overhead boost in gas
treatments for LNG applications. They are
now standard on new equipment. But given
the 20- to 30-year lifespan of centrifugal
compressors, there are thousands of
machines running in refineries that could
implement this upgrade.

Such installations are straightforward:
an IGV assembly replaces the inlet flanges,
using the same bolting and interface. It does
not require disconnection of any piping.

Refineries in the U.S., France, Singa-
pore and Kazakhstan recently added IGVs
to their compressors. As part of the pro-
cess, each plant audited its operating con-
ditions and compared past trends to current
requirements. They made standard adjust-
ments to boost efficiency and retrofit

IGV blades at the inlet of a compressor
pre-swirl gas flow entering the impeller,
reducing the amount of work needed
from the main driver.

capacity. Additionally, they performed
basic maintenance on the bearings and
seals. The combination of regular mainte-
nance and the upgrade enabled each plant
to enhance turndown by up to 30% and
achieve an average of 10% power savings
for less than 7% of the cost of a new
machine. This was accomplished in a few
days during a standard turnaround without
the need for hot work permits, welding or
concrete work, or crane operation. In addi-
tion to boosting efficiency, IGV upgrades
minimize stress on the entire system,
which helps to extend the mean time
between maintenance intervals. B

Donald de Regnier 111 is
Aftermarket Product
Manager at Sundyne, a
manufacturer of
compressors since 1965
with thousands of
deployments in refineries
and petrochemical plants.
Sundyne’s aftermarket services group can
retrofit IGVs onto existing Sundyne multi-
stage compressors. For more information,
please visit www.sundyne.com or email
Donald.deRegnier@sundyne.com.
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&COMPONENTS

OFFSHORE FILTRATION

NEW RESERACH PROMPTS REASSESSMENT OF OFFSHORE

FILTRATION SELECTION

BY GRAEME TURNBULL

ir in the offshore environment con-

tains numerous airborne particles

that have the potential to harm gas

turbines (GTs). These include water
droplets, sea salt aerosols, salt in solution
and sub-micron particulate, as well as
industrial airborne particulates from burnt
and unburnt hydrocarbons, drilling activi-
ties, mud burn and grit blast. When sour
fuel is running, components within the tur-
bine section are exposed to accelerated hot-
end corrosion. This results from the com-
bustion of sour fuel gas, rich in hydrogen
sulphide (H,S), reacting with salt (NaCl)
from the intake air.

Cooling passages on the turbine blades
must remain free of contamination. If they
are not protected, blockage can result in
fatigue and cracking. Variable guide vanes
and pneumatic parts are particularly
exposed contamination and corrosion off-
shore. This can lead to seizure. Air filtra-
tion systems can promote better compres-
sor cleanliness and long-term part integrity.

Traditional filtration

In Europe, products are tested and clarified
in laboratories in accordance with EN779
and EN1822 use. EN filtration efficiency
grades range from Gl to U17; the higher the
number, the higher the level of filtration. In
the GT market, filtration typically ranges

from G3 to E12. Filters in the G3-M5 range
are commonly used as pre-filters.
Typically, onshore modern GT filtra-
tion systems have a minimum of an F9
classification. Systems are now regularly
commissioned with levels of filtration up
to EPA E12. About 85% of offshore GTs
are protected by small, high velocity filtra-
tion systems that fall into the pre-filtration
classification range of G3-M5. These sys-
tems were widely adopted from the late
1970s. Selection was based on research by
the National Gas Turbine Establishment on
an ocean-going marine vessel. It involved
taking samples of air from less than 10m
above sea level as an indicator of offshore
air quality. What was less well understood
at the time was the difference in air quality
between sea and platform level (30m)
where most particles are sub-micron.
Testing at that time considered that
95% of offshore particles were above 5
micron, and that filter bags would be effec-
tive in arresting them. Recent research
revealed that 98% of particles on offshore
platforms are 1 micron or below (Table 2).
Traditional filter bags offer minimal fil-
tration and particle arrestance for particles
less than 1 micron. They are designed to
allow water, moisture or fog to coalesce as
it passes through the filter bags. This cre-
ates larger droplets that are captured by a

Particle Distribution

Measurement

NGTE 30 knott
aerosol - - -
(<10 m ASL)

AAF Platform

0,
Measurements e

16.3% 6.7%

0.1% 4.5%

0.9%

pm T}

95% particles

20.5%
>5um

74.9%

98% particles

0.7%
<1pm

0.2%

Table 1: A comparison between the aerosols from the National Gas Turbine
Establishment (NGTE) and AAF platform measurement, highlighting the difference in

particle sizes at platform level.

