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Marine Measurement Solutions
Emerson delivers industry-leading instrumentation and
measurement solutions for the marine and off shore industries.
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Improving Marine Bunker Barge Performance Using

CORIOLIS METER DYNAMIC FLOW MEASUREMENT
To Eliminate Static-Volume Errors
BY MARC BUTTLER, PATRICK ZIMMER, AART PRUYSEN AND JOEL WEINSTEIN
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Executive Summary
Accurate, on-the-spot measurement of marine bunkering is critical for both cost control and relationship management. The Micro
Motion® Certified Marine Bunker Measurement Solution (CBMS)
provides highly accurate data plus a bunker ticket that is available
immediately after the bunker is complete. Depending on the implementation, the bunker measurement is certified by Nederlands Meetinstituut (NMi), the notified body for testing to the guidelines of the
European Instruments Directive (MID) and Issuing Authority for
OIML (International Organization for Legal Metrology). The Micro
Motion meter meets the OIML standard R117-1 and the overall solution meets MID Directive 2004/22/EC Annex MI-005.
During a meter trial, the Micro Motion system is frequently compared to the existing volumetric system, or to the volumetric system
used by the other party. The comparison typically yields discrepancies
that mistakenly call the new system into question. This white paper
provides a brief overview of the Micro Motion Certified Marine Bunker Measurement Solution, then examines all the sources of measurement discrepancy and demonstrates that the apparent issues can be
caused by a combination of the inherent uncertainties in volumetric
measurement and inconsistent bunkering procedures. When appropriate bunkering procedures are followed, the Micro Motion system
provides superior accuracy and should be used as the standard.
The use of mass flowmeters (MFMs) is becoming standard practice in the transfer of marine fuel. The Marine Port Authority (MPA)
of Singapore, which represents a large share of the global bunkering
market, announced in April 2014 that the use of MFMs would be
mandatory by the start of 2017. MFMs reduce the number of quantity
disputes, eliminate time spent performing sounding operations before
and after the delivery, and provide suppliers with powerful diagnostic
tools for improving their processes.
In addition, the MFM can provide the user with additional process
metrics that help to prove the accuracy of their delivery quantities as
well as their product quality. It is easy to see why MFMs are becoming
the industry standard. ExxonMobil Marine Fuels & Lubricants was
the first bunker fuel supplier in the marine industry to use a MFMS
that has been approved by the Maritime and Port Authority of Singapore for bunker fuel deliveries.

Introduction
Current practices in the bunkering industry employ tank-based
measurement systems that provide static volumetric measurements.
The volume totals are corrected to reference temperature and pressure
(standard volume). Depending on local requirements, the volume
totals may then be converted to mass. The required temperature and
pressure measurements may be automatic or manual. Density values
are obtained by sampling and laboratory analysis.
Interest in Coriolis direct mass measurement is increasing for
marine applications, and fuel bunkering in particular. Coriolis technology provides measurement of mass flow rate, volume flow rate,
density, temperature and batch totals – all from a single device. Flow
and density accuracies of ±0.1% (non-aerated fluids under labora-

tory conditions) result in unmatched performance and measurement
certainty, making Coriolis technology an attractive alternative to static
volume-based measurement.
While Coriolis measurement is well suited for fuel bunkering, additional factors are required to be met for optimal performance. These
include:
• The ability to handle entrained gas
• Good performance in the measurement of viscous fluids
• Proper installations and procedures

Micro Motion Certified Marine Bunker
Measurement Solution
The Micro Motion CBMS is a combination of a Coriolis sensor, a
software application, specialized calibration, installation and support
services, and procedural requirements. The package addresses all of
the additional factors noted above.

Entrained gas
Meter accuracy is affected by aeration – air or gas entrained in the
fuel. Aeration may occur as a result of a variety of operational practices.
To address aeration, the Micro Motion Certified Bunker Measurement Solution includes a diagnostic that monitors aeration against the
MID limit.1 If the diagnostic reports that aeration for the total bunker
exceeds the MID limit, the bunker is not custody-transfer certified
to 0.5%. The bunker ticket includes the final value of the aeration
diagnostic.
The aeration diagnostic provides immediate feedback on every
bunker to the operator so that improper procedural causes of aeration can be quickly identified and eliminated.
When the Certified Marine Bunker Measurement Solution is
properly implemented and MID custody transfer regula- tions are
followed, the meter mass total is certified to within ±0.5% of the true
mass total. This is far more accurate than most static volume-based
solutions in use today.

Measuring viscous liquids
Heavy fuel oil or bunker fuel is thick and viscous, and in many cases
must be heated before it will flow. With no moving internal parts to
clog or wear down, Coriolis meters offer advantages over other mechanical flow measurement devices. Even more important, Coriolis
meters are calibrated on water, which directly transfers to the measurement of any fluid – from gases to viscous oils. Also, mass of oil is
conserved regardless of changing temperature and pressure, making
fluid correction tables unnecessary. The result is an easy-to-use, robust device that is capable of both accurate measurement and lasting
performance in the most challenging of conditions.
As with all other flowmeters, there are various influences on Coriolis meters for which compensation is required. For example, as
the temperature of the process fluid changes, the stiffness of the flow
tubes changes, and this in turn influences the mass flow measurement.
An integral temperature measurement is used to compensate for this

