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Presenter
Presentation Notes
This presentation will show the importance and impact of having accurate flow measurements in mass balances and production accounting, and share the best practices for improving measurement accuracy in refinery wide and process unit mass balances as well as highlight our consulting services. 

Accurate flow measurement is key in reducing unaccounted losses and improving mass balances in order to optimize operations 
Refiners have a financial benefit along with process optimization benefits for improving mass balances
Traditional flow technologies have are impacted by composition changes resulting in measurement inaccuracies 
Mass flow is not impacted by composition changes and as a result can more accurately measure and account for losses 
The ROI for improving your mass balance measurements is derived from using the data to make better operational decisions
Emerson has the flow measurement technology and consulting expertise to help customers improve their mass balance 

      



Agenda

Role of Field Instrument accuracy in 
Production Accounting and Losses

Business Challenges

Using Sigmafine to Identify Measurement 
Issues

Current Measurement Technologies and 
Standards

Recommended Practices for Improvement
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Presenter
Presentation Notes
Today we will talk about the importance of flow measurement in your mass balances and production accounting practices. We will talk about the traditional and best measurement practices in overall refinery balances and in process unit balances. We will also talk about solutions and expertise Emerson has to help you improve your mass balances. 



Typical Refinery Losses

• With poor instrumentation and 
procedures: 1.5-2.5% mass 

• With average instrumentation 
and procedures: 0.7% - 1.5% 
mass 

• With good instrumentation and 
procedures: < 0.5 % mass 

• Good information enhances 
business 
functions: 
• Planning and scheduling 
• Process Operations 
• Management Decision 

Mass losses for the overall refinery must be less than 0.5% to meet Solomon Index reporting 
requirements



Why Mass Balances Matter
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Savings of $2-10 million per year for an averaged sized refinery

Process Optimization
• Pinpointing of losses early 

• Identification and minimization of 
unaccounted losses 

• Unit performance optimization by 
calculating efficiencies, catalyst 
conversions and yields

HSE
• Accurate emission reporting to avoid 

overpaying fines 

• Accurate reporting of  Energy 
Intensity Index (EII)

• Ensure not operating above design 
limits

Profitability 
• Not overpaying for what you buy or 

getting underpaid for what you sell 

• You are getting paid for on what 
your custody measurement is 
reading not on your reconciled 
measurement 

• Assurance, control, and validation 
of movements (i.e. theft prevention)

Presenter
Presentation Notes
Now that we have an overview on mass balances lets talk about why they matter. 

First is profitability by not overpaying for what you buy or getting underpaid for what you sell. Another important one a refiner recommended we add was the last bullet which is having the ability to assure and validate all movements. 

Second is around HSE with accurately reporting on emissions to avoid overpaying fines and ensuring you’re not operating above design limits. In addition, the relationship between reported losses and Energy Intensity Index (EII), is important to understand and analyze.  The EII is primarily affected by the energy consumed in fired equipment, and the quality of measurement is typically poor because the volumetric measurement is often uncompensated with changing density of the off gas. If the energy consumption number is overstated, the losses may appear low, however the EII will be high.  So one benchmark trades against the other in reporting.  

The third is around optimizing unit performance by calculating efficiencies and yields across units. With accurate mass balances you can make the correct operating decisions around catalyst activity and degradation around your conversion units. 

Hydrocarbon loss reduction programs can save $2-10 million per year for an average sized refinery.  





Refinery Loss Control Process 
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Measurement Business Practices 
Data Reconciliation 

Software 
(Sigmafine)

Production 
Accounting 

Loss Control 
Programs

Flow measurement is the foundational step for production accounting and loss control

Presenter
Presentation Notes
Mass balances are part of loss control or unit optimization programs. 

When you look at the process for production accounting and loss control at a high level there are 3 key inputs. The three key inputs for production accounting and loss control practices are measurement data, business practices, and software. 

Improving mass balances may require new or improved measurements, new or updated software applications, or changes in operational procedures.

Refiners often focus on evaluating their business practices and their data reconciliation and accounting practices, but overlook the fact that flow measurement data is actually the first input that feeds into your process.  

Accurate flow measurement is the start to having accurate mass balances and accurate yield accounting. 





Case in Point
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Fuel theft could be worth $113 billion a year globally, according to industry estimates

Shell has taken measures to avoid repeat 
incidents:



Challenges With Closing Mass Balances
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Data Entry 
Errors

Measurement 
Errors 

Missing Data 

Accurate flow measurements are key to accurate mass balances

Measurement Error 
Sources: 

• Instrumentation Accuracy

• Maintenance and 
Calibration Practices 

• Changes in process 
conditions and 
compositions of materials 
being measured

Presenter
Presentation Notes
Now that we have discussed the importance of  the foundation of establishing accurate mass balances lets talk about the challenges with achieving them. 

