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Wiring
FCE
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I ntegration of Planning & Scheduling

© 2002 Toyo Engineering Cor por ation Page 7




LFe s

L [ g | Ceamrey =i|n-:|r-
= = — ERET T
=4 G |l = B i —————————!
L I

. vl 1 - ke Pl [ on i ! P’
ﬂhnﬂ [ - | | T

T S o] i ¥ Frrweme Eewn
- = taarres  Sewl a 1T T 1 e
Foi . el ] || et I._"EL_ i e TE Biprd
b ek [ | i, oy RN | f e i e
e || T we i i e r—

TS & e T | =T Fomral AR
B S S —
LY T T "'—II" THi Iod R
S | [Rera—
el Faurd O
|IJ =
s ey = &
Tl TECF

© 2002 Toyo Engineering Cor poration

giﬁii I

Sample: Screem, for 31 Mode!| Service:

T SR Sy SEw EEClew -

bl =

-
—

MR RN

TEE PR

Lomt fommimer
P

Bmsain Fage

re—

u

30 MODEL PAGE

= T Fham b b v
i oy

k] T e
e e eeretdl eeiow

Vi it I Aleileiy

Ve v D il

LRty

© 2002 Toyo Engineering Cor por ation

Page 9




Madel| Review; by, Streaming; Technology,

iy e @iy oy Py caew

aos @2 W2 BaAd a2 S 3

PR n e ———— S
Lrmr = LR B L B

-

=

-

®

=

L

LR TR

— mid e = = =l— EEIm e
—_— = T
& T
© 2002 Toyo Engineering Cor poration Page 10 g—..m

Annual maintenance & repair cost (including a turnaround)

Production
iqprovement

Valves PUMPs An example from

% % o Ethylene Producer
Piping
24%

Towers & vessels
8%

Turbine & compressors
10%

Heat-Exs

Heaters
14%

20%

Elect. &inst.
15%
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Optimum maintenance program
based on LCC index

Prevented by

Optimization based on economic index

Production aintenance

ESD/HIPS
[}
S ~
> @
= @
5 <
5 Maintenance program g
% based on LCC minimum 35
= wn
@ g o
o
c 28
IS s a
c Q.
[} (=
IS 2
= ) o
< Maintenanc 3
—1 expenditure
Fix after Fix after Condition-based Frequent Time-
accident ? broken maintenance based maintenance
Break-down Preventive
maintenance maintenance
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Cost components modeled in the LCC analysis @
Production aintenance
“qprovemen? gl
Maintenance Repair & Materials and
LCC t replacement
COoSs works spares
Sub-contract
cost
Inspection Decoking
works cost
Loss Revenue
cost impact
Damages to
equipment
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Mechanical Integrity Diagnosis by RBI

LIKELIHOOD CATEGORY

RBI (Risk Based Inspection) : plant risk assessment tool

. similar methodology to APl RBI
» Forinstance :

. Static equipment & piping

*  Likelihood

. Leakage by damage

*  Consequence

. Flammable and toxic effect

CONSEQUENCE CATEGORY

e Plant risk = likelihood x consequence
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On-line performance
monitoring with MENTOR CM

REB211-240C

= Integriti Solutions
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On-line corrosion & fouling
monitoring with MENTOR CHx

Production aintenance

provemeni4optimizatior:

Appearance of sensor

-
o —
w Integriti Solutions
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Ssangyong Refinery Project (Korea)
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Overall Block Flow Diagram of Ssangyong Refinery Project

PHASE 1
NAPHTHA HYDROGEN | H, T l;:g::ﬁrgﬁ
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H,s SULFUR s e
RECOVERY
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AR FROM CDU - A
————» D CRACKER KEROSENE
u (IEP) LsGo ~
VR NAPHTHA
HDS L
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HYDROCRACKING ASPHALT >
COMPLEX
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CRACKING COMPLEX ws SULFUR
; RECOVERY
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HYDROGEN
(TOYO) L
i MTBE RAFFINATE »
Ha (IFP)
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MTBE
VGO METHANOL GASOLINE
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Mangalore Refinery & Petrochemicals Ltd. Project (India)
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Mangalore Refinery & Petrochemicals Ltd. Project (India)

Plant 2
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Background

» Ownership cost > Acquisition cost !

