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T
hat the world is constantly evolving and changing has been 

a cliché for as long as there have been cliches. However, what 

might be new is the pace at which things are evolving. More 

specifically, the world’s energy suppliers are steadily moving away from 

hydrocarbons as a primary source of energy. 

The pace at which established oil and gas companies (and any 

number of new players) are announcing new investments in non-

fossil fuel forms of energy is staggering. It seems that a new project is 

announced almost daily. 

At the moment, the strongest new energy candidate is hydrogen, 

a smaller and lighter molecule than natural gas. It poses a few 

technical challenges, although most energy professionals who build 

infrastructure for energy (including gas compressors) seem to think H2 

is a feasible alternative to larger hydrocarbons. You can read about that 

elsewhere in this issue.

The challenge, they say, is to build the new infrastructure to scale 

or adapt the current system of compressors, pipelines, etc., to the 

new molecule (or both.) In this issue, we’re taking a look at the energy 

transition and the industry’s efforts to find new ways of powering our 

factories, heating our homes and providing reliable transportation. 

The oil and gas industry has used some version of carbon capture 

and sequestration for nearly half a century. However, with the strong 

drive to decarbonize the energy sector, it is also drawing an increasing 

number of new investments. New projects seem to be announced 

every week and the trend is for larger projects. 

The energy industry has never committed more than it has now 

to a diverse range of energy products and a long-term reduction in 

hydrocarbons and in greenhouse gas emissions. Sadly, those efforts 

are not generally recognized by most of the world’s population.

To many people, the energy industry is a stodgy representation 

of 19th century technology and attitudes. This is despite 

the industry’s clear commitment to new technologies 

and infrastructure designed to provide ample supplies of 

clean energy. To call those attitudes “unfortunate” is an 

understatement. 

It’s in this context that Chevron CEO Mike Worth wrote an 

open letter to U.S. President Joe Biden and called for an “honest 

dialogue on how to best balance energy, economic, and 

environmental objectives.” Honest and open dialogue is itself 

a rare commodity these days -- but it’s something we 

clearly need. 
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INDUSTRY
NEWS

T
he U.S. Federal Energy Regulatory 

Commission recently approved three 

major natural gas pipeline projects 

that will boost the country’s ability to export 

additional LNG by a combined capacity of 

nearly 1.8 Bcf/d.

The first and largest pipeline, the 

Evangeline Pass Expansion Project, is a 

1.1 Bcf/d pipeline owned by Tennessee 

Gas Pipeline Company, a division of Kinder 

Morgan. The project includes 13.1 miles of 

new pipeline and two new compressor 

stations that will deliver natural gas to 

the proposed Plaquemines LNG Project in 

Plaquemines Parish, Louisiana.

New compressor station

Tennessee Gas will construct and operate 

9.1 miles of 36-inch diameter pipeline loop 

along its existing 24-inch Yscloskey Toca 

Lateral in St. Bernard Parish, Louisiana. It will 

also build about 4 miles of 36-inch loop along 

its existing 36-inch-diameter 500-2 Line in 

Plaquemines Parish, the Grand Bayou Loop, 

the FERC reported.

Tennessee Gas will also construct a new 

compressor station along its existing 

500 Line system in St. Bernard Parish, 

Louisiana. The station will include a single 

23,470 hp natural gas-fired Solar Titan 

130 turbine unit and auxiliary facilities. 

Tennessee Gas will also replace two 

10,410 hp compressor units at its existing 

Compressor Station 527 in Plaquemines 

Parish. Tennessee Gas estimates the cost 

of the project to be $261 million.

The second pipeline, the Alberta Xpress 

Project is a 0.165 Bcf/d line owned and 

managed by ANR Pipeline Company, a 

division of TC Energy. The new pipeline will 

use capacity from the Great Lakes Gas 

Transmission system and the ANR pipeline 

and will add a new compressor station in 

Evangeline Parish, Louisiana. The project will 

6 | COMPRESSORTECH2 | JULY 2022

FERC approves three 
key gas export pipelines 

SELECT NATURAL GAS PIPELINE PROJECTS

Source: EIA

U.S. gas prices 

expected to climb
The spot price for natural gas at Henry Hub is 

expected to average $8.69/MMBtu in 3Q22, 

up from an average of $8.13/MMBtu in May, 

according to the latest forecast from the U.S. 

Energy Information Administration.

Three factors are causing the increase in 

gas prices: low inventories, steady demand 

for LNG exports from the U.S. and ongoing 

demand from power producers in the U.S. 

who want to switch from coal. Looking 

further forward, the EIA said it expected spot 

MONTHLY HENRY HUB NATURAL GAS SPOT PRICE (JAN.2018-DEC.2023) 
DOLLARS PER MILLION BRITISH THERMAL UNITS

Source: EIA
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U.S. LNG exports climb in early 2022
U.S. LNG exports hit a record in 2021 and surged again in the first four months of the year. In 

addition, a growing proportion of those exports have shifted away from Asia and to Europe, 

according to a recent report from the U.S. Energy Information Administration.

During the first four months of 2021, the U.S. sent about 34% of its LNG to Europe. 

That percentage rose to 74% in the first four months of 2022. In 2020 and 2021, Asia had 

accounted for nearly half of U.S. LNG exports.

U.S. LNG exports averaged 11.5 billion cubic feet per day (Bcf/d) during the first four 

months of 2022, up 18% increase compared with the 2021 annual average. The increase in 

U.S. LNG exports was driven by additional export capacity at Sabine Pass, which added Train 

6, and and Calcasieu Pass, whose first five blocks came online this year, the EIA reported.

In November, the Federal Energy Regulatory Commission (FERC) authorized Venture 

Global Calcasieu Pass, LLC, (Venture Global)—the developer of the Calcasieu Pass liquefied 

natural gas (LNG) export terminal—to commission the first six of nine liquefaction trains. The 

first authorization was one of the initial steps toward full commercial service.

European demand for gas remains unusually strong 

Calcasieu Pass is a 1.3 Bcf/d liquefaction facility located in Cameron Parish, Louisiana. Similar 

to nearby LNG terminals Sabine Pass and Cameron, Calcasieu Pass will export LNG through 

the Calcasieu Ship Channel located on the Gulf of Mexico. Calcasieu Pass is the seventh U.S. 

LNG liquefaction export facility to begin producing LNG since 2016.

In addition, demand for gas in Europe has been unusually strong. Since December, the 

European Union (EU) and the United Kingdom have been importing record-high levels of LNG, 

in part because of low natural gas storage inventories in the region. High spot natural gas 

prices at the European trading hubs gave incentives to global LNG exporters with destination 

flexibility in their contracts to deliver more LNG supplies to Europe. The growth of LNG imports 

in Europe and a mild winter offset lower natural gas pipeline imports from Russia, the EIA 

reported.

The United States became the largest LNG supplier to the European Union and United 

Kingdom in 2021, accounting for 26% of total imports. In the first four months of 2022, LNG 

imports from the United States to the EU and the United Kingdom have more than tripled, 

compared with 2021, averaging 7.3 Bcf/d and accounting for 49% of total imports, according 

to data from the International Association for Natural Gas, CEDIGAZ. As U.S. gas exports to 

Europe climbed in early 2022, shipments to Asia fell by half in the same time period.

boost capacity from the GLGT receipt point 

at the Minnesota-Manitoba border to delivery 

points in the U.S. Midwest and the U.S. gulf 

Coast. It will boost available capacity for LNG 

export facilities in the region and will improve 

domestic gas infrastructure in those regions.

ANR will construct a new compressor 

station in Evangeline Parish, Louisiana, the 

Turkey Creek Compressor Station, which 

will have one 15,900 horsepower gas-fired 

turbine compressor unit, three inlet filter 

separators, suction and discharge piping, the 

FERC reported.

Extra export capacity to Baja 

ANR will also make minor modifications at 

one of two existing mainline valves (MLV 2 or 

MLV 3) in Evangeline Parish to enable gas to 

be purged from the Southeast Mainline 501 

pipelines in conjunction with construction of 

the new compressor station. The project is 

expected to cost around $81.1 million.

The third pipeline project will add 0.5 Bcf/d 

in export capacity to the Energia Costa Azul 

LNG Export Project in Baja California, Mexico. 

The North Baja Xpress Project from TC Energy 

will modify existing facilities and compressor 

stations along its 86-mil North Baja Pipeline.

The FERC gave conditional approval to the 

project, which is in La Paz County, Arizona 

and Imperial County, California. The permit 

enables TC Energy to deliver natural gas from 

West Texas and the Rocky Mountains to 

markets in the western U.S. and Mexico.  CT2

MONTHLY U.S. LIQUEFIED NATURAL GAS EXPORTS BY DESTINATION REGION 
(JAN. 2020-APR.2022) BILLION CUBIC FEET PER DAY

prices at Henry Hub to average $4.74/MMBtu 

in 2023 as gas production starts to catch up 

with the demand.

In its latest Short Term Energy Outlook, 

the EIA reported U.S. natural gas inventories 

ended May at 2.0 trillion cubic feet (Tcf), 

about 15% below the five-year average. 

Natural gas inventories are expected to end 

October (the end of the injection season), 

at just above 3.3 Tcf, about 9% below the 

five-year average. U.S. LNG exports should 

average 11.7 Bcf/d in 2Q22 and 3Q22 and 11.9 

Bcf/d for all of 2022, up 22% from 2021. The 

increase in exports stems from additional 

U.S. LNG export capacity. 

Source: EIA



D
ry natural gas production in March 

reached 95 Bcf/d, 2.9% higher than 

the previous year and the second-

highest level for the month since 1973, when 

the U.S. Energy Information Administration 

began tracking natural gas production data.

The total for March, which was released 

recently in the agency’s monthly overview, 

was the 12th consecutive month that 

production had increased from the prior year.

Gross withdrawals reached 116.6 Bcf/d, 

up 3.8% from one year ago. Estimated 

consumption for the month was 89.2 Bcf/d, 

up 5.7% from the previous year. All four 

sectors of consumers reported an increase 

in demand from the previous year. The 

largest component, electric power deliveries, 

reached 25.3 Bcf/d, up 4.1% from a year 

earlier.

Residential deliveries, consumed 

The shutdown is expected to cut U.S. LNG 

export capacity by about2 Bcf/d, or 17% of 

the coutry’s total capacity. 

A preliminary survey suggests the fire 

was caused by excess pressure in an 

LNG transfer line that moves gas from the 

facility’s storage tank to the dock facilities 

at the terminal. The fire did not affect the 

liquefaction trains, LNG storage tanks, 

dock facilities and LNG process areas, the 

company said. 

The terminal is not expected to come 

back into full service until late 2022, 

although the operator is hoping for a partial 

resumption in about 90 days. 

The Freeport LNG terminal is one of seven 

U.S. export facilities in operation in the U.S. 

The facility has three trains in operation, with 

a combined baseload capacity of 1.98 Bcf/d 

and a peak capacity of 2.14 Bcf/d.   CT2

GAS LINES
NATURAL GAS PRODUCTION

Source: EIA
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about 19.1 Bcf/d, up 4.2% from a year ago. 

Commercial deliveries of gas were 12.5 

Bcf/d, up 9% from one year earlier. Industrial 

deliveries 24.1 Bcf/d, up 7.2%, the EIA 

reported.

Net exports (exports minus imports) were 

12.2 Bcf/d in March, the highest since the 

agency began tracking imports and exports 

in 1973. Net exports included total exports 

of 20.6 Bcf/d and total imports of 8.4 Bcf/d. 

Exports of LNG were 13.4% higher than one 

year earlier. Most of those exports were from 

LNG terminals, which sent 11.7 Bcf/d of LNG to 

28 countries.

Fire at export terminal  

As U.S. gas production and LNG exports 

continue to climb, a fire at the Freeport LNG 

natural gas liquefaction plant in South Texas 

has caused a full shutdown of the facility. 

June-20

U.S. gas production climbs 
for 12th consecutive month
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SIAD MI completes 
nitrogen compressor
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S ■ PARK ENERGY SERVICES has completed 

its second acquisition in less than a year 

with the purchase of substantially all the 

assets of San Antonio, TX, based Great Texas 

Compression. Terms of the acquisition were 

not disclosed.

The transaction enhances Park’s position 

in South Texas, expands its customer base 

and enhances its service capabilities, the 

company said. Park provides compression 

for well head, gas-lift, vapor recovery, flash 

gas and other production applications. It 

helps customers reduce emissions through 

the capture of hydrocarbon vapors that 

would otherwise be vented or flared.

S
IAD Macchine Impianti (SIAD MI) has 

recently completed the construction 

of a horizontal nitrogen compressor, 

which will be supplied to Technip Energies 

Italy. The compressor, which has passed the 

test and inspection phases at the SIAD MI 

factory, is destined for a new hydrocracking 

unit at the Assiut National Oil Processing 

Company (ANOPC) in central Egypt.

This plant will enable the supply of high-

grade oil products, minimizing atmospheric 

emissions and maximizing the production of 

LPG, high-octane naphtha, low-sulfur diesel 

and aviation fuels. The new refinery wants to 

reduce the ecological impact of hydrocarbon 

refining processes while maintaining high 

production standards.

In this project, the nitrogen compressor 

will be used for gas circulation not only within 

the hydrocracking unit but also between 

the desulfurization section, the catalytic 

reforming unit and the HPU (Hydrogen Plant 

Unit).

Like all the compressors in the SIAD MI 

range, the nitrogen compressors are also 

have been carefully selected to allow the 

compressor to operate in maximum safety, 

minimizing maintenance interventions. 

SIAD MI’s nitrogen compressor comes 

two months after the company was 

chosen to produce a hydrogen compressor 

for a large-scale multi-megawatt, high-

temperature electrolyzer. The compressor 

will be integrated into a hydrogen processing 

unit that was designed and manufactured 

by Paul Wurth, a Luxembourg-based 

engineering company.  CT2

customized on the basis of process data 

and technical specifications provided by the 

customer: in this case SIAD MI designed a 

special single-stage compressor with two 

horizontal cylinders in oil-free configuration, 

model HDS2-1. The compressor will be driven 

by a 760 kW motor.

The horizontal compressor will be 

installed onto a concrete foundation rather 

than a pre-assembled metal base. In 

addition, the critical components in contact 

with nitrogen, such as piston rings and seals, 

Park secured debt financing through an 

expanded senior credit facility from Regions 

Bank, UMB Bank NA, Century Bank and Third 

Coast Bank SSB.

■ CAPSTONE GREEN ENERGY CORPORATION will 

supply two microturbones to a Canadian 

firm that provides mobile power to upstream 

oil and gas sites. Horizon Power Systems, 

Capstone’s exclusive distributor for the 

Rocky Mountain states, Okahoma, Arizona 

and Western Canada, has secured an ordher 

for two C200S high-pressure natural gas 

systems.

