e CRYOGENIC
INDUSTRIES

A newsletter from Cryogenic Industries | Fall 2016

Dual-Fuel Engine Technology
Review for Maritime Shipping

With every second that passes, the world is becoming a smaller place. The
rapid advancement of technology and transportation has made it possible
to access nearly seamlessly any part of the globe. As the world becomes
more connected, whether it be for goods or people, the importance of
transportation cannot be overlooked. Transportation has opened access
to markets that were unreachable a century ago and will continue to be
a growing part of society. The advances in transportation wouldn’t be
possible without corresponding advancements in fields like energy. Energy
for transportation is delivered in many different forms but is rooted in the
world of hydrocarbons and petroleum.

Transportation of goods and people annually consumes around 111
exajoules (105 quadrillion BTUs) of energy. Most of this energy is
consumed in forms of petrol and diesel, each holding roughly 38% of the
market share. Jet fuel accounts for roughly 11%, fuel oil roughly 8% and
natural gas roughly 3%. By the year 2040, world transportation is projected
to consume 158 exajoules (150 quadrillion BTUs) which is a 42% increase
above today’s figures. One of the fuels which will help power this growth is
natural gas, which is projected to have an 11% market share in 2040. As of
today, roughly 61% of transportation energy is used for the movement of
people while the remaining 39% is used for the movement of goods.

World transportation sector delivered energy
consumption by energy source, 2010-40
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Figure 1. World transportation sector energy consumption by source

World transportation sector delivered energy
consumption by freight modes, 2012 and 2040
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Figure 2. World transportation sector energy consumption
by freight mode

When it comes to international movement for high volumes of goods,
maritime shipping is the preferred choice. Nearly 13 exajoules (12
quadrillion BTUs) of energy, mostly fuel oil and diesel, is consumed
annually by ships transporting goods. To put this in perspective, that’s
roughly equivalent to 100 billion US gallons of petrol annually. Even more
astonishing, ships only account for 30% of the goods transportation energy
consumption, with trucks consuming the majority at over 60%. By the year
2040, marine shipping will consume roughly 19 exajoules (18 quadrillion
BTUs), which marks a 50% increase over today. Due to some recent
regulatory changes regarding the pollution generated by ship engines, the
shipbuilding industry has been compelled to explore some new emerging
fuel alternatives to satisfy the growing goods transportation demand.

Solutions to Increasing
Emissions Regulations

Ships typically use a variety of fuel oils with various viscosities, which are
generally residual products of crude oil refining. The lighter distillate
products end up as petrol, diesel and jet fuel which are a familiar part of
everyday life. The problem with residual fuel oil is that it generates a variety



of harmful pollutants when combusted. Residual fuel oil can contain large
amounts sulphur which oxidizes to form SOx compounds that produce
acid rain. Due to the high combustion temperatures inside ordinary ship
engines, nitrogen oxidizes to form NOx compounds that also produce smog
and acid rain. In addition CO, emissions are relatively high which adds
greenhouse gas (GHG) to the atmosphere. Lastly, particulate matter (PM)
emissions are quite high which reduces air quality and causes respiratory
issues among people and animals.

The International Maritime Organization (IMO) made an environmentally
conscious move in 1997 and again in 2008 to adopt a set of regulations
called MARPOL Annex VI for SOx and NOx emission limits of ship
engines. The IMO also began to outline certain areas, called emission
control areas (ECAs) where special stringent emissions requirements
would be enforced. Currently four such ECAs exist: Baltic Sea, North
Sea, North American coastline and US Caribbean. More ECAs such as the
Mediterranean are proposed but have not yet been adopted. In 2012, the
SOx emissions global limit was reduced to 3.5% m/m. Pending a review
in 2018, it may be dropped to 0.5% m/m which would come into force
in 2020. Within the four existing ECAs starting in 2015, SOx is limited
to 0.1% m/m. For NOx emissions, a global Tier Il requirement came into
force in 2011 but engine-makers were able to tune the engines to meet
these requirements. Within the North American and US Caribbean ECAs,
Tier IINOx limitations came into effect at the beginning 0f2016. The Tier
IIT ECA NOx requirement is only applicable to vessels with keels laid after
January 1, 2016, whereas the SOx ECA requirement is applicable to all
vessels operating in the ECA.