There are three data issues that impede on having an accurate closing balance include measurement errors, data entry errors, and missing data.  Achieving accurate flow measurements can be challenging. 

Plant measurements can vary based on instrumentation accuracy, maintenance and calibration practices, and changes in the process conditions and compositions of materials being measured.  Many refiners rely on traditional volumetric measurements which are uncompensated for the changes in composition thus resulting inaccurate measurements feeding into the  mass balance. 

 As mentioned previously, our focus will be on improving mass balances through more accurate flow measurements because it is the foundational input for yield accounting. 



Refinery Plant Wide Mass Balance Challenges 
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Flow Measurement Challenges Sources of Error 
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Process conditions differ from 
design conditions 

Volumetric measurements 
are impacted by changes in 
density 

No online density 
measurements results in the 
need to obtain lab samples 

1. Crude Import Custody 
Transfer Measurement 

2. Density Measurements 
3. Natural Gas Measurements 
4. Fuel Gas 
5. Inventory Changes 

Additional Sources:
1. Coke 
2. Flare 

Presenter
Presentation Notes
There are 3 main flow measurement challenges for closing a refinery wide mass balance: 

Process conditions are different than design in terms of composition feed and products significant errors in flow measurement are realized 
Traditional flow measurements are significantly impacted by changes in the density of the process fluid so this needs to be compensated for viscosity, density, temperature, and flow conditioning for before mass balance calculations can be done 
Often there are no on-line density measurements, so lab samples are taken and analyzed for each mass balance test run during steady state conditions 

These flow measurement challenges result in multiple sources of error feeding into the mass balance. 

We will dive into these sources of error in more detail in the next few slides. 



Meter Performance from Sigmafine
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How Sigmafine® works

Build Model • How the process information is related
• Plant, Process unit, Business Unit, Unit operations, Equipment, Process, etc

Apply Engineering Principles
• Automate calculations

• Simple - PT  Compensations/UOM/M to V conversions
• Comples - Eq. of state (e.g. Peng Robinson), Property estimation (e.g. Klosek McKinley)

Apply Conservation Principles 
& Analysis Rule(s)

• Σ In- Σ Out + Σ Generation + Σ Consumption- Σ Accumulation = 0
• Analysis Rules: Mass, Energy, Composition, Properties

Solve Model for minimal error • Error Minimization (SSR)
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Data Quality KPI - Case
DX Indicator Value Used for assessing

DX0 – Redundancy > 85 % Sufficiency of flow measurements

DX 1 – Imbalance < 10 % Overall quality of a set of measurements

DX 2 – Reconciled Correction < 5 % How much correction required to reconcile

DX 3 – Tolerance DX3 > (DX2, DX1) How well the tolerances are assigned

DX 4 – Reconciled Difference < 0 (negative) Level of distortion between reconciled and 
measured

Generate prescriptions for improving data over time
 Classic example: stack ranking of bad meters
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Indirect Benefits of Sigmafine

• Improving & sustaining meter reliability
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Custody Measurement Types

• Mass and Volumetric Flow Meters

• Automatic Tank Gauges (ATG)

• Marine Vessel Gauging

• Manual Gauging

• Truck and Rail Car Outages

• Weigh Scales



Distribution of Flowmeter Technology

Installed Base of Flowmeter Technology
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		Technology		% Installed Base		Birthyear		Age		Current Year

		Differential Pressure		0.445		1903		104		2007

		Magnetic		0.105		1954		53

		Coriolis		0.096		1977		30

		Turbine		0.095		1941		66

		Positive Displacement		0.067		1801		206

		Thermal		0.05		1970		37

		Variable Area		0.047		1900		107

		Ultrasonic		0.042		1963		44

		Vortex		0.033		1972		35

		Open Channel		0.006		226		1781

		Sonar		0.006

		Optical		0.003

		Target		0.001

		Other		0.003



PC User:
1790 Original invention.

