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THE BENEFITS OF MICRO MOTION CORIOLIS TECHNOLOGY

The advantages of using Micro Motion meters to simultaneously
measure mass and density are numerous. Aside from providing the
necessary measurements for calculating volumetric flow, the density
measurement can be used to assure continuous quality control.
Density can also be used to determine percent concentration or solids
in a two-component stream. By using the percent concentration
and direct mass rate capabilities together, the Coriolis meter can
measure and batch net materials, such as catalyst slurries.

By design, Micro Motion meters are highly reliable, non-intrusive,
and have no moving parts. Micro Motion meters achieve flow accuracy
as high as ±0.10% of rate and density accuracy to ±0.0005 g/cc, or
0.1̊ API. The clean-in-place meter design is well suited for heavy
polymer or slurry applications. There are no upstream or downstream
straight-run piping requirements. The meter can be installed to be
self-draining and can be insulated and heat traced. A turndown of
greater than 100:1 is possible for applications requiring operation
at a variety of flow conditions. Micro Motion offers a wide range of
Coriolis sensors, capable of measuring flows from 1g/hr to over
150,000 BPD (1000 m3/h).

Emerson’s extensive offering of Micro Motion® Coriolis meters
is ideal for measuring liquids, gases and slurries in a refinery.
One meter can measure:

• Mass flow rate and total

• Volume flow rate and total

• Liquid density

• Temperature

Mass-based primary measurement is advantageous because accuracy is virtually unaffected by
changes in either process conditions or fluid properties. Traditionally, most continuous fluid flow
measurement has been done on a volumetric basis, using differential pressure, positive displacement,
turbine, or other volume-based technologies. These technologies require temperature, pressure,
or specific gravity compensation in order to achieve an accurate calculated mass or standard
volumetric rate. Potential error exists in all of these forms of compensation. Because Micro Motion
meters measure mass directly, they are not subject to such errors. In addition, Micro Motion meters
do not have to be recalibrated when switching fluids or when process conditions change. The many
composition changes seen in refinery streams will not affect the accuracy of the Coriolis flowmeter.
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Refinery Material Balance • Refinery Loss Control • Custody Transfer

Accurate and reliable measurement of all streams in and out of the refinery is critical for accounting and
profitability. Product losses are a major issue at refineries. Losses may be due to measurement discrepancies,
in which no real material is lost, but financial penalties result. In such cases, measurement error may cause
the refiner to give away more material than they are being paid for. In other cases, financial losses may result
from actual physical loss of material. Refiners need to be able to distinguish between these two types of
losses. Once the extent of the real loss has been identified, work may begin to reduce it. Legislation in some
countries requires refiners to demonstrate the efficiency of their balance and loss control procedures.
Such legal requirements are likely to expand in the future.

The need for accurate field measurements is especially critical when using linear program models to set
process unit throughput and determine operation severity. To create a truly representative model of the
refinery, field measurement inputs must be highly accurate. The measurement data being used to verify
operation in accordance with linear program models must also be accurate.

Although material balances must be done on a mass basis, most measurement devices used by refiners
measure volume. When the refiner performs the necessary conversions from volume to mass, a number of
errors are introduced. The best way to eliminate the measurement errors is to measure mass directly, using
Micro Motion Coriolis mass flowmeters. Using Coriolis meters, a refiner can measure accurately in mass as
well as volumetric units. Figure 1 shows a refinery loss control application in which a number of Micro Motion
Model D and Micro Motion ELITE® meters are being used to measure refinery products into a multiple
product pipeline. By installing Coriolis mass flowmeters on all the mass balance streams, this refinery
significantly reduced its loss figure. Micro Motion meters are increasingly utilized for custody transfer
applications since the publication of the API Standard MPMS Chapter 5.6 for the use of Coriolis meters for
custody transfer.
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In other world areas, Micro Motion meters have had custody transfer
approvals for many years, and have been used extensively in refinery and
loading terminal custody transfer applications, including truck and tank
car loading, ship loading and unloading, product transfer to storage, and
transfer to petrochemical plants. Installing multiple meters in parallel
on a metering skid is a common installation method to handle high
flow rates, and one of the benefits of this type of installation is that the
total uncertainty of measurement decreases with multiple meters.
One such installation is shown in Figure 2, where five Micro Motion ELITE
CMF400 meters in parallel are used for barge off-loading of crude oil for
a refinery in the U.S.

Micro Motion meters are also used on ship loading jetties to import and
export product. The Micro Motion meter is particularly useful in this
application because it can measure bidirectional flow. By choosing the
Coriolis mass flowmeter over a traditional volumetric technology, one jetty
designer was able to eliminate bidirectional manifolding, flow conditioning
straight pipe runs, motor-operated valves, strainers, and air eliminators.
This customer saved $2.7 million through the use of Micro Motion
Coriolis technology.