A few methods exist to meet the SOx ECA requirements. The first method
is to use a low-sulphur fuel oil which is delivered pre-treated to the ship.
Extra refining is needed using the hydrotreater, to remove the sulphur,
therefore the cost of this fuel is higher than ordinary fuel oil. The second
method is to use an exhaust gas scrubber which utilizes seawater or sodium
hydroxide to chemically react with the SOx and neutralize it. This means
retrofitting the current exhaust system on the vessel with an aftermarket
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Figure 3. MARPOL Annex VI SO, and NO, emission requirements

scrubber. The third method is to use LNG as fuel because the sulphur is
nearly entirely removed as part of the liquefaction process of the gas. This
option typically involves either an engine conversion or a completely new
engine. Depending on the type of engine, a retrofit to gas injection might
be possible. For new-build vessels, a variety of engines are available which
can operate using natural gas as fuel. Depending on where the vessel is
operating, a cost benefit analysis can be conducted to determine which

method is the best. Recent low energy prices have made low-sulphur fuel
oil more attractive than scrubbers, but the low-sulphur fuel availability is
limited in some ports. The same availability concern exists with LNG, given
that the supply and bunkering infrastructure is only now in its infancy.

The NOx ECA requirements are slightly more difficult to meet, but there
are a variety of methods available depending on the engine type. Given
that the NOx requirements are only applicable to new-builds from 2016
onward, retrofitting existing ships is not common. The first NOx reduction
method is using a selective catalytic reduction system (SCR) to chemically
convert the NOx to nitrogen and water. This system uses ammonia or urea
which is injected into the exhaust gas and passed through a catalyst bed.
This is a substantially bigger and more complex system than the catalytic
converter on a car for instance. An SCR is useful in the instance where
a new ship is being built to run on fuel oil, perhaps because LNG is not
available or cost effective. The SCR does not remove SOx, so either low-
sulphur fuel oil or a scrubber would additionally be needed to meet those
requirements. The second method for lowering NOx emissions is to use
LNG as a fuel. Two primary two-stroke low speed engines are available
that can be fuelled by LNG. With the Wirtsili X-DF engine, LNG as fuel
alone will satisfy Tier III requirements. When using fuel oil in the X-DF,
an exhaust gas recirculation (EGR) or SCR system is required to meet Tier
IIT requirements. If there is an operating case for the vessel where LNG is
not available, then the vessel will either need to be towed into the ECA or
utilize an EGR or SCR. Regardless of fuel type, the MAN ME-GI engine
does not meet Tier Il requirements, and the engine requires an EGR or
SCR to satisfy Tier III requirements. An EGR works by replacing O, in
scavenge charge air with CO, from the exhaust which is recycled. CO, has a
higher heat capacity which reduces peak cylinder temperatures. Also, with
areduction in O, concentration the combustion speed slows which reduces
peak temperatures.

Other emissions from the ship engines can include PM, CO, and potentially
methane. The IMO’s MARPOL Annex VI does not specifically address PM

emissions because they were shown to be linked to SOx emissions which
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are already regulated, hence no PM distinct regulation was needed. CO,
emissions are addressed by an Energy Efficiency Design Index (EEDI)
which is an equation-based index related to the amount of CO, generated
per one tonne-mile of transport work. The index includes a reference
number for ships built between 2013 and 2015 with expected CO,
emission reductions for future ships. A 10% reduction is expected for ships
builtin phase 1 (2015 -2020), 15 to 20% reduction for ships built in phase



2 (2020 - 2025) and a 30% reduction for ships built in phase 3 (2025 and
beyond). The exact reduction values can be found in MARPOL Annex VI
and are dependent on the type of the ship and deadweight. One last emission
and likely most concerning is specific to Otto-cycle natural gas engines is
‘methane slip’. This is simply incomplete combustion which results in
methane being sent out with the exhaust gas. This is a significant concern
because methane is roughly 34 times worse than CO, in global warming
potential (GWP) over the span of 100 years. MARPOL Annex VI does not
address methane emissions but future regulations will likely incorporate it
given the severity of methane as a GHG. Even a small amount of methane slip
can erase most of the GHG emission benefits that LNG offers.