Total LCC

Ownership
cost

© 2002 Toyo Engineering Cor por ation Page 25 Exber g




Asset Classification

Building
and
Facilities

Visual Information
Management System

Page 26
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2

Improvement of business processes

3 Plant uali Production
: ma%ageﬁ{ent Planning &
: management
Plant
maintenance Inventory &
Procurement
Cash flow _ management

Operations, and

Client

Database of
Engineering,

maintenance

LCA: Life cycle assessment =~
RAM: Reliability availability maintainability
RBI: Risk based inspection

RCM: Reliability centered maintenance
SCM: Supply chain management
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Asset-management-supported-by
plant risk management

“op ERP
management Asset management
Asset

. management
Middle
management CMMS
Plan risk Criticality classification Plant Risk
management Inspection data control system ~management

Monitoring system

Work sequence
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Maintenance Improvement with Planned Maintenance

Avairability of Facility 100%

Shutdown by Lﬁnplanned inaintenande

' v
ShutdO\an by other reasons Scheduléd ShutdoMn

Improvement of Shutbown causjes

' | |
Hidden unplanneb maintenajnce
l | |
Improvement by planned;Maintence!
|
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Maintenance| TO-BE 2/2

ASIS TO-BE
Short range mid range

i with with
Current Maintenance ! More Scheduled Remote
Procedure and Criteria i and Planned Monitoring

I Maintenance

Maintenance Maintenance
Knowledge Knowledge
+ +
CMMS Communication,
DB, DataMining
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Maintenance| TO-BE 1/2

Control and Plan “Maintenance Activities’

M aintenance Cost
Planned Non-Planned
ASIS
Non-
TO-BE Planned Planned
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mechanical integrity
Risk Based Inspection

Production ' Maintenance
improvement management

. RBI (Risk Based Inspection):

. similar methodology to API RBI for inspection planning

. based on risk assessment
. plant risk assessment 5
. assessment for &

. . Q 4
. static equipment %
. & piping g s )
. consequence on z Rt
. flammable and toxic 3L &

1 A\
A B (e} D E
. Plant risk = likelihood x consequence
(CONSEQUENCE CATEGORY
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IT in Refinery
1. Data Management
2. Operation Datato Information
3. DataAcquisition and PIMS/ MES
4. Network in Plant-area
5. Qil-Movement-System, Offsite-Automation-System
6. Design and Implementation Schedule
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Overall Structure of Enterprise IT

( o ) )
_ Strategic Simulator
Strategic )
Bl
SCP
Tactical
CRM
_ ERP
Operational J
Manufacturing Distribution Consumption
Bl:  Business Intelligence CRM: Customer Relationship Management
SCP: Supply Chain Planning MES: Manufacturing Execution System
ERP: Enterprise Resource Planning SCE: Supply Chain Execution
PDM: Product Data Management EC: Electronic Commerce
© 2002 Toyo Engineering Cor poration Page 34 M
_
Integration of »
Planning & Scheduling
. Supply Plan (LP)
Region Feed Refine Product
Rolling Plan
Refinery Monthly
Quarterly
Scheduling
Area Oil Movement and Storage
Process Unit Utility/Hydrogen
. OPT
Unit APC
DCS
MVC
Loop
Reg.
Equipment Czrel

Second Minute Hour Shift Day Week Month Quarter
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Preventive Maintenance Cycle

(Authorized)

Planning Scheduling Preparation Execution  Reporting
Separate
PM |
. Preventive ‘
Equipment Maintenance ]
/ Area Plan
Work Work Work Maintenance
T Order Order Order Report
1 (Prepared) (Authorized) (Released)
Required Route PM I
Maintenance Preventi |
Maintenance
Plan I
7o Work
1 Permit
1
1

x
Generate Work Order ]

+ Calendar Criteria
+ Event Criteria Authorization
+ Condition Criteria
{ Analysis }q .........

E BT A TRINEM

Total Support for Management Process

Q ERP
£
o
7 PLANT PRODUCTION
4 A MANAGEMENT
= PCIM PMIS
g S S (Plant Management
< MAINTENANCE a
P MANAGEMENT. Information System) Knowledge
Management

PACI

PCCs

PCCS(Plant Conventional Control and Sensors)
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Tnm

PFD
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10
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PFD

P&ID

© 2002 Toyo Engineering Cor por ation Page 41 Exber g




VS

© 2002 Toyo Engineering Cor poration

Page 42

=

Yes [

© 2002 Toyo Engineering Cor por ation

\

No

/

Page 43




VS

4

PFR / CSTR

ﬂ

'S
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TP
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PLOT-PLAN | <->
PFD)
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K-Value

e Dynamic-Simulation

© 2002 Toyo Engineering Cor poration
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» Steady-state

- VLE, VLLE,

e Dynamic

Efficiency

Steady-state
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tray

Dynamic

volume
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-VLL
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-VLL
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* MD(flow-pass-length
* Flexi/Ultra-Frac/VST)
* Hi-Gee

