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Integrated Mass and Energy Balance of olefin plants
with Pl System and Sigmafine
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Customer situation

 Business
— Large producer of olefins (ethylene and propylene)
— Large producer of polyolefins

 Process
— Multiple plants with several cracking furnaces each
— Main feedstock: ethane

— Interconnections of utilities among plants, especially
steam system
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Customer situation

« Existing infrastructure

— PI® system for process and laboratory data (one
dedicated to each plant)

— Excel based reports based on raw data aggregation
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Requirements: a scalable solution natively
integrated in existing infrastructure
« Scalability
— Support changes in the plants
— Add plants to existing base
— Possibility to expand solution to include polyolefins
* Integration
— Become seamless part of existing infrastructure

— Boost corporate accounting and reporting in a fully
auditable and trackable environment
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Objective: a unique solution for accounting and
engineering purposes
* Production accounting
— Get accurate production and consumption of materials

— Provide validated and reconciled figures to finance
(ERP, corporate reporting)

 Engineering
— Support users with reliable parameters and KPIs of
main equipment

© Copyright 2018 OSlsoft, LLC
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The “dream team” to address Customer wish list

) Pl Data Archive Real time data
collection

Hierarchical

Pl Asset Framework .
organization

Model based
Analyses




Sigmafine plugs in the Pl Asset Framework

(g Element Templates

: SF_AnalyzerTemplate
SF_CaseResultsTemplate
SF_ComplexanalyzerTemplate
SF_CompressorTemplate
SF_DensityMeterTemplate
SF_EnergyMeterTemplate
SF_FlashTemplate
SF_FlowTemplate

Templates

Sigmafine populates
AF with templates for
equipment, tanks,
meters and streams

= EES

Elements inherits
properties from
templates and are
linked each other
through element
connectivity

;i'_z'l Components

:i'_z'l Composition Tracking

:é LMG Calculation

: Sigmafine

:;:él Tank Volume From Gauge
:i'_z'l Thermodynamics Package

;:é oM

Data References

Calculations to
support
measurement
compensation,
accounting,
thermodynamic and
steam tables

;17_31 Component Mass Balance
:17_51 Composition Tracking

:@ Energy Balance

:@I Gross Error Analysis

s Quality Tracking

;17_31 Sigmafine Balance

;:lﬁ| Volume Balance

Analyses Rule

Enrich AF with the
Sigmafine plugins to
perform mass and
energy balance data
validation and
reconciliation
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Graphical Sigmafine model within Pl system

Blements | Templates | Model

\Y/[oYe [S1KS

&9 F_11FIE246

& F_11F6247 Pl
& Furveiz T
- & F_1THEG03-11KC601_3
- &) F_1THEG03-11KCE01-3
& F_11HEED40UT
&) F_11HEEDS0UT
o £ F_1TKBD1_3-AS
&) F_11KB01_4-AS
o ) F_1TKCE01_3-11HP414
&) F_11KCE01_3IN
o 0 F_1TKCB01_4-ASMIXIN
o & F_1KCE01_4IN
o 0 F_1TKC01_IN
&) F_11KCB01_LOSS
& F_11KT601_1-11KT601_2
F_11KT601_2COND
- & F_11PIC6104
& F_11PvE103
& F_1IVT410-11KCE01_3
e £ F_C2_T1KCE01_24N
H_11FIG112A
H_T1FIE1T5
H_TIFIE1T7A
H_TIFIE119A
H_11FIG245
H_11FIE247
H_T1FVE102
H_11HEBD3-11KCE01_3
H_1THEGD40UT
H_1THEGDS-OUT
H_T1KED1_3-AS
H_T1KEO1_4-AS
H_11KCED1_2_OUT
H_
H
H
H_
H_
H_
H
H_
H_
H_

T1KCE01_3-11HP414
T1KCE01_3-IN
T1KCB01_4-ASMIXIN
T1KCB01_4-IN
11KCE01_LOSS
TIKTE01_1-11KT601_2
11KT601_2-COND
11PVE103
TIVT410-11KCE01_3
TIVTA10-VAR

| B R

assets

Graphical
representation
of assets and

connectivity

Mg

Assets’ attributes

[=] Compression_Ratio

2,801055093683368

el
8 ®| = Eficiency 6,3812761084672 %
B ®| ] Biciency lsoentropic | 123,557251704345 %
. _ 8| =] EnergyBalanceFlag | True
s @ ®| = Head Okirkg
R B @] Z1 Inlet_Density 9,24 kg/m3