Dual-Fuel Two-Stroke Engine Technology

The most common type of engine for large vessels is a two-stroke low speed
engine. This type of engine works significantly different than what you’ll
find in most cars and trucks on the road today. The operation is quite simple
due to a simultaneous intake and exhaust step. The charge air which is also
called scavenge airis injected into the cylinder near the bottom of the piston
stroke through a set of radial ports. Simultaneously, the exhaust exits out
the top of the cylinder through a valve, in what is called uniflow scavenging.
There is a slight offset between the two processes, meaning the exhaust
valve opens slightly before scavenging begins and closes slightly before
scavenging ends. The compression stroke upward closes the scavenge
ports and the fuel is injected as the piston travels towards top dead center
(TDC). When the piston reaches TDC, it begins the power stroke due
to the ignition and combustion of the fuel. Near the bottom of the power
stroke, the exhaust valve opens and the scavenge air ports are revealed again
which completes the cycle. The power-to-weight ratio of a two-stroke low
speed engine is higher because it has fewer moving parts than a four-stroke
engine and can be directly coupled to the propeller shaft without a gearbox
because the engine only operates up to around 100 RPM. The engine
reliability is typically higher because of the lack of an intake valve and slower
operation. The two-stroke engines can be easily identified by their tall
height, which increases both the piston stroke length and efficiency during
the power stroke.

Figure 4. MAN ME-GI engine (Courtesy of MAN D&T)

MAN ME-GI

As previously mentioned, there are two engines utilizing two-stroke low
speed technology which can be fuelled with natural gas. The first engine
to market was the MAN ME-GI. The ME-GI engine sizes range anywhere
from around 3000 kW to 80000 kW (4000 HP to 107000 HP). The
basic principle of operation in the ME-GI is the Diesel cycle. This means
that a pilot fuel oil spray of about 3% m/m is injected into the cylinder
before the natural gas is injected, both immediately before TDC. The heat
of compression creates cylinder temperatures high enough to auto-ignite
the fuel oil, meaning no spark ignition is needed. The ME-GI can operate
in a few different fuel modes including fuel oil-only mode, minimum-fuel
oil mode and specified gas mode. In minimum-fuel oil mode, the engine
will use 97% m/m gas for operation between 10% and 100% load. When
the engine load drops below 10%, it switches to fuel oil only mode for
combustion stability. In specified gas mode, the operator sets a fixed gas
consumption rate and the control system substitutes the remainder of fuel
required with fuel oil. The power rating and load response of the ME-GI
remains the same whether operating on fuel oil or gas. In addition, the ME-
Gl can be fuelled with ethane and a separate variant called the ME-LGI can
be fuelled with LPG or methanol.

The ME-GI has an efficiency of roughly 50% which is 3 to 8% higher fuel
efficiency than its rivals, depending on engine load. Due to the late injection
timing of the Diesel cycle, it does not suffer from misfiring and knocking
issues which limits the operating window of Otto cycle engines. Given the
resistance to knocking, the ME-GI is not affected by the methane number
(MN) of the LNG fuel. Older LNG liquefiers usually produce rich LNG
with a MN usually between 70 to 80, which requires derating of an Otto
cycle engine due to an increased tendency to knock. With the ME-GI, the
possibility exists to retrofit existing MAN ME-C two-stroke engines to ME-
GI, giving owners the flexibility to adapt to LNG as fuel depending on fuel
prices and availability. With regard to emissions, ECA SOx requirements
are achieved with LNG or low-sulphur fuel oil. Tier IIl NOx requirements
can be met with fuel oil and LNG but require an EGR or SCR. The Diesel
cycle peak cylinder temperatures are roughly 300 - 500 ° Cwarmer than the




Otto cycle, which makes the Diesel cycle more efficient but
causes greater formation of NOx. As previously mentioned,
the EGR lowers these peak cylinder temperatures while the
SCR chemically eliminates NOx. For GHG emissions, CO,
is reduced 25% when using LNG as fuel and methane slip is
nearly zero, atless than 0.5 g/kWh. If paired with an EGR or
SCR, the ME-Gl is one of the most environmentally-friendly
ship engines on the market.