(1) The MID limit is the maximum cumulative uncertainty that can be tolerated in a bunker transfer. The MID limit is defined by the Organization of Legal Metrology (OIML) in OIML R117-1 and Measuring Instruments Directive 2004/22/EC Annex MI-005. MID- certified measurement
addresses both measurement accuracy and security issues, and provides an independent, trustworthy measurement that can be used by all parties
in a transaction.
http://whitepapers.marinelink.com/
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effect and produce an accurate measurement over a broad range of
temperatures.
In large-diameter Coriolis meters, a small viscosity influence is present at high viscosities. Micro Motion has developed a patented algorithm called LD Optimization which automati- cally compensates for
this influence whenever needed.
Emerson regularly employs independent third-party testing of its
Micro Motion Coriolis meters to ensure performance on difficult fluids. Data from the SPSE laboratory in France shows excellent performance from the Micro Motion ELITE® CMFHC3 Coriolis meter on
widely varying fluid types, including fuel oil – all from a single water
calibration. An MID certificate has been awarded for ±0.2% mass
accuracy on liquids based on setting’s, as determined during water
calibration.

Customized installations and procedures
Not all bunkering delivery systems are designed the same; however,
by working with Micro Motion and utilizing the services provided by
our Marine Services group you can expect maximum performance.
The Micro Motion CBMS is supported by technical expertise in
installation and implementation. The technical staff undergoes specialized training and solely focuses on marine applications. Detailed
installation methodologies, site visits and customer trainings are used
to ensure that the system achieves its potential and encompasses all
requirements put forth by MID and MPA to ensure the system meets
those rigorous standards.

Comparing Coriolis Systems to Volumetric Systems
It is possible to convert Coriolis mass measurements to equivalent
volume quantities. Therefore, it might seem possible to use this approach as a method to assess the accuracy of the Coriolis system.
However, this is problematic for several reasons:

If mass-based measurement is required, and the mass data is calculated from a volumetric system, the resulting mass values will have all
the inaccuracies of the volumetric measurement. See the section on
mass in air vs. mass in vacuum.

Uncertainties in Volumetric Systems
This section examines the uncertainties in each term of the preceding
equations.

Uncertainties in gross volume measurement
“Gross volume” is the raw measured value. A variety of methods can
be used to determine this number, but static tank level measurement
is the most common. Tank measurement typically includes two steps:
1. Measuring the liquid level in the tank
2. Multiplying the result by a factor derived from tank volume
calibrations to produce a volume measurement
For all tank measurements, the level measurement should be delayed until the fluid clinging to the walls of the tank can flow down
into the main body of fluid. The time required depends on the viscosity of the fluid, the size and shape of the tank, and the actual change in
tank level. In practice, the measurement is typically taken immediately after the bunker transfer producing uncertainties of unknown size.
Tank level measurements can be very accurate when radar gauges
are used (0.5 mm to 1.0 mm). However, if the tank is large, a small
error in the reading can produce a very large measurement error,
especially when the batch size is small relative to the tank size (see
Figure 1).2

• Static and dynamic volumetric measurements have a number of
inherent uncertainties that do not apply to Coriolis mass-based
measurement. The following equation shows the relationship
between mass and volume.
Mass = Standard Volume x Density @ RefCond
Standard volume is defined as follows:
Standard Volume = Gross Volume x VCF

Figure 1. The “large tank” effect

VCF, or Volume Correction Factor, is then defined as follows:
VCF =

Density@ProcessCond
Density@RefCond

Similarly, it can be seen that the following is also true:
Mass = Gross Volume x Density@ProcessCond
When each term in these equations is examined, a variety of measurement uncertainties appear. These uncertainties are discussed in detail
in the section on volumetric systems.

If a tank dip is used, the potential inaccuracy due to human factors
is greatly increased. Figure 2 illustrates one problem related to reading
a tank dip with the required degree of accuracy. Other problems include holding the tape tightly one time and less tightly the next time,
or holding the tape at a slight angle.
To produce a good conversion factor, the tank volume must be
known to a high degree of accuracy. Tank calibration methods include:
• Using a known volume from a flowmeter or a reference tank. This
method is limited by the accuracy of the reference.

(2) Tank measurement practices often require a minimum change in tank level before a measurement will be attempted. This forces the measurement uncertainty to be relatively small in proportion to the total volume, but does not change the absolute size of the uncertainty.
6 MR White Papers
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weight distribution, and other factors. Corrections may be applied
to compensate for these influences. However, the corrections may or
may not be accurate or sufficient, and, these corrections each have
their own associated uncertainties.
• Tank calibration on barges or vessels tends to be less frequent than
shore calibrations: they are typically performed at 5–10 year
intervals.
• The tank structures are subjected to constant movement and
vibration while at sea with unknown effects on tank shape and
volume.
Figure 2. The “human factors” effect
• Using physical tank measurements
• “Strapping,” or measuring the outer circumference of the
tank and calculating the volume.
• Using lasers inside an empty tank. This method is typically
more accurate than strapping.

Uncertainties in density and temperature measurement
Process density and temperature relationship are usually obtained by
a combination of sampling and laboratory analysis. The following factors affect the accuracy of these measurements:
• Density stratification or settling in the tank (see Figure
4). More localized variation may also exist, and air may be introduced to the fuel line during the bunker.

The accuracy of all of these methods is affected by the actual shape of
the tank:
• Obstructions within the tank whether permanent or temporary
(e.g., access stairs or support structures) reduce the tank volume.
• Tanks may deviate from true round, due to shifting or tilting after
installation.
• Tank walls may swell unevenly due to thermal gradients
(see Figure 3).