Filtration F"."?tm“ Efficiency @ 0.3 micron Particles Particles Cleanliness
efficiency partlcleslm3
Type - 0.3 micron arrested penetrated ratio vs G4

Offshore

Traditional ~ °* °;_';'ERV % >202million 1,460,000 27,740,000

Filter Bags

ARFN-hance — pp) pgp 99.95% >29.2million 29,185,400 14,600 x1,900

Retrofit

Table 2: Air cleanliness at 0.3 micron. AAF’s N-hance EPA E12 filtration technology is
1900 times cleaner compared to traditional high velocity technology.
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This N-hance filtration system from AAF
provides EPA E12 protection on BP’s Clair
offshore platform. This level of filtration
can be retrofitted onto existing small,
high velocity intake filter housings.

downstream vane. However, some water
and salt in solution passes through the
vanes. Water can collect on the floor down-
stream of the bags and upstream of the
final vanes. It evaporates over time, allow-
ing salt crystals to be carried into the GT.

EPA E12 filtration

Air filters with EPA E12 classification cap-
ture 99.5% of particles at the Most Pene-
trating Particle Size (the most difficult size
to capture at a predefined airflow speed.

When they first became available off-
shore, EPA EI12 technology required a large
equipment envelope. The air intake hous-
ing had to be replaced to lower airflow.
This raised costs and foundation loads.
That’s why it is primarily used on the plat-
forms of super-majors. They invested in
upgrades when oil prices peaked.

EPA EI2 filtration is now available as a
retrofit within high velocity filtration sys-
tems without the need of a larger filter
house.EPA E12 cost effectively captures
substantially more harmful particles than
other filtration classes. The upgrade is
designed to deal with large amounts of
moisture and salt. This type of filtration
reduces water washing frequency,
increases production efficiency and lowers
CO, emissions, while providing longer
operational life for the gas turbine. B

Graeme Turnbull, CEng,
MIMechE, MIOA, is
System Product Manager,
at AAF International. For
more information, visit
aafintl.com
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GEARBOX TRENDS IN
TURBOMACHINERY

Patrick Potter, Director of Sales at Cincin-
nati Gearing Systems, discusses types of
gearing, how the field is evolving and the lat-
est trends in turbomachinery gearing.

Tell our readers about

Cincinnati Gearing Systems
Cincinnati Gear was established in 1907
and was a founding member of the Amer-
ican Gear Manufacturers Association
(AGMA). Today we are known as Cincin-
nati Gearing Systems (CGS). We have
four facilities located on the east side of
Cincinnati including two manufacturing
facilities, an assembly and test center, and
a dedicated heat-treating facility known
as Cincinnati Steel Treating.

What trends have you observed
in turbomachinery gearing

As application demands have steadily
increased, the need to transmit higher pow-
ers at higher pinion speeds has followed
suit. This is especially true with mobile gas
turbine driven equipment, where compact
packaging envelopes often result in high
power-density requirements. This chal-
lenge has been met using new designs,
high quality materials and precision man-
ufacturing. On a recent microturbine proj-
ect with a 74,000 rpm pinion, we employed
a split-power-path gearbox design, a hybrid
of an epicyclic and parallel shaft arrange-
ment that eliminates high-speed journal
bearings. This enables otherwise unachiev-

38 Turbomachinery International * July/August 2020

able shaft rotational speeds, high turbine
efficiency, greatly reduces gearbox power
loss, and raises overall system efficiency.

How has gearing technology
evolved over the last 20 years
Improved material quality, heat treat pro-
cesses and machining accuracy have
allowed designers to expand the envelope
in terms of speeds, transmitted powers
and pitch line velocities. Twenty years
ago, a transmitted power of 2,000 HP on
a 30,000 rpm pinion would have been
considered challenging. Recently, we
delivered a set of four integrally geared
compressor gearboxes for fuel gas booster
service to a power plant on the east coast.
These units operate continuously with a
pinion speed of 30,000 rpm and a rated
power of 3,500 HP. All design parameters
are well within our comfortable experi-
ence range.

Are there any misconceptions
about gearing?