“With climate change becoming a larger 

factor in business strategy, the oil and gas 

industry is looking for cleaner, cost-effective, 

and reliable power alternatives,” said Darren 

Jamison, president and CEO of Capstone 

Green Energy. 

“Capstone’s microturbine technology 

provides a significant opportunity to help 

companies in any number of industries do 

better for the environment while maintaining 

their bottom line with cost-effective 

solutions.” 

The microturbines can also be easily 

integrated into utility power or microgrids 

where and when needed, given their range  

of power outputs. 

SIAD MI’s HDS2-1 

nitogren compressor 

is one of a wide 

range  of API 618 

Reciprocating 

Compressors 

designed and built to 

compress nitrogen 

for all types of 

applications.

PHOTO: SIAD MI
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Zahroof introduces 
StraightFlo SE  
compressor valve

C
ompressor valve manufacturer 

Zahroof Valves, Inc. (ZVI), has formally 

introduced an alloy steel version of its 

StraightFlo reciprocating compressor valve. 

The move targets compressor operators 

who want the long-term savings and 

productivity gains of a StraightFlo valve, but 

at a competitive upfront installed cost, the 

company said.

Unlike its stainless steel counterpart, 

designated StraightFlo SS (Severe Service), 

the new SE (Standard Edition) serves 

relatively non-corrosive compressor 

applications typically found in upstream and 

midstream gas compressor markets. Gases 

encountered in these applications include 

sweet and sour natural gas, air, gas with 

natural gas liquids, and industrial gases such 

as nitrogen, oxygen, carbon dioxide, argon, 

hydrogen, helium, and acetylene.

“We are always listening to compressor 

operators and looking for opportunities 

to help them run more profitably and 

sustainably,” said Zahroof Mohamed, 

President and Chief Technology Officer 

of ZVI. “For many of them, stainless steel 

valve housings provide a much higher 

degree of corrosion resistance than they 

need for their application. At the same time, 

the incremental cost bump from stainless 

material makes it difficult for operators to 

adopt StraightFlo valves fleetwide. The 

StraightFlo SE valve resolves that dilemma.”

ZVI performed extensive development 

and testing of material options, settling on 

4140 steel alloy for the StraightFlo SE valve. 

The new valve follows extended field trials 

in a full range of upstream and midstream 

C
O
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S ■ WARBURG PINCUS has granted VIRIDI 

ENERGY $320 million in equity financing to 

develop renewable gas (RNG) projects from 

landfill, dairy and food waste feedstocks.

Viridi Energy is a renewable energy 

company developing a platform to build, 

own and operate RNG assets with landfill, 

dairy, and food waste feedstocks across 

North America. Viridi is currently developing 

multiple projects and expects to break 

ground on several RNG development assets 

in the third quarter of 2022.

Viridi is led by CEO Andy Kelleher, who 

also serves as managing partner at Green 

Rock Energy Partners. Other managers at the 

company include Chet Benham, Matt Atkins, 

Jake Crouse, Dana Husnay and Bill Keller. 

Together, the team has over 75 years of 

experience developing and operating energy 

assets. “Viridi has a truly differentiated 

approach, with the unique ability to handle 

all parts of the RNG value chain, spanning 

development, operations, financing, and 

commercial strategy,” said Viridi CEO Andy 

Kelleher.

■ CATERPILLAR OIL & GAS has announced the 

release of certified engine models compliant 

with the new China Nonroad (NR) Stage 4 

emissions regulations.

The new emissions regulations, which 

officially take effect Dec. 1, sets new 

standards for engines or machinery rated at 

560 kW (750 hp) and below. Compared with 

existing China NR Stage 3 regulations, the 

new standards bring requirements limiting 

particulate matter emissions by almost 90% 

and nitrogen oxide emissions by up to 50%.

Cat said its engine models certified to 

meet the new regulations include the C2.2, 

C4.4, C7.1, C9.3B, C13B, C15 and C18 (in ratings 

below 560 kW).

Caterpillar said its certified engines 

incorporate key building-block technologies 

from the Stage 3 engines. 

applications, ZVI said.

“The StraightFlo SE valve needs to check 

all of the same boxes as the SS valve,” said 

ZVI Senior Vice President Javvad Qasimi. 

“The SE valve has the same ability to extend 

run times up to 35 times and provide 

power savings or throughput increases 

up to 15%. We offer a ten-year warranty on 

the valve housing, just as we do with SS 

valves in downstream and other corrosive 

applications.

“The design of the internal components—

the modular reed valve sealing elements—are 

identical for both types of valves. They 

have the same advantage of being quickly 

serviced in the field by simply replacing worn 

elements. There is no need for machining 

or leak testing after refurbishing. Under 

normal conditions, the valve housing will last 

the life of the compressor itself. “With the 

cost-efficiency of the StraightFlo SE valve, 

we have a compelling value proposition 

across the full spectrum of reciprocating 

compressor applications.” CT2

Zahroof’s new StraightFlo valve uses 4140 steel 

alloy and follows an extended series of field  

trials in upstream and midstream applications.P
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The World Turns to Elliott.

C O M P R E S S O R S  |  T U R B I N E S  |  C R Y O D Y N A M I C S®  |  G L O B A L  S E R V I C E

From installation to routine service, repairs, overhauls, and emergencies,  
Elliott’s global service organization is focused on maintaining customer operations. 
Customers choose Elliott for unmatched performance and reliability, supported by a 
renowned global service network and regional response. Who will you turn to?

n Learn more at www.elliott-turbo.com

Turn to Elliott Group
for global service and  
response you can trust.

Flawless Execution



NOBODY 

DOES 

SAVINGS 

BETTER. 

Our revolutionary TriCip System delivers 

long-term savings by reducing compressor 

cylinder lubricant consumption by up to 90%.  

This helps eliminate lube oil carryover, a major 

cause of gas stream contamination, which leads to 

reduced gas flow, metering station contamination, 
pipeline pigging, fouled filters and valve failures 
that can all lead to costly downtime.

To learn more, or to speak with a specialist about the 
many ways TriCip can positively impact your system’s 
performance and protect your company’s bottom 
line, call 800-722-0250 or visit sloanlubrication.com. 

More than 150 years of success in developing innovative technologies have taught us one thing above all: People make the difference. 

It is people who make new ideas possible through experience, passion and commitment. As a family business, personal proximity to our 

customers is therefore also particularly important to us. We support them in word and deed – in over 60 countries worldwide.

Technology is human. Drive Efficient Industries.
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Burckhardt 
order intake 
jumps in FY2021
Burckhardt Compression reported its 

2021 fiscal year sales slipped modestly, 

but operating income and order intake 

rose significantly when compared to the 

previous fiscal year.

Total sales reached CHF 650.7 

million, down 1.2% from 2020 fiscal year. 

The company reported order intake 

of CHF 976.6 million, up 44.3% while 

operating income was CHF 70.3 million, 

up 15.7%. Global markets benefited from 

the transition towards more sustainable 

and secure energy sources, Burckhardt 

reported.

“The sharp rise in solar panel production 

in China strengthened the demand 

for compressors in the low-density 

polyethylene (LDPE), ethylene-vinyl-

acetate (EVA) and polysilicon plants 

applications, driving the growth in the 

petrochemical and industrial gas markets,” 

Burckhardt said.

The demand for hydrogen fuel stations 

in Europe and the USA and the ongoing 

investments in hydrogen liquefaction 

plants boosted orders in Burckhardt’s 

hydrogen mobility and energy products. 

Meanwhile, demand for LNG-fueled ships 

LNG carriers and LPG carriers stimulated 

growth in the transport and storage 

business, Burckhardt said.

Burckhkardt’s service division 

benefitted from a lifting of most pandemic-

related lockdowns and travel restrictions in 

Asia (excluding China), North America and 

Europe. In China, the various lockdowns 

in the fall of 2021 restricted some of its 

businesses.

Burckhardt stopped accepting new 

orders from Russia in March because of 

the Russian invasion in Ukraine. In previous 

years, about 2% to 5% of its sales are from 

customers in Russia. Based on the 2021 

fiscal year results, Burckhardt proposes to 

increase dividends to CHF 7.50 per share.

Elliott Group offers 
two-phase expander

E
lliott Group is offering an 

impulse-type, two-phase 

cryogenic expander 

that allows for the expansion of 

liquefied gases into two-phase 

mixtures.

Harnessing the energy of 

two-phase expansion increases 

the expander’s 

generator output, 

reduces boil-off 

losses and improves 

the overall liquefaction 

and cooling processes. 

Each expander is 

custom-designed 

and built for use in 

LNG liquefaction, 

refrigeration, and 

separation processes, as well 

as to improve overall efficiency, 

Elliott said.

Based on proven impulse turbine 

blade technology, this cryogenic 

expander has optimized staging to minimize 

axial load at the radial ball bearings. Because 

it tolerates a high content of vapor mass, it 

is offered for liquefaction and refrigeration 

processes with relatively high 

vaporization capability in 

cryogenic hydrocarbon 

applications.

The isentropic 

efficiency of these units 

is estimated to be at 

around 60-70%, depending 

on the mass flow rate and unit 

pressure drop. They do not require 

a Joule Thomson (JT) valve at the 

downstream and have generator 

nameplate ratings ranging from 

300 kW to 2.2 MW for a 

single unit. If the process 

requires high-flow 

output, these units can 

be installed and operated in parallel 

configuration.

“Elliott’s impulse-type, two-phase 

cryogenic expander has optimized staging 

for high efficient operation with vapor mass 

content up to 35%,” said Enver Karakas, 

senior engineer at Elliott.  CT2

Elliott’s new cryogenic expanders do 

not require a Joule Thomson (JT) valve 

at the downstream.
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S ■ Nine new oil and gas fields in the U.S. GULF 

OF MEXICO are expected to start production 

this year and will enable the region to 

account for 5% of all U.S. gas production 

and 14% of all oil production, according to a 

recent forecast.

Despite the expected production from 

the new fields, the total output of gas and oil 

from the region is not expected to change 

significantly because the new production 

does not quite offset the declining 

production from existing fields, the U.S. 

Energy Information Administration reported 

in its latest Short-Term Energy Outlook.

The new oil and gas production will come 

online gradually but by the end of 2023, gas 

production will average 2.1 Bcf/d, down 0.1 

Bcf/d expected this year. 

■ Calgary-based GAS LIQUIDS ENGINEERING 

has licensed its process for removing 

propane and ethane from a gas stream. In 

some cases, the process can use 5-20% 

less energy than alternative processes, the 

company said.

In many cases, the propane refrigeration 

process can recover propane and ethane 

with lower energy use than the historically 

used deep-cut technologies, the company 

said.
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T
he Environmental Protection Agency 

(EPA) is proposing a rule that it says 

would restore to states, territories 

and tribes a greater say-so when it comes 

to certifying natural gas pipelines and other 

infrastructure projects that fall under Section 

401 of the Clean Water Act. The proposed rule 

would reverse a 2020 rule that was aimed at 

streamlining certification of such projects, 

in part by limiting the ability of states, tribes 

and territories to block them.

“This proposed rule would strengthen 

the authority of states, territories, and 

tribes to protect their vital water resources 

while supporting an efficient, predictable, 

and common-sense certification process, 

restoring a long-held right, which 

was severely limited by the previous 

administration’s rule,” the EPA said in a June 

2 press release.

The measure already has garnered critical 

responses from industry groups such as 

the American Gas Association (AGA) and 

the American Petroleum Institute (API), who 

maintained the proposal could add more 

bureaucratic red tape in the regulation 

process. 

Back to the Beginning

The EPA first promulgated regulations for 

water quality certification under Section 

401 of the Clean Water Act back in 1972. 

Congress provided states, territories and 

tribes with a tool to protect their waters from 

adverse impacts from federally licensed or 

permitted projects, according to the agency. 

Under Section 401, a project proponent for a 

federal license or permit which may result in 

a discharge into waters of the United States 

must obtain a water quality certification or 

waiver from the certifying authority, typically 

a state, territory or tribe.

However, developers of projects 

such as pipelines said the rule was being 

abused by some states to significantly slow 

projects or even cause their cancellation, 

such as the case of the PennEast Pipeline, 

which would have moved have moved more 

than 1 billion cubic feet (Bcf) per day natural 

gas from northeastern Pennsylvania. 

Things changed when then President 

Donald Trump issued an executive 

order in the spring of 2019 directing the 

EPA to propose new rules modernizing 

implementation of Section 401 of the Clean 

Water Act. Consequently, a new EPA rule was 

issued in 2020 that the agency said would 

streamline the state certification process for 

proposed pipeline and other infrastructure 

projects.

Among other things, the Trump-era rule 

limited states to considering only water 

quality issues in their certifications, and 

prevent the them from considering other 

issues such as air pollution or climate 

change. The rule also tightened up the 

certification timeframe.

So of course, litigation ensued. On April 

6 this year, the U.S. Supreme Court issued 

a stay on a lower court order to vacate the 

2020 rule, meaning the state certification 

process is once again governed by the 

Trump-era rule.

Reversal of Fortune 

The election of Joe Biden as president set the 

stage for another swing in the pendulum.

In May 2021, the EPA announced its 

intent to revise the 2020 Clean Water Act 

(CWA) Section 401 Certification Rule “after 

determining that it erodes state and tribal 

authority. Through this process, EPA intends 

to strengthen the authority of states and 

tribes to protect their vital water resources.”

At the time, Oregon Governor Kate Brown, 

an advocate of the latest rule revision, said, 

“States and tribes have relied on the Clean 

Water Act for almost 50 years to protect 

our waters and people, and EPA’s action is 

essential to restoring that historic authority. 

The prior administration’s rule was not only 

harmful to the environment, it was corrosive 

to state, federal, and tribal partnerships.”

In June, the EPA said that for the first time, 

the regulations would be updated to provide 

certifying authorities (states, territories 

and tribes) with a role in determining the 

“reasonable period of time” to review the 

request for certification. 

The revised rule also seems to at least 

soften the Trump administration’s limitation 

of certifying authorities to only considering 

water quality issues. Instead, under the new 

rule, when a certifying authority reviews a 

request for certification, it looks at whether 

the activity “as a whole” will comply with 

water quality requirements, which include 

water quality-related state or Tribal laws. 

The EPA said the new approach allows a 

certifying authority to “holistically evaluate 

the water quality impacts of a federally 

licensed or permitted project. Certifying 

authorities may evaluate impacts from 

any aspect of the project activity with 

the potential to affect water quality. This 

approach reinstates the broader and more 

environmentally protective scope of review 

that the Supreme Court affirmed in 1994.”