Figure 4. Density and/or Temperature stratification in tank

• Uneven heating of tank contents. The process temperature readings
must be representative of the bunker as a whole. However, temperature frequently varies at different levels of the tank or even on different sides of the tank (temperature stratification). On bunker fuel, a
5°C change in temperature results in approximately 0.35% error when
correcting volume to reference temperature.
Figure 3. Uneven swelling of tank walls
On a barge or vessel, additional factors make accurate measurement
even more difficult:
• The movement of the barge or vessel causes motion of the fluid in
the tank, so that the operator is trying to measure a moving target.
• Trim, or how the barge or vessel rests in the water, affects the
“verticality” or “list” of the tank. Trim depends on sea conditions,
http://whitepapers.marinelink.com/
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These effects can be reduced, although not eliminated, by frequent
sampling. However, in practice, it is inconve- nient, expensive, and
time-consuming to collect multiple samples, perform the laboratory
analyses, and apply different correction factors to different portions of
the bunker. Frequently, the results from the laboratory are not available until long after the bunker transfer is completed.

Uncertainties in Density@Ref and VCF
Conversion tables are typically used to convert process density to
Density@Ref. The American Petroleum Institute Manual of Petroleum
Meaurement Standards (API MPMS) provides a set of VCF tables for
Maritime Reporter & Engineering News 7
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use with different fluid types. However, each table is generalized to
represent several different fluids, with varying degrees of accuracy for
any specific fluid. Additionally, the tables assume that the composition
and temperature of the process fluid is homogeneous, which may or
may not be true. The uncertainty (precision) as mentioned by
API is 0.15% for temperatures between 37 and 65°C. VCF, as the ratio
of two density values, necessarily combines the uncertainty of both.

Cumulative uncertainty in volumetric systems
Cumulative uncertainty in volumetric systems is a result of the
measurement uncertainties from multiple devices and/or analytical
methods, combined with the sampling frequency error and the conversion table approximations. The overall resulting uncertainty can be
significant.

Systemic Holdup
“Systemic holdup” refers to variations the amount of fuel that may
potentially be present in the pipeline (or fuel path or connecting volume) between the meter and the transfer point, or in the pipeworks
on the barge.
Systemic holdup is not a problem when the pipelines remain full
and the fluid density remains relatively constant before and after a
bunker, or if the lines are completely empty before and after a bunker
and fuel is only allowed to drain into the receiving tank(s). However,
if procedures do not require this step, measurements may not reflect
the actual amount transferred.
Additionally, systemic holdup has significant effects when comparing meter measurement to shore and barge measurements, or to tank
measurements, because there is no way to ensure that the two systems
are processing the same amount of flow. On barges in particular, due
to the length and complexity of pipeworks, the volume of the systemic
holdup can be surprisingly large – up to 10 mT. Figure 5 illustrates
several possible ways that systemic holdup can affect measurement
comparisons.

tank level measurement but not in the meter measurement.
To minimize the effects of systemic holdup:
• Locate the meter as close as possible to the transfer point.
• After each bunker, perform a blowdown to force all residual fluid
through the meter to the receiving vessel.
• Avoid comparing shore, barge, and tank-based measure- ments to
meter-based measurements unless it is possible to keep the pipe
works full at all times.

“Mass in Air” vs. “Mass in Vacuum”
“Mass in vacuum” is the true mass of an object. Coriolis meters
report “mass in vacuum”. However, many mass measurement values,
including tank-derived values, actually represent “mass in air”. “Mass
in air” is the mass of an object as affected by the force of gravity (i.e.,
the weight) and the buoyancy of the surrounding medium (typically
air).
This second factor is a result of the density of air, which varies with
temperature, pressure, humidity and altitude.
The equation below shows the relationship between “mass in air” and
“mass in vacuum”. Assuming the following:
Ć Density of air: 1.2 kg/m3
Ć Density of fluid: 990 kg/m3
This equation yields the following conversion factor:
Mass in air = Mass In Vacuum x 0.9987
For example, the mass total reported by the meter is 2000 mT. For a
more accurate comparison to the mass total derived from tank measurement, multiply 2000 mT by 0.9987 = 1997.7 mT. (Looking at it
the other way, the “mass in vacuum” measurement is the “mass in air”
measurement multiplied by 1.0013.)

Micro Motion Coriolis Mass-Based Measurement

Figure 5. Systemic Holdup
For example:
• When transferring fuel between the shore tank and the barge tanks,
if Transfer Point A is used and the pipeworks are empty to start, but
not blown out at the end, then all the fluid remaining between
Transfer Point A and the on-board meter is measured by the tankbased system but not by the meter. When Transfer Point B is used,
the potential effect of systemic holdup is smaller.
• When transferring fuel from the barge tanks to a vessel, the pipe
works are typically empty before the transfer but full after the
transfer, and the amount transferred is calculated from the changes
in tank level, the fuel in the barge pipeworks will be included in the
8 MR White Papers
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Micro Motion Coriolis meters measure mass directly, so no volume-to-mass conversion is required. The meters are calibrated at the
factory in mass units, which are not affected by density. The effects of
temperature on sensor response are eliminated via automatic temperature compensation using the integral temperature measurement that
is located inside the flowmeter. As a result, mass measurement is
essentially unaffected by process conditions and no additional inaccuracy is introduced by conversion from volume to mass.