PC User:
1st diaphragm meter in 1843

PC User:
1st aqueduct built 312 BC
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Historical Practice for Mass Balance Meters – Use Volumetric Technologies
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Orifice dP Meters for Process Applications Mechanical Meters for Custody Transfer 
Applications 

• Metering performance affected by fluid 
properties

• Extensive moving/wearing parts
– High maintenance
– Meter factor shift

• NEED to be frequently checked and adjusted

Emerson Confidential

Advantages
• Greatest application flexibility 
• Low purchase price

– Independent of line size 
– Cost effective for larger line sizes

Limitations
• Poor accuracy when uncompensated, 1-5%
• Moderate accuracy when compensated: 0.5-1.5% 

– Having a known fluid density is the key to achieving 
this accuracy

• Accuracy degraded by orifice plate wear, difficult 
to detect

• Impulse lines can plug

Meter Factor Shift



Coriolis Meters Eliminate The Largest Sources of Measurement Error in Mass 
Balance and Custody Transfer Applications 
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• Direct Mass and Density Measurement 
 Not affected by changes in composition, 

viscosity, temperate, pressure, conductivity 

 Rangeability
• 20:1 for custody 
• 100:1 for non-custody

 Measurement accuracy 
 At 20:1 turndown: 
−Mass Flow Rate:  ±0.1 (optional 0.05 %)
−Volume Flow Rate:  ±0.1% (optional 0.05%)

 No flow conditioning or straight runs required
 Not dependent on flow profile 

Emerson Confidential

• Measures difficult and/or viscous fluids 
– Liquid asphalt and molten sulfur 

• Bi-directional Measurement 

• Low Maintenance
• No moving parts

• Two-Phase Flow Indication
• Provides notification of the fluid being 

single phase, moderate entrainment, and 
severe entrainment 

• Smart Meter Verification  (SMV)
• In-situation testing of meter integrity – tube 

stiffness, sensor components, transmitter 
electronics 

• Extend calibration cycles 

Presenter
Presentation Notes
Emerson’s Coriolis meters have several advantages. In addition to the direct, multivariable capability, the accuracy of measurement is significantly better than dP technology.  The measurement accuracy isn’t impacted by changing compositions or process conditions. It doesn’t matter what fluid is flowing through the meter, the accuracy is still intact.  Coriolis technology doesn’t require any conditioning of the flow profile. 

Two phase flow can be detect. This might occur in custody transfer applications if gas breaks out of the liquid like in loading propane as an example. There is software available that can notify you if there is entrainment in the fluid.  

There is also software available known as smart meter verification (SMV) that enables in-situ testing of meter integrity. Integrity issues a meter can face include erosion, cracking, pitting, and coating. SMV can evaluate the health of the hardware and electronics provide data assurance and  help you make decisions around calibration and maintenance. 
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Meter Factor Comparison

Coriolis Meter Factor Turbine Meter Factor

Long Term Meter Factor Stability

Results of proving a CMF300 and 4” Turbine meters with 18” Brooks 
Compact Prover on LPG in refinery in Brazil .

+/- 0.10% tolerance  for Coriolis Meter

+/- 0.13% tolerance  for Turbine Meter

5 Months of Operation
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		Date		Coriolis MF		Turbine MF

		16-Jan-96		0.9988

		24-Jan-96		0.9988		0.929

		9-Feb-96		0.9992		0.928

		23-Feb-96		1.0000		0.929

		8-Mar-96		0.9988		0.929

		27-Mar-96		0.9986		0.929

		28-Mar-96		0.9987		0.929

		18-Apr-96		0.9998		0.928

		21-May-96		0.9999		0.927

		22-May-96		0.9999		0.926

		28-May-96		0.9992		0.925
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Smart Meter Verification Delivers Confidence in Measurement
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Presenter
Presentation Notes
Smart Meter Verification allows the user to perform an online verification of the meter accuracy according to factory standards by verifying the structural integrity (tube stiffness measurement) of the sensor and the electronics. 

With Smart Meter Verification, the necessity to calibrate transmitters or pull orifice plates or other primary elements to verify measurement accuracy is eliminated. Most regulatory agencies and governing bodies recognize the meter manufacturer’s recommended practice to verify accuracy. Simply running SMV while the meters are fully functional during normal operations meets the requirement. Often if a regulated metering point is found to be in error, a fine must be levied since the last time it was proven to be accurate. With the ability to run SMV at regular intervals and the ability to store the reports both in the transmitter and externally, the risk of violations and fines is significantly reduced



Standards for Coriolis Meters
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Example: Tanker Lightering using Coriolis

Barge

CMFHC3
On Barge Deck

CMFHC3 Below the Deck of 
Maersk Vessel

D-Class 
Maersk Vessel

Hose

Day Tanks

Presenter
Presentation Notes
The hose is owned by the Barge.
 The length will be different in length and diameter.
In other words for each barge that has a meter on and where we want to determine the systematic dead volume generated by the hose needs some sort of calculation of that volume specifically for that barge with that hose.