API Vice President of Midstream Policy 

Robin Rorick was among those to cast a 

critical eye toward the proposed rule.  CT2

Industry faults 
new proposal

BRIAN FORD is editor in chief 

for Industrial Info Resources, 

which provides up-to-date project 

information on a wide range of 

industries across the globe. He has worked as 

a reporter and editor for newspapers and other 

publications since 1979. 
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EPA seeks to undo Trump-era rule to streamline gas 

pipeline and infrastructure certifications. By Brian Ford
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efficiency and productivity gains of patented modular reed valve 
technology — with the durability and value of alloy  
steel housings.

New StraightFlo™ SE compressor valves deliver  

industry-best performance… plus unmatched  
savings up-front and down the line.
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Allegheny County, PA signed 

a deal with CONSOL Energy 

(now CNX Resources) to lease 

9,000 acres surrounding the 

airport for natural gas drilling. 

The airport received a $50 

million signing bonus and the 

promise of 18% royalties on 

anything produced and sold. 

The first wells began to flow 

natural gas in 2016. Since that 

time the airport has added 

Basins

* Mixed shale & chalk  
** Mixed shale & Limestone
*** Mixed shale & tight  
dolostone-siltstone-sandstone

Current Plays

STACKED PLAYS

Shallowest/youngest

Intermediate depth/age

Deepest/oldest

Prospective Plays

James Willis 

highlights the 

latest news from 

the major North 

American shale 

plays

MARCELLUS/UTICA
Two companies drill 73% 

of new Utica wells in Ohio

Cleveland State University 

researchers recently published 

a report detailing shale-related 

investment in Ohio, looking 

at upstream, midstream, and 

downstream activities for 

January through June 2021. The 

report shows investment in the 

Ohio Utica continued to increase 

last year, during the height of the 

pandemic. Just two companies 

invested 69% of the money 

spent on drilling. The same two 

companies drilled 73% of Ohio’s 

new shale wells in 1H21. Encino 

Energy, which bought all of 

Chesapeake Energy’s Ohio Utica 

assets for $2 billion in 2018, was 

the #1 driller of, and investor in, 

new wells during 1H21. Ascent 

Resources, a spinoff of what had 

been American Energy Partners 

(Aubrey McClendon’s second 

act after leaving Chesapeake 

Energy), was in the #2 slot. 

Aubrey McClendon was a huge 

believer in the Ohio Utica. Both 

Encino’s and Ascent’s acreage 

and operations are, in a sense, 

the legacy of McClendon.

CNX, Pittsburgh Airport cut 

new deal to drill more wells

In 2013 the Pittsburgh 

International Airport and >
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BAKKEN/
WILLISTON
Devon buys RimRock’s 

Williston assets

Devon Energy Corp. will 

acquire the leasehold interest 

and related assets of RimRock 

Oil and Gas, LP, a Warburg 

Pincus portfolio company, in 

the Williston Basin for $865 

million in cash. The deal adds 

a contiguous position of 

38,000 net acres to Devon’s 

acreage, directly offsetting 

and overlapping Devon’s 

existing position. RimRock’s 

first-quarter production 

was approximately 15,000 

boe/d (78% oil), with volumes 

expected to increase to an 

average of 20,000 boe/d over 

the next year. The deal is 

expected to close in 3Q22.

Riverbend divests  

non-operated portfolios

Riverbend Energy Group has 

sold all of its equity interests 

in Riverbend Oil & Gas VI, 

LLC, Riverbend Oil & Gas VI-B, 

LLC, and Riverbend Oil & Gas 

VIII, LLC, to an undisclosed 

buyer for $1.8 billion. The 

divested portfolios represent 

a substantial, diversified 

asset base of non-operated 

interests across the 

Bakken/Three Forks, Utica, 

Fayetteville, and Haynesville. 

The properties produce 

approximately 47,000 boe/d 

from over 11,000 wells. 

EAGLE FORD (AUSTIN CHALK, 
TUSCALOOSA MARINE SHALE)
Callon completes 10-well project

Callon Petroleum Company recently said it recently completed 

a ten-well project in the Eagle Ford Shale and a seven-well co-

development project in the Midland Basin. The remaining completion 

activity in 2Q will be focused on the Delaware Basin and will include 

continued testing of larger completion designs that have produced 

favorable results in wells placed online earlier. Callon’s DUC inventory 

is expected to reach over 50 wells by the end of 2Q at which time 

the company will reduce its drilling rig count to six.



Want more insights on your compressor fleet performance?  

VISTRA®, the new digital spare parts and performance assistant 

from HOERBIGER, tells you everything you need to know, right 

at your fingertips. VISTRA® gives you transparency and lets you 

identify bad actor components faster and reduce downtime. 

Shorten repair times, maximize uptime by analyzing performance 

and save money by tracking down the exact parts when and 

where you need them, even when you’re on the go!

Find out how you can gain more 

insights on your compressor 

fleet performance by visiting   

vistra.hoerbiger.com today! 

GAIN INSIGHTS ON YOUR 

COMPRESSOR AND FLEET 

PERFORMANCE
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PERMIAN (DELAWARE)
Matterhorn Express reaches FID

Four partners–WhiteWater, EnLink Midstream, Devon Energy Corp., 

and MPLX–reached a final investment decision (FID) to move 

forward with the construction of the Matterhorn Express Pipeline 

after securing sufficient firm transportation agreements with 

shippers. Matterhorn is a greenfield project that will transport up 

to 2.5 Bcf/d of natural gas through approximately 490 miles of 

42-inch pipeline from Waha, Texas, to the Katy area near Houston. 

Supply will be sourced from multiple upstream connections in the 

Permian Basin, including direct connections to processing facilities 

in the Midland Basin through a 75-mile lateral, as well as a direct 

connection to the 3.2 Bcf/d Agua Blanca Pipeline, a joint venture 

between WhiteWater and MPLX. Matterhorn is expected to be in 

service in 3Q24.

Crestwood buys Sendero Midstream

Crestwood Equity Partners entered into a series of agreements 

under which (1) the company will acquire Sendero Midstream 

Partners, LP for $600 million in cash; (2) acquire First Reserve’s 

50% equity interest in Crestwood Permian Basin Holdings LLC for 

$320 million in Crestwood common units, plus the assumption 

of debt; and (3) sell its legacy, non-core Barnett Shale assets to 

EnLink Midstream, LLC for $275 million in cash. The Sendero assets 

are located entirely in Eddy County, New Mexico, and will add more 

than 75,000 dedicated acres to Crestwood’s existing operation. 

The Sendero assets include 350 MMcf/d of processing capacity, 

approximately 140 miles of natural gas gathering lines, and more 

than 53,000 horsepower of field gathering compression. 

Service Compression gets money to expand

Service Compression, LLC raised $215 million from Crestline 

Investors, Inc. The company plans to use the money to acquire 

incremental wellhead compression in the Permian Basin and for 

the kickoff of a newbuild electric-driven wellhead compression 

program. The acquisition will grow Service Compression’s fleet 

to approximately 239,000 horsepower serving customers in the 

Permian, Mid-Continent, Barnett Shale, and Ark-La-Tex regions. 

Service Compression provides natural gas compression services 

to E&P companies at the wellhead. 

Summit Midstream sells Lane G&P System

Summit Midstream Partners has entered into an agreement 

to sell Summit Midstream Permian, LLC, which owns the Lane 

Gathering and Processing System (Lane G&P) in the Delaware 

Basin to Matador Resources for $75 million in cash. Matador will 

also assume Summit Midstream Marketing’s take-or-pay firm 

capacity on the Double E Pipeline. The Lane G&P System includes 

approximately 45 miles of low and high-pressure gathering pipeline 

in Eddy and Lea counties in the northern Delaware Basin, three 

compressor stations, and a 60 MMcf/d cryogenic processing plant. 

HAYNESVILLE
Positive DEIS for Tellurian LNG pipes

The U.S. Federal Energy Regulatory Commission (FERC) recently 

issued a positive draft environmental impact statement (DEIS) 

for Tellurian’s proposed 37-mile Driftwood Pipeline natural gas 

transportation project. The Line 200 and Line 300 project, dual 

42-inch diameter pipelines with a 211,200-horsepower electric 

compressor station, will supply gas to the proposed Tellurian 

Driftwood LNG export terminal south of Lake Charles, Louisiana. The 

twin pipes will originate at an existing Texas Eastern Transmission 

compressor station near Ragley, LA, and interconnect with existing 

and proposed gathering lines along with intrastate and interstate 

pipelines along the route. The project gives Tellurian the ability to 

flow up to 5.7 Bcf/d to its LNG facility.

Texas Eastern announces non-binding open season

Texas Eastern Transmission announced a non-binding open season 

for its Louisiana Gulf Coast Expansion Project. The potential project 

includes a greenfield pipeline lateral to move gas south from the 

its own electric microgrid and 

now produces all of its own 

electricity using gas generated 

on-site. The original deal called 

for CNX to drill 45 gas wells. 

They stopped at 14. That may be 

about to change. CNX’s original 

deal with the airport stipulates 

no post-production expenses 

can be deducted from the 

royalties CNX pays to the airport. 

As an incentive to get CNX 

drilling again, the airport signed 

a modification to the original 

lease allowing CNX to deduct 

up to $1.60/MMBtu from royalty 

payments for expenses. The 

airport is interested in producing 

more natural gas that can be 

turned into LNG for potential use 

ROCKIES POWDER RIVER BASIN, 
DENVER-JULESBURG BASIN, NIOBRARA)
Terra explores sale

Sources speaking to Reuters say private equity firms Kayne 

Anderson Capital Advisors and Warburg Pincus, owners of Terra 

Energy Partners LLC, the largest natural gas producer in the 

Piceance Basin of Colorado, are shopping the company for sale, 

asking up to $2.5 billion. Terra, formed in 2015 with backing from 

Kayne Anderson, owns 370,000 net acres and produces 530 

MMcf/d. Warburg joined Kayne in 2016 as an equal partner.

North Hudson acquires LOGOS Resources

North Hudson Resource Partners announced it has acquired LOGOS 

Resources II from affiliates of ArcLight Capital Partners, LLC for 

approximately $402 million. LOGOS’ assets include over 230,000 net 

acres in the San Juan Basin, current net production of 106 MMcfe/d, 

and an extensive inventory of drilling locations in the core of the 

Mancos Shale and Gallup oil play.



BARNETT
BKV buys Exxon’s 

Barnett assets

BKV Corporation announced 

a deal to acquire natural gas 

upstream and associated 

midstream infrastructure in 

the Barnett Shale of North 

Texas from XTO Energy, Inc. 

and Barnett Gathering LLC, 

subsidiaries of ExxonMobil. 

The transaction is valued at 

$750 million with additional 

contingent payments. At 

closing, BKV will acquire 

approximately 160,000 

total net acres primarily in 

Tarrant, Johnson, and Parker 

counties, and additional 

smaller positions in Jack, 

Wise, Denton, Erath, Hood, 

and Ellis counties. The 

upstream assets include a 

93% ownership in over 2,100 

wells. The transaction also 

includes approximately 750 

miles of gathering pipelines, 

compression, and processing 

midstream infrastructure.

Haynesville, and a brownfield expansion of Texas Eastern’s 30-inch 

mainline between Vidor in Texas and Kosciusko in Mississippi. The 

open season seeks shippers looking for firm transportation service 

along the paths extending from key supply access points in the 

Haynesville in Texas Eastern’s Zone ETX to existing and new key market 

delivery points along the existing Texas Eastern U.S. Gulf Coast market 

header footprint. Texas Eastern will accept bids from as far north as 

Kosciusko on Texas Eastern’s ELA Zone to delivery points along its ELA 

and WLA Zones, including on new and existing laterals in those zones.

Enbridge advances pipe projects for Plaquemines LNG

Enbridge Inc. announced it will proceed with its Venice Extension 

Project and Gator Express Meter Project to deliver 1.5 Bcf/d of 

natural gas to Venture Global’s Plaquemines LNG facility located in 

Plaquemines Parish, LA. The projects involve 36-inch diameter pipe, 

metering, and compressor station additions and improvements. The 

Gator Express Meter Project is expected to be in service in 2023 and 

Venice Extension Project is expected to be in service in 2024, with an 

estimated cost for both projects of $400 million.

SHALE
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by airplanes. The airport will act 

as the marketing agent for the 

increased production coming 

from new wells.

Williams to expand 

Transco capacity in NC

Pipeline giant Williams filed 

an application with FERC to 

beef up capacity along the 

Transco pipeline by upgrading 

compressor stations and other 

infrastructure (but not new 

pipeline) in order to flow an extra 

423 MMcf/d to Piedmont Natural 

Gas and its customers in eastern 

North Carolina. The Southside 

Reliability Enhancement Project 

is a partial replacement of 

volumes Piedmont had planned 

to purchase from Dominion 

Energy’s now-canceled Atlantic 

Coast Pipeline project. The 

extra gas will come from the 

Marcellus/Utica. The project will 

cost Williams $212.5 million. The 

company says it needs the extra 

volume for peak winter demand 

periods. The project will be online 

by the end of 2024, pending 

FERC approval.  CT2 

Customers report an additional 

10% capacity gain with eVCP. 

How? With automated variable 

volume pocket control, you 

can adjust to fl uctuating fi eld 
pressures and capture the 

capacity that stepped systems 

leave behind.

evcp.hoerbiger.com

eVCP
Sell more gas with 

automated capacity control
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BULGARIA, GREECE
IGB pipeline to enter service in July

The Interconnector Greece-Bulgaria (IGB) 

pipeline is due to start up on July 1 after 

regulators in both countries expedited the 

certification of the operator in response 

to the war in Ukraine and the resulting gas 

supply disruptions across Europe.

The IGB pipeline will have an initial 

capacity of 105.9 Bcf/y (3 × 109 m3/y), and 

there is potential to upgrade this to 176.6 

Bcf/y (5 × 109 m3/y) by installing an additional 

compressor station along its route. The 

IGB connects to the Trans Adriatic Pipeline 

(TAP), as well as the Greek gas transmission 

system.

Bulgarian media reported in late June 

that the first shipment of gas from 

Anna Kachkova 
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compression news 

from Europe
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“We managed to shift the commencement 

of the biggest work stage of the overland 

part – the initiation of directional drilling work 

from the compressor to the coast – earlier 

than previously expected, with work already 

beginning in July,” stated Elerging’s chairman 

of the management board, Taavi Veskimägi.