Process Evaluation and Optimization

An accuratemass balance is critical inmany process applications. A true balancemakes it possible
to analyze and optimize product yield, decide what and howmuch catalyst to use, determine
conversion, and choose appropriate process feedstocks. Furthermore, accurate data is needed
for the long range process studies required to make capital project decisions, and for analyzing
the payback of capital improvements.

Highly sophisticated advanced control and optimization systems are also only as good as the data
they are based on. Refiners often calculate yields to the second decimal, yet the field devices they
rely on are only capable of 2-3% accuracy. Data reconciliation software is frequently used in an
attempt to reconcile poor field data. The smaller the error in the original measurement, and the
tighter the accuracy tolerances however, the better the reconciliation. Thus, operating efficiency
is dramatically improved with better field measurements feeding into data reconciliation,
advanced process control, or optimization systems.

Figure 3 shows twoMicro Motion Model D300 sensors in parallel measuring FCC gasoline as part
of a mass balance. After replacing the existing orifice plates with Micro Motion Coriolis flowmeters,
this refiner’s mass balance improved from ±4.0% to ±0.6%.

Figure 3

UNDERSTANDING YOUR NEEDS

D e d i ca te d to Yo u r S u c ce s s



Feed Characterization and Product
Quality Control

Micro Motion direct density measurement
capability can be used for monitoring
on-line feed and product quality. By
monitoring feed density, such as the crude
to the main distillation tower, the refiner
can anticipate crude composition changes
and eliminate possible plant upsets.
When running multiple crudes, the density
measurement proves helpful in assuring
smooth operation. In the distillation and
extraction units, monitoring product
stream densities on-line can minimize the
chance of producing off-spec material for
extended periods of time.

A Micro Motion meter measures the
density at line conditions, but most often
the user is interested in API gravity or
specific gravity units at standard
conditions. This is also available as an
output from the transmitter. API gravity
is calculated in the transmitter using
the API MPMS Chapter 11.1 tables to
calculate the temperature correction
factor which is applied. The calculations
in Chapter 11.1 apply to:

• Crude oil from 0 to 100̊ API

• Refined products from 0 to 84̊ API

• Temperatures from 0 to 300̊ F

Concentration Measurement

Accurate density measurement allows
for additional measurement capabilities,
including acid or caustic concentration.
For example, Micro Motion meters are
commonly used to monitor and trend
sulfuric acid concentration in alkylation
units at the interstage settlers as well as
the final spent acid settler. Micro Motion
meters are also used to determine the
acid/HC ratio in the contactors, replacing
high maintenance, low reliability sight
glasses. Micro Motion meters used in
alkylation units have significantly reduced
acid consumption costs and allowed
for unit optimization.

Coriolis meters are also used to measure
caustic concentration, and can achieve
accuracies of ±0.1 to ±0.2%. More
refiners are choosing Micro Motion Coriolis
meters over on-line analyzers or manual
sampling/flowmeter combinations
because they are extremely accurate,
reliable, require virtually no maintenance,
and have multiple outputs.



Chemical Additive Measurement

Process chemical additives, such as anti-
foulants, demulsifiers, catalyst activators,
anti-foams, dyes and oderants can be
measured accurately at low flow rates
down to less than 10 cc/min. In many
cases, small pulsating injection pumps
are used to add the chemicals. Few devices
can accurately measure pulsating flow
streams. The Micro Motion meter is one
such device. Because the Micro Motion
transmitter has the ability to average the
output over a user-selected period of
time, one can accurately measure this
irregular flow stream. The result is
chemical injection closer to targeted
levels, better process performance, and
less additives wasted.

Figure 4

Delivering Superior Measurement Solutions

Gas Phase Measurement

Traditionally, Micro Motion Coriolis
flowmeters have been known for their
high accuracy on liquid flows. Third-party
gas testing has verified that Micro Motion
meters are also highly accurate when
measuring gas phase fluids. Coriolis meters
are particularly advantageous because
they are virtually unaffected by changes
in pressure and temperature, or gas
composition.

One of the interesting gas applications
involves fuel gas measurement. When
a refiner has swings in his fuel gas
composition, causing boiler or furnace
instability, the installation of a Micro
Motion meter to measure the mass flow
of the fuel gas can result in improved
stability as well as better control of
emissions. The mass flow of the gas is
roughly proportional to the energy
content, and the fuel to air ratio is also a
molar ratio, so measuring mass will give
better control.

Fiscal transfer of ethylene gas, shown in
Figure 4, is another common application.
Micro Motion meters are also used to
measure hydrogen in hydrogen
production, hydrotreating, platforming,
and purification.

Another interesting way to utilize
Micro Motion technology is on the feed
to the Steam Methane Reformer (SMR).
Using Micro Motion meters to improve
control of the steam to carbon ratio
in this unit will increase the efficiency,
reliability and safety of operations.



