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Presenter
Presentation Notes
Yesterday some of you participated in a training course on Composition Tracking and today I am here to spend some time with you talking of Component balance and Composition Tracking.

There is a business reason behind it. How many of you are using such analyses? Not many I’m guessing… a majority of Sigmafine customers are thinking in terms of mass balancing and production accounting. 

Which is pretty fine, but I am here to tell you that you can do much more and address different business requirements in your company with Sigmafine. Beyond or on top the production accounting.



More answers to business and operations with 
Sigmafine advanced analyses
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How to back allocate production by oil wells and by
shareholders?

What is the cost of a production batch?

Can I improve the estimation of valuable metal content
in the ore?

Presenter
Presentation Notes
Here are some of the requests we receive. Can Sigmafine enable me to answer these questions?

As you can see they are coming from very different industries: oil & gas, pharma, mining…

How can one software provide answers to such a broad range of industries, with very different processes?

There are two main reasons:

First principles are inherent to all of them
PI Asset Framework which is the Sigmafine backbone is flexible by nature




The Sigmafine analyses portfolio
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Reconciliation analyses:
• Sigmafine balance: linear, based on mass, volume, energy, etc.
• Energy balance: bilinear, coupling mass and energy balance
• Component balance: bilinear, coupling mass and 

components

Tracking analyses:
• Composition tracking: tracks string data type across the model
• Quality tracking*: infers physical numerical properties for

blends of materials
*As additional license

Presenter
Presentation Notes
Let’s recap the rich portfolio of analyses that you receive when you get a Sigmafine license.

We can distinguish two main classes: reconciliation and tracking.

Last year we provided insights on the Sigmafine energy balance and a webinar has been performed in April on this topic. I encourage to surf the Resources of our website where you can access that presentation. https://sigmafine.pimsoftinc.com/resources/sigmafine-summit-2018/

This year we will survey some use context of the other analytics: it will be a value oriented presentation: technical details on the specific analysis will not be covered in this session but the Sigmafine team is here and you can get in touch with us during the day.



Composition Tracking
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Composition Tracking follows material dynamic
of the facility
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Composition Tracking follows material dynamic
of the facility
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Composition Tracking follows material dynamic
of the facility
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Most common theoretical mixing models

LIQUID TANKS

WELL MIXED (tanks 
with homogeneous
materials)

BAFFLED (tanks with 
an internal baffle)

MAKE-UP PURGE 
(tanks where fluid
mixing is slower than
fluid withdrawal)

PIPELINES, SILOS

FIFO (separation
layers, plug-flow 
modeling for pipelines)

STOCK PILES

LIFO: last loaded is the 
first to be removed
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Presenter
Presentation Notes
In the node pictured in the slide before, packages are interacting, therefore we need to establish a way how this happens. This is even more relevant for inventories, such as tanks, pipelines and stock piles.



Aggregation of crude types and daily totals
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Presenter
Presentation Notes
Now let’s see some use cases. The first one is an application in downstream, specifically in a Canadian refinery. The fact that composition tracking results are data table based rather than single values complicates the fruition of the results. It is very effective the use of Business Intelligence software (in this case they applied Tableau) to extract the information and visually have a very clean representation of the overall material stocks as well as how crudes are received and consumed over time.



Production allocation according to the source
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Presenter
Presentation Notes
A second example is applied in upstream and solves a back-allocation problem: where the oil and gas that I am delivering is coming from?

The label attached to the information packet in this case is not the material code but the name of the well.



Allocate production by shareholder

WELLS’ OWNERSHIP OIL PRODUCTION BY SHAREHOLDER
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Presenter
Presentation Notes
Also in this context you can solve an even more complex problem: the multiple shareholder allocation of production.

Here we have three shareholders, each one having a different quota per well.

Ownership information attached to each packet are followed from production to the export allowing the correct assignment of export quota per each shareholder. 

On the right you can see the trend for the oil production (we can generate a similar view for the gas production).




Cost evaluation of a pharmaceutical production
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Presenter
Presentation Notes
The last example I would like to share with you is an application of tracking with pharma. To be specific, the production of this biopharma plant takes as input a set of raw materials (from 20 to 30), they are stored and mixed in some tanks before going to the fermenters where the protein production takes place. Not always the feeding steps go smoothly (e.g. sterilization cycle doesn’t perform as per requirement) therefore waste is produced too, impacting on the overall yield and cost of the batch.

In the end the question our customer posed us: are you able to quantify the cost of each production batch?

The answer is yes, by applying the tracking of raw materials from the receipt points down to the final product or the waste routes. By aggregating the information over the batch and associating the quantities with the cost of each raw material we managed to provide the answers the customer was looking for. 



Aggregation of tracking results by material and 
by inventory

PRODUCTION WASTE
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Presenter
Presentation Notes
These are some views in Power BI of the results over the days, with the details for Production and Waste of the associated costs.