·  What's the viscosity range of the fuel? - 380 to 700 cSt 
·  What's the temperature range of the fuel?  - 35 to 80 degC 
·  Will the MAERSK vessel loaded in Mass or in Volume?  Mass 
·  Is the barge reference Volume 15 degC?  no, mass 
· 



Common Sources of Error for Refinery Mass Balance
Flare Measurement 

22

Flare

• Losses through flare are typically the largest source of 
identifiable loss 

• Measurement challenges:
– Wide turndown requirements
– Widely changing compositions 
– Very low gas pressure
– Fully developed flow profile at low end difficult

• Uncertainty is often above 10% at the low end but 
technology advances can significantly improve that 
performance

• Measurement technology:
– Ultrasonic meters + Gas composition analysis either by 

lab sampling, GC or Mass Spectrometry
– Technology enhancements for ultrasonic meters resulting 

in improved accuracy
• MW calculations using sound speed of the gas
• Correction factors from computational fluid dynamics

Emerson Confidential

Presenter
Presentation Notes
Uncertainties associated with Coke measurements are typically amongst the highest at many refineries, often in the range of 5-10%.  If the refinery configuration includes a coker, the coke pile is one source of uncertainty, and then the coke burned in the FCC unit is another source.  Regarding the FCC Coke, the mass of carbon and hydrogen burned is calculated through measurement of the air inflow and the exhaust concentrations of CO2, CO, O2 and N2.
Measurement of the coke pile is typically a big challenge for refineries.  
 

Losses through the flare system are typically the largest source of identifiable loss.  The flare system is primarily a safety system and must be available to burn off excess hydrocarbon whenever a plant upset is experienced, as well as burning off excess gas or leaks from processing units.  There is increased focus in control of the flare, and of course any improvement in control begins with measurement. Although flow technology measurements have improved over the years, at low flow rates, the uncertainty is often above 10%, due to numerous challenges including very wide turndown requirements, widely changing composition, and very low gas pressure resulting in ill-defined flow profiles.  Ultrasonic meters are used in the vast majority of refineries.  Advances in flow profile modeling and diagnostic information from flow devices has improved these measurements significantly.  Gas composition analysis either by laboratory sampling and analysis, or on-line GC or Mass Spectrometry is also necessary for both environmental reporting and mass balance purposes.
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Custody Transfer and Inventory Tracking – ATG (Radar)

• For the calculation of a transferred 
quantity the tank gauging system 
requires:

– Level, at start and end of transfer

– Average product temperature, at start and 
end of transfer

– Density (or API gravity), at start and end of transfer.

– Base Sediment & Water

– Tank Strapping Table



Accuracy of Automatic Tank Gauging

1  API  ± 3/16" (4 mm)

2  PTB, Germany

3  NMi, Netherlands

4  OIML, International

5  TankRadar



Uncertainty of Tank Volumes and Mass is highly dependent on instrumentation 
and maintenance of the tank

• Tank Gauging System Installation Method
• Uncertainty in Tank Capacity Table

– Calibration method
– Maintenance of strapping table

• Uncertainty in Average Product Temperature
– Multi-spot

• Uncertainty in Density Measurement
– Manual sampling (sampling procedure and laboratory)
– Automatic (precision of the pressure transducer)
– Stratification of fluid in the tank



How to Improve Mass Balances 

• Evaluate your current closure of your mass balances 
– How does your refinery wide balance compare to your target or expected benchmarks?
– Are there some process units that are more difficult to close?

• Use Sigmafine to identify measurement issues 
– KPI’s to evaluate current systems and help to prioritize

• Critical balance points to prioritize 
– Crude import
– Crude charge to the crude unit
– Conversion unit feed rates 
– Primary products for accurate yield data
– Unconverted bottoms

• Perform an audit of prioritized measurements 
– Understand contributions to measurement uncertainty and the overall accuracy and possible biases
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Presenter
Presentation Notes
To get started with how do you tackle improving your mass balances these are often the considerations and questions you need to ask.

Consider where you are today with closing your mass balances? How does your refinery wide balance compare to your target or expected benchmarks? Are there certain process units that are more difficult to close? 

Think about the most critical points in your mass balance. 

Determining the value of having accurate measurements in your process unit balances to evaluate yields, conversions etc. in order to make better decision to optimize the unit 




Key Takeaways 

Need to understand where there are missing or inaccurate measurements through the 
use of Sigmafine 

Using traditional technology in mass balance applications result in inaccuracies  

Accurate data is needed to make better operational decisions that in return result 
in better reconciliation, reducing losses, process optimization, and savings 

Emerson combined with Sigmafine have the technologies and expertise to help you 
improve your mass balances

27Emerson Confidential



Thank You
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