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Coker Heater Optimization & RevampCoker Heater Optimization & Revamp

•Heater often unit limit
•Coker often refinery limit

–Refinery throughput
–Refinery crude slate

•Getting more from heater can be very valuable
•Refiner will look to optimize or revamp the heater

–In house heater evaluation may be beyond refinery 
capabilitycapability

–Refiner may need to utilize third party engineering 



Getting Your Heater Evaluation Done Getting Your Heater Evaluation Done 

•Coker heater unique in refinery
–Reactor coil
–Worst feeds

Shortest run lengths–Shortest run lengths
•Unique properties make coker heater evaluation 
complexitycomplexity

•KBC to outline how we handle the unique features
•Reference point for when heater revamp becomes•Reference point for when heater revamp becomes 
refinery goal



KBC BackgroundKBC Background
2006

Acquires TTS Performance Systems for Human 
Performance improvement services and Veritech to 
extend Energy services

2004 Petro-SIMTM – Plant-Wide Flowsheet Simulation Software 
released

2002
Acquired PEL for Oil and Gas market analysis and Linnhoff 

KBC Office Locations

2002 March to enhance Energy services 

Created Petrochemical, Gas Processing and Energy Industry services2000

1995 Created On-site Implementation Services

1996 Developed Reliability, Availability & Maintenance services

1979 KBC founded as independent consulting company, specialising in energy improvement in refineries

1986 Developed Petrofine simulation software
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What We DoWhat We Do
• Provide Independent, Objective Advice
• Enhance Capital & Asset EffectivenessEnhance Capital & Asset Effectiveness 
• Improve Operational Performance
• Increase Competitive Advantagep g
• Meet Individual Client Needs with 

Consulting + Implementation + Technology PeoplePeoplePeople

Technology

& Tools

Technology

& Tools

Technology

& Tools

MethodologyMethodology
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KBC Background in CokingKBC Background in Coking

•Have performed operations reviews/profit 
i t l ti 60 k iimprovement evaluations on over 60 cokers, in over 
50 sites, representing over 1.5 MM BPD of coking 
capacitycapacity.

•Over course of last three years, participated in 
licensor selection process on 10 grass-roots cokerslicensor selection process on 10 grass roots cokers
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Design/Revamp ChallengesDesign/Revamp Challenges
• Actual inlet stream to the heater probably 

kunknown
• Modeling heater for potential revamp not 

straightforward
– Outlet stream is not inlet stream

Different composition
Different physical and thermal properties
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How do you?How do you?
• Characterize the feed to the heater?
• Account for the reaction occurring within the 

coil?
• Project the impact of process/heater 

configuration changes on heater run length?g g g
• Assess impact of feed quality changes?
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Defining Heater Inlet StreamDefining Heater Inlet Stream

• Defining the recycle feed to heater
– Generate recycle stream in kinetic model

KBC uses DC-SIM
DC-SIM can generate both recycle and heater feed 
streams

G t l t b h t d t i l– Generate recycle stream by heat and material 
balance around column flash zone
DC SIM can be imbedded into PetroSIM– DC-SIM can be imbedded into PetroSIM 
flowsheet
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DCDC--SIM Overview PageSIM Overview Page

EXTERNAL QUENCH

Quench Configuration
DC-SIM Coker Configuration

CONVENTIONAL

PROFIMATICS

METRIC - M3

Engineering Units
Wet Gas

Model Title
FC

TC

EMPTY

COKER NAPHTHA

Stream Selectors

1

2

Ext Flow Quench              

Ext T Control Quench                  

Stream #2 Redraw Tower

Drum

F
R
A
C
T
I
O
N

DrumLight Coker GO                          

Coker Naphtha           

Light Feed 

COKER NAPHTHA

LIGHT COKER GO

COKER KEROSINE

2

3

4

Stream #2             

Tray 4

HGO Draw Stage

N
A
T
O
R

Heavy Coker GO                          

NONE

Vel Gas Oil to Furnace
HGO - 1 HGO - 1

 Feed 4 Stage     Feed 5  Stage

Feeds 1-3

Furnace

Furnace Feed

Steam or 
Condensate

APIMol. Wt. Method
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DCDC--SIM Tower BottomsSIM Tower Bottoms

323
A C D E F

    -Tower Bottom Mass Rate lb/hr 410315
324
325
326
327
328

    -Tower Bottom Volume Rate bbl/d 26212
    -Tower Bottom Temperature °F 584
    -Tower Bottom API Gravity °API 0.52
    -Tower Bottom Specific Gravity 60/60 deg F 1.0718

Tower Bottom Sulfur wt % 5 1115328
329
330
331
332

    -Tower Bottom Sulfur wt % 5.1115
    -Tower Bottom Nitrogen wt % 0.5191
    -Tower Bottom ConCarbon wt % 29.68
    -Tower Bottom Metals ppmwt 789

-Tower Bottom TBP 00% Point °F 600 3332
333
334
335
336

    Tower Bottom TBP 00% Point F 600.3
    -Tower Bottom TBP 10% Point °F 1049.1
    -Tower Bottom TBP 30% Point °F 1183.4
    -Tower Bottom TBP 50% Point °F 1283.9
    -Tower Bottom TBP 70% Point °F 1404.0