Volume data
In addition to mass measurement, Micro Motion meters simultaneously measure volume, using real-time mass, temperature, and density
measurements. Process variation is automatically incorporated into
the results, eliminating the effects of stratification. Real-time temperature is also used in the on-board conversion to volume at reference
temperature.
In addition to providing more accurate and dynamic volume data,
the Micro Motion solution eliminates the time, cost, and effort involved in sampling, laboratory analysis, and post-analysis calculations.
Special Content Edition/ Number Two
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Cumulative uncertainty in Coriolis systems
Cumulative uncertainty is small or non-existent in Coriolis massbased measurement:
• A single device is used for mass, density, and temperature,
eliminating multiple device issues.
• Volume is calculated from real-time process data, eliminating un
certainty related to sampling, laboratory procedures, and
conversion tables.

Best Practices for the Certified Marine
Bunker Measurement Solution
Rely on one measurement system. There are inherent differences between measurement systems. Coriolis measurement, established over
38 years of cross-industry applications in the most challenging conditions, should be used as the standard.
Minimize the effects of systemic holdup. Minimize the length of
pipe between measurement points and transfer points. Maintain the
same pipe conditions (full/ full or empty/empty) before and after
bunkers.
Minimize aeration. All measurement systems provide best results
on single-phase liquids (i.e., no entrained gas). Operating procedures
should be designed with this goal in mind.

comparison of the “meter in” reading and the “meter out” reading.
“Meter in” is the reading of the measurement system during loading
operations, and “meter out” is the measurement during delivery operations. This comparison is used by the industry as a metric to ensure
that there is no loss from the product inventory from the time it was
loaded on the barge until it was delivered to the receiving vessel. This
in and out total comparison allows for the operator to check the flowmeters’ operation based on a total ‘loaded’ reading and compare that
to the total delivered.
For several months following the installation of the MFMs, Hong
Lam Marine developed new procedures that were optimized for the
new measurement system. The change in performance is clearly highlighted in Figure 6. During this period, they used Emerson’s BunkerLink
software to collect baseline data for mass flow rate, density, temperature and drive gain. Figure 6 shows the results of the flowmetering system based on the % difference for the total loaded vs. the total
delivered. In addition, Figure 7 highlights the comparison between
the results from ‘early’ operations, and the ‘current’ results. The results
show a clear difference between the averages between the two data
sets. These results show that the modifications in the crew operating
procedures have improved the overall results.

Case Study: Emissary Barge
In 2012, Hong Lam Marine lead the industry by being the first
to install a Certified Bunker Measurement Solution from Emerson
onboard the fuel MT Emissary barge. The MT Emissary barge is a refueling barge that is used to transport fuel from the loading terminal
to the vessel for refueling purposes. Following the installation of the
metering solution, it was possible to monitor bunkering operations
closely and make adjustments that would improve the accuracy of the
measurement and also reduce the time needed for each delivery. The
use of the MFMs gave Hong Lam Marine access to process data on
their bunkerings that was previously unmeasured (flow rate, supply
pressure, process temperature, aeration, and density). With access
to these new data points Hong Lam Marine was able to work with
Emerson to help make process improve- ments and adjustments
to the operation. While there were many procedural changes that
improved measurement accuracy, the changes that had the largest
impact were:
• Limiting tank stripping
• Reducing overall batch aeration
• Reducing barge-to-barge transfers
• Reducing the time for bunkering operation by eliminating sounding
(about three hours per operation)

Previous Performance
Prior to the installation of the flowmetering system, the barge
operation was optimized for the sounding process, but some of these
procedures would have a negative impact on the performance of the
measurement system.
This paper judges the measurement performance based on the
http://whitepapers.marinelink.com/
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Figure 6. The “meter in–meter out” comparison between early and
current operations shows that the improvement is significant.

Procedural Modifications
The MT Emissary barge made several operational and behavioral
changes during the implementation of the MFM system. One of the
most impactful changes was eliminating the process of heavy stripping or line clearing on every batch. “Stripping” is a term used for
clearing the tanks on-board the barge. The crew uses the practice to
remove a particular product from the tanks and prevent cross contamination when switching products. For instance, from HFO500
to HFO380, or vice versa. This practice is also used to simplify the
sounding measurement process, and to improve the transparency of
the measurement as it is easier to measure an empty tank.
During a bunkering operation, the crew of the receiving vessel witnesses the sounding event and records the level and temperature of
each tank to determine the initial volume contents of the tank. This
value is converted to mass and is the opening mass total on-board the
barge. In an effort to prove to the vessel that all of the contents of the
barge were delivered to the vessel, the barge conducts extensive stripping to clear the tanks of all contents. This shows the vessel with the
closing sounding measurement that the entire product was delivered.
Maritime Reporter & Engineering News 9
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With the introduction of a MFM, there is no longer a need for this
practice for each operation. By using a direct, traceable, online dynamic flow measurement, the barge can run a more effective delivery
to the receiving vessel, delivering exactly what they ordered without
having to strip the tanks of the barge. Although the crew still has to
clear the tanks of the barge for when they change product types, they
can consolidate this process to one delivery. This reduces the impact
of the process over multiple bunkering operations.
In the early stages of operating with the emissary barge at the end of
nearly every delivery the barge was stripped, which involved significant periods of aerated product transferred throughout the process.
This practice is not intended by the crew to create measurement problems, but rather represents the behavior that was established by years
of trying to overcome the considerable difficulties of sounding measurements, which are no longer a concern with the advent of metering
methods.
With this modification in operating procedures Hong
Lam Marine improved on several metrics:
• Average batch aeration decreased
• Meter in–Meter out variation improved
• Meter in–Meter out accuracy became closer to zero
• Operations became more efficient and less time was spent on
delivery

Figure 7. Profile reports from the early and current
operations to illustrate the improvements made.