 Packing Random / Structured

« HETP (
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[ ]
[ ]
[ ]

* Dynamic-Simulation
. VS

« CFD
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 10%

Dynamic-Simulation
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Production ' aintenance

Analysis of heat integration

igprovemept’ ‘managemep
Gl Composibe Gurna

ol 106 06 [ THELY . 120 [

150

100

0 ER PE |
B !
= O gl TARTHOG]
¥ % 1 4
HI [k caldTh]
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Network Configuration

1. Refinery areawide network vs plant network
2. Data communication speed and security

Design-data Design-data
Maintenance-data T Maintenance-data

PIMS PIMS

S
Plant-A Plant-B Plant-A Plant-B

Operation-data Operation-data
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Data Communication
Example withLIMS

1. Through DCSvs Through PIMS
2. Datautilization and security
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Offline Optimizer

Component . .
Qupalities Off Line Optimizer
S « -Costs
- Optimum -Objective
initial ratio -Restrictions

l

Tank
Quality
DI -- Gasoline
| products
i 1| - RON
i b 1| - RVP
-:,: P 1| - Dist.
N Lo - etc.
) Reformate | : :. ' ?él :
= ON e NR-=
FG ‘@ :
Butane b 53

[Za )
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Examples of Instrument and Control Systems

related to Refinery Operations

Actual Examples of Control System
for Typical Unit Operation

1. Distillation Column Control
2. Compressor Control
3. Boiler Control

E BT A TRINEM

0.504

142.3 kmol/h

Feed

[kmol/h]

NRTL Antoine
[kmol/h] 228.6 228.6
MTBE 0.06 7.92
[mol %] ' b
MTBE
NRTL Antoine
[kmol/h] 142.3 142.3
MTBE 99.40 86.73
[mol %]
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MTBE —i-Butene

10 T T T T T T
0.8} s
g 0.6 —
s | 1
1S
=]
© 04t s
o
§ i ]
— Antoine
0.2 .
— NRTL
L | L | | L | L
0.2 0.4 0.6 0.8 10

(78 B Wy B F T

Distillation Column:
Principle of Distillation

DistillationJ\
Column

Condenser

Reflux
‘v
—— Reflux Drum
|
| -
| Liquid
Vapor :
| L
S o
|
A —
g

Reboiller

Bottom
Product

© 2002 Toyo Engineering Cor por ation
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Temperature (K)

3

@®

0

370

@
b
o

330

320

310

HEEEEEEE TR

Column Temperature Profile




Distillation Column: Typical Control Scheme

—

Distillation Column

®
|

7%/

Coolant
(Cooling Water)

Overhead
Product

®

Feed

l

Bottom
Product

XD? @
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Heating Medium
(Steam)

EB®

Distillation Column:

Control Variables / Manipulated Variables

Controlled Variables

Manipulated Variables

Feed Feed Flow

Feed Flow CV

Condenser Column Pressure

Condenser Coolant Flow CV

Condenser Bypass CV

Reflux Drum Level

Overhead Product Flow CV

Reflux Drum Overhead Product Composition [ Reflux Flow CV

. . Reboiler Heating Medium
Reboiler Bottom Product Composition Flow CV
Column Bottom Level Bottom Product Flow CV
Bottom

CV Control Valve

© 2002 Toyo Engineering Cor por ation Page 73
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Distillation Column: Pressure Control

» Boailing Point isthe Function of Pressure
— maintain column pressure constant for stable operation
* Pressure Control

— Case-A:Partial Condensation

 Overhead Product including non-condensing
component

— Case-B: Total Condensation

» Overhead Product without non-condensing
component

© 2002 Toyo Engineering Cor por ation Page 74 Culisif g!

Distillation Column:
Pressure Control-1 / Partial Condensation Case

Case Al Case A2 The amount of Non- Condensing

Sufficient amount of Non- Condensing Component is not sufficient
Component exists

Similar to
Total-Condense

Split Range
Control
| "B
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Distillation Column:
Pressure Control-2 / Total Condensation Case

Case B1 Case B2

,,

>
b4
&

;
@

Condenser Coolant (Cooling Water) Overhead Gas to Condenser
Flow Control Flow Control
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Distillation Column:
Pressure Control-2 / Total Condensation Case

Case B3 Case B4

,,,

Condenser Condenser Hot Gas Bypass Control
Condensing Liquid Level Control (Flood-back Control)
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Distillation Column:

Pressure Control-2 / Total Condensation Case

Type Control Method Remark
. Indirect and slow response
Coolant Condense amount c) is .
Bl Flow Control | controlled by Coolant E‘%va CW Temp. (Dls_turbance)
Low Load (fauling)
Air-fin Cooler
B2 Overhead Gas | Direct Control of Overhead| Big valve size
Flow Control Gas (Butterfly valve)
Column Press. Increase
B3 Condenser Qc is controlled by effective| Indirect and slow response
Level Control | heat transfer area Small valve
Condenser is located lower Su_b—cool at the Condenser
than Reflux drum. Exit
B4 Hotgas Bypass Increase of Hot bypass Quick Response _
Control _. the drum level increase Condenser will be installed
- Condense level increase at the ground level

© 2002 Toyo Engineering Cor por ation
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Distillation Column: Composition Control

» Digtillation Column Type- 1
(Product composition is pure)
— Super Fractionator
(Ex. Propylene Fractionator)

» Accurate Composition Control
isdifficult by TIC —

» Utilizeon-line Analyzer

— Stripper

* Stripping minor impurities

* Accurate Composition Control
isdifficult by TIC

e L/Vratiocontrol

* Temperature Control
— Cascade Control
¢ (Reflux or Reboiler)

< Digtillation Column Type-2
(Product consists of wide variety of

B.P components)

— Temperature Control

© 2002 Toyo Engineering Cor por ation
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Control Loop interaction
Location of Thermometer
(sensitivity)
— Ddta-Temperature
Pressure Compensation
* On-line Analyzer

+ Inferential Control

— Expensive, Delay of analysis,
Reliability




Distillation Column:
Temperature Profile (Depropaniser)

* Fedd 380
" Temp.: 52K I
"t 400 ol I
— Flow 400 kmol/hr 360 .
. C2 0.6 (kmol/hr) < ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
. C3 1111 £ 350 [ ——————
« |-C4 94.4 g ‘ ‘ ‘ ‘ ‘ Overhead Product
e n-C4 1895 5340 T 11 Spec.
. 1-C5 18 = a0 | || —*C4: 05 mol%
. nC5 26 ' —=—ca:1.0mo
* Product 320 — ‘ i ——C4: 1.5 mo
— Overhead C4 1.0 mol% T "% I iFuC\Af\Z\S\ r‘n‘o‘ I
310
— Bottom C3 3.0mol% 0 5 10 15 20 25
Tray No.
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Distillation Column: Typical Control Scheme

7

—

Distillation Column

&

®

Feed

XD

Bottom
Product

XD? @

© 2002 Toyo Engineering Cor por ation

Coolant

(Cooling Water)

Overhead
Product

Heating Medium
(Steam)

Page 81




Distillation Column: On-line Analyzer

Typical C
Type Analysis Frequency Application
Gas . .
Chromatograph 5 — 30 min. widely used
C3H8 in
IR continuous Propylene Fractionator
(Ethylene Plant)
Mass 1-3min H2, N2, CH4, CO2 etc.
spectrometer ' (NH3 Plant)
. Octane Number etc.
NIR L min. (Refinery Plant)
Density Meter continuous ?nggmg?y ICD;I:it())” etc.
ASTM Distillation 30 min. Naphtha, Gas Oil etc.
(Refinery Plant)
© 2002 Toyo Engineering Cor por ation Page 82
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Distillation Column: Reboiler Control

Case A

Case B

Steam Flow Control

1. Higher Bottom Temp. Case
2. Manipulate Condensing Pressure

3. Rapid Response
4. Valve Size :Big

© 2002 Toyo Engineering Cor por ation

(Temp.)

Condensate Flow Control

Condensate

1. Lower Bottom Temp. Case
2. Manipulate Condensate Liquid Level
(effective heat transfer area)

3. Slow Response
4. Valve Size :Small
5. Higher Condensing Pressure

Page 83
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Distillation Column:

Level Control-1 (Pairing of CV & MV)

Cv

MV

Case-1

Case-2

Case-3

Case-4

Bottom
Product Flow

Bottom Level

Bottom Level

Bottom Comp.

Bottom Comp.

Reboiler Qb
(Steam Flow)

Bottom Comp.

Bottom Comp.