According to the announcement, work 

on the project is divided into four stages – 

the overland pipeline from the compressor 

station to the coast; the submarine pipeline 

from the coast to the mooring quay; gas 

installations on the mooring quay; and 

connecting equipment between the quay 

and the floating LNG terminal.

Elering noted that the initial work would 

be onshore, but that “the initiation of 

substantive activities” for the completion 

of the other stages could begin in the near 

future as well.

The length of the connection from the 

compressor station to the mooring quay is 

around 1.2 km (0.75 miles). The link allows the 

LNG project to connect to the Balticconnector 

pipeline, which makes landfall at Paldiski.

Elering’s announcement came just 

over a week after Alexela Group said it had 

Azerbaijan on the pipeline was due to be 

completed by the end of the month.

Start-up of the pipeline is timely, as it 

comes after Russia’s Gazprom cut off gas 

supplies to Bulgaria in late April. This took 

place because the Bulgarian government 

rejected Russian demands to change 

contracts and pay for gas in rubles. In the 

wake of the suspension of Russian supplies, 

the Bulgarian energy regulator commented 

in late May that the IGB would be key to the 

security of gas supply and to more favorable 

pricing for customers.

ESTONIA
Work begins on pipeline connection 

to planned LNG terminal

Construction has started on a gas pipeline 

in Estonia that will eventually connect to the 

planned Paldiski LNG import terminal.

Estonia’s gas transmission operator, 

Elering, said on June 8 that the route had 

been marked and that the current focus was 

on preparatory work for the installation of 

the overland pipeline. Connecto is the main 

contractor for the work, which began at 

Elering’s Paldiski compressor station.

Construction of a gas pipeline has started  

at Elering’s Paldiski compressor station.

PHOTO: ELERING

Exemplar will 

be Finland’s 

first floating 

LNG terminal.
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FINLAND
Russia cuts off gas supplies to 

Finland amid squabble over rubles

Russia’s Gazprom halted natural gas 

exports to Finland in an escalation of 

a dispute with a number of European 

countries over payments for energy 

supplies. This came after Finland rejected 

Russian demands to pay for gas in rubles, 

and around the same time as the country 

applied to join the North Atlantic Treaty 

Organization (NATO) military alliance – 

another move opposed by Moscow.

Finnish gas transmission operator 

Gasgrid Finland said that gas flows 

through the Imatra entry point had 

stopped, with the country now relying 

completed dredging work at the Paldiski LNG 

site. Construction of the mooring point is the 

next step for the project, and is due to be 

completed by September 1.

The LNG project is being developed in 

two stages as the entire region works to 

reduce its dependence on Russian gas, in 

co-operation with neighbouring Finland. (See 

previous story) The first stage entails the 

rental of a floating storage and regasification 

unit (FSRU) and the second involves 

development of a permanent onshore LNG 

terminal. 

GERMANY
Gazprom cuts Nord Stream supplies, 

citing equipment delays

Russia’s Gazprom said it was curbing 

supplies being delivered to Germany via the 

Nord Stream pipeline. The company attributed 

this to equipment shortages at the Portovaya 

compressor station in Russia, which serves 

as the entry point for Nord Stream.

Germany’s Siemens Energy has been 

repairing gas compressor units (GCUs) from 

the Portovaya station outside of Russia. 

However, Siemens confirmed that sanctions 

meant it was currently unable to return an 

aeroderivative gas turbine being overhauled 

in Canada. The company said it was working 

on a solution to the issue.

At the same time, Gazprom cited 

other factors including the expiration of 

time between overhauls of the GCUs and 

malfunctions detected in engines. As a result, 

the company said only three of the eight 

GCUs installed at the Portovaya compressor 

station could be used, cutting supplies being 

fed into Nord Stream from 5.9 Bcf/d (1.67 × 

108 m3/d) to 3.5 Bcf/d (1 × 108 m3/d).

A day later, Gazprom announced that it 

was taking another Siemens turbine offline 

at Portovaya, citing the expiration of the 

prescribed time before the next overhaul 

and the technical condition of the unit in 

question. As a result, supplies through Nord 

Stream were further reduced to 2.4 Bcf/d 

EUROPE
Howden to supply hydrogen 

compressors to European Energy

The UK’s Howden Energy said that it had 

agreed to supply hydrogen compressors 

to Denmark-based European Energy, which 

in turn has been selected by Maersk to 

supply e-methanol for use as a maritime 

fuel.

European Energy is set to deliver 

200,000-300,000 tons/year of e-methanol 

to Maersk by 2025. The company is 

building the world’s first large-scale 

commercial e-methanol production facility 

that will use green hydrogen as feedstock. 

The green hydrogen will be provided by a 

50-MW electrolyzer and compressed by 

Howden.

In its announcement, Howden said it 

would supply five compressor packages, 

in order to provide the required hydrogen 

purity, pressure and flow capacity levels on 

demand. The design uses non-lubricated 

piston compressor technology to deliver 

1,370 kg/hr of green hydrogen. According 

to the company, the turnkey packages 

require minimal onsite installation and 

the compressors are easy to maintain 

throughout their lifecycle.

(6.7 × 107 m3/d), or 40% of the pipeline’s total 

capacity. Shipments are reported to have 

been reduced to major buyers including 

Germany, France and Italy.

This further limits Russian gas supplies 

to Europe at a time when Gazprom has 

already suspended shipments to Europe 

along various routes, and has cut supplies to 

certain countries amid disputes over how to 

pay for the gas. 

The European Union is moving to reduce 

its reliance on Russian gas as quickly as 

possible, but these supply reductions have 

nonetheless increased concerns over 

upcoming gas shortages when the winter 

arrives. The European Union has recently 

taken aggressive steps to transition its 

energy sector away from hydrocarbons (see 

feature on page 28), but those investments 

Howden said it would supply five compressor 

packages for the project. 

PHOTO: HOWDEN

Germany’s 

Siemens Energy 

is repairing gas 

compressors at 

the Portovaya 

station outside 

Russia. 
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are not expected to come online soon 

enough to replace the immediate decline in 

gas shipments from Russia. 

In response, the German Federal Ministry 

of Economics and Climate Protection entered 

the second stage of its emergency gas plan, 

a so-called alert stage. The ministry said that 

although current gas supplies are 58% ahead 

on the Balticconnector link to Estonia for 

supplies.

In a separate announcement on June 9, 

Gasgrid Finland said it had signed a letter of 

intent (LoI) with Fortum on placing a floating 

LNG import facility at Fortum’s Inkoo port. 

Gasgrid Finland is leasing the Exemplar 

FSRU for 10 years, and aims to have the 

terminal ready to enter service in 2023.

The company said the Exemplar’s 

capacity is sufficient for the gas needs of 

both Finland and Estonia. This comes after 

both countries previously agreed to jointly 

charter an FSRU. Estonia is also building 

LNG import facilities (see story p23) with 

the two countries aiming to mitigate 

against potential project risks and increase 

the chances of having at least one terminal 

site ready for next winter.

The FSRU Exemplar is 291 meters long 

and 43 meters wide. “The vessel project 

is absolutely essential for the security of 

supply of natural gas in the Baltic region 

– and therefore extremely urgent,” stated 

Gasgrid Finland’s CEO, Olli Sipilä. 

of their levels than last year, the decline in 

gas imports from Russia has caused serious 

concerns about the level of supplies as the 

region enters winter. 

“Even if gas quantities can be procured 

on the market  and stored, the situation is 

serious,” said Robert Habeck, the German 

minister for economic affairs and climate 

change. “Even if you don’t feel it yet, we are in 

a gas crisis.”

 The German government has called 

additional coal-fired plants out of standby to 

reduce gas consumption in the power sector. 

In addition to Germany, Austria, Italy and 

the Netherlands announced plans to revive 

old coal plants in an effort to replace some 

of the reduced gas from Russia. “We are 

bringing coal-fired power plants onto the 

market and reducing the amount of gas. 

That’s painful, coal-fired power plants are 

simply poison for the climate, but we have to 

do it for a transitional period to save gas and 

get through the winter,” Habeck said.  CT2

The IGB connects to the Trans Adriatic Pipeline 

(TAP) and the Greek gas transmission system. 
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T
he growing support among policy 

makers for alternative forms of energy 

have drawn the attention of investors, 

many of whom are placing their bets on 

hydrogen as the best route to take. The 

sector has drawn billions in new investments 

amid expectations that the lightest and most 

abundant known element can transition the 

world’s energy sector to something other 

than hydrocarbons.

Hydrogen will play a key role in 

decarbonizing the energy mix, but investors 

need to make a “massive” commitment 

throughout the supply chain, according to a 

recent report from the International Energy 

Forum.

Hydrogen as an energy carrier

The Hydrogen Market Pathways report was 

written by the IEF with Anne-Sophie Corbeau 

of the Columbia Center on Global Energy 

Policy. The report does not estimate, in dollar 

figures, the scale of the investment needed. 

It does outline the scope of changes needed 

to allow hydrogen to play a significant role in 

decarbonization.

While interest in hydrogen has grown in 

recent years, the idea of using hydrogen as 

an energy carrier is not new – it has come in 

and out of fashion since the 1970’s, the report 

states. Yet, despite decades of interest and 

research, there are still many obstacles to 

overcome for the hydrogen market to scale-

up. Currently, hydrogen accounts for only 1% 

of the energy mix, is predominately produced 

using unabated fossil fuels, and is mainly 

used on-site where it is produced.

For hydrogen to play a role in the energy 

transition, it must be available in sufficient 

volumes, at a competitive cost, and with low 

carbon intensity associated with its supply 

chain.

Development of supply chain 

The entire supply chain must be developed 

and scaled up. Different demand forecast 

scenarios show hydrogen consumption 

growing by as much as six-fold by 2050 (with 

low-carbon hydrogen growing by 500-600-

fold). Such growth makes it increasingly 

plausible that hydrogen could become an 

internationally traded commodity in the 

coming decades, the report states.

The growing interest in hydrogen 

worldwide has created opportunities for 

companies that can make compressors to 

move hydrogen. The hydrogen compressor 

market was valued at $1.9 billion in 2020 and 

is projected to reach $2.8 billion by 2028, 

Investors move     t

Hydrogen seen as key to decarbonize 

world energy supply. By Keefe Borden

Membrane technology can be used to 

transport hydrogen to end users for use as an 

industry feedstock, as a source of heat and 

power, or as a transportation fuel. IMAGE: LINDE
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e     to hydrogen

mobility in France and the decarbonization of 

transportation,” said Burckhardt CEO Fabrice 

Billard.

Commitment from investors

EDP Renewables (EDPR) and Lhyfe have 

agreed to jointly develop, build and manage 

a series of renewable hydrogen production 

projects, primarily in Europe. The agreement 

between the two companies is contingent 

upon Lhyfe’s efforts to carry out an initial 

public offering and to list on the Euronext 

market in Paris.

Under terms of the agreement, EDPR 

will supply renewable electricity to Lyfe’s 

hydrogen generation projects. In addition, 

both companies will identify opportunities to 

co-develop projects, with EDPR providing up 

to half of the projects’ capital. The companies 

will also work together on research and 

development, new project development and 

equipment procurement.

EDPR said the agreement will boost the 

growth of its portfolio, especially in France, 

and contribute to the development of 

Lhyfe’s projects all around the world. It also 

contributes to achieve higher operational and 

commercial expertise in renewable hydrogen 

projects.

EDP has committed to deploy 1.5 GW 

of green hydrogen production capacity by 

2030. The group has created the H2 Business 

Unit (H2BU), especially dedicated to the 

development of renewable hydrogen projects 

and focused on developing opportunities in 

promising sectors, such as the steel industry, 

chemicals, refineries, and cement plants, as 

well as heavy-duty long-distance transport.

EDP is one of 13 entities in a consortium 

building the GreenH2Atlantic, a 100 MW 

renewable hydrogen production project in 

Portugal which is one of the three projects 

selected by the EU Green Deal Call to 

demonstrate the viability of green hydrogen 

production.

Lhyfe said it has a portfolio of more than 

4.8 GW of total installed capacity in 93 

projects under development in Europe and 

plans to install 200 MW by 2026 and 3 GW  

by 2030. Among these 93 projects, 20 are  

at an advanced stage of development, with  

a total capacity of 380.5 MW expected to 

Compressors for hydrogen stations

The need for hydrogen compression is 

evident in the transportation sector.

Burckhardt Compression recently 

announced it will supply several diaphragm 

compressors to HRS to be used in hydrogen 

refueling stations. The compressors will 

be integrated into HRS hydrogen refueling 

stations with a capacity of over one ton per 

day. 

The aim is to provide refueling solutions 

for intensive market use, with a capacity 

of over one ton per day to meet the market 

demand for heavy transport, which includes 

bus, trucks and ports, and light commercial 

vehicles such as taxi fleets.

The two-year contract secures a stock 

of several of these compressors, which can 

be delivered to HRS within a few weeks. This 

will be necessary to respond swiftly to the 

expected ramp-up in demand for large-

capacity stations, which is already strong.

The contract also activates HRS’ order for 

the first two units, which will enable the first 

1 ton per day stations in its order backlog to 

go into production. As part of the partnership, 

Burckhardt will promote HRS solutions on 

its website, as one of its key customers for 

hydrogen mobility applications.

“We are convinced that this innovative 

agreement will support the hydrogen >

a compound annual growth rate of 5.2%, 

according to a recent global study by The 

Insight Partners. 

Hydrogen is one of the most efficient fuels 

with the highest energy content per weight. 

However, the hydrogen density in ambient 

conditions is 90 g per cubic meter. Therefore, 

to attain functional levels of energy density, 

an operator needs to compress it efficiently. 

Part of the growth in hydrogen, and 

consequently the need for hydrogen 

compression, is the growing use and 

development of fuel cell electric vehicles 

(FCEV), which by some measures are more 

efficient than the internal combustion engine, 

the study stated. 

The development 

of hydrogen 

will require new 

contracts and 

effective price 

discovery, the  

IEF reported.  

PHOTO: ADOBE STOCK

Hydrogen refueling stations made by HRS 

have a capacity of over one ton per day and 

can meet the needs of heavy transport, which 

includes bus, trucks and ports, as well as 

lighter vehicles. IMAGE: HRS
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within its own distribution system.

CenterPoint Energy is one of the first 

natural gas utilities in the United States 

to produce and add green hydrogen to its 

distribution system. Because there are no 

carbon emissions from either its production 

or end-use, green hydrogen has the potential 

to be an important zero-carbon supplement 

to conventional natural gas.

The project’s one-megawatt electrolyzer 

is powered by renewable electricity and 

can produce up to 60 Dekatherms (432 

kilograms) of hydrogen gas per day, using 

approximately two gallons of water per 

minute. The water is sourced from the 

municipal water supply and highly purified 

before it enters the hydrogen production 

system, the company said.