“This technology signifies a major step-change
in measurement practices and can help save
vessel operators up to an estimated three
hours* and US$4,000** per delivery. The
system helps to enhance the integrity, security, and efficiency of fuel quantity measurement.”13
– ExxonMobil Marine Fuels & Lubricants
Reduced Aeration

Figure 8. With a bunker profile, it is easy to identify
when a tank is fully empty by looking for a sudden drop in density and mass flow rate that always occurs when pumping from an
empty tank or compartment
10 MR White Papers
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(3)*Comparison versus tank gauging *Per 1000MT stem size de- livery
at $300 / MT. Includes surveyor costs, temperature delivery range and
density delivery range but does NOT include dip tank measurement
errors. A temperature measurement delta of 10 °C amounts for up to
US$2,000. A 3kg/m³ density difference amounts for up to US$1,000.
These variables can be avoided by the use of a secure mass flow metering system therefore negating the need of a quantity surveyor with an
estimated cost of up to US$1,000.
***Savings estimates from ExxonMobil. Results may vary.
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Reducing mid-batch aeration had a positive impact on both the
loading and delivery operations for the MT Emissary barge. This ensured that the metering system had the best conditions to measure the
bunker fuel and improved the operational efficiency of the barge. The
bunkering process became more efficient because mid-batch aeration
that had caused the flow rate to temporarily decrease was eliminated.
Running the delivery under single phase allowed for the barge to run
at a fixed rate through the whole delivery. The reduced aeration was
due to limiting the time spent stripping tanks.
Hong Lam Marine found a reduction in the variance,

tions, there is a decrease in observed variation between the flowmeter
readings in the reported loading figures. The decrease in the observed
variation is the result of using a more consistent point of reference
and eliminating the poor loading operations from other barges.
Similar to the early delivery operations on the MT Emissary barge,
other barges in Singapore followed the same type of operation practice using extended tank stripping to demonstrate that each tank was
completely empty. The result was delivery of aerated product to the
MT Emissary barge. This aeration increases the uncertainty and variation of the measurement when receiving and delivering the product,
resulting in worse measurement performance.
By using terminals as the dedicated loading location, Hong Lam Marine eliminated this source of uncertainty and improved measurement
during loading operations. This increased the accuracy of the loading
measurement that would be compared to the delivery measurement.

Performance Results

Figure 9. Y-axis is the month starting with January 2013, x-axis is
a count. Hong Lam Marine eliminated nearly all barge to barge
transfers after installing the Emerson mass flowmeter.
or spread in the result, when the barge started loading from the terminals only. In Figure 9, the bar chart highlights the reduced number of
barge loadings.

The boxplot in Figures 6 and 10 show a statistically significant
reduction in the percent error between early and late periods based
on the percent error of the meter in and meter out comparisons. After
making the necessary operational procedural adjustments, the meter
in–meter out results re-centered around zero. These results show that
the average adjusted back to center and that the barge is operating
with both + and – months, indicating this is a good average around
the center. (It is important to note that both the early and late operation meet the specification of the bunkering system of +/-0.5%.)
From January 2014 to May 2014, the MT Emissary barge loaded a
total of 136,537.24 MT, and then delivered a total of 136,550.13 MT,
a difference of 12.88 MT or 0.01%. Not only is the quantity delivered
from the barge impressive, but it also shows incredible inventory
management. This proves that the MT Emissary barge is not only one
of the most time efficient barges but arguably the most accurate in the
world. The MT Emissary barge has continued to lead the charge in
innovation by operating with a greener propulsion system, and is now
operating with one of the top bunkering systems in the port of Singapore.

Figure 10 shows that by reducing the number of barge loading opera-

Figure 10. The averages between the two periods are nearly the
same but there is a reduction in the variation of the results.
This reduction indicates that the two measurement systems are
repeatable.
http://whitepapers.marinelink.com/
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Figure 11. This chart shows a flow profile in which the barge
runs a non-aerated delivery to a vessel. Stable flow and density are
signs of an excellent delivery.
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Marine Fuels & Lubricants
Importance of Measurement Performance
The experience gained during the testing of the MT Emissary barge
highlights a good example of a fundamental principal behind sound
weights and measures practices and that there are important elements
needed to succeed in creating a healthy environment for trade. By first
selecting a measurement method and system that is proven effective, and by then maintaining and operating that system consistently
with approved procedures, the goal is achieved. The confidence of all
parties involved in the resulting measurements will establish the trust
that is necessary between buyers and sellers in a market where legal
trading of commodities is accomplished using measuring systems.
The example of the MT Emissary barge revealed two important facts
about measurement methods and procedures used for bunkering.
First, the method of using vessel tank sounding measure- ments
(dipping) to determine delivery quantities is vulnerable to large
measurement errors that can be caused by unpredictable variations in
procedures. Differences in procedures including tank stripping, unintended churning of the fuel, variations in the temperature of the fuel
throughout the tanks, vessel list corrections, fuel clingage to internal
walls, and recording errors of dipping measurements can all cause the
sounding method to give indications that may be either significantly
higher or lower than the true delivery. Variations in environmental
conditions and the procedural variations that can adversely affect
the accuracy of sounding measurement results can be very difficult to
control in a marine environment.
Second, it was found that using a flowmeter to determine delivery
quantities is less prone to measurement errors than the sounding
measurement method. This is because the single most significant impact on the results metering method comes from excessive entrained
air in the fuel. The MT Emissary experience showed that the amount
of air in the fuel can be easily controlled within acceptable limits by
understanding and controlling the operating procedures onboard the
barge. Measurement error due to entrained air can be easily eliminated when a metering system is capable of detecting and identifying
when entrained air appears in the fuel.
Most well-designed and maintained metering systems will consistently indicate slightly less than the true amount of fuel (under-register) when entrained air is present. Just like on the MT Emissary barge,