Bottom Level

Bottom Level

Product Flow

Overhead Reflux ~ Drum Fix Reflux ~ Drum Fix
Product Flow | Level Level
Reflux Flow Fix Reflux ~ Drum Fix Reflux  Drum
Level Level
© 2002 Toyo Engineering Cor por ation Page 84 m
Distillation Column:
Level Control-2 (Pairing of CV & MV)
Cv
MV Case-5 Case-6 Case-7 Case-8
Bottom Bottom Level Bottom Level Fix Fix

Reboiler Qb Fix Fix Bottom Level Bottom Level
(Steam Flow)
Overhead Reflux ~ Drum Overhead Reflux ~ Drum Overhead
Product Flow | Level Comp. Level Comp.
Overhead Reflux ~ Drum Overhead Reflux ~ Drum
Reflux Flow
Comp. Level Comp. Level
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Distillation Column: Typical Control Scheme
(Pairing: Case-1)

7%/

Coolant
(Cooling Water)

—

Distillation Column

2
Overhead
[\ - /™ Product
oo/ ™ \eor/
Feed N
<l e
(P
Y —
L
(e —
o2/ =
i Reboiler
i
; Heating Medium
Bottom | (Steam)
Product @
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Distillation Column: Column Constraints

Flooding
L /

()

E I Reboiler

% ] Capacity

2 Operating Area

‘g_ | P

S Weeping /

I | Conde_rLSer Column Max. Press
Capacity

/ /

— > Column Pressure
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Compressor:
Performance Curve for Turbo Compressor

Y
Surge Limit Line
/
/
,/ Surge Control Line
/ .
/
/
// ya Overall
J/ / Pressure Drop

" /| // Performance

a0 / Curve

=

7

o

he]

o

=

Stone Wall Line
Volumetric Flow
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Compressor: Capacity Control

1. Control Variables
Suction or Discharge Pressure
2. Manipulate Variables

(a) PressureDrop
* Discharge Valve Control
* Suction Valve Control
* Bypass Flow Control

(b) Performance Curve
* Rotating Speed Control
* Inlet Vane Control
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Compressor: Discharge/Suction Valve Control

(Pd - Ps)/Ps

Overall
Pressure Drop

rol Valve
ure Drop*

Piping Pressure

- Drop
F2 F1 e
Volumetric Flow
© 2002 Toyo Engineering Cor poration Page 90 m
Compressor: Bypass Flow Control
A
S
/
/
/
/ .
/ /
J /' Overall

(Pd - Ps)/Ps

Process
Flow

Pressure Drop

Volumetric Flow
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Compressor: Rotating Speed Control

(Pd - Ps)/Ps

Overall
Pressure Drop

© 2002 Toyo Engineering Cor poration

F3
Volumetric Flow

Page 92

F2

F1

Compressor: Inlet Vane Control

(Pd - Ps)/Ps

OVewrall
Pressure Drop

Volumetric Flow

Page 93
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Compressor:
Surging / Anti-Surge System

Surge Limit Line

Surge Control Line

Performance
Curve

(Pd - Ps)/Ps

Overall
Pressure Drop

Stone Wall Line

Volumetric Flow
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Compressor: Anti-Surge System

Bypass Line

Anti-Surge
Controller

2%

Compressor

Anti-Surge Controller

1. Calculation
Surge Control Line vs. Present Condition

2. Request for Quick Responce

Valve Open Speed (a few seconds)
Controller Scanning Time (< 100 ms)

Page 95

Cooler
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Boiler: Water Tube Boiler

Steam )

L [T

Steam Pressure
Control

Combustion
Control

;
[rcy
Koz

B

B
2|

]

.

)

Exhaust Gas
02 Control
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Boiler: ABC (Automatic Boiler Control System)

Steam Pressure Control
(Boiler Master Control)

— Automatic Combustion Control
* Exhaust Gas O2 Control

Feed Water Control
Furnace Pressure Control
Steam Temperature Control
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Boiler:
Steam Pressure Control (Boiler Master Control)

Steam Pressure
Control

Steam
Pressure

Automatic Combustion ————

Boiler Master
Signal

Excess Air
Ratio

Exhaust Gas 02
Control

© 2002 Toyo Engineering Cor por ation Page 98

Boiler: Combustion and Excess Air Ratio

! Qptimum
! Comhystion Zone
Combustiion
-rT T Efficien
. e cy .
el o
S . c
R (5
s |
" i
2 £
3 Ll
Heat Loss by [ =
= Exhaust Gas °
(3] =)
- 17}
3
=}
Heat Loss 5
Imperfect (&)
Combustion
I I I
1.1 1.2 1.3

Theoretical”™ *-°
Amount of Air | Excess Air Ratio ——

Black Smoke| NOx Increase
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Boiler: Feed Water Control

o FF
Control

‘ Selecter
Low Load
Operation
[uc .
o < BFW
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Boiler:
Furnace Pressure Control / Steam Temp. Control

Header

ist
Superheate!

Preheater
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Boiler: Steam Temperature Control

» De-superheater
— Direct Spray
— Indirect Method (Cooler)
» Superheater Heat Transfer Control
— Burner Angle Adjust
— Exhaust Gas Recirculation
— Bypass Damper
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