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Introduction

The Business Climate and need for a Virtual Plant
Virtual Plant System Architecture

Component Selection T DeltaV Simulate and MiMIC
Virtual Plant Planning Concerns

Process Model Development

Operator Training Scenarios

Instructor Stations / Graphics / Controls

Additional Virtual Plant Features - Snapshots,
Speedup / Slowdown, Playback
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Business Climate - Operations Challenges

ncreased demand for skilled operators
Retirement of experienced operators
ncreased government oversight
—iduciary liability
of operations
management

A Global competitive
pressure
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Demographic Time Bomb

A Average age of energy industry worker over 50

A Half of the current work force will retire (more
than 500,000 workers) in 5 to 10 years

A Irreplaceable knowledge loss

A Newer generation of workers with less
mechanical inclination

Petrochemical / energy plants in danger of
closing due to lack of qualified operators

Delayed retirement plans will be accelerated
as equity markets recover
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The Automation Paradox
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Risks in Automation

A Hidden errors and issues in the automatlon system
application software - -

A Operator actions that are
Inappropriate or insufficient

A Operating procedures that are
iIncomplete or in error

A Documentation demands from L ORI
OSHA National Emphasis Program gEsc ABS -7 |

Finding issues on site can delay startups
Not finding issues until too late can endanger the

process and operations staff
Lack of diligence can result in fines or worse
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Simulation - Wrong Approach

A Using process design models

I Process design models do not have the real-time performance or
range of operations conditions

A Using an emulated automation system

I Operator HMI graphics, alarms, controls should be identical to
real system

I Control strategies should be identical

A Adding simulation to the control system configuration
I Adds error and risk to automation system

A Starting too late
I Last minute training systems provide less value
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Simulation - Right Approach

~

A Virtual Control System i exact replica of the plant
system

I Training on identical HMI graphics, alarms, controls

I Testing on identical control strategies

~

A Virtual Process T dynamic simulation

I Selective application of simulation fidelity

I Easy-to-use, easy-to-change
A Integrated approach for testing and training
I Integrated to automation project schedule

I Avallable as operations resource for control system life cycle
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Effective Knowledge Transfer

A Explicit T what the operating procedure says

I Virtual Plant / Control system used to test operating
procedure and control system

A Implicit T how it really works

I Virtual Plant / Control System used to allow new operators to
use the operator controls

A Tacit T how the decision effects the whole plant

I Virtual Plant / Control System Training Scenarios show the
new operator how to work with the real plant / control system
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Effective Knowledge
Transfer Must Include Hands
On Operations of the Plant

o < Source: NTL Institute for

o2 . . .
R A Applied Behavioral Science
>
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Virtual Plant for Testing and Training

A Value to Process Plant Operations

N

Testing Value
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Simulation Delivers Results

A Time to Market - reduce startup time 1
$100-500K / day

A Product Quality - reduce off-spec product i
$50K-$1MM / run

A Operating Cost - reduce unscheduled downtime i
$5-50K / hour

A Reduce Risk T reduce unknown failures and incidents -
$50K - $1MM / incident
I Automation System Application Software

I Operator Actions and Responses
I Operating Procedures
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DeltaV Virtual Plant / Control System

Condenser

_ 1

Cooling water Fcw

)

T
Lc, Vc_out

V_D

Heavy liquid L_HvLiq

Distillate product L_D

‘1‘ /B
Reboiler

AV Heating steam
« ke
) HE condensate
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DeltaV Simulate Product Family

MiMiC Simulation Software

& MiMiC Explorer
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Architectures - Testing

A Software Acceptance Testing Systems
I Non-intrusive 10 simulation (FF, Digital Bus IO, Serial 10)
I Validated systems (GAMP4 guidelines)

DeltaV
Workstations
(DV License Pack
or DVSim
MultiNode)

Area Control Network

MD Controllers with
Virtual 10 Module

Network

<
L ] L ]
MiIMIC
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Architectures - Team Training