Gearboxes are often considered a neces-
sary evil, since they simply connect the
driving and driven equipment. But the
gearbox also forms the heart of the pack-
age, a critical link that must operate per-
fectly or performance will be compro-
mised. Clearly, quality matters. Choosing
a gearbox partner with demonstrated
experience and a history of customer focus
helps ensure a smooth-running project.

What are the primary products
you provide?

Cincinnati Gearing Systems provides cus-
tom engineered gearboxes for high-speed,
high-power turbomachinery applications.
We design and manufacture single and
multi-pinion integrally geared machines
per AGMA 6011 and API 617 for a variety
of services including air separation, fuel
gas boosters, propylene dehydrogenation
and compressed air energy storage. We
also design and manufacture epicyclic
gearboxes for mobile power generation as
well as fracking applications, for both
mechanically driven gas turbine to pump
systems and e-fracking services. Double
helical stand-alone gearboxes are another
offering, which we provide to the U.S.
Navy for shipboard power generation and
to commercial customers for compressor
and pump drives.

Tell our readers about one of
your products

Epicyclic gearboxes have been enjoying a
surge in popularity. Compared to parallel
shaft gearboxes, advantages include a
coaxial mounting arrangement between
driving and driven equipment, typically
higher efficiency and reduced oil flow
requirements. We manufacture epicyclic
gearbox designs for gas turbine to gener-
ator drives, gas turbine to pump drives
and compressor applications. This type of
gearing in turbomachinery pre-dates par-
allel shaft gearing. Because of the inher-
ent load sharing benefit of multiple planet
gear meshes, epicyclic gearboxes can
transmit more power in a given size range
than a parallel shaft unit. More recently,
oil and gas OEMs and end users have
begun to seek out epicyclic gearboxes.
The 4th edition of API 677, set to be
released later this year, will be the first
API standard to include a chapter on epi-
cyclic gearboxes.

What are the main services

you provide?

We provide engineering support services
as well as rebuild and repair capabilities.
We provide clean sheet designs tailored to
applications, and also reverse engineering
and design audit services on existing
equipment, including gearboxes produced
by other manufacturers. In many cases,
we can recommend cost effective upgrade
and re-rate options for more power and
higher speed.

What has heen the impact of the
Covid 19?

Our management was proactive in the
early stages of the pandemic in recogniz-
ing and mitigating the impact of Covid
19. We implemented remote working for
office employees and social distancing for
shop personnel. We bought hand sanitizer
from a neighboring business (a craft dis-
tillery), and found creative supply chan-
nels for masks. As an essential business,
we never missed a day of work and have
not laid off any employees. In fact, we are
in a strong growth mode and have contin-
ued to hire during the pandemic. While
we suffered some slowdowns at a few of
our sub-suppliers, these bottlenecks have
been resolved and we are looking forward
to business as usual throughout the rest
0f 2020. m
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WEBINAR REPORT

BY RORY PASQUARIELLO

rade shows, conferences, and work-

shops remain postponed or can-

celled. In response, Turbomachinery

International has increased the fre-
quency of webinars.

In partnership with industry leaders,
Editor-in-Chief, Drew Robb, hosted three
online workshops: “How Connectivity
Enables Comprehensive Asset Health
Monitoring to Enhance Productivity, Min-
imize Downtimes and Boost Safety” on
May 13; “Strategies and Tips on How to
Emerge Strongly from Uncertain Times”
on May 21; and “The Gas Turbine Market:
Where It’s Been, Where It’s At Right Now,
And Where It’s Heading,” on June 18.

Connectivity in asset health
monitoring

On May 13, Robert Bradshaw, Global Soft-
ware Sales Leader at Bently Nevada, and
Chris Kramm, Product Manager for Sys-
tem | at Bently Nevada, discussed tur-
bomachinery operations, connectivity in
condition monitoring systems and how
inputting process and control data can
enhance a monitoring system. Having a
connected condition monitoring platform
with the ability to import and export other
types of data is essential to an overall asset
health monitoring strategy. Strategies dis-
cussed include how to increase productiv-
ity, how to lower the frequency of machin-
ery breakdowns and how to reduce main-
tenance costs.