when a barge operator sees an indication from the metering device
that a certain step in the procedure has resulted in excessive entrained
air, they can quickly and easily remedy the problem by addressing that
step in the procedure.
The operator of the measuring system is motivated to eliminate as
many procedural variations that result in entrained air as possible,
so long as the device under- registers when entrained air is present.
However, in the unusual case of a meter that is designed to consistently indicate more than the true amount (over-register) when entrained
air is present, the barge operator would be motivated to intentionally
introduce procedural steps that increase the amount of entrained air.
A meter system that behaves in this way should never be used in
the marketplace because it would destroy the trust and confidence of
all the bunkering customers who have no control over the amount of
entrained air. Also, it would undermine the level playing field that is
necessary to allow fair competition to thrive between honest operators.

Conclusion
One of the primary goals of bunker delivery system operators is
to achieve consistent balance of their inventory levels. Micro Motion Coriolis flowmeters are rapidly being adopted for use in bunker
deliveries because they provide the accurate measurements needed to
achieve inventory balance and because they can identify any steps in
bunkering procedures that are resulting in entrained air.
The simple goals of all sound weights and measures systems are to
create a healthy environment for trade and a level playing field where
buyers are confident that they are receiving what they have paid for
and fair competition can thrive between sellers. Another goal is to
ensure that sellers can invest with confidence that the market is not
being damaged by bad actors. Using good flowmetering systems for
bunkering instead of sounding/dipping is rapidly growing in popularity mainly because it provides a clear path forward to building trust
between bunker fuel buyers and sellers. The MT Emissary barge is a
shining example of a bunker fuel delivery system that has achieved
excellence in inventory balance while also giving buyers a new level
of confidence in the consistency and fairness of the amounts they are
charged for their fuel purchases.

About Micro Motion
For more than 35 years, Emerson’s Micro Motion has been a technology leader delivering the most precise flow, density and concentration measurement devices for fiscal applications, process control and process monitoring. Our passion for solving flow and density measurement challenges is proven
through the highly accurate and unbeatable performance of our devices.

Emerson Process Management
Micro Motion
7070 Winchester Circle
Boulder, Colorado USA 80301
T: +1 800 522 6277
T: +1 (303) 527 5200
F: +1 (303) 530 8459
www.MicroMotion.com
The contents of this publication are presented for informational purposes only, and while every effort has been made to ensure their accuracy, they are not to be construed as warrantees or guarantees,
express or implied, regarding the products or services described herein or their use or applicability. All sales are governed by our terms and conditions, which are available on request. We reserve the
right to modify or improve the design or specification of such products at any time without notice.
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E L I M I N AT E H 2 S G A S O D O R S

Wager, a leader in Odor Control Valves on land, is
proud to provide the marine industry a unique
solution to H2S odors onboard ships. Our valves
allow ventilation of black water and grey water tanks
without the effects of nuisance odors.
Wager’s media is the heart of our odor control valves.
We use an engineered media that is highly effective

Optional Rain shield

Recyclable
transparent canister
for easy replacement

in scrubbing H2S gas. Our media is in pellet form to
allow for adequate airflow thru the media bed, and is
non-toxic and landfill disposable.
Wager media contains blue indicator pellets that turn
white when the media is spent. A complementary lab

12 LBS of Wager
Media Life Indicator Pellets

Tamper proof
lockable latches

analysis is also offered to determine the remaining
life of the media. This is especially helpful in creating
an effective preventative maintenance program for

Flanged 2”, 3“, 4” or 6“
aluminum body. Metric
flange upon request

odor control.
We offer SEVEN models to choose from, in a wide
range of sizes and configurations.
Our larger units hold 50 lbs., 100 lbs. 200 lbs. or 450 lbs. of Wager media. These larger units can easily be placed on board a
vessel, or used at pump outs in port.
Wager Odor Control Systems are currently in use with the U.S Coast Guard, onboard ferries in North America, and at Pump Outs
in various ports worldwide.
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VERTICAL VENT VALVES

INVERTED VENT CHECK VALVES

ODOR CONTROL VALVES

SOUNDING TUBES &
DEWATERING PLUGS
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MUD VENT VALVE

DECK DRAINS

TANK AIR ESCAPES

HORIZONTAL VENT VALVE

IN-LINE VALVES

PIPE CAP

ANTI-SYPHONIC VALVES

ROSEBOX STRAINERS
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Japan’s Ship Machinery ×
Japan Ship Machinery and Equipment Association

In Japan, there is a maritime industry cluster of businesses, which
include ship owners, shipbuilding companies and ship machinery and
equipment makers. New products have been developed, while others
have been improved within the framework of this maritime cluster.
Japan has completed many vessels of a wide variety of types for years.
Boasting high levels of performance and quality, Japan-built ships are
highly rated by ship owners worldwide.
The Japanese ship machinery and equipment industry has grown
hand in hand with its compatriot shipbuilding industry to deliver many
different kinds of high-end products in large numbers to customers
all over the world. We work hard so that customers are able to use
Japanese products safely for a long period of time, having prepared to
provide after-sales services around the clock in an extensive service
network that reaches every corner of the globe.
Today, demand for cargo transport by sea is growing everywhere
on this planet due to, among other factors, the growth of the global
economy and the development of new energies. In line with the
demand increase, newbuildings are being completed one after another
in Japan and other nations. As such, shipbuilders have a backlog
of many orders, while the shipping and shipbuilding industries are
blossoming continuously in many economies in the world.
Currently, countries and regions engaged in shipbuilding are inflating
in number, while domestic shipping services are becoming more and
more important in developing economies. Energy development projects
are being advanced increasingly greater worldwide. These trends
are all factors behind the rise in need for operating various ships.
The Japanese ship machinery and equipment industry is now paying
attention to the global market, which is expanding under the influence
of this demand increase.