A Operator Training Systems 1 Team Environment
I Module parameter simulation (simulate value)
DeltaV Simulate

Multinode PPN, PSN, OSN
Workstations

Area Control Network

DeltaV Simulate ASN with
Modules assigned

Simulation
Network

< >
MiMiC
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Architectures - Individual Training

A Operator Training Systems 1 Individual Environment
I Module parameter simulation (simulate value)

DeltaV Simulate
Standalone
Workstations

Simulation
Network

GLOBAL
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Architectures - DeltaV SIS

A DeltaV Simulate SIS OPC SIO Driver

I Software Acceptance Testing and Operator Training
I 10O channel simulation

DeltaV Simulate
Multinode PPN, PSN, OSN Workstations

Area Control Network

DeltaV Simulate Multinode ASN or
PPN with DeltaV SIS SimulatePro !
License

DeltaV Simulate Standalone with
DeltaV SIS SimulatePro License

Simulation
Network

MiMiC
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Architectures - DeltaV and PLC/ESD

A SAT and OTS T Integrated System Environment
I MiMIC SIO Driver specific for device

Simulatio
Network

oss _la
.....

MiMiC
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Components - DeltaV Simulate

A DeltaV Simulate - DeltaV licensing scheme g
for-lmmfefo si mul ati on

A Exact same graphics, alarms, faceplates,

detall display as the operating plant r ’\ |
A Control modules run in Assigned Modules of S =

workstation running same functions as controller
A Full DeltaV Batch and APC functionality supported

A Simulate Convert i makes controller configuration
Simulate workstation friendly
I FF Function Blocks converted to standard DeltaV blocks

I External 10 references to Digital Bus, Serial IO modified to
OPC read/write parameters

T DST references removed
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Components - DeltaV Simulate

A The DeltaV Simulate Experience

Delta¥ Operate (Run)

Module: LIC-B2201 __] Main: /AD04_BLR2_MO =] Username: BEERUTTME

Blr Master . LER -
100 100 % . 44 ° PV 289.7 psig

STEAM HEADER
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<
Lol oo
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MaN || PV 2757 °F T PV 387.6 °F
B2 FW Flow D l B2 Econ Out Press
our PV L I Tas
B2 Drum Level
PV 0.7 in

B2 Boiler Out Temp
676.5 °F -
B2 P Press ' o 82 02 B2 FD Out Press B2 Air Temp
FEEDWATER . S eiehdietaidabioi HS-CA21F b5 D Fan Current
1.9 inH20 ] : e Py 2a6amp |
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cas L] 0 v
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B2 Fuel Split
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O] INJ STEAM
HSFO205  B) ol Supply Pross  © mmae " BZ Fuel Oil B2 0il Burner Press E HS.AM203
0||_EIE PV 144.1 psi D& [| GPM Py 70.1psi
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ATOM STEAM

AIC-FG203 ]H AIC-FG303 Ill PAL-CA307 Ill XA-BMS308B |1| XA-BMS208B |1| g ﬂ) (9'1'-!-_ iz

[Tue 14:07.07 |B2 02 Trim |AIC-FG203/HI ALM [HIGH [warninG | [Fl@al  s1o822 [ [E]) “‘"I
TR [ [NUM

#start|[TTiDeltaV Oporate (Run) | & boier? cos 2-Faint | WD s
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Components - DeltaV Simulate

A DeltaV Simulate - DeltaV licensing scheme
f or-linamfefo simulationﬁ e t o
A Standalone T no DeltaV Networking ;. -

A MultiNode i DeltaV networking, controllers ¥ (/s 1 &
i PPN, Professional Plus Networked _"‘ “j A
I PSN, Professional Station Networked _— o
I OSN, Operator Station Networked
I ASN, Application Station Networked

A SimulatePro option for Standalone or MultiNode
I Increase module execution memory from 16 MB to 96 MB
I Supports freeze/snapshot/restore, speedup/slowdown

A SIS SimulatePro i v10.3, allows 32 logic solvers per
workstation
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Components - MiMIC Simulation Software