B ®| = Ilet_Enthalpy 32741 kg
B 8| = ket Pressure 7.41812595653381 barig)
B ®| = Inlet_SpeciicVolume | 0m3kg
B ®| = et Tempersture | 31,8246366452471 °C

= | =] k_average 1.2152530626672586

- ) (=] MeasuredMass 355732,807163915 kg
B =] ObjectStatus 15
B (=] Outlet_Densty 26.55ka/m3
B (=] Outlet_Erthalpy 1131601 kl/ka
B (=] Outlet_Pressure 22 6034985698085 barig)
| (=] Outlet_SpeciicVolume |0 mavkg
B =] Outlet_Temperature | 82,059514082973 C
B (=] Poltropic_exp 1,2629652190166281

B/ (=] ReconciledComponen .| Not Corfigured

® 8| 5] ReconciledEneraylmb._ | 23705950,3333645 kJ
B ®| E] ReconciledFnemyTest3 | 14,62851202866471
®  ®| =] ReconciedFnemyTestd |9,33753804383511
®  ®| =] ReconciledEnerayVari . | 2333360k
®  ®| 5] ReconciedMassimbal_ |-197kg

e m m =D T3 | nnoc
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Overall architecture

P1 graphical clients

Pl Servers

[

»

T

A

@

Web reports

) S,
)

Sigmafine and
SQL Server

NI 3SADd

Corporate
data
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Targeting Business and Process
Requirements In one shot
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Process overview
Quenching
& Heat
W recover
Furnaces
Fuel gas N _,®
ED Chillers &

HOT Section COLD Section
=

Craked gas
compressor
—L LD

Feedstock
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Business and Engineering Targets

ACCOUNTING ENGINEERING

Most valuable productions

Most valuable consumptions
Specific hydrocarbon loss and flaring
Ethylene yield

Specific energy consumption
Specific chemicals consumption

Most relevant utilities consumption
including integrated steam system

Cracking furnaces’ efficiency

Cracking furnaces’ duty and heat
recovery

Power consumption of largest
compressors and turbines (per stage)

Efficiency of largest compressors and
turbines (per stage)
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Detailed Sigmafine model merges Accounting and
Engineering targets in one scenario

- Data validation rules within Pl AF
— Handling BAD values
— Data freeze detection
— Data constraint / replacement
« Mass and energy balance analysis
— Solve simultaneous mass and energy balance

ADVANTAGES DISADVANTAGES

Increased redundancy level Higher model complexity
Allows calculation of both material and Non-linear model requiring iterative
energy related indicators solution

© Copyright 2018 OSlsoft, LLC 14



Evaluation of unmeasured streams from valve opening

Use Sigmafine Pl AF
templates for valves
supporting ISA-like
calculation based on valve
type and characteristics

(e.g. flare flows)

Include tables in Pl AF to
look up for flows according
to valve opening (e.g.
steam let down stations)

1
0,8
0,6
0,4
0,2

0 0,204060,8 1

Geometric

Process
data

properties

PS4
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Name 2 Value Desaription

[ ActualOpening 0,0164441043330312 - Opening of the valve

=1 Area 0,010703914872114 Current valve area according to ve
(=] CriticalFlow False Check for aitical (chocked) flow
Elev 545 Rated valve coefficent

] EnergyTolerance 0kJ Tolerance

[£] F_gamma 0,383428571428571434 gamma gas / gamma air

=] Gamma 1,238 CpjCv (air = 1.4)

2] InferedStatus Inferred status

=k 632,19955999999593 Rated valve coeffident

=] MassTolerance 17,4667252185045 kg Tolerance

(=] Measuredenergy 0kl Measured flow energy

(=] MeasuredMass 873,336260925224 kg valve mass flow

(=] Measuredvelume ONm3 valve normal volume fiow

(=] Molecularweight 28,05 kg/kmol Molecular Weight

(=] Objectstatus s In service out of service
Elpn 7,50097012910549 bar(g) | Inlet Relative Pressure

=1 Pout 2,26295077553684 bar(g) | Outlet Relative Pressure

(=] ReconcledMassCorre... | 0,1351 kg Recondiled correction

(=] ReconcledMassTestl  0,0079 Testl

(=] ReconcledMassTest2 | 0,0043 Test2

=] RecondledvolumeCer... | 0 Nm3 Reconciled correction

[=] RecondledvolumeTest1 |0 Testl

[=] RecondledvolumeTest2 |0 Testl

=1 Rho_in 9,32kg/m3 Density at inlet conditions

(=] Temperature 47,5734640371814 °C Temperature of the fiuid

=] Type globe Valve type (globe, rotary, butterfi
[Z] VolumeTolerance ONm3 Tolerance for volume balance
Elx 0,61520835427577358 Critical pressure ratio