Emerging from uncertain times
On May 21, Mark Axford, a veteran Gas
Turbine and Power Industry Consultant,
Axford Turbine Consultants and Editor in
Chief Drew Robb, briefed the audience on
how to emerge stronger from challenging
times. They covered the Covid-19 pan-
demic and ensuing economic disruption, as
well as the collapse in oil prices. Addition-
ally, the webcast provided historical per-
spective from past recessions and market
downturns. Axford and Robb offer tools
and tips to help companies cope with
immediate problems as well as strategies
to recover faster from the downturn.

www.turbomachinerymag.com

The future of gas turhines

Our best attended webinar to date with
almost 600 registrants was, “Gas Turbine
Market: Then, Now and the Future!” a
webcast hosted by Turbomachinery Inter-
national Magazine on June 18, 2020. It
addressed the state of the market as of
2019, how gas turbine orders are trending
overall and how the market has changed in
light of current events. The featured
speaker Tony Brough, President of Dora
Partners & Company, an energy-focused
management consulting company, covered
the aeroderivative turbine market in detail
as well as the market for large heavy duty
machines and small turbines.

During the webinar, a survey of attend-
ees revealed that those specifying or pur-
chasing gas turbines selected alternate fuel
capability as the most important factor.
This trend is probably being driven by
renewed interest in hydrogen-powered gas

turbines, as well as ongoing efforts to fur-
ther reduce emissions.

36.1% chose alternative fuel capability
as the most critical deciding factor in tur-
bine selection, 28.4% gave the greatest
emphasis to higher combined cycle effi-
ciency and 21.9% to better simple cycle
efficiency. Only 13.5% of respondents
picked dry low emissions.

The survey also asked users which type
of gas turbines they primarily operate,
manage, supply or service? 22% of respon-
dents primarily use GE Heavy Frame tur-
bines and 17.3% use GE aeroderivatives.
Siemens Heavy Frame users gained 17.3%
while Siemens aeroderivative users repre-
sented 6.4%. 10.9% of respondents use
Solar equipment with 4.5% using turbines
from Mitsubishi Hitachi Power Systems
(MHPS).

All webcasts are available for replay at
turbomachinerymag.com. B

Which type of gas turbines do you primarily operate, manage, supply or service?

GE Heavy Frame

GE Aeroderivative
Siemens Heavy Frame
Siemens Aeroderivative
MHPS

PWPS

Solar

Other

If you were purchasing or specifying a new gas turbine today,
what would be the most critical technical aspect you would be looking for?

Lower Dry Emissions
Higher Simple Cycle Efficiency
Higher combined cycle efficiency

Alternate fuels like perhaps
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0il & gas pumps
Xylem has expanded its oil and gas
pump portfolio to include: e-MP multi-
stage ring section pumps, e-XC sin-
gle-stage double suction centrifugal
pumps and larger vertical turbine pumps.
These pumps are customizable to meet
the demands in upstream and midstream
applications, from source water and pro-
duced water to liquid transfer.

e-MP — The multistage ring section
pump is best for high-pressure applica-
tions, such as produced water and crude
oil Lease Automatic Custody Transfer
(LACT) units.

e-XC — Designed for durability and
performance in harshest, the e-XC comes
in multiple models and configurations to
handle various aggressive applications.
A corrosion-resistant stainless steel

impeller and wear rings are standard.

Vertical turbine pump — This exten-
sion to the existing Xylem vertical tur-
bine product has capacities up to 1.7 mil-
lion barrels per day.

Xylem.com

Xylem e-XC single stage double
suction centrifugal pump

Turbomachinery protection

When unsheltered storage is the only
option, MilCorr VpCI Shrink Film can
be used for preservation and corrosion
protection of assets of all sizes, from air-
craft to offshore equipment and opera-
tional turbomachinery spares on outdoor
racks. By heat-shrinking it to fit the
shape of the object, asset owners can cre-
ate a tight and tamper-proof protective
environment. The film provides multi-
metal corrosion protection via contact
and vapor-phase molecular action of the

Data acquisition system

ESC | Spectrum, a provider of data acqui-
sition software (DAS) and services for
continuous emissions monitoring systems
(CEMYS), has launched RATAView. This
subscription-based software helps stack
testers perform Relative Accuracy Test
Audit (RATA) tests accurately to meet
regulations and comply with 40 CFR
Parts 60 and 75 requirements. It is pack-
aged with an 8864 Data Controller. The

corrosion inhibitors within. It also offers
UV protection and provides a durable
physical barrier effective even in severe
outdoor climates, including hurricanes,
high temperatures, humidity and chlo-
ride-ridden air. It replaces conventional
rust preventatives such as oils and desic-
cants. Parts protected with MilCorr
VpCI Shrink Film are ready to use
immediately after removal.

cortecvci.com

software guides users through configura-
tion of a test queue to create templates,
automating the process. Users can reuse
templates, in manual or automatic mode,
can reset the test to clear out current
results and start over, accept the test, or
stop/pause. Tests are saved, and can be
reported or viewed in Excel.