20-29 JAPAN SECTION .indd 20

Japan Ship Machinery and Equipment Association (JSMEA) is
currently made up of 244 regular and 69 supporting members. Our
activities are all focused on upgrading the Japanese ship machinery
and equipment industry. The specific efforts that we make to this
end include the following: (1) participating in exhibitions overseas
and organizing seminars worldwide to promote member companies’
products, services, technologies and other features; (2) helping
member companies develop technologies to upgrade the reliability of
their products so that they can comply with international conventions
and ensure higher safety for vessels; and (3) secure and cultivate
human resources to constantly enhance the quality of Japanese ship
machinery and equipment and Japan’s manufacturing technologies.
To encourage member manufacturers to expand their business
in the global market, JSMEA participates in international maritime
exhibitions held in Japan and other countries, providing up-todate information on members to ship owners, shipyards and other
customers. At exhibitions, we promote a Japan pavilion with member
companies to introduce members and market their products. We also
distribute a booklet on energy-saving and eco-friendly products, which
is a powerful advantage enjoyed by the Japanese ship machinery and
equipment industry; another booklet that contains detailed information
on products for offshore oil and gas development projects and facilities;
and a newsletter that introduces JSMEA activities and the latest
information on member companies.
In developing nations where local markets are scaling up as well
as those where we think the shipping and shipbuilding businesses
are expected to expand in the future, in particular, JSMEA organizes
seminars to provide up-to-the-minute information to customers and
introduce affiliated ship machinery and equipment manufacturers and
their products. As member companies unveil the latest information,
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our seminars are always attended by many local parties involved with
maritime affairs, who look on the occasions as opportunities to have
interchanges with members.
While abroad for exhibitions and seminars, JSMEA visits ship
owners, shipbuilders and other local organizations to exchange upto-date information and conduct other activities to introduce member
manufacturers.
The recent enhancements in international conventions have
required the global maritime industry to comply with more rules
and regulations. As such, needs are rising for new technologies
and products. Moreover, we are becoming more and more aware of
environmental issues attributed to factors including global warming
and the issue of ballast-water treatment. At a time when circumstances
surrounding ship operations are changing as drastically as described
in the foregoing sentences, JSMEA assists member companies in
developing new technologies and products. To help them invent more

Japan Ship Machinery and Equipment Association
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practical technologies, for example, we promote the development of
technologies that precisely satisfy the needs of ship owners, shipyards
and other customers. To meet the next stage of NOx emission
regulations, Japanese ship machinery and equipment makers made
concerted efforts to develop new technologies and products. Currently,
we are striving to standardize telecommunication technologies for onboard devices to ensure greater safety for ships by consolidating onboard data and organically orchestrating on-board equipment.
JSMEA actively promotes member companies and their ship
machinery and equipment to develop products that better satisfy
customer demand and allow members to hold a greater share of
the global market. Information on JSMEA-affiliated manufacturers
is available at the international exhibitions that we attend and at our
seminar, but also you may find it on our Web site. So, when needing to
know the latest about JSMEA members as well as their products and
services, please visit our Web site and/or contact us directly.
Japan Ship Machinery and Equipment Association
Toranomon Toyo Kyodo Building, 13-3, Toranomon 1-chome, Minato-ku, Tokyo 105-0001, Japan
Tel.: +81-3-3502-2041 Fax: +81-3-3591-2206 http://www.jsmea.or.jp E-mail: info@jsmea.or.jp
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Japan Ship Machinery and Equipment Association

http://www.jsmea.or.jp/eco-products

Japan Ship Machinery and Equipment Association
(JSMEA) has published a booklet called “Japanese
Marine ECO-Products”, which introduces products that
member companies manufacture and sell that contribute
to saving energy and helping the environment.
Copies are distributed widely among ship owners and
shipbuilding companies worldwide.
The “Japanese Marine ECO-Products” booklet carries
information on more than 40 items, such as engines,

Energy Saving, CO2 Reduction,Power Reduction, Environmental Loading Reduction

Air Conditioners

USHIO REINETSU CO., LTD.
Inverter control of FAN and COMPRESSOR

http://www.ushioreinetsu.co.jp/english/

Realize the reduction of CO2 emissions, will contribute greatly to
the global environment.
■ Inverter control of FAN
Can obtain a greater energy savings by setting the rotation
speed of the wind amount corresponding to each operation
mode “cooling”, “heating” and “blast”, and improves the
comfort of the accommodation space.
Compared with the damper controlled, there are about 57%
reduction of the ratio in the energy equivalent. And there is a
reduction of 53.1ton CO2 / year.
■ Inverter control of COMPRESSOR
Control by an inverter the rotation speed of the
COMPRESSOR.
It is effective to keep the operation stable and to reduce power

INQUIRIES
5-3, Creative-Hills, Imabari, Ehime, 794-0069, Japan
Tel : +81-898-34-1203 Fax : +81-898-34-1204
E-mail : ushio@ushioreinetsu.co.jp

Fuel Saving, Safety, Accuracy, Reliability of Information

Autopilot

TOKYO KEIKI INC.
PR-9000
The model PR-9000 is the latest
autopilot system from TOKYO
KEIKI. The PR-9000 is designed
using the latest technology
from a wealth of engineering
and manufacturing experience
of navigational instruments.
Safety, accuracy, and reliability of
information have been enhanced
in our model lineup thereby
awareness and navigational
safety.
An indispensable autopilot system
providing effective and safe bridge
resource management and energy

http://www.tokyo-keiki.co.jp/

Maintaining Safe Navigation
via Guidance Screen
Steering-related monitoring information
can be displayed on the monitor screen.
If a warning alert is generated, the
navigator can simply view the proper
guidance procedures on the screen in
order to carry out evasive measures.