When using LNG as fuel in the ME-GI, the fuel gas system
(FGS) requires high pressure reciprocating cryogenic pumps
and vaporizers. This is necessary because the natural gas is
being injected near TDC when cylinder pressures are near
their peak. The typical injection pressure and temperature is
around 300 bargand 45 ° C. Sometimes a boil off gas (BOG)
compressor is also included, which can fuel the engine or be
paired with a reliquefaction system, depending on the vessel
type and operational pattern. These auxiliary components
that make up the ME-GI FGS consume roughly 0.5% of
the engine’s power. One of the major drawbacks of the ME-
GI FGS is that it’s quite a bit more expensive than the X-DF FGS, when
excluding LNG fuel tank costs. The higher CAPEX is offset though by a
lower OPEX with the ME-GIs better fuel efficiency. The payback time is
dependent on the cost of fuel, which at the moment is very low and making
for longer payback periods. This is putting direct pressure on the FGS cost
as suppliers look to cut costs while maintaining reliability.

Wiairtsila X-DF

In late 2013, Wiirtsild released the X-DF engine. Prior to the release,
most of the Wirtsilid development was focused on smaller gas-fuelled four-
stroke medium and high speed engines that are used with smaller vessels
like ferries, tug boats and small tankers. The X-DF engine sizes range from
7000 kW 10 80000 kW (9400 HP to 107000 HP). The basic principle of
operation in the X-DFis the Otto cycle. Gasis injected into the cylinder part
way through the compression stroke, after scavenging has been completed.
Pilot fuel oil of 1% m/m is injected right before TDC, which auto-ignites
upon injection (due to the heat of compression of the pre-mixed air and
gas). The X-DF can operate in fuel oil-only mode and a gas mode with 99%
m/m gas throughout the entire load range. Development is still on-going
for a mixed mode which is similar to the specified gas mode for the ME-GI.
Power output is slightly derated and load ramping is required when in gas-
mode compared to fuel oil-only mode. This usually means a slightly larger
engine will be required and maneuvering can be difficult with load ramping.

The X-DF has an efficiency of roughly 47% depending on engine load,
which is slightly behind the ME-GI but higher than other four-stroke
dual-fuel engines. With the Otto cycle, knocking risk is always present,
so the LNG fuel MN is very important and must be maintained over 80.
In addition, the charge air temperature must be maintained below 50°C;
otherwise the engine power must be derated. With regard to emissions,
ECA SOx requirements are achieved with LNG or low-sulphur fuel oil. Tier
IIT NOx requirements are met in gas mode but not in fuel oil mode, so an
EGR or SCR might be required if gas is not available in the ECA. For GHG
cmissions, CO, is reduced 25% when using LNG as fuel but methane slip
isbetween 3 — 4 g/kWh. This means in gas mode the GWP is only reduced
around 10% while the ME-GI engine has a GWP reduction of over 20%.

The LNG FGS for the X-DF requires low pressure fuel compared to higher
pressure (300 barg) forthe ME-Gl engine, becauseitisan Otto cycle engine.
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Figure 5. Teekay’s Creole Spirit LNG carrier powered by a MAN ME-GI engine
(Courtesy of Teekay LNG Partners)

The injection of the gas takes place only partway during the compression
stroke at pressures of only 16 barg. Rather than using a high pressure
reciprocating cryogenic pump, a standalone submerged centrifugal pump
in the LNG fuel tank can be used. This reduces the maintenance required,
as centrifugal pumps have a longer service life. If a BOG compressor is
included, a variety of types are available (including centrifugal, screw and
piston) giving the owner more options to choose from. The ME-GI and
X-DF are roughly the same cost for the same engine size, so no CAPEX
benefit is gained either way, but the X-DF might require a bigger engine
size due to derating. In addition, the LNG fuel tanks might need to be up
to 10% bigger due to the lower fuel efficiency of the X-DF. The LNG fuel
tanks are typically the highest CAPEX item in the FGS, except with LNG
carriers which use the cargo tanks as fuel tanks. When fuel prices increase,
OPEX will begin to hinder the X-DFs CAPEX benefit.