Envirosys.com

Pressure regulator

BelGas has introduced a large-volume
regulator for natural gas, propane and
other fuels known as BelGas P1098. It
is pilot-operated and has a large-area
actuator diaphragm, allowing for fast
response for modulating flow condi-
tions. The pilot acts as an amplifier for
the main regulator valve. Pilot assem-
blies can be exchanged in the field. It
can deal with pressures of up to 400
psi. All venting/loading pressure bleeds
downstream so there is no atmospheric
relief. Applications include commercial
buildings, boilers, furnaces, ovens,
plant air systems and liquids. It is avail-
able in 2 and 4” pipe sizes, flanged and
screwed, with 25 possible spring
ranges, and eight pilots.

marshbellofram.com

Bellows seal valves
Conval offers a line of Clampseal bellows
seal valves. Low-pressure ASME Class
150-900 Clampseal bellows seal valves are
suitable for toxic, corrosive, and caustic
applications and regulation of severe ser-
vice process control where leakage is not
an option. They feature low weight and
seismic profile; leak-proof integrity; in-line
servicing; high cycle bellows; high flow
capacity; no fugitive emissions. They are
available in 14" to 4” with socket weld, butt
weld, flange and threaded connections.
High-pressure Clampseal single and
double bellows seal valves for up to ASME

Class 2500 are suitable where packed
valves may not reliably contain light gases
or hazardous fluids due to leakage. They
allow zero emissions and meet MSS
SP-117 requirements. Available in 1/2” to
47, inY, T and angle configurations, mate-
rials include carbon steel; chrome-moly;
and stainless steel. Options include elec-
tric, pneumatic and hydraulic actuators;
open/closed locking devices; single or dual
limit switches; position indicator; and leak-
off port. N-stamp valves are available.

Conval.com
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Accelerometers

Piezo-electric seismometers by Senson-
ics provide output of up to 50V/g and
measure frequencies down to 0.1Hz.
PZS Accelerometers are used in
machine condition monitoring. The
PZS range of low-noise accelerometers
can be used for monitoring pumps,
fans, motors, centrifuges, gearboxes,
compressors and process equipment.

Sensonics.co.uk

Laser spectrometer

Yokogawa of America has released the
TDLS8100 probe-type Tunable Diode
Laser Spectrometer (TDLS). Industrial
process heating operations — fired heat-
ers, boilers and furnaces — account for
approximately 70% of the manufactur-
ing sector’s process energy consump-
tion and constitute a process safety risk
and source of greenhouse gas emis-
sions. The TDLS 8100 enables opera-
tors to make safety improvements,
emission reductions, optimization of
fuel efficiency and yields, as well as
prolong the life of assets.

The TDLS 8100 measures in situ gas
concentrations, eliminating the require-
ment for sampling and conditioning com-
ponents. It is field-serviceable with no
consumables or calibration required. The
single flange design allows installation
where cross-duct TDLS technology was
previously not feasible. It is SIL2 compli-
ant and explosion-proof for Division 1
and Zone 1 installations.

Yokogawa.com
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Condition monitoring

Briiel & Kjer Vibro has launched the
latest generation of its VCM-3 condition
monitoring platform. It is designed to
increase uptime and reduce lifecycle
costs of pumps, fans, motors, gearboxes
and other machines. It is a 12-channel
data acquisition hub targeted at the mon-
itoring of auxiliary machines, balance-
of-plant non-critical machines and other
assets in industries where condition
monitoring is required without machine
protection. It features enhanced condi-
tion monitoring measurement, easy inte-
gration, cybersecurity and installation.
It also offers simultaneous input chan-
nels with high sampling frequency.

Bkvibro.com

3D printing
Velo3D has released a process for addi-
tively manufactured parts in aluminum
F357 on the company’s Sapphire metal
3D printing system. The foundry-grade
aluminum alloy, suitable for the laser
powder-bed fusion process, enables 3D
printing of parts that are traditionally
cast. There are other aluminum alloys
that are more commonly used in metal
additive manufacturing, such as
AlSil0Mg. But aluminum F357 can be
anodized and shares characteristics
with A356, a widely used casting alloy.