(Avoidance operating
procedures Guidance Screen)

Route Control function (ACE)
Route Control is performed only with
Autopilot
Due to reduced route deviation / shorter
sailing distance / reduction of wasted
rudder,it ultimately contributes to safety
(ACE Screen)

INQUIRIES
Repeater Unit with color LCD
Color LCDs are incorporated into each system which enhances
reliability of information and improves situational awareness.
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Marine Systems Company
2-16-46, Minami-Kamata, Ohta-ku, Tokyo, 144-8551, Japan
Tel : +81-3-3737-8611 Fax : +81-3-3737-8663
Inquiry https://www.tokyo-keiki.co.jp/form/webform_marinee.html

CATEGORY
Air Conditioners
Autopilot
Ballast Water Management System
Batteries
Bearings
Bilge Water Treatment System
Boilers, auxiliary & Economizers, Exhaust
Gas
Boiler Burners
Cables & Wires, Electrical
Clutch
Control Systems & Equipment
Coolers, oil
Diesel Engines, Propulsion
Diesel Engines Exhaust Gas Treatment
System
Diesel engines, propulsion(up to 200rev/
min under)
Diesel Engines, auxiliary / propulsion
Dual Fuel Engines, propulsion
Eco-Friendly product

propellers and other energy-saving products as well as
emission-gas and ballast-water treatment systems and
other ecologically friendly products. As such, the booklet
is a useful reference when ship owners, shipyards
and other customers select machinery and equipment
for new projects, as it contains product features and
specifications as well as contact and other information.
The online edition of “Japanese Marine ECO-Products”
is available at http://www.jsmea.or.jp/eco-products.

Fuel Saving

Autopilot
YOKOGAWA DENSHIKIKI CO., LTD.
Next Generation Autopilot PT900

http://www.yokogawa.com/ydk

PT900 is the next generation autopilot, modern controlled fuel
saving function (BNAAC/E-COurse Pilot) is installed.
By introducing 7 inches LCD, navigation information and autopilot

Economizers, Steam Turbines, Auxiliary
Boiler Heat Recovery Systems
Energy saving device
Engine Telegraphs & Loggers
Exhaust Gas Cleaning System (EGCS)
Exhaust Gas Heat Recovery Unit
Fresh Water Generating Plant
Gas Engine
Governor
Grinding Machines, valve spindles &
seats
Marine Solar Power
Navigation Lights
Net
Paints
PBCF
Propellers, controllable
Propellers, fixed
Propulsion Systems (electric)
Pumps, bilge
Pump, Inverter Control
Reduction Gear
Rudders, high lift
Rudders
Selective Catalytic Reduction System
Sewage Treatment Equipment
Shaft Driven Generating System
Turbochargers

INQUIRIES
Marine Equipment Business Division
Minami Shinjuku Hoshino Bldg,5-23-13, Sendagaya, Shibuya-ku,
Tokyo, 151-0051, Japan
Tel : +81-3-3225-5383 Fax : +81-3-3225-5316
E-mail : navigation_info@ydk.yokogawa.co.jp

Ballast Water, Bwts, Bwms, Filtration, Electro-Chlorination, Electrolysis, Electrolyzation, UV, Ultra Violet

Ballast Water Management System

Ecomarine Technology Research Association

http://global-sei.com/ballast

ECOMARINE Ballast Water Treatment System

Ecomarine Technology Research Association (ETRA) run by
Hitachi Zosen Corporation and Sumitomo Electric Industries Ltd.,
has developed an electro-chlorination Ballast Water Treatment
System (BWTS) "ECOMRINE EC", maximizing the combination
of the excellent filtration technology by Sumitomo Electric and
the sophisticated electrolytic technology as well as the expertise
regarding ship structure by Hitachi Zosen.
We are planning to reorganize ETRA into a joint-stock company
upon the acquisition of IMO type approval and then introduce
ECOAMRINE EC systems with high efficiency and low power
consumption into the market, together with an UV type BWTS
"ECOMARINE UV" developed and marketed by Sumitomo
Electric.

INQUIRIES
Hitachi Zosen Corp.,
BWTS, DeNOx & SCR Group
Tel : +81-3-6404-0143
E-mail : wt-bwts@mml.is.hitachizosen.co.jp
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Contact VOLCANO
- on Products, Parts and After-sales service Combustion Engineering Division
VOLCANO Co.,Ltd.
info-m@volcano.co.jp
)$;7(/
http://www.volcano.co.jp/
1RQDNDNLWD<RGRJDZDNX2VDND-DSDQ
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Marintec China 2015
1-4 December 2015

Japan Pavilion Exhibitors
Hall N1 at Shanghai New International Expo Center

Japan Ship Machinery and Equipment Association
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