A Built for SAT and OTS
I Non-intrusive simulation interfaces
I Integrated Operator Training Management
I Protects control system integrity

A Easy to use
I Designed for use by the end-user or integrator
I Automatic integration with control system
I Auto-generation of simulation database

A Flexible, Powerful, Dynamic —
i Scalable from small to large applications M T M ? C

I Selective application of simulation models
I Dynamic, accurate modeling functions

MiMIC is Built for DeltaV!
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Components - MiMIC Simulation Software

A The MiIMIC Experience

@ MiMIC Exg
 File Edit

Third Generation LNG Reliquefaction sys.cml - Component Studio (View 1: "View 1")
File Edit View Mode Help
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Components - MiMIC Simulation Software

»

A MIMIC Simulation Software i dynamic
process and 10 simulation for SAT and OTS

A Simulation Engine License i 1000 to 30,000 —
Simulated 10 (SIO) Tags MiMiC

A SIO Drivers for DeltaV Simulate, SIS, DeltaV IO Bus

A Operator Training Manager i structured training
scenarios with integral session scoring and reporting,
process snapshot, speedup/slowdown controls

A MIMIC Server i allows 10 Remote Terminal Services
session to one MiIMIC Simulation Engine (MS Server
2003 OS)

A Advanced Modeling Functions and Objects 1
dynamic, accurate, high-performance models
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Planning the Virtual Plant

A Slmulatlon Systems for Software / System Testing

How many users (test engineers or users)
Span of testing i process unit or train, unit operation

Level of testing T control modules, equipment modules,
batch, advanced control, MES, EBR, ERP

1O systems, 3"9-party devices (ESD, PLC)

A Slmulatlon Systems for Training - OTS

2009 Emerson Global Users Exchange -

How many operators, availability
Span of training T process unit or train, unit operation
Team or individual training

Model performance requirements T accuracy, dynamics,
operating conditions, shutdowns/startups

Record keeping requirements




Choosing Model Complexity

A Modeling Techniques

I First Principles Modeling T based upon laws of
conservation of mass, energy using properties

I Empirical Modeling - realistic limits to the model using
actual or assumed process correlations or data
A Types of Process Models

I Steady State models - plant and process design. No
transitions between process states, time delays or lags

I Dynamic modelsT SAT and OTS. Time delays, lags,
transport effects are modeled.
A Model design and math required for Steady State and
Dynamic are much different

A SAT and OTS T we assume the process is designed,
models reflect the design dynamically!
i
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Choosing Model Complexity

A Fidelity T Rigorousness or Complexity of the Model

I Low Fidelity T simple IO signal modeling, device tiebacks,
value initialization. Model requires user intervention to respond
to automation system actions.

I Medium Fidelity i mass balance model, heat balance model,
streams are single component. Model runs automatically and
responds to automation system actions and process changes.

I High Fidelity T complete mass balance, rigorous heat
balance, reaction kinetics, streams model individual
component thermodynamic properties. Model runs
automatically and responds to automation system actions and
process changes in a very similar manner to the designed
process.

A ANSI/ISA - 77.20 - 1993 (R2005) Section 6, 7
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Choosing Model Complexity

A Select Model Complexity for the Task

T Control Modules i Tieback Simulation, Automated Test
Scripts

I Equipment Modules i Tieback Simulation, Limited Dynamics

I Sequence, Batch T Mass Balance, Temperature & Pressure
Dynamics

I MES, Advanced Control Applications T Mass Balance, Heat
Balance

~

A Select Model Complexity for the Process
I Tank farm, material movements 1 lower complexity

I Distillation, complex reactions, integrated, continuous
processes 1 higher complexity

~

A Balance Dynamic performance with steady-state
accuracy
i
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Protecting Control System Integrity

A Minimize or eliminate additions, deletions to the off-
line simulation system

A Simulate all modules and 10 signals

A Use MIMIC OTM to drive scenario linkages, session
scoring

A Use MiMIC for 39-party device integration and
emulation

A Avoid Emulated Simulation Solutions!
A Avoid simulation in DeltaV modules!
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Protecting Control System Integrity