Summary

Each engine has particular advantages which might be attractive to an
owner depending on the type of vessel and operating pattern. Fuel cost,
fuel availability and regulatory requirements will continue to be the
drivers for owners to adopt or convert to new fuels. The LNG bunkering
and liquefier networks are continuing to develop for widespread
adoption, but the technology is already established and available on the
market. LNG carriers have found the adoption much easier because
cargo loading serves the purpose of bunkering and they are always
assured to be calling at LNG terminals, guaranteeing fuel availability.
With the persisting low fuel prices and sluggish shipping activity, older,
less fuel efficient ships are more attractive than they were just a few years
ago. Hidden shipping capacity exists due to ships intentionally slowing
their speed, called slow steaming, inhibiting the demand for new ships.
If the emissions regulations continue to push lower and new ECAs
are adopted, an artificial boost might be created. The next decade in
shipping will certainly be worth keeping any eye on.

For further information , go to www.Cryoquip.com.
“G-Type Engine Notches Up 1500 Orders” (2016, September 14).

Retrieved  from  hup://dieselturbo.man.cu/press-media/news-
overview/details/2016/09/14/



From Bunkering to Propulsion

ACD’s strength in the LNG industry continues to grow, as we expand
our reach into nearly every aspect of LNG, from bunkering to main
propulsion powering sea going vessels.

This was most evident for the world to see in Jacksonville, Florida. The
Port of Jacksonville (POJ) is one of the first successes in the incursion of
LNG as the fuel of choice for marine propulsion replacing diesel fuel.
ACD was approached to help provide a new pumping solution for high
pressure fuel injection, using LNG to power the ship’s main engine, as
well as a bunkering solution at the port. We drew on our vast experience
designing equipment for new applications and creating custom solutions
based on our proven technology. As aresult, ACD’s pumps were used in
nearly every stage of the operation.

ACD s excited about several things happening at the Port of Jacksonville.
Our equipment has already successfully pumped nearly 5 million gallons
of fuel from shore to ship. Through Eagle LNG, ACD is building the
actual on-site plant thatis being installed. ACD’s pumps will be mounted
in tanks as well as on the ground to support both the trailer and ship
bunkering.

i TOTE’s  experience  in
- | LNG propulsion systems

is among the most

dq extensive in the industry.
TOTE was the first to
convert their existing
fleet to run on natural
gas, and brought the
world’s first natural gas-
powered containerships
to an industry that dates
back thousands of years.
The LNG fueling system
on board the vessel was
designed and manufactured by ACD LLC in Southern California. TOTE
is committed to LNG not because it’s cheaper, but because it’s cleaner.

TOTE was not just the first in the nation to build LNG ships, but their
Marlin-class vessels are the most advanced, environmentally responsible
vessels of their kind — reducing vessel sulfur emissions by 97%, while
providing safe, reliable cargo deliveries. Burning LNG will allow the
TOTE’s Marlin Class ships to be fully compliant with strict emissions
regulations while operating in both the North American Emissions
Control Area and the U.S. Caribbean ECA.

On January 9, 2016 TOTE Maritime Puerto Rico successfully loaded
LNG bunkers aboard the world’s first LNG powered containership,
MYV Isla Bella. Approximately 100,000 LNG gallons, transported by
12 TOTE-owned LNG ISO containers, were loaded utilizing ACD’s
TC34.2 submerged motor pumps.

The LNG was transferred from ISO tank containers using a specially
developed transfer skid developed by TOTE’s partner, Applied
Cryogenics Technology (ACT) of Houston, TX. The transfer skid was
designed to allow four ISO tanks to be transferred to the ship at once,
dramatically reducing transfer time.

“We are very pleased with the results of this initial LNG bunker event
and know that the use of LNG in our Marlin Class vessels will provide
unprecedented environmental benefits both here in Jacksonville and in
Puerto Rico,” said Tim Nolan, President of TOTE Maritime Puerto Rico.

AppliedCryoTechnologies,
Inc. (ACT) the assembler
of cryogenic industrial
gas and LNG systems in
North America is the first
to market with this type of
bunkering equipment for
the marine Industry using
ACD pumps.

“At ACT, quality, reliability, efficiency, and innovation in
engineering, are the foundation of the products we supply. Our
choice in suppliers for components required to design and build
equipment for our customers’ specific needs is something we take
very seriously.