The green hydrogen produced by the 

system is added in low concentrations, up 

to five percent, to the natural gas in a low-

pressure section of CenterPoint 

Energy’s local distribution 

pipeline system. 

A CenterPoint Energy 

graphic illustrates 

how green hydrogen 

is used in its local 

distribution system. 

IMAGE: CENTERPOINT

hydrogen, the company said.

Membranes are then used to extract 

hydrogen from these natural gas streams 

at the point of consumption. The resulting 

hydrogen has a concentration level of up 

to 90 percent. When further processed 

with Linde Engineering’s pressure swing 

adsorption (PSA) technology, a purity of up 

to 99.9999% can be achieved, the company 

said.

CenterPoint’s green hydrogen 

project starts operations

Within the U.S., CenterPoint Energy’s green 

hydrogen project in Minneapolis is now 

operational. The project uses renewable 

electricity to split hydrogen from water,  

which is then blended in low concentration 

come onstream between 2023 and 2026.

The two companies said they expect 

global demand for hydrogen to increase 

sixfold between 2020 and 2050, reaching 

530 million tons in 2050, driven by economic 

growth and the multiplication of uses, both 

in industry and in mobility. The share of 

renewable hydrogen should represent 60% of 

total hydrogen demand by 2050, Lhyfe said.

Green hydrogen plant 

The city of Schwäbisch Gmünd, Germany has 

authorized Lhyfe to start construction of its 

renewable green hydrogen plant at a nearby 

site covering 10,000 square meters.  The new 

plant will have a capacity of up to 4 tonnes/

day, about 10 MW.

The plant will be built near publicly 

accessible hydrogen filling stations and 

a pipeline to supply a nearby technology 

park with renewable hydrogen. The plant is 

expected to be operational in early 2024, 

Lhyfe said.

A wind farm will provide electricity 

needed to produce the hydrogen. 

Future customers for the project 

are in the immediate area of 

the site and in the region. The 

hydrogen will be used as a 

process gas by industrial 

customers and as a fuel for 

fuel cell vehicles at distribution 

stations, Lhyfe said.

This 10 MW project is one of the 20 

projects in advanced development 

announced at the time of the company’s 

IPO, with a total capacity of 380.5 MW and a 

planned entry into operations between 2023 

and 2026, Lhyfe said.

Earlier this year, Linde Engineering started 

up the world’s first full-scale pilot plant in 

Dormagen, Germany to show how hydrogen 

can be separated from natural gas streams 

using its membrane technology.

Linde’s HISELECT powered by Evonik 

membrane technology can separate 

hydrogen from natural gas streams at the 

point of consumption. The process enables 

midstream operators to blend hydrogen 

with natural gas and to transport the mix 

in natural gas pipelines. The blended gas 

could consist of between 5 and 60 percent 

CREATES RENEWABLE 

HYDROGEN GAS

GENERATES RENEWABLE 

ELECTRICITY

POWERS 

ELECTROLYSIS

ADDED TO PIPELINE SYSTEM FOR 

NATURAL GAS CUSTOMER USE



ENERGY TRANSITION
HYDROGEN DEVELOPMENT

JULY 2022 | COMPRESSORTECH2 | 31   

Heavy Industries America, Inc. (MHIA), which 

joins a consortium of investors including 

Breakthrough Energy Ventures, Equinor, 

Amazon, Honeywell, and Rio Tinto.

“No single company can provide 

needed technology to achieve global 

decarbonization, which is why we recognize 

the importance of investing in and enabling 

companies like Electric Hydrogen to develop 

new solutions,” said Takajiro Ishikawa, 

president and CEO of MHIA.

EH2’s patented approach to electrolysis 

is specially designed for the high-volume, 

low-cost production required to support 

massive industrial operations, which could 

significantly improve the levelized cost of 

hydrogen, the company said.

This investment will support the scale-up 

of EH2’s high electrolyzer technology and its 

use in the manufacturing, and deployment 

of pilot projects to produce fossil-free 

hydrogen, also known as “green hydrogen,” 

at large scale for industrial and infrastructure 

applications.

Industries not amenable to electrification, 

such as steel, fertilizer and intercontinental 

energy transport, account for more than a 

third of the world’s total greenhouse gas 

emissions, according to EH2. Hydrogen, 

when produced in places with abundant and 

clean electricity, is a promising pathway for 

decarbonizing these industries.

New test facility

SIAD Macchine Impianti recently opened a 

hydrogen compressor test facility at its Osio 

plant, near the company’s headquarters in 

Bergamo, Italy. The company said it would 

install a dedicated compressor designed to 

reach high pressure for oil-free hydrogen 

compression applications by October 2022. 

Burckhardt Compression in Winterthur, 

Switzerland, has started construction of a 

separate hydrogen test facility to develop 

sealing technologies and solutions for 

hydrogen refueling stations for heavy-duty 

vehicles. 

Multiple OEMs have funded studies that 

blend hydrogen with natural gas to see what 

modifications are needed with the current 

infrastructure and to understand the amount 

of carbon reduction it enables.  CT2

hub will help the clean energy transition 

by supporting the Intermountain Power 

Agency’s IPP Renewed Project—upgrading to 

an 840 MW hydrogen-capable gas turbine 

combined cycle power plant, the company 

said. The plant will initially run on a blend of 

30% green hydrogen and 70% natural gas 

starting in 2025 and incrementally expand to 

100% green hydrogen by 2045.

The hub will produce up to 100 metric 

tonnes per day of green hydrogen from 

renewable energy using electrolysis. Green 

hydrogen can then be stored in two massive 

salt caverns, each capable of storing 150 

gigawatt hours (GWh) of energy, resulting in 

the world’s single largest hydrogen storage 

site and providing capabilities for seasonal 

shifting of excess renewable energy. The 

long-duration energy storage capability of 

the salt caverns will help improve resource 

adequacy and decrease costs by capturing 

excess renewable power when it is abundant 

and dispatching it back on the grid when it is 

needed.

New hydrogen startup

Mitsubishi Heavy Industries (MHI) has 

invested in Electric Hydrogen (EH2), a clean 

hydrogen startup headquartered in Natick, 

Massachusetts, to support its efforts 

to develop cost-competitive, fossil-free 

hydrogen. Terms of the investment were not 

announced.

Through this investment, MHI said it plans 

to strengthen and diversify its assets in 

the hydrogen value chain. The investment 

has been executed through Mitsubishi 

Hydrogen facility gets financing

Mitsubishi Power Americas recently 

announced it has closed on a $5.4 million 

loan guarantee from the U.S. Department of 

Energy to fund the development of a massive 

green hydrogen project in central Utah. 

Once complete, the hub will produce up to 

100 metric tonnes per day of green hydrogen 

from renewable energy using electrolysis, 

which Mitsubishi called the world’s largest 

industrial green hydrogen facility. 

The DOE’s loan is its first in more than 10 

years for a renewable energy project.

According to Mitsubishi Power Americas, 

the loan helps generate a viable market for 

hydrogen and will make it scalable in the 

western United States and electrical grid, 

creating the fundamental infrastructure 

necessary to deploy this zero-carbon energy 

source.

The Advanced Clean Energy Storage 

Georgia Power’s 

Plant McDonough-

Atkinson power 

plant recently 

completed a 

hydrogen

blending test. 

PHOTO: GEORGIA POWER.

The Advanced Clean Energy Storage project received a $500 million conditional commitment from U.S. 

Department of Energy. The Mitsubishi-backed project is expected to be the world’s largest industrial 

green hydrogen production and storage facility. IMAGE: MITSUBISHI POWER
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CO2 COMPRESSION
KEY TO EMISSIONS REDUCTION

C
arbon capture, pipelines, and 

sequestration is an established series 

of technologies that has drawn an 

influx of investors recently as companies 

seek ways to lighten their carbon footprint. 

The technology has been used in the oil 

and gas industry since the 1970s, but recent 

concerns about the need to address climate 

change (CO2 is a greenhouse gas), has 

placed renewed focus on carbon capture and 

underground storage (CCUS.)

The U.S. government, meanwhile, recently 

announced $3.5 billion in funding for 

carbon capture projects. Even without that 

incentive, multiple industrial companies have 

announced a range of projects recently.

Proposed carbon capture pipeline  

One company that plans to grow from this 

renewed interest is Summit Carbon Solutions. 

The company, based in Ames, Iowa, has 

proposed a $4.5 billion carbon capture, 

pipeline, and sequestration project which 

would move carbon dioxide (CO2) produced 

from ethanol producers in the Midwest into 

a porous rock formation over a mile deep in 

North Dakota. Once in operation, it would be 

the largest facility of its kind in the world with 

the ability to capture and store up to 12 million 

metric tons of CO2 annually. 

The project will include CO2 capture and 

compression facilities at ethanol plants 

and potentially other industry sources, 

associated pipelines and pump stations in 

Iowa, Nebraska, South Dakota, Minnesota, 

and North Dakota, and Class VI sequestration 

wells in North Dakota. The CO2 will be 

aggregated and transported to North Dakota 

via high strength carbon steel pipeline, where 

Carbon capture comes    of age
it will be safely and permanently sequestered 

in extensively researched subsurface 

geologic formations. 

The project has commitments from 32 

partner ethanol facilities capable of delivering 

more than 9 million metric tons per annum 

(mtpa) of CO2, with initial pipeline capacity 

of 12.0 mtpa, and expansion capabilities 

Growing use of technology 

known since 1970s. 

By Keefe Borden

Summit Carbon Solutions will build CO2 capture 

and compression facilities and associated 

pipelines. MAP: SUMMIT CARBON SOLUTIONS
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packages for $113.5 million from Xebec 

Adsorption, formerly UE Compression. 

The supply agreement came after a 

competitive bidding process that showed UE 

Compression offered the best overall value to 

the project, Surber said.

Xebec will pair Ariel Compressors with 

an electric motor that includes a variable 

frequency drive on a skid. The packages 

will have motor capacities ranging from 

approximately 2150 hp and 3350 hp, with the 

ability to process approximately 9 MMSCFD 

and 13 MMSCFD of CO2 respectively. 

CO2 is heavier than methane, but uses 

essentially the same equipment to compress 

and transport it. Summit plans to upgrade 

some of the materials to handle some of 

the moisture that may be present in the 

gas stream prior to dehydration. After 

consulting with Trimeric Corporation, an 

engineering consulting company based 

in Buda, Texas, the company will use gas 

compressors to pressurize the gas until it 

reaches a supercritical state or dense phase, 

a gaseous-liquid state that forms around 

1076 psi, and system maximum operating 

pressure (2,183 psi). 

Once it is at that pressure and in that 

state, it will be injected into interstate 

pipelines and then pumped to a 

sequestration facility in North Dakota. The 

pipeline system will range from 4 to 24 

inches. Studies have shown that moving C02 

that distance can be more efficient through 

dense-phase pumping than compressors. 

Tallgrass CO2 sequester project

Other companies have announced similar 

projects in the U.S. Midwest. Tallgrass Energy 

plans to capture carbon dioxide CO2 from a 

corn processing plant in Columbus, Nebraska 

owned by food processing giant ADM and 

transport it to an underground storage hub 

in Eastern Wyoming, the two companies 

announced.

By utilizing a converted natural gas 

pipeline for CO2 transportation, Tallgrass 

minimizes the need for new pipeline 

has more than $1 billion in equity capital.

As the company secures the needed 

construction permits, its simultaneously 

working to obtain additional debt financing 

to complete the project, said Chris Hill, senior 

project advisor.  “We’ve had a lot of up-front 

investment from great partners who believe 

in the project,” he said.

Regulatory approvals

Summit is working on a long list of regulatory 

approvals it needs from the local, state, and 

federal levels that are required for a project 

of this size.  To cite just one example, the 

pipeline needs authorization from the U.S. 

Corps of Engineers to cross any waterbodies 

or wetlands. Summit is in pre-application 

discussions with the corps and plans to 

submit a request for approval in 3Q22. It is 

also working with a similar application with 

the U.S. Fish and Wildlife Service.

In January, Summit submitted a petition 

to the Iowa Utilities Board for a permit to 

route the pipeline through the state. A month 

later it submitted a similar application with 

the South Dakota Public Utility Commission 

for a proposed route through the state. It is 

also in discussions with regulators in North 

Dakota, Minnesota, and Nebraska to route the 

pipeline through those states and associated 

counties.

Summit will need a Class VI injection 

permit for the injection at the storage sites. 

The siting and evaluation process started last 

year, and the company plans to initiate the 

permitting next year. 

Earlier this year, Summit announced plans 

to buy 52 CO2 reciprocating compression >

to handle up to 20.0 mtpa. Summit Carbon 

Solutions was launched in 2020. It is on track 

to achieve its target of being operational in 

late 2024.

The company is in the process of ordering 

compression, pipeline, and other equipment 

necessary for the project. It is also working 

to obtain the needed permits to build and 

operate the facility. The company hopes to 

start construction of the carbon capture 

facilities and the pipeline by the summer of 

2023, said J.C. Surber, director of capture 

facilities at Summit. 

Summit has found a long list of investors 

interested in participating in the project. 

Earlier this year, it raised more than $600 

million from Continental Resources Tiger 

Infrastructure Partners, John Deere and some 

of its ethanol partners. It raised an additional 

$400 million, including $300 million from TPG 

Rise Climate, the dedicated climate investing 

strategy of TPG’s global impact investing 

platform TPG Rise. Taken together, the project 

Trailblazer is an approximately 450-mile-long 

pipeline that extends from Cheyenne, Wyo.,  

to Beatrice, Neb. MAP: TALLGRASS ENERGY

BKV has gross production of 550 MMcf/d from 

292,600 net acres in Denton, Parker, Tarrant  

and Wise counties, Texas. PHOTO: BKV
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reliable low carbon hydrogen and, together 

with BP, provide carbon capture and storage 

solutions.

BP said it is also evaluating large scale 

CCS and hydrogen projects for industrial 

clusters in the US and already is in action on 

Teesside, the industrial heart of the United 

Kingdom.

The overall development, expected to be 

operational as early as 2026, will also enable 

capture and storage of CO2 from other large 

industrial facilities in the region ,the company 

said. 

Barnett Shale 

BKV Corporation (BKV) and EnLink Midstream 

plan to develop a carbon capture and 

sequestration project in the Barnett Shale 

region of North Texas.

“It is critical that companies in the 

industry work together to bring actionable 

change and move large-scale carbon 

reduction projects forward,” said BKV CEO 

Chris Kalnin. 