The manufacturing process of alu-
minum F357 was developed jointly with
PWR. The Velo3D system eliminates
support structures for complex passage-
ways, steep overhangs and low angles.
It can produce thin wall structures and
high aspect ratios. A one-meter tall sys-
tem will be available this year.

The Sapphire metal AM printer by
Velo is compatible with titanium64, INC-
ONEL alloy 718, and aluminum F357.

VELO3D.com

Customized Regal tools

Regal Beloit has launched Regal Per-
ceptiv intelligence, a matrix of digital
solutions that help users engage with
Regal to maximize reliability and
plant production. This includes on-site
and off-site diagnostics, customized
monitoring, and products that connect
to facility infrastructure. Augmented
reality and tools allow monitoring
from a smartphone, tablet, laptop or
computer. It also delivers tools to find
Regal online product catalogs, 3D
CAD drawings, selection tools, mobile
apps and QR codes on products.

RegalBeloit.com

Turbocompressor
The CT-NG is Celeroton’s new turbo-
compressor series for noble and inert
gases. Equipped with gas bearings, the
first variant, the CT-NG-2000, is avail-
able for oil-free compression of helium.
Besides single-stage operation, it allows
for the connection of multiple units in
series/parallel configurations to increase
pressure ratio or mass flow. Master/slave
control is achieved by bus communica-
tions. The modular CT-NG platform
covers gases such as argon, neon, nitro-
gen and gas mixtures by making aero-
dynamics and gas bearing adaptions.
The sealing concept of the compres-
sor minimizes contact of the process
gas with wetted materials within the
compressor and works without the need
for rotating sealings. This allows the
compressor to be operated in hydrogen,
pure oxygen or reactive and aggressive
gases. It provides tightness and low
leakage rates. Applications are mainly
related to contamination-free gas sup-
ply such as in the semiconductor indus-
try, process gas applications, rapid pro-
totyping and for cryogenics.

Enerpac.com

CAD/CAM nesting

Hypertherm, a manufacturer of cutting
systems and software, released ProNest
2021, an update to its CAD/CAM nesting
software for automated cutting. New fea-
tures include: A redesigned 2D CAD
package with improved font support and
ability to shape text; a CAD editor pref-
erence for users to set a default CAD pro-
gram for edits to parts in the ProNest part
list; the ability to select embedded
ProNest CAD software or choose third-
party software; A part report opened
from the part list so users can add indi-
vidual part reports with an image of the

part, plus dimensions, size, material,
class, process and costing; interior bridge
cutting to add bridges to text and interior
geometry so pieces don’t drop when cut,
to minimize interior cutouts.

In addition, Hypertherm is releasing
upgrades to its ProNest LT software for
lighter production environments. Users
with an active subscription, and customers
with an active maintenance plan can
upgrade to the new version of their respec-
tive product at no additional charge.

hypertherm.com
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BUSTERS

MYTH: TRANSPORTING IS THE

SAME AS STORING ENERGY

e are accustomed to the fact that
the energy we need for trans-
portation, heating and cooling
is cheap, available and reliable.
Turn on the TV — electricity; turn on the
heater — natural gas. And it isn’t expen-
sive. Thus, when we discuss energy prob-
lems, it is usually about finding enough
primary energy and its cost i.e., we are
interested in BTU’s and Dollars per BTU.

In reality, the problem is often not
energy availability, but rather is the trans-
portation and storing of energy. There are
many primary energy sources such as fos-
sil, solar, wind, nuclear, and hydro. Unfor-
tunately, they are usually not conveniently
located close to the industrial or residen-
tial consumer. Even if they are, there is
often a difference between the local
energy supply and demand curves. To
compensate, energy needs to be trans-
ported and sometimes stored.

There are four fundamental forms of
energy that can easily be transported: 1)
electric energy using power lines, 2) fossil
gas (mostly natural gas) in pipelines, 3)
liquid fossil (mostly crude oil and various
forms of gasolines) in tanker trucks or
pipelines, and 4) solid fossil fuel (usually
coal) by freight rail or truck. Other trans-
ported forms of energy such as hydrogen,
biomass, and combustible liquids exists,
but they are not an integral part of the
current energy infrastructure (LNG is
effectively stored natural gas so it is just
a natural gas storage extension). One
should note that the above four energy
forms also all have different storage
mechanisms, such as batteries, tanks,
pressure vessels and solid storage piles.