The customer built on top of the Sigmafine results a ML-layer to correlate batch production costs with process parameters to identify optimal batch duration.



Component Balance
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Data reconciliation analysis that applies
conservation of mass and chemical species
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Balance constraints:
∑𝒊𝒊=𝟏𝟏𝒎𝒎 𝑭𝑭𝒊𝒊,𝒋𝒋 = 𝟎𝟎; 𝒋𝒋 = 𝟏𝟏. .𝒏𝒏

where n is the number of balance points

∑𝒊𝒊=𝟏𝟏𝒎𝒎 𝑭𝑭𝒊𝒊,𝒋𝒋 � 𝒙𝒙𝒊𝒊,𝒌𝒌 = 𝟎𝟎; 𝒋𝒋 = 𝟏𝟏. .𝒏𝒏; k = 1..s
where s is the number of chemical species

Optional:

∑𝑘𝑘=1𝑠𝑠 𝒙𝒙𝒊𝒊,𝒌𝒌 − 1 = 0

Presenter
Presentation Notes
Component balance, as introduced before, solves a proper data reconciliation problem, where constraints are reported in a simplified form.

The first constraint is the «classic» mass balance constraint.

The second constrains mass by component fractions.

The last one constrainst the summation of fractions to be 1 (or 100%). This is optional as sometimes you are interested in reconciling only a subset of components (we will see an example when talking about metal accounting)



Validate Multi Phase Flow Meters through
measurement redundancy after phase separation

• Use both gas and oil export 
measurements and the less
accurate MPFMs

• Apply component balance to 
reconcile overall mass and phases

• Associate appropriate tolerance to 
each meter for reconciliation tuning

• Address poor performing meters based
on Sigmafine quality indicators

• Automatically run the Analysis for near
real time monitoring (e.g. hourly run)
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Presenter
Presentation Notes
Let’s go back to the example of the oil field we used before for composition tracking. 

The aim of this example is to assess data quality of instrumentation. More in specific assess measurements of MPFMs agains export measurements. Measuring multiphase flows is always quite tricky for the intrinsic complexity of having gas oil and water mixed together and flow regime that may vary over time. On the other side, oil or gas flows to the export pipelines or in the local inventories before shipping is quite reliable. Component balance allows reconciling all these information at once and sustaine an on-line monitoring of the measurement data quality. 

In this specific case, the components are not the chemical species but the phase fractions (gas, oil, water).



Measurement reliability dashboard
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Validation of 
MPFM

Phase split data

Validation of wells
production

Validation of 
exports and 
reinjection

Major issue in gas 
phase measurement

of well 101-A

Overall production 
rate looks fine

Bias on gas 
measurement of 
export pipeline

Presenter
Presentation Notes
In this example Sigmafine is performing hourly automatic runs: results are published back to PI system and a set of asset analytics is running on top. 

Final results are displayed in a few PI Vision dashboards….



Detail on the worst performing MPFM with 
unreliable Gas/Oil ratio

30-Oct-19 © 2010-2019 - PIMSOFT INC. - SIGMAFINE IS A REGISTERED TRADEMARK OF PIMSOFT INC. 18

Validated figures and 
KPIs (e.g. GOR)

Data Quality
indicators

Presenter
Presentation Notes
This second dashboard is templatized by well: we created one and this is automatically mapping all the wells, telling if measurement and KPIs such as Gas Oil Ratio are reliable or not.



Metal processing affected by data quality issues: 
poor / missing data
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Slurry – 442 t/h

Flash Concentrate – 3,3 t/h

Final Concentrate – N/A

Tail – N/A

Grinding & Floatation Circuit



Component balance for metal accounting

Metal accounting
• Reliable and consistent metal 

content and recovery yields
• Estimation of missing measurement
• Consistent with AMIRA code

Environment
• Improved water balance (fresh water 

consumption and waste water)
• Auditable by environmental 

authorities
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Sigmafine analytics data engineering map
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Real-time Hour Day Month

Oil field meter monitoring: on-line detection of anomalies in measurements, supporting
digital oil field initiatives

Batch cost allocation: accounting raw materials and waste related to a production 
batch and feed Machine Learning to find optimal batch duration

Back-allocate oil and gas production by source and by shareholder to assess
wells’ performance and accurate billing

Material tracking: verify process unit or product 
yield vs. feed mixture

Metal accounting: improve estimation of metal 
content in the ore and recovery yields

Component balance
Composition tracking



Component Balance vs. Composition Tracking
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Component Balance Composition Tracking

Solver type Data reconciliation Tracking and mixing rules 

Operates on Values Strings and Values

Data source Analyzers Business information

PI AF structure for inputs 
and results Data table Data table

Configurable at asset level Yes Yes

Presenter
Presentation Notes
A quick comparison between the two analyses which have a similiar name but a totally different approach.
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