Blending

Many refiners are discovering that
modernizing a gasoline blending facility
can significantly improve profitability.
A recent study by one of the leading
advanced process control and information
systems suppliers evaluated the effects
of improved flow measurement on
blending. This study concluded that
even small measurement errors have a
profoundly negative impact on blend
optimization. This is true, whether
optimal recipes are determined using
off-line planning devices or on-line
optimizers.

Maintaining meter accuracy over time
is the key to optimizing continuous
blending. The non-lubricating nature of
some blending components negatively
affects the accuracy of mechanical
volumetric measurement technologies,
thereby causing less than optimal blends.
In contrast, the Micro Motion meter is
non-intrusive, has no moving parts, and
does not require recalibration to remain
accurate. Figure 5 shows Micro Motion
ELITE CMF400 meter used in a gasoline
blender where rework of the blend was
reduced by 40% by replacing the turbine
meters with Micro Motion meters.

Micro Motion Coriolis meters also improve
blending system flexibility. The Coriolis
meter has an exceptionally wide turndown,
and can measure different fluids without
needing to be recalibrated. If required,
gasoline recipes can be easily changed to
accommodate different geographical or
seasonal specifications.

Measurement of Heavy Gas Oil,
Asphalt, Residual Oils

Micro Motion meters have a proven record
measuring heavy, viscous oil streams.
Micro Motion high temperature meters
can measure fluids at temperatures up to
650̊ F for some models. This includes
streams containing solids, such as coke
and catalyst fines. Micro Motion meters
are in service measuring No. 6 fuel oil,
resid, bitumen, asphalt and FCC slurry oil –
to name but a few. The use of Coriolis
meters has significantly increased
measurement reliability, and dramatically
reduced maintenance costs often
associated with differential pressure
impulse lines.

Figure 5

Leak Detection

Pipeline leak detection is another common
Coriolis meter application. A number of
government agencies are requiring leak
detection, or at least flow reconciliation
systems on pipelines to ensure that
products are not inadvertently leaked into
the environment. Whether a complex
leak detection software system is being
implemented, or a simple flow reconcilia-
tion with line pack compensation, flow
accuracy and reliability is critical to
the success of such a system. Mass flow
offers significant benefits over volumetric
technologies because of the inherent
benefits of mass in conditions where
temperatures and pressures are often
changing.



Emerson Process Management
Micro Motion Americas
Worldwide Headquarters
7070 Winchester Circle
Boulder, Colorado USA 80301
T: 800 522 6277
T: +1 (303) 527 5200
F: +1 (303) 530 8459
Mexico T: 52 55 5366 2622
Argentina T: 54 11 4837 7000
Brazil T: 55 15 3238 3527
Venezuela T: 58 26 1792 1858

Emerson Process Management
MicroMotion Europe/Middle East
Central & Eastern Europe T: +41 41 7686 111
Dubai T: 971 4 811 8100
France T: 0800 917 901
Germany T: 0800 182 5347
Italy T: 8008 77334
The Netherlands T: (31) 318 495 555
U.K. T: 0870 240 1978
Russia/CIS T: +7 495 981 9811

Emerson Process Management
MicroMotion Asia Pacific
Australia T: (61) 3 9721 0200
China T: (86) 21 2892 9000
India T: (91) 22 6662 0566
Japan T: (81) 3 5769 6803
Korea T: (82) 2 3438 4600
Singapore T: (65) 6 777 8211

GI-00670

Emerson’s Micro Motion product development is driven by customer needs, such as
meeting codes for hazardous environments, lower pressure drop, or resistance to field
effects. The different models of meters each offer a unique solution to meet each
customer's flow or density requirements.

Micro Motion ELITE flowmeters were specifically designed to meet customer demands
for robust, vibration-resistant meters that could be used in hazardous environments.
Quite simply, the Micro Motion ELITE meter is the most accurate and reliable flowmeter
available. Standard features include sensor secondary pressure containment and an
explosion-proof transmitter housing. Micro Motion ELITE sensors are available with
stainless steel or Hastelloy® C22 wetted parts.

Micro Motion T-Series meters are the best-performing, single straight tube meter on
the market. These meters are self-draining and inspectable, with standard secondary
pressure containment and corrosion-resistant titanium wetted parts.

Micro Motion F-Series meters are more accurate and very often more cost-effective
than volumetric technologies. This model offers a compact design and integral or
remote transmitter options.
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Summary

In process industries worldwide,
Micro Motion Coriolis technology
continues to set the standard for
flow and density measurement.
Whether being used to improve
a mass balance, monitor density,
perform custody transfer, or to
reduce maintenance, Micro Motion
meters consistently improve
refinery performance. Emerson’s
Micro Motion products provide
solutions to the problems refiners
have struggled with for years.