Thus, the non-electric sources of
energy that can be practically transported
and stored are usually fossil fuels. Trans-
portation and storage have costs and
losses which are different for each source.
They can easily be quantified but are
often overlooked when reviewing the cost
of energy. As for renewable energy
sources, geothermal heat and nuclear
power, transportation is limited by the
electric grid capacity and transmission
losses. We also need to consider that gas-
eous, liquid, and solid fuel energy carriers
must still be converted to electricity in
most cases, which also has associated heat
engine conversion losses.

The losses associated with storage are
different for the form of energy and can
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vary widely depending on the transporta-
tion method. For example, moving a fixed
amount of energy across 100 miles using
electric power lines loses 1% to 10% of
the energy. In a gas pipeline, loses are
0.1% to 0.3%. A pipeline for liquids only
consumes about 0.02% to 0.1% (liquid has
a higher energy density per volume than
gas and pumping a liquid also requires
less power than compressing gas).
Storage losses are a particular issue
when electricity is transported. Methods

Transportation and
storage of gas,
liquid, and solid

forms of energy is

far more efficient
than that of
electricity.

like battery storage or thermal-mechani-
cal storage schemes have round-trip losses
in the range of 5% to 10% for the former
and 25% to 50% for the latter. Storing gas
in caverns or tanks creates round trip
losses in the range of 1% to 3%, while
storing liquids in a fuel tank has practi-
cally no loss. Similarly, packing a gas
pipeline, by taking advantage of the com-
pressibility of gas, has virtually no loss.
Clearly, transportation and storage of gas,
liquid, and solid forms energy is far more
efficient than that of electricity.

Renewable losses

This brings us back to renewables.
Renewable energy is almost always gen-
erated in the form of electricity at the
source. That energy fluctuates widely and
has to be transmitted to the end-user.
Transport via power lines energy incurs
significant transmission losses. But if the
electricity is converted to a gas such as
hydrogen or liquid such as diesel prior to
transport, the transportation and storage
losses will be much lower. For some of
these options, the existing pipeline infra-
structure can be utilized by blending the

gas or liquid with other hydrocarbons that
are being transported. Thus, electric to
gas or liquid conversion is an option if the
transportation and storage efficiency is
critical, albeit a relatively high energy
penalty is paid to produce the liquid or
gas. This conversion and transportation
process is still carbon neutral for hydro-
gen gas and can be carbon neutral for
hydrocarbon liquids as long as the carbon
is not sourced from a fossil fuel.

Keep in mind that if fossil hydrocar-
bons are transported with the intent to use
carbon neutral fuel in a power plant, the
options include the removal of carbon prior
to feeding it into a pipeline, or the removal
of carbon at the power plant. The former
incurs transportation losses from flowing
pure hydrogen as well as infrastructure
challenges; the latter avoids these chal-
lenges. In either case, the carbon has to be
sequestered. This incurs an energy penalty,
mostly for compression of CO,. If the CO,
sequestration site is at a distance, trans-
porting CO, creates additional energy
losses and costs.

When you expect cheap, reliable
energy, it is not just the source of energy
that matters. Costly infrastructure also
must be in place. Energy can be trans-
ported and stored in many forms; there is
no single best solution. B
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Waukesha Bearings® custom engineers

bearings for optimized performance in individual

operating conditions. Exacting loads, speeds, lubricants

and ambient temperatures of modern turbomachinery are met
with specialized thrust and journal bearing designs in a range of
proven materials.

Our decades of experience and ongoing development create
solutions that extend equipment operating limits and
improve reliability.

Whatever your challenge, choose Waukesha Bearings for
performance you can trust.
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In LNG, experience matters.

Atlas Copco Gas and Process continuously innovates for the LNG industry: For over,
50.years we've engineered advanced process equipment with intelligent aero
design and a smaller footprint to maximize efficiency. We partner with you from
day one, designing custom solutions including cryogenic high- or low-pressure
BOG, SMR compressors, cryogenic expanders and Companders™ for liquefaction.
Our mission is to help you to design process equipment that will protect your LNG
value chain. With over 12,000 running reference machines in various industries,
LNG professionals around the globe trust the proven industry-leading efficiency
and reliability of Atlas Copco Gas and Process machinery.

Find out how Atlas Copco Gas and Process can help perfect
the way you work at atlascopco-gap.com