337
338
339
340

    -Tower Bottom TBP 90% Point °F 1522.1
    -Tower Bottom TBP 99% Point °F 1584.8
    -Tower Bottom K-Factor --- 11.27
    -Tower Bottom Mol Wt --- 754
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Coker Flash Zone H&MBCoker Flash Zone H&MB
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Characterizing Oil thru CoilCharacterizing Oil thru Coil

• Defining oil through the heater
– Requires understanding conversion through the 

heater
– KBC uses VIS-SIM

Tube by tube kinetic visbreaker model for heater 
process side
As coker heater, reaction tuning factors typically left at 
default valuesdefault values
Performs reaction and pressure drop calculations
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KBC VISKBC VIS--SIMSIM
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KBC VISKBC VIS--SIM Heater ProfileSIM Heater Profile
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Generating Fluid PropertiesGenerating Fluid Properties

16



Solving Overall FurnaceSolving Overall Furnace

• Details heavy oil 
h i l ti

Petro-SIM™
Firebox Simulation

physical properties
• Delayed coker yields 

for heat balance in the 
tower flash zone
Th l ki i

• Detailed tube-by-tube 
radiant heat transfer

• Detailed tube-by-tube 
con ecti e heat transfer

Heat Flux Must Be 
Equal• Thermal cracking in 

heater radiant coils
• Heater process side 

hydraulics

convective heat transfer
• Fire box flue gas 

hydraulics

Equal
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Converging Kinetic/Firebox ModelsConverging Kinetic/Firebox Models

• PetroSIM used to generate:
Li id d ti f il fl id– Liquid and vapor properties of coil fluid

% vapor, densities, heat capacities, thermal 
conductivities, viscosities, surface tension, ,

– Properties transferred to commercial firebox 
simulator via property grid input

• Commercial firebox simulation used to 
generate heat fluxes, transferred to VIS-SIM

• Models run iteratively until no change in 
fluxes
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Step Out CasesStep Out Cases

• Once the base case model developed, can 
be sed to e al atebe used to evaluate
– Velocity steam strategy

Q tit i j ti l tiQuantity, injection location
– Heater configuration

T b di t t b l th b f t bTube diameter, tube length, number of tubes
– Other operating variables

Feed changes light recycle etcFeed changes, light recycle, etc
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Step Out CasesStep Out Cases——Heater FoulingHeater Fouling

• Addressing changes in heater fouling
C ki d– Coking tendency

Performance versus KBC coking curve
P j t d l th– Projected run length

Using KBC coking rate equation
F d lit i t– Feed quality impacts

Evaluating potential for asphaltene precipitation in the 
coilcoil
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Coking Tendency: Coking CurveCoking Tendency: Coking Curve
• From series of 

heavy oil heater
Figure 1
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Coking Tendency: ExamplesCoking Tendency: Examples
Anonymous Heater Effect of Velocity Steam on Coking
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KBC Coking Rate CalculationKBC Coking Rate Calculation
• From the coking curve, KBC derived coking 

rate equationrate equation

• Form of the Arrhenius equation:q

Relative Coking Rate = (Constant)
(Base T – Case T)

* (Case Time / Base Time)Relative Coking Rate  (Constant) ( )
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Asphaltene PrecipitationAsphaltene Precipitation
• KBC has developed physical property called Aromatic 

Blending Number (ABN) g ( )
• ABN is a function of BMCI (Bureau of Mines Correlation 

Index

• ABN is a primary indicator of oil stability & oil’s capability as 
asphaltene solvent
F t ith h lt ABN 40 ti l (• For streams with asphaltenes, ABN = 40 times p-value (or p-
value = ABN/40)
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Heater Cracking SeverityHeater Cracking Severity
• As part of visbreaker modeling technology KBC has 

developed physical property called Maximum Visbreaker p p y p p y
Conversion 

• Maximum visbreaker conversion a function of asphaltenesMaximum visbreaker conversion a function of asphaltenes 
and BMCI (Bureau of Mines Correlation Index)

• Maximum visbreaker conversion is the 400- conversion atMaximum visbreaker conversion is the 400 conversion at 
which the visbroken pitch product reaches minimum stability 
target

• Heater severity is the conversion/maximum visbreaker 
conversion
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Tracking ABN and Heater SeverityTracking ABN and Heater Severity
Anonymous Heater, ABN & Severity Profiles
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ABN and Heater Severity (2)ABN and Heater Severity (2)
Visbreaker Heater
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Coker Heater Design ConsiderationsCoker Heater Design Considerations

• Feed characterization
H i l d f / h i d?– How is recycle accounted for/characterized?

• Oil characterization through coil
– How is change of composition addressed?

• How are run length projections made?g p j
• How are effects of feed quality changes 

assessed?assessed?
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KBC Contact InformationKBC Contact Information
• Steve Hyde

h d @kb– shyde@kbcat.com
• Sim Romero

– sromero@kbcat.com
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