Over the years we have grown to understand that ACD shares
our initiatives in their cryogenic pump technology. They have
proven themselves to us and our customers in engineering
superiority, dedication to success, and after - sale service.

This was no different
when we were tasked
with creating the first
in North America
product for the TOTE
shipping  company.
They needed a
solution in shore to
ship LNG bunkering
for their new LNG
powered mariner
class ships. With ACT
on the case, we knew exactly where to go for the cryogenic
pumps required to make a bunkering system that could deliver,
and the partnership in engineering and service required to make
it all a reality.

As we suspected, ACD performed to our expectations, by providing
the pump we needed from their first class TC34 .2 line of pumps.

Being the true partner they are, they supplied this key component
and were there for us in any capacity we needed throughout the
engineering, manufacturing, and commissioning process.

ACD has consistently proven themselves as a great partner in the
overall success of cryogenic pumping technology for our products.

We are proud and confident to work with ACD because they have
such a broad product line coupled with very capable engineering
and service.” — Jack Smith, is Co-founder and Executive Officer

According to Jim Estes, General Manager of ACD, “ACD is thankful for
the opportunity to have been selected as the LNG pump supplier for the
POJ Project. As a leader in this developing industry, ACD is dedicated
to the success of LNG fueling and bunkering by continuing to supply
the highest quality products, services and support whenever possible. ”

For more information, go to www.acdllc.com.

“Bunkering  Up” (2016, February 11). Retrieved from
http://.marinclog.com/index.php?option=com _
k2&view=item&id=10535:bunkering-up&ltemid=230



Remote Islands: The Spruce

Meets The Challenge

With models ranging from 6 to 20 tons of liquid Oxygen/Nitrogen per
day, the Spruce range of air separation plants are specifically designed
to meet the technical, infrastructural and environmental challenges
of geographically or logistically remote locations. Recognizing this,
a major Industrial gas provider in the South Pacific recently installed
a Cosmodyne Spruce 7 to supply their new, state of the art cylinder
filling facility. Another large company in the Caribbean has also seen the
benefits of the Spruce for their island location and purchased a Spruce
7 Warm End Module to replace that of their older model GFED LIN/
LOx generator.

Spruce 13 with tank farm and cylinder filling stations

These flagship “packaged” plants represent a new era for modular ASUs,
combining traditional robust mobility with high efficiency and state of
the art PLC control. “The Cosmodyne design & development team
has dedicated a huge amount of time & energy into transforming the
modular concept into a product that comprehensively meets the modern
neceds of these remote and/or emerging
locations” says Bruce van Dongen, General
Manager of Cosmodyne Packaged Plants.
“Anywhere that is isolated logistically or that
may have infrastructural or technical resource
limitations will benefit. For example, Nigeria
is a country with challenges that mirror those
of island locations in many respects. The
Spruce 13 commissioned there 3 years ago
has been a great success”.

Mobility, reliability, safety and durability |
have always been important for this sector of |
Cosmodyne’s business, but the cost of energy
and resources has now become a primary
concern for all customers, as is the need
for fast and inexpensive technical support.
Innovative thinking and the advanced
technology now available in the world of
instrumentation and PLC control has been
utilized to create a solution that represents a
whole new platform of small ASU’s.

Packaged air separation plants were once viewed as a preliminary
starting point for developing markets in unchartered or remote
areas, somewhat unsustainable, or at least not very profitable, in the
long term due to their low specific power relative to larger units.
The revolutionary efficiency levels achieved by the Spruce plants has
changed this situation drastically, and, if market demand increases,
customers now have the option of adding modular capacity to their
existing Spruce units rather than investing heavily in larger plants.

The efficiency gains were achieved by various changes to the
conventional small plant design: utilizing oil free centrifugal
compressors with low power consumption; improved turbo-expanders
with advanced-technology bearing systems and the incorporation
of a booster-compressor that utilizes the available energy from the
expander. In addition, the heat exchanger design incorporates a
highly efficient sub-cooler for liquid products, as well as the latest
technology high performance fins, with close approaches resulting in
high process efficiencies. These heat exchangers extract more energy

Spruce complete warm end being installed



Spruce complete warm end

from the process to reduce power consumption. The columns were re-
engineered as well, with improved tray design for lower pressure drops
and higher yield.