Under their agreement, BKV will 

continue to produce natural gas containing 

carbon dioxide from its Barnett Shale area 

operations, and EnLink will transport this 

natural gas via its modified pipeline and 

facility infrastructure to the EnLink natural 

gas processing plant in Bridgeport, Texas.

At the Bridgeport plant, the carbon dioxide 

waste stream will be captured, compressed, 

and then disposed of through permanent 

sequestration via BKV’s nearby injection well.

As part of its sustainability efforts, 

BKV recently formed dCarbon Ventures, a 

dedicated business unit focused on driving 

CCS innovations and project development. 

Vice President of dCarbon Ventures, Lauren 

Read, said, the technology is an important 

component of climate solutions. “We plan 

to be injecting carbon dioxide by the end 

The low carbon hydrogen will be sold to 

customers along Linde’s hydrogen pipeline 

network under long-term contracts to enable 

production of low carbon chemicals and 

fuels.

As part of the project, BP will appraise, 

develop and permit the geological storage 

sites for permanent sequestration of the 

CO2. The company’s trading and shipping 

business aims to bring custom low carbon 

solutions to the project, including renewable 

power and certified natural gas, along 

with commodity trading and price risk 

management expertise.

Linde said it will use its technology to 

capture and compress the CO2 from its 

hydrogen production facilities for the project. 

Together with its infrastructure of hydrogen 

production facilities and its storage cavern 

connected through its pipeline network 

across the Texas Gulf Coast, this project 

will enable Linde to supply cost-effective, 

infrastructure. Tallgrass plans to convert 

its Trailblazer natural gas pipeline to a CO2 

pipeline and use the approximately 400-

mile line as a backbone of a regional CO2 

transportation system. The pipeline, which 

runs through Wyoming, Colorado, and 

Nebraska, will be capable of transporting 

more than 10 million tons of CO2 per year for 

permanent sequestration, Tallgrass said.

The pipeline is ideally situated to transport 

CO2 from ADM’s plant and other commercial 

and industrial sources to a sequestration 

hub in eastern Wyoming. In preparation for 

this initiative, Tallgrass recently announced 

plans to develop a commercial-scale CO2 

sequestration hub in eastern Wyoming 

expected to be in service in 2024.

U.S. Gulf Coast project

Linde and BP have announced plans to 

develop a major carbon capture and storage 

project on the U.S. Gulf Coast that will enable 

low carbon hydrogen production at Linde’s 

existing facilities.

The development will also support the 

storage of carbon dioxide (CO2) captured 

from other industrial facilities – paving the 

way for large-scale decarbonization of 

the Texas Gulf Coast industrial corridor, bp 

announced.

Once finished, the project will capture and 

store CO2 from Linde’s hydrogen production 

facilities in the greater Houston area – and 

potentially from its other Texas facilities – to 

produce low carbon hydrogen for the region. 

Once complete, the project will use assets 

from the L10 fields offshore The Netherlands. 

IMAGE: NEPTUNE ENERGY
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CO2 reduction being targeted by the Dutch 

industrial sector, Neptune Energy said.

Neptune Energy’s Managing Director in 

the Netherlands, Lex de Groot, said: “CCS 

is crucial for achieving the Dutch climate 

goals for 2030. This cooperation agreement 

is a significant step in the development of 

the Neptune-operated L10 project which 

supports our strategy to go beyond net zero 

and store more carbon than is emitted from 

our operations, scope 1, and sold products, 

scope 3, by 2030.”

After the feasibility study, the partners 

jointly develop one of the largest CCS 

facilities I n the North Sea and plan to reuse 

their existing infrastructure in the region.

This stage of the L10 carbon capture and 

storage project has the potential to store 4-5 

million tonnes of CO2 annually for industrial 

customers within depleted gas fields.   CT2

Louisiana, TotalEnergies said.

“This project is expected to be among 

the first North America carbon capture 

facilities designed to receive and store CO2 

from multiple sources, and our goal is for this 

facility to set the gold standard for safe and 

permanent CO2 storage,” said Justin Bird, CEO 

of Sempra Infrastructure.

Dutch North Sea

Carbon capture is not unique to the U.S. 

Neptune Energy, XTO Netherlands, Rosewood 

Exploration and EBN Capital have agreed to 

develop a large offshore carbon capture and 

storage project in the Dutch North Sea.

The companies intend to take the L10 

carbon capture and storage development 

to the concept select stage in 2022 and 

to have the project FEED-ready by the end 

of the year, followed by the submission of 

a storage license application. Meanwhile, 

the companies are having exploratory 

discussions with industrial emitters from 

various sectors ahead of the upcoming 

round for applications for funding from Dutch 

authorities.

The partners recently started a feasibility 

study into the possibility of injecting CO2 into 

the depleted gas fields around the Neptune-

operated L10-A, L10-B and L10-E areas. If 

the project is developed, it will be one of 

the largest CCS facilities in the Dutch North 

Sea and could meet more than 50% of the 

of 2023, at which point it is expected to 

be one of the first permanent commercial 

sequestration projects to come online in the 

United States.”

TotalEnergies to develop CO2 project

TotalEnergies has signed a preliminary 

agreement with Sempra Infrastructure, 

Mitsui & Co and Mitsubishi Corporation to 

develop the Hackberry Carbon Sequestration 

(HCS) project at Cameron LNG in Southwest 

Louisiana.

The project is designed to capture CO2 

from Cameron LNG with an acid gas removal 

unit before transporting it by pipeline about 

10 kilometers away where it will be stored in 

a saline aquifer using an injection well with 

a capacity of up to 2 million tons of CO2 per 

year.

In August 2021, the HCS project filed 

an application with the U.S. Environmental 

Protection Agency (EPA) for the construction 

permit of such an injection well – the first 

application to be accepted by the EPA in 

Two ships berthed 

at Cameron LNG’s 

facility, where 

investors plan a 

carbon capture 

project. 

PHOTO: CAMERON LNG.

The joint project will capture and store CO2 from 

Linde’s hydrogen production facilities in the 

greater Houston area. PHOTO: BP

The AXH manufacturing complex consists of six plants, totaling 585,500 SF on 67 acres.
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P
artnerships are essential for both 

industry and academia, with clear 

benefits for both sides. These 

partnerships give industry access to a skill 

workers and academia the ability to keep 

a given curriculum relevant to the evolving 

needs of industry.

Bob Firth, Dean of School of Engineering 

& Construction Technologies, at Oklahoma 

State University Institute of Technology, 

said the partnerships the school has with 

its industry partners through Advisory 

Committees are essential to keep the 

curriculum relevant.

“They give valuable insight into the 

industry and the way it is going,” he said. 

OSU Institute of Technology, based in 

in Okmulgee, OK, has the largest two-year 

associate program in gas compression 

in the U.S. At any time, there are about 35 

students enrolled. The school of E ngineer 

& Construction Technologies has a 92% 

placement rate. Most of those who do not 

have jobs upon graduation have decided to 

pursue advanced degree programs, he said. 

The school gives its students a firm 

grounding in all aspects of the compression 

industry: compressors, drivers, components, 

coolers and scrubbers. “We teach everything 

from the inlet valve to the outlet 

valve,” he said. 

 In addition, it requires each 

student to complete two separate 

internships. “This gives 

them the opportunity to 

practice the trade,” he 

said. 

Younger generation

In general, younger 

students adapt more readily to technology 

than a previous generation of students. For 

this reason, the school is collaborating with 

Tulsa, Oklahoma-based XALTER to develop 

a series of virtual reality training modules 

to give its students insights into how a 

compressor works and how it is maintained. 

The technology includes a VR headset 

that allows students to see a visualization of 

a complete compressor in its newest state. 

The headset, often called an oculus, 

allows them to visualize the compressor on a 

skid, rotate it, turn it upside down and to view 

it from angles that are sometimes difficult in 

the real world. 

“You can climb into the compressor 

crankcase and look inside. It’s an excellent 

visual tool,” he said. “The technology allows 

Industry 
collaborates 
with specialized 
compression 
schools

students to look inside a compressor before 

tearing it down, giving them a better sense of 

what they are about to work on.”

“You can see every inch of it. You can turn 

it. It will move with you and you can walk into 

it,” he said. 

The technology gives students the 

freedom to make a mistake while tearing 

down a compressor without putting 

themselves or others in danger. In addition, 

they can put on the headset and have a look 

at the interior components and understand 

what it looks like when it’s brand new. They 

can then compare those images to what they 

see as they tear down the compressor. 

“They can look at the wear patterns, which 

helps them understand and dig into that 

more closely.”

VR combines the benefits of in-person 

and remote training. By Keefe Borden
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and drivers. The program has a basic and 

advanced engine course and three levels of 

instruction for compressors. In addition, it 

has a series of related supported technical 

instruction that include valves, alignments, 

pulleys, bearings and other components. 

Panola College has a trailer which is 

used as a mobile teaching facility and as 

a recruiting tool to draw the attention of 

prospective students. When not in use 

with other programs at the college, Panola 

uses it as a mobile classroom that can 

accommodate up to 10 people. 

The trailer also allows the college 

instructors to give specialty classes on 

safety and other industrial topics. “We’re 

open to the idea of coming to you and 

teaching a course,” he said.

Virtual reality as a recruiting tool

Clark White, executive vice president at Targa 

Resources, said the company encourages 

training programs for students in an effort to 

keep ready access to a skilled workforce. 

Most of the field technicians in the 

the energy industry, including Chevron, JW 

Power Company, Enterprise, DCP Midstream, 

Eastman Chemical and CSI Compressco. 

“We have been fortunate to get all three 

sections of the energy industry to partner 

with us,” he said. “They steer us into what 

they are looking for in a workforce.”

In addition to giving the college guidance 

on how to keep its program relevant, they 

routinely recruit from the college. The newest 

program in Panola’s School of Energy is a 

two-year associate’s program in natural gas 

compression, which is designed to produce 

graduates who can work as entry-level 

compression mechanics. 

The school has a hybrid approach to 

instruction. It uses online and classroom 

instruction for lectures and homework. In 

addition, its technical courses in the energy 

department rely on an array of equipment, 

including professional simulators and 

donated equipment, to give students hands-

on experience.

The compression program gives students 

skills and knowledge of both compression >

Although the students readily embrace 

the new technology, Firth said it does 

not replace hands-on instruction from 

experienced instructors who are industry 

experts. The school has a range of 

compressors, drivers and components that 

give their students the opportunity to put 

their hands on the equipment and tools 

needed to maintain it before they go into the 

field. 

A second institution which benefits from 

partnerships with the compression industry 

is Panola College, based in Carthage, Texas. 

Daniel Hall, Department Chair at the School 

of Energy at Panola College, said the school 

meets regularly with an advisory board 

to keep its program relevant. The board 

includes representatives from all sectors of 

Oklahoma State 

University’s Institute 

of Technology 

gives its students 

a firm grounding 

in all aspects of 

the compression 

industry: 

compressors, drivers, 

components, coolers 

and scrubbers. 
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conduct hands-on, instructor-led training at 

each of Kodiak’s 20+ field offices. 

Throughout the pandemic, Kodiak like 

everyone else, was forced to adjust its 

training model to accommodate for social 

distancing.  “We were able to shift to remote 

training and use online platforms to continue 

training during the pandemic. However, our 

technicians still prefer the hands-on aspect 

of learning, rather than passively receiving 

information via presentation,” Shulse 

explained. “It was a positive experience to 

see that it is possible to implement effective 

alternative methods for training. Even now, 

we have continued to use remote training for 

development department and the strategic 

partnership they have with operations.”

The company’s field technicians make 

up approximately 80% of its workforce and 

require thorough mechanical, electrical, and 

troubleshooting skills. Kodiak’s technical 

training department, led by Melody Shulse, 

Director of Training and Development, 

includes in-house technical trainers and 

an instructional design team to ensure the 

customized curriculum is cutting-edge and 

effective. Traditional instructor-led courses 

offer hands-on training with compressor 

components, tools, and standard equipment 

used throughout the industry. Kodiak 

regularly partners with OEM vendors, like Ariel 

and CAT, to ensure training courses support 

the latest and greatest technology. With ESG 

commitments and sustainability initiatives 

driving industry innovation, Kodiak recently 

connected with Hyundai to demonstrate 

features of their electric drive motor for 

key Kodiak technicians operating electric 

engines.

“We have defined the curriculum of 

technical courses we want our technicians to 

complete,” Shulse said. “From onboarding our 

new technicians in a 90-day, competency-

driven mentor program, to offering various 

levels of technical training that grow our 

employees’ skillsets, we spend a lot of effort 

to ensure our workforce has the opportunity 

to develop while they are at Kodiak.” 

Historically, trainers travel anywhere 

between two and four weeks each month to 

compression industry who started the 

industry in the late 70’s boom are now in their 

mid-60s and are starting to retire. As a result, 

the company is hiring many younger workers 

due to retirements and increasing field 

compression due to increasing gas volumes, 

he said. 

“There is a big need for an influx of new 

young talent to perform mechanic duties 

in the field. We’re struggling to find and hire 

new employees -- and we’re not alone,” White 

said.

To help train its workforce, Targa is 

working with XALTER to develop a series of 

interactive virtual reality training modules 

to train a young workforce and to keep the 

skills of an experienced technician sharp. 

In addition, the technology is a valuable 

recruiting tool the company can use to draw 

and train a skilled workforce, he said. 

“The younger employees adapt more 

readily to a virtual reality training module than 

they do to a classroom setting with a power 

point presentation,” he said. “We think they 

learn and develop more quickly with that 

technology.”

The modules allow a new technician to 

practice maintenance on an engine before 

going out into the field. They learn what all 

the parts are and how they go together, he 

said. 

The modules also teach the steps needed 

to lock out and tag out a compressor and 

the steps needed to safely change hot 

valves. The modules give young technicians 

the opportunity to make a mistake without 

putting themselves or others at risk. 

“We can run through this and, if they 

do something wrong, it will simulate what 

happens, but they don’t get hurt,” he said. 

A new age of training

Kodiak Gas Services, a compression services 

provider based in Montgomery, Texas, has 

developed an extensive and robust training 

program designed to bring new employees 

up to speed quickly and to keep the skills of 

its current employees sharp.

“We consider training to be a significant 

investment in our employees,” said Cory 

Roclawski, Chief Human Resource Officer 

at Kodiak. “We are proud of our training and 

A student 

from Panola College 

works on an Ariel 

compressor donated 

by JW Power. 
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range of courses that cover high-speed 

engines, high-speed compressors, integral 

engine compressors, and AJAX engine 

compressors.