ElxT 0,7 Critical pressure ratio
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Evaluation of streams’ flow rate and properties through
Sigmafine Thermodynamic extension

Evaluation of phase
equilibrium through
equations of state
(e.g. Peng-Robinson) to
determine  unmeasured
vapor and liquid flow rate

Predict compositions,
specific heat, enthalpy,
etc. to support the energy
balance calculation

-
Data Table Edit

Molar Fraction

8.90723555175376E-08

Component Molecular
»

ETHANE

0.000658663656019045

ETHYLENE

0.99930170587569

METHAMNE

3.95413959352606E-05

| Select flash options:
EoS Method:

BIC Inttizlization:

Phase:

|

|
Flash Type: [Haeh {given temperature and pressure) ]
Irtemal Phase: | Mixed Phase (Defaut) z)
Temperature: [Temperature ]
Pressure: [.PbsoueFreawe ]

g

Calcuiation Type: | Enthalpy of Modure -]
Flash Attribute:

~

[PR (Defaut)

[ Set To Zero (Defau)
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Detailed modeling of a cracking furnace

‘Heatto stack : : :

« Estimation of unknown inputs:
— Air flow to burners

— Calculation of reaction heat based
on conversion

* Output of data reconciliation:

— Estimation of heat recovery from
flue gases

— Estimation of heat losses to stack
and radiant heat losses

— Reconciled process duty and
efficiency

— Effectiveness of quench heat
exchangers

© Copyright 2018 OSlsoft, LLC 17
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Reconciled data provide reliable accounting figures
Gas Ethylene Production

—

4
3,75 g NNK Gas ethylene production is in
35 /‘D/D\D\G reality lower than expected

| BIAS!

3,25
5-Mar 6-Mar 7-Mar 8-Mar 9-Mar 10-Mar
Liquid Ethylene Production
0,6
0,55 n\ Liquid ethylene
0,5 T T R, production is reliable
0,45

5-Mar 6-Mar 7-Mar 8-Mar 9-Mar 10-Mar

~o—Measured -0O-Reconciled
Production in ktpd
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Reconciled data improve KPIs accuracy

* Inaccurate oxygen measurement in furnace flue gases is
overcome by use of redundant information

92 92

g R? = 9,89E-03 g R2 = 0,854
= o o = ..

3 © 90 0 58568 o TE0 Fra. D g

83 2. 38 %g? %o IS | g s}

3 88 3 Sy 080 338 B8 B

g 3 0o 5 2 Y

5 8 86 5 8 86 ......

53 58 F ooy,

@) pinj
= = &
w84 w 84

2 4 6 8 2 4 6 8
Measured Oxygen in flue gases Oxygen calculated from Reconciled data
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Improve reliability in Production M @ -
Accounting and Energy monitoring =%

COMPANY and GOAL -

Large olefin producers wants reliable production ~ Undisclosed  =———=— -
data for corporate accounting and better Customer _JE ? i I G [N
accuracy for KPIs of energy intense equipment *— = [ |

\ 4 T
CHALLENGE SOLUTION RESULTS

Use PI AF to structure the data Higher data consistency and
System is large including three In _as_setspflalnd link WlthI _ robustness in KPIs
production plants, large existing Pl systems, plugging . :
auxiliaries data analyses plant knowledge
» Business and Engineering look at » Got material production and + Corporate data are accurate and
data with a different level of detail consumption, KPIs and main underperforming production can
(plant vs equipment) parameters of all furnaces and be easily identified
main compressors in one shot * For the first time there is one

steam distribution model making
life easier for the energy manager

o MIDDLE EAST KUWAIT REGIONAL SEMINAR



Next steps... from olefins to polyolefins

 Expand the current system to include polyolefins
— Mass Balance of each line
— Batch tracking and data aggregation by batch

« Challenges

— Semi-Batch process with many material movements
currently not well tracked

« Currently under evaluation

— Use of Sigmafine Material Tracking algorithm to provide
information such as batch number and material codes for
each production lot

— Aggregation rule associated with Pl Event Frame generation
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Contact Information

Marco Lanteri
marco.lanteri@pimsoftinc.com

Industry Principal Refining &
Petrochemicals

Pimsoft S.p.A.
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