For the Spruce 13 and 20 models, a dual-compressor design (with
separate Air compressor and Recycle compressor) was utilized to allow
a significant reduction in adsorption and chiller power consumption.

Van Dongen adds
“Cosmodyne’s many
decades of experience with
remote locations, whether
oceanic islands or inland
areas in  undeveloped
regions from Africa to
Alaska, has highlighted
a number of common
issues which need to be
considered in the design
of ASU’s servicing these
markets:  small  roads,
limited or expensive (or
poor quality) water supply;
costly electricity, ~ with
frequent outages or voltage
fluctuations; extremely
hot and humid conditions
as well as corrosive, salty
air. In addition these areas
are often very logistically

isolated and travel for
support technicians
is expensive and time

consuming. Delivery costs
are likewise high”.

“So, apart from the improved efficiency and the durability of these units,
they have specific structural and functional design features to overcome
these challenges. For example, all the Spruce models are 100% air
cooled. Water availability or cost is no longer even a consideration.
The specialized bearings in the ACD turbo-expander provide excellent
protection for rundown after power loss, whereas the hydrodynamic
bearings common in other plants this size are very sensitive to oil loss
after power failure.

All the Spruce models have full remote-control capacity, which means
the support team can provide remote startup, monitoring, optimization
and assistance, 24/7, regardless of the plant’s location. This is

extremely important for customers who need the assurance
that effective support is only a phone-call or email away,
particularly in the case of a new plant unfamiliar to the
customer’s operators or maintenance technicians”.

Savvy customers are looking at the overall investment: not
only purchase price but the cost of logistics, installation,
commissioning and then maintenance and energy
costs long-term. So reducing shipping, installation and
commissioning costs is a primary design-consideration
as well. These plants ship inside 3 standard, un-modified
ISO containers, significantly reducing delivery cost
whilst ensuring that the equipment arrives at site in good
condition. The overall installed cost of a high quality,
advanced-technology Spruce unit is not considerably more
than that of most of the lower quality products of equivalent
size on the market today.

Cosmodyne offers full cryogenic-production performance-testing at its
manufacturing facility, with the buyer invited to observe this test-run
before shipping.

This preliminary testing process, coupled with the minimal field
piping and wiring requirements at final destination, assures that final
commissioning will be simple, hassle-free and cost-effective. Customers’
technicians also have the option of specialized training in operation,
maintenance and trouble-shooting during the initial commissioning at
the Cosmodyne facility.

“The market is responding very positively to this range of ASUs and
Cosmodyne is now offering a self-contained, skid-mounted product
storage facility, complete with product lines, tanks, transfer pumps and
high pressure cylinder filling pumps”.

The “tank-farm™ control system is integrated with the Spruce: levels
and pressures are monitored by the Spruce PLC and the plant will
automatically shut down when the tanks are full. The PLC can be
programmed to automatically restart the plant at a designated tank-level
setting.

The overall design of the tank-farm takes into account the same
challenges that have shaped the evolution of Cosmodyne’s packaged
plants into the market-leading Spruce series.

For more information, go to www.cosmodyne.com.
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ACD LLC WEBSITE HAS A NEW LOOK!

Cryogenic Industries and ACD LLC announced the launch of

the new ACD website. We invite you to visit www.acdllc.com.
Bookmark the site for quick access to ACD’s events schedule,
product information and easy access to their global locations.

FrostByte — Searchable Archives

Available now on the new Cryogenic Industries’ website is

a searchable archive of information from the last 6 years of
FrostByte. Easily search our library of technical articles by key
word, authoring company, or date, to get quick access to our
collection of informative resource material. Then simply print or
save entire issues, or select articles.

For resource material in issues prior to 2008, or for a no-cost
subscription to FrostByte, email us at FB@cryoind.com.

North America

ACD: Atlanta - California - Houstan - Pitisburgh - Red Deer - Toronto
Cosmodyne, Cryoquip

Australia South Africa
Cryoquip Cosmodyne
Packaged Plants
Europe Middle East
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Asia

ACD: China - Korea « Malaysia - India
Cryoquip: China « Malaysia « India
Rhine Engineering: India