The training center is named after 

Anthony G. Mazerole, who started his career 

with Cooper in 1988 and had a 30-year 

career in the industry. The center is designed 

to educate customers, operators, and 

maintenance personnel in the specifications, 

operation, and routine servicing of large-

bore, integral and high-speed compression 

equipment. A well-trained staff is essential 

to minimize downtime, improve safety and 

reduce overall operating costs, the company 

said. 

The target audience 

for the courses include 

operators, mechanics, 

technicians, engineers, and 

maintenance and equipment 

specialists responsible for 

the safe operation and care of 

compression equipment.

Cooper recently hired 

Charles Ely, formerly of Dresser 

Rand, and two other instructors 

to run the center and teach the 

courses. The instructors have 

comprehensive theoretical 

understanding of compression 

and practical experience with all major 

drivers and compressors.  

Cooper’s training packages include 

lectures, discussions, hands-on material, 

student handouts, and a certificate of 

completion. In addition to its open enrollment 

workshops, Cooper can provide on-site 

training that is customized for specific 

equipment.

ACI SERVICES is offering a free one-day 

eRCM Pro training session in November, in the 

Houston, TX area. Free lunch provided. eRCM 

Pro upgrades and significantly expands 

upon eRCM – the 20-year industry staple 

for modeling, tuning, and reconfiguring 

reciprocating compressors. Please check 

the ACI website for more details and how to 

register.

Elliott Group’s turbomachinery training 

provides the knowledge and confidence 

that operations and maintenance personnel 

further develop its customized program and 

demonstrate its commitment to a long-term 

partnership.

One of the ancillary benefits to this 

key partnership has been the integration 

of virtual reality (VR ) into the training and 

development of both OSUIT and Kodiak.  

Kodiak recently partnered with Targa 

Resources and XALTER, a software developer 

for immersive XR training to create the 

industry’s first VR training modules. “We are 

really excited to bring this new technology for 

learning to our industry,” Shulse said. 

New facility

Cooper Machinery Services recently 

established the Mazerole Training Center, a 

dedicated training facility in Houston, Texas, 

to give gas compression professionals 

essential skills and training. The company 

offers both customers and employees a 

certain classes, due to the accessibility of 

getting to reach so many from different areas 

at one time.” 

Individuals have different learning styles, 

and many of the styles have continued 

to evolve with the younger generation 

of employees. For example, the younger 

generation is more comfortable with 

computer-based training and adapts to it 

more readily than previous generations. They 

are also more open to visual learning styles 

than previous generations. 

In addition to its in-house training 

program, Kodiak partners with several 

technical schools across the country to 

ensure their curriculum is fit for purpose and 

thorough enough for students to develop the 

skills needed in the compression industry. 

“We go in as their partner, work alongside 

the school directors and professors, and 

then recruit the students to intern or hire on 

with us after completion of their program,” 

Roclawski said.

Oklahoma State University’s Institute of 

Technology, home of the nation’s longest 

established and largest gas compression 

program in the nation, is a key partner. Kodiak 

recently presented the school with a grant to 

Cooper Machinery Services opened the Anthony G. 

Mazerole training center to offer both customers 

and employees a range of courses that cover high-

speed engines, high-speed compressors, integral 

engine compressors and AJAX compressors. 

>
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need to ensure safe, reliable, and efficient 

equipment operation. Its experienced, 

full-time technical trainers conduct training 

programs on steam turbines, centrifugal 

and axial compressors, expanders, lube and 

seal systems, and cryogenic pumps and 

expanders. The company offers training at 

its facilities, onsite at customer locations 

around the world, or through its many live, 

online webinars. Please contact the Technical 

Training Manager for more information or to 

inquire about customized training:  

training@elliott-turbo.com 

European programs

Laschet Consulting is a German company for 

engineering services, technical consulting 

and special customer training specialized 

in various areas of drive technology. The 

training covers the complete range of 

torsional vibration analysis (TVA), including 

rotordynamic calculation and evaluation 

of complete shaft systems in rotating 

machinery. The training program can be 

arranged according to the customer’s 

preferences – also online. Furthermore we 

offer our annual “International Seminar on 

ROTORDYNAMICS and FLUID-FILM BEARINGS”. 

www.laschet.com Laschet Consulting 

provides customer support mainly for the 

European market.

Benefit from more than 170 years of 

experience! LMF offers individual training 

programs through the LMF Academy - online 

or at the Academy in Leobersdorf, Austria. 

Standard training includes basic and 

advanced mechanical and EI&C courses, as 

well as hands-on training. Fully customized 

programs available upon request. For more 

information please contact academy@lmf.at 

or visit our website: www.lmf.at.

Training covers range of topics 

HOERBIGER offers free, virtual technical 

training covering a range of compression 

topics including valve basics, pistons 

and rings, compressor rod packing and 

wipers, lubrication, unloading systems, and 

troubleshooting and maintenance. To learn 

more, visit www.linkedin.com/company/ 

hoerbiger or contact us at info-americas@ 

hoerbiger.com for the company’s current 

customer webinar training schedule.

Changes to training processes mandated 

by world events have brought innovation and 

creativity to the fore, accelerating the use 

of tools and methods that are likely here to 

stay. Atlas Copco Gas and Process now trains 

and supports customers and staff through 

extensive use of Virtual Reality and remote 

access tools, including hardware/software to 

reduce the need for on-site presence.

Examples include the Microsoft Hololens, 

an augmented reality holographic device that 

allows a remote Atlas Copco representative to 

guide an equipment user or service engineer 

in troubleshooting and diagnosing field 

issues from anywhere in the world. 

Equipment operators can also engage 

remotely by utilizing Turboview, a mobile app-

based tool utilizing a cell phone’s camera 

to live feed video from the customer’s site 

to a remote Atlas Copco engineer. In real 

time the customer can be instructed on 

troubleshooting and remedial actions, saving 

time and money while reducing risk of 

exposure.

Hololens and Turboview support the dual 

purpose of strengthening customer skills 

and providing real-time remote field support. 

Combined with more traditional training 

methods, Atlas Copco customers experience 

the best of old and new. Contact Geert.

Paelinckx@atlascopco.com to learn more.

Seminars for Compressor Service 

NEAC Compressor Service offers training and 

seminars for reciprocating compressors. The 

training sessions can be held either in the 

NEAC Training Center located at the NEUMAN 

& ESSER headquarters close to Aachen, 

Germany, or at a customer’s location. 

NEAC provides project-related sessions 

or open customer courses. Courses will be 

done for NEA piston compressors and also for 

HOFER diaphragm compressors. In addition 

to the theoretical basics practical exercises 

are done on compressor components in a 

workshop area. Depending on the scope of  

a training also the other NEAC entities in USA, 

Brazil, Thailand, UAE and Italy offer customer-

oriented seminars, all targeting at making 

operators and maintenance staff familiar  

with the compressor for safe and proper 

function. For more see: Training: NEACADEMY 

(neuman-esser.de)  CT2

Oklahoma-based XALTER is working with industry 

professionals and Oklahoma State University 

to develop a series of virtual reality training 

modules that give students key insights into how 

a compressor works and how it is maintained. 
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The criticality of torsional analysis increases 

when a VFD is used. By Mark A. Corbo

VFDS – The torsional 
analyst’s best friend 
or worst enemy?

T
he third primary control type is Direct 

Torque Control (DTC), which is also 

a closed loop control system. This 

is a type of control known as hysteresis or 

“bang-bang” control. In hysteresis control, 

a narrow band is placed around the desired 

value of the regulated variable. As long as 

that parameter is within the designated 

band, no action is taken. But, as soon as the 

parameter strays outside of that band, the 

control system jumps into action to return it 

to its desired value.

In DTC, there are actually two controlled 

parameters – stator flux and motor torque. 

Thus, this control system has two hysteresis 

bands – one for flux and the other for torque. 

Like vector control, this system also employs 

a motor model and is closed loop, in that 

both the phase currents and voltages are 

measured. Unlike vector control, the large 

majority of DTC systems operate without 

any measurement of rotor speed or position. 

Since DTC also controls the voltage vectors 

being fed to the motor, it is technically a form 

of vector control.

Both vector control and DTC provide much 

better dynamic performance than does scalar 

control. If it is desired to use the control 

system to damp out torsional vibration 

(which has been successfully accomplished), 

one of these two systems must be used – 

scalar control is not an option. Although the 

various providers of these systems claim 

that their system provides the best dynamic 

performance, Holopainen, et. al. [19] state that 

the two systems provide fairly equivalent 

dynamic characteristics.

Regardless of which type of control 

system is employed, a key characteristic of 

it is its torque control bandwidth. A control’s 

bandwidth, which is given in Hz, 

is the max frequency that a control can 

accurately “follow” changes in the desired 

torque. Bandwidth is essentially a measure of 

the control’s responsiveness, with a higher 

value being better. It is common practice 

to define the bandwidth as the highest 

frequency at which the response decreases 

by less than 3 dB. For modern systems, the 

bandwidth typically falls between 20 and 

200 Hz. The lower extremes are usually 

associated with LCIs while the higher 

numbers can only be achieved with VSIs 

using vector control or DTC.

Control instability  

Now that the reader is acquainted with 

some of the control system basics, we can 

address the main point of this section – 

control instability. Rotondo, et. al. [31] describe 

the instability mechanism as follows. 

Torsional vibration in the drive train results in 

an oscillation in train speed. If the torsional 

mode that is excited is active in the motor 

core region, there is an accompanying 

variation in motor speed. This variation is 

seen by the electrical system as a fluctuation 

in counter electromotive force (EMF) within 

the motor. The EMF variation is followed by a 

pulsation in the motor current. Since motor 

torque is proportional to current, a torque 

oscillation follows, and this is seen by the 

control system as a disturbance in the torque 

control loop. What happens next depends 

on the dynamics of the entire system. The 

disturbance can be attenuated or it can be 

amplified. If the latter, a mechanical failure 

within the train can result.

Since this phenomenon almost always 

NOTE: This paper was first presented at the Gas 

Machinery Research Council 2021 Gas Machinery 

Conference in Louisville, Kentucky in October 2021. 

Because of the original length of the paper, it has 

been divided into multiple parts. The first part, 

published in April, included an abstract, introduction, 

problems created by VFDs and VFD fundamentals. 

Part 4, published here, concludes the series on 

torsional analysis. .

PART 4
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occurs at one of the train’s torsional natural 

frequencies (usually the first), the behavior 

of the control at these frequencies is 

critical. Some control systems will dissipate 

energy at those frequencies, leading to a 

stable system. On the other hand, some 

units will add energy at one or more of 

those frequencies, potentially creating 

instability and mechanical failures in the train 

components.

Del Puglia, et. al. [10] point out that this is 

where the concept of bandwidth can be a 

double-edged sword. Although most think a 

control having a larger bandwidth is better, 

that does not come without a price. As they 

point out, any natural frequencies that are 

within the torque control bandwidth are 

candidates for instability. Thus, the larger 

the bandwidth, the more torsional modes 

that need to be worried about. This is not a 

great concern, nevertheless, since instability 

almost always involves the first two torsional 

modes, primarily the first.

Although the majority of the controls 

discussion has involved VSIs, that is not to 

imply that instability problems only occur 

with drives of the VSI type. On the contrary, 

Del Puglia, et. al. [10] give an example where 

an instability in a CSI led to unacceptable 

torsional vibrations. Since the mode that 

went unstable was the second, this is one 

case in which the instability did not involve 

the first mode.

On the flip side, along with creating 

torsional problems via instability, VFD 

control systems can also be used to provide 

electrical damping to damp out torsional 

modes (once again, usually the first 

mode). This concept, which also requires a 

sophisticated E/M simulation to design, has 

been proven out by a number of researchers, 

including Maragioglio, et. al. [28], Sihler, et. al. 
[33], Sihler, et. al. [34], and Bruha and Peroutka 
[6]. In general, in order for a control to be 

effective at damping out a torsional mode, its 

bandwidth must be at least twice the natural 

frequency of the mode in question. 

Usually, the damping can be done 

by tuning the speed controller properly. 

Myszynski and Deskur [30] provide rules for 

tuning the commonly used PID (proportional 

plus integral plus derivative) speed controller 

to damp resonances in a three moment of 

inertia mechanical system. Of course, the use 

of the control system to damp out torsional 

modes, while undeniably achievable, is far 

more the exception than the rule for field 

units.

The bottom line of this section is the 

reader should at least be aware that control 

instability can cause torsional failures when 

there is a VFD in the system. Unfortunately, 

there is not much that can normally be done 

to predict/prevent it in the design phase. 

However, it is useful to keep in mind that 

such problems are more likely to occur with 

vector control or DTC than with simple scalar 

control. 

Additionally, Holopainen, et. al. [19] provide 

the following best practices for avoiding this 

destructive phenomenon:

1.   Tune the process control so that it is 

slower than the speed control.

2.   Tune the speed control so that it is slower 

than the torque (or current) control. This 

is particularly critical when dealing with 

large LNG trains.

3.   Consider using the VFD in torque-

controlled mode only, by integrating the 

speed control directly into the process 

control.

Practical methods for dealing  

with Vfds 

In a perfect world, performing a torsional 

analysis on a system being driven by a VFD 

would be fairly straightforward. The VFD 

supplier would supply the analyst with all the 

excitation amplitudes and frequencies that 

the VFD generates and the analyst would 

then use them in a conventional torsional 

analysis, as outlined herein.

But, in the author’s experience, the 

scenario described above occurs in a very 

small fraction of real world situations. De 

la Roche and Howes [9] confirm that they 

have had similar experiences, as they state 

that, “Two different VFD manufacturers in 

these cases were reluctant to admit that 

mechanical vibration problems can be 
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caused by the electrical side of the system. 

This experience suggests that most VFD 

manufacturers will behave the same way.”

The realities are as follows:

1.   When queried for the harmonic and inter-

harmonic excitations generated by their 

drive, many VFD suppliers will claim that 

they are insignificant. However, real world 

experience suggests that such claims can 

be overly optimistic, for two reasons. First, 

in many cases, the actual amplitudes in 

the field are significantly greater than what 

had been predicted. Second, as is noted 

by Sihler, et. al. [34] and Song-Manguelle, 

et. al. [37], especially when the excitations 

in question are inter-harmonics, even 

excitations less than 1.0% of motor rated 

torque (the level below which most VFD 

suppliers consider the excitations to 

be insignificant) can create problems. 

Reference [37] states that excitations as 

low as 0.65% of rated torque can generate 

issues and some of the failures described 

in the other references occurred with 

excitations smaller than that.

2.   Another typical claim of VFD suppliers  

is, “Harmonics are not an issue because 

we have a filter between the inverter and 

the motor.” While there are undoubtedly 

some filters that can be helpful, 

experience has made the author dubious 

of this claim, too. Many of the documented 

failures occurred with filters in the line. 

 In the author’s experience, the presence 

of a filter means little.

3.   Other VFD suppliers will simply refuse to 

provide the excitations needed for the 

torsional analysis. They will either admit 

that they are incapable of calculating 

them, or will claim that the information is 

proprietary.

4.   Some VFD suppliers will provide test 

data from a VFD-motor combination that 

is similar to, but not the same as, the 

one under consideration. However, as is 

pointed out by Hudson [21], the excitations 

are a function of the combination of the 

drive and motor. Thus, unless the test 

is run with the actual drive, motor, and 

control system under consideration, the 

test data is not usable.

5.   When asked for “harmonic data,” many 

VFD suppliers will provide data on input 

or output current harmonics. This is of 

little use to the analyst, who needs torque 

harmonic data in order to perform the 

analysis.

6.   The VFD supplier will sometimes provide 

torque harmonic data for only one 

operating condition, usually the rated 

condition. This can be misleading since the 

excitation magnitudes can vary greatly as 

the operating speed is varied, especially if 

the drive is of the CSI/LCI type.

7.   If the VFD supplier provides any excitation 

data at all, it will almost always be for the 

harmonic excitations only. Inter-harmonic 

excitation data is very difficult to obtain. 

In all the time he has been doing this, the 

author can only recall two occasions when 

inter-harmonic data was provided. And, on 

both occasions, the data was quite vague. 

Thus, analysts will often find themselves 

“on their own,” especially with respect 

to the inter-harmonic excitations. In this 

common situation, although the analyst 

might be tempted to ignore all inter-harmonic 

excitations, that approach can be risky. 

Instead, it is recommended that the analyst 

perform a “bounding analysis,” as follows:

1.   If the drive is a CSI or an LCI, assume the 

inter-harmonic excitations are given by 

Equation [4] and that the amplitude is 3.0% 

of motor rated torque.

2.   If the drive is a VSI, the excitation 

frequencies are too nebulous to even try 

and guess at what they would be. Instead, 

the analyst should assume the worst 

case condition, where the inter-harmonic 

excitation generates a resonance with 

the first torsional mode right at MCOS. The 

excitation amplitude should be taken to be 

1.0% of motor rated torque.

Reputable suppliers  

Using the above assumptions, the analyst 

should analyze the train in the usual 

manner. If the train is capable of handling 

the assumed conditions, then it can be 

considered capable of handling inter-

harmonics. If not, then the assumed situation 

should be presented to the VFD supplier 

and assurances sought that the analyzed 

condition will not actually occur in the field.

It should be noted that the 3.0% and 
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1.0% values given above only apply to drives 

produced by “reputable suppliers” (i.e., the 

well-known names in the field). If the drive 

was supplied by some fly-by-night operation, 

the inter-harmonic excitations could very 

well be higher than those values. The author 

is currently working on a project where that 

is precisely what happened.

The author is not alone in using this 

approach as Ganesan, et. al. [16] recommend 

a similar procedure. They state, “If 

intersections of the torsional modes with LCI 

drive excitation frequencies are identified, 

the following investigations may give a clear 

picture – check the drive train integrity by 

using a drive supplier independent worst 

case value of 2% for the excitations. This 

can be performed by the OEMs without any 

input from drive suppliers for the LCI drive. 

If the drive train integrity is intact with the 

worst case excitation magnitudes (indicative 

value of 2% independent of the interharmonic 

frequency), then the risks of failures due 

to torsional problems are very low. If the 

stress levels on the drive train components 

are higher than the threshold limits for 

worst case excitation magnitudes, detailed 

analysis should be performed by the drive 

suppliers and the OEMs. The drive suppliers 

should calculate the project specific air-gap 

interharmonic torque excitations.” 

Thus, with that clarified, when there is a 

VFD in the system, the following courses of 

action are recommended:

1.   Per Kocur and Muench [27], purchase 

specifications for trains incorporating 

VFDs should specify upper limits on 

the torque modulations from harmonic, 

inter-harmonic, and white noise produced 

by the VFD electrical systems. This is 

something that is done far too infrequently 

right now.

2.   The analyst should account for harmonic 

excitations using the information obtained 

from the drive supplier.

3.   Unless the supplier provides information 

on the inter-harmonic excitations, the 

analyst should use the conservative 

In this paper, VFDs have been described and the manner in which they complicate a torsional 

analysis has been explained. The biggest issue VFDs introduce is they often generate 

torsional excitations that have amplitudes and/or frequencies that were unexpected 

during the design phase. A method that the author has used for years to get around these 

limitations is provided in the hope that users will utilize it to avoid running into field problems.

Although a lot of ground has been covered, the primary points that the reader should 

remember are as follows:

1.   When there is a VFD in the system, excitations from the VFD are often dangerous and 

need to be included in the torsional analysis.

2.   Although the amplitudes of VFD inter-harmonic excitations are usually smaller than those 

of their harmonic counterparts, they are usually more the more dangerous of the two.

3.   The idea that the CSI/LCI architecture is more dangerous from a torsional standpoint is a 

myth. VSIs are at least as lethal, and, in the author’s opinion, they are more so. 

4.   The idea that short circuit analyses do not need to be performed if there is a VFD in the 

system is also a myth. VFD-driven trains need to be analyzed in a similar manner to fixed 

speed trains.

5.   If the VFD supplier does not provide all of the needed technical data, there are methods 

(given herein) for getting around that.

6.   Most importantly, assistance from the VFD supplier will usually be limited or nonexistent. 

The mechanical engineer is usually “on their own.” 
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procedure provided herein to account for 

them.

4.   If an LCI is included, a transient start-up 

analysis might be needed.

5.   If there is a condition in which the 

electrical frequency feeding the motor can 

be within 10% of the first torsional mode, 

analyses should be performed for line-to-

line and three-phase short circuits.

6.   In all cases, good communication between 

the VFD supplier, motor supplier, driven 

component supplier, end user, and 

torsional analyst is paramount.  CT2
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IF YOUR COMPRESSOR IS DOWN, 

EVERY SECOND COUNTS 

It’s time you consider CPI 

Like a finely-tuned watch, each component in an oil and gas operation relies on every other component for the 

whole to function properly. When even the smallest components can interrupt uptime and productivity, you need 

experienced and reliable partners who can respond at a moment’s notice anywhere in the world to minimize 

unscheduled downtime. You need partners who understand your business and have the expertise to keep you 

running efficiently and profitably. You need CPI.

www.CPIcompression.com



T
he LeROI (aka LeRoi and Le Roi) 

Company started in 1913 as Milwaukee 

Machine Tool in Milwaukee, Wisconsin. 

The company built its first engine that same 

year, a four-cylinder 3.125 in. bore x 5.0 in. 

stroke (79 mm x 127 mm) engine, designed 

by Charles W. Pendock mainly for the 

emerging farm tractor market in the U.S. In 

1917, Pendock reorganized the company into 

the LeROI Company, and a six-cylinder engine 

was added to the product line. The company 

also made models with one and two 

cylinders. The LeROI name and logo, which 

means “The King” in French, first appeared 

in 1915. Legend says that it was due to the 

company’s first big engine order coming from 

France during World War I.

87% interchangeable parts 

Around 1930, LeROI started making Model 

M L-head engines with ball bearings on 

the crankshaft mains and camshaft. Sales 

manufactured the Centaur, and later the 

TractAir, tractors that had a four-cylinder 

engine and two-cylinder air compressor 

on the tractor for use in industrial and 

construction applications. 

Sometime prior to 1940, the first 

overhead valve engine, the Model D-140, 

was developed. LeROI made several different 

Model D engines, and all were virtually 

identical to Allis-Chalmers engines. Since 

both companies were located in the West 

Allis, Wisconsin area, it is probable that 

LeROI provided engines for farm tractors 

manufactured by Allis-Chalmers, a company 

that was a prominent manufacturer of 

CORNERSTONES
OF COMPRESSION

>
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brochures from the early 1930s stated that 

87% of the internal parts in the line of engine 

models were interchangeable. Connecting 

rods, valves, springs, rod bearings and 3.125 

in. diameter (79 mm) pistons were the same 

for all models. These engines were primarily 

designed as power units. Although several 

models that used the same parts, the drive 

train, such as clutches, transmissions, 

etc. were different. There were also many 

different flywheels, depending on the 

application. Some of the Model Ms had the 

power direct off of the crankshaft. But others 

had the power taken off of the camshaft, 

essentially providing an integral speed 

reduction. In these models, the camshafts 

were made about 4 in. (102 mm) longer and 

an extra ball bearing was added to help 

carry the load. If the engine was designed 

for a light-duty application, it had only one 

set of camshaft gears. For a heavy load, the 

camshaft gears were doubled. LeROI also 

The LeROI Company

LeROI 328 hp (245 kW) @ 1200 rpm Model  

F1850 gas engine belt-driving a horizontal 

straight-line gas compressor in Texas, c.1955.

Descendants of industrial 

company’s compressor 

line still retain the brand 

name. By Norm Shade 

MODEL CYLINDERS

BORE  

in. (mm)

STROKE  

in. (mm)

RATED POWER 

hp (kW)

RATED SPEED 

rpm

A114 1 5.125 (130) 5.125 (130) 16 (12) 1200

A288 1 7.250 (184) 7.000 (178) 21 (16) 720

D140 Inline 4 3.500 (89) 3.625 (92) 34 (25) 2400

D176 Inline 4 3.750 (95) 4.000 (102) 40 (30) 2000

D201 Inline 4 4.000 (102) 4.000 (102) 45 (34) 2000

F1500 Inline 6 6.750 (171) 7.000 (178) 204 (152) 1200

F1850 Inline 6 7.500 (190) 7.000 (178) 328 (245) 1200

H540 Vee 8 4.500 (114) 4.250 (108) 155 (116) 2400

H570 Vee 8 4.625 (117) 4.250 (108) 238 (178) 3000

H844 Vee 8 5.250 (133) 4.875 (124) 297 (192) 2600

H884 Vee 8 5.375 (137) 4.875 (124) 360 (268) 3000

H2000 Vee 8 6.750 (171) 7.000 (178) 280 (209) 1200

H2470 Vee 8 7.500 (191) 7.000 (178) 430 (321) 1200

L3000 Vee 12 6.750 (171)  7.000 (178) 410 (306) 1200

L3230 Vee 12 7.000 (178) 7.000 (178) 585 (436) 1200

L3460 Vee 12 7.250 (184) 7.000 (171) 455 (339) 1200

L4000 Vee 12 7.540 (192) 7.500 (191) 685 (511) 1200

At the time of Waukesha’s acquisition of LeROI 

in 1958, there were 17 different models with 

13 different bore sizes and seven different 

strokes. Most were based on Climax designs that 

Waukesha uprated and marketed as the ROILine 

engine series, which was trademarked that year.



there were 17 different LeROI models with 

13 different bore sizes and seven different 

strokes. This was a significant departure 

from the component standardization that 

was typical of the earlier LeROI lines and was 

likely a result of the product modernization 

and uprating undertaken after the LeROI 

products were merged with Climax.

Waukesha trademarked the ROILine logo 

in 1958 and began marketing LeROI engines 

under the ROILine brand name. LeROI models 

involved in Waukesha’s acquisition ranged 

from a 16 hp (12 kW) single-cylinder model 

to a 685 hp (511 kW) @ 1200 rpm V-12. Four 

V-8 models were built in the Waukesha, 

Wisconsin plant and the rest of the models 

continued to be produced at the Climax 

plant in Clinton, Iowa. Waukesha continued 

production of ROILine engines, which were 

also branded as Climax for some markets, 

until c.1974, focusing on the larger 7.0 and 

7.5 in. bore (178 and 191 mm) x 7.0 in. stroke 

(178 mm) models, which were popular 

matches for the short-stroke 1000 and 

1200 rpm balanced-opposed reciprocating 

compressors that were being produced by 

CORNERSTONES
OF COMPRESSION
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 Denver bought 
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heavier industrial equipment including large 

engines and compressors. 

Other products built

LeROI also built air compressors, construction 

air tools and pneumatic and hydraulic drill 

rigs, with machine shops dedicated to all 

operations. In c.1950, LeROI began branding 

its engines as ROILine. The Westinghouse Air 

Brake Company (WABCO) purchased LeROI 

in 1954 and moved all engine production 

to the Clinton, Iowa factories of the Climax 

Engine Company. It is believed that during 

this period, Climax developed the large LeROI 

engines made primarily for the oil and gas 

fields. These were manufactured as four- and 

six-cylinder inline models and eight- and 

twelve-cylinder vees, with the largest being a 

3006 in3 (13 L) 400 hp (298 kW) V-12. 

Bought rights of LeROI division  

In 1957, Waukesha, which was owned by 

Dresser Industries, acquired the Climax 

Engine Co. and in 1958, it acquired the 

rights to the engines of the LeROI Division 

of WABCO. At the time of the acquisition, 

Clark, Worthington, Ingersoll-Rand and other 

manufacturers after the late 1950s.

Soon after spinning off the LeROI engine 

line to Waukesha, LeROI’s compressor 

division was moved to Sidney, Ohio. In 

addition to manufacturing small reciprocating 

compressors, the division developed rotary 

screw compressor technology, producing 

upwards of 500 screw compressors 

per month, almost exclusively for air 

compression. 

Accepted in gas compression 

Between 1980 and 1995, the LeROI 

screw compressor was engineered 

for gas compression and, with design 

enhancements, experienced market 

acceptability in the gas market. In 1997, the 

company was purchased by the Invensys 

Corporation and went to market as Compair. 

In 2000, Invensys decided to move air 

compressor production to Europe and sell 

off the remaining U.S. assets. During this 

transition a small group of local investors 

purchased the gas compressor business 

and the Sidney plant, operating as Rotary 

Compression Technologies (RCT), which 

manufactured air and gas compressors 

with the LeROI name and performed 

contract machining for customers in energy 

markets. In 2017, Gardner Denver acquired 

the compressor business and continues to 

manufacture compressors with the LeROI 

brand and trademark.  CT2

19971954

Climax Model V-125 gas engine belt-driving a 

tandem horizontal straight-line compressor 

in a New Mexico gas lift application, c.1950. 

The larger ROILine Model V4000 was an 

uprated 646 hp (482 kW) @1200 rpm version 

of this Climax engine model.

ROILine 455 hp (320 kW) @ 1200 rpm Model 

L3460 gas engine direct driving a Joy WB-12 

reciprocating compressor, c.1959.

Five ROILine 410 hp 

(306 kW) @ 1200 rpm 

Model L3000 gas 

engines with speed 

increasing gears 

driving rotary vane 

compressors in W. 

Texas, c.1961.
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