A High Integrity Off-line Systems

A~

A Exact representation of -

I Operator graphics, faceplates, detail display, help screens

I Alarm strategies, priorities, timing, and operator
acknowledgement and action response

I Control strategies including control module, equipment

module, sequence and batch, and advanced control loops
response

~

A Support use and emulation of i

I Physical system management tools - DeltaV Explorer and
diagnostics, 3" party configuration tools

I Digital bus 10 based systems - Foundation Fieldbus
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Process Model Development

A MIMIC DeltaV Database Generator

I SIO definition for DeltaV Railbus (VIM), DeltaV Simulate, DeltaV
SIS SimulatePro

I Base level 10, Analog, Discrete Tieback Models

I MiMIC Modeling Node for each DeltaV device (controller,
workstation)

g MiMiC 3.x Database Generator = =10l x|

Database Generation |Z|

Setip FHX File C:\Documents and Settings\AdministratoriMy Docum | Browse |

Options SQL Server M10416\MIMIC

Composites E 2

Log Encrypted %ML | Browse
Database Modification |7| Database Name HCCU_MODEL_060108

* Database XML

— O EMERSON
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Process Model Development

A Simulated 10 Definition
I DeltaV Railbus (VIM) T SIO Tag to physical IO address

I DeltaV Simulate T OPC module parameter path
I DeltaV SIS Simulate T OPC physical IO address

MiMiC Explorer - Session ID 0 - SIS-DB_32
" Fle Edt Tooks Help E
A =R Rl =R g
OPC SERVER: DELTAY.SisOpcSvr.1
= sIs-DB_32 MACHINE: DELTAY103
! CLTR_OPC_IODEF SIOTag count: 16
~{t§  CLTR_SIS_OPC_IODEF . :
({8  CLTR_VIM_IODEF SIO_TAG | DESCRIPTION iITEM_PATH DIRECTION SIOTAG_SUBYALUE
{t§) DELTAV103D_OPC_IODEF
Y 4 »|ascopo | DELTAV103D{101/C01{CH1{OUT_D
~{t§  DELTAV103D_YIM_IODEF U vzt DELTAY103D/I01/CO1/CHIS/OUT_D READ Discrete
| |cwrz1t DELTAY103D{I01/C01/CH1 1/OUT_D READ Discrete
| |cws-211 DELTAY103D{I101/C01/CH12/OUT_D READ Discrete
| |pvc_sooo DELTAY103D/101/CO1}CHOS/OUT READ Discrete
ks DELTAY103D/101/C01}CHOS/FIELD_VAL_D WRITE Discrete
| [Lr-z01 DELTAY103D/101/C01}CHO2/FIELD_VAL_PCT WRITE %D
| |Lr-202 DELTAY103D/101/CO1}CHO3/FIELD_VAL_PCT WRITE XD
S DELTAY103D/101/C01}CHO9/FIELD_VAL_D WRITE Discrete
| |pry-211 DELTAY103D/101/C01/CH13/OUT_D READ Discrete
| |ps-21 DELTAY103D{I101/C01/CHOG/FIELD_VAL_D WRITE Discrete
| |ps2z DELTAY103D{101/C01/CHO7/FIELD_VAL_D WRITE Discrete
' |sis1cHod DELTAY103D/101/C01}CHO4/FIELD_VAL_D WRITE Discrete
g Simulation Database : Sy-211 DELTAY103D{I01/C01/CH14/OUT_D READ Discrete
TT-1 DELTAY103D/101/CO1}CHO1/FIELD_VAL_PCT WRITE %D
(14 10 Definition (1 et DELTAY103D{I01/C01/CH10/OUT_D READ Discrete
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Process Model Development

A Models grouped by Simulation Nodes
I Easy startup with user selected SIO definition

' MiMiC Explorer - DEMO_MIMIC 040308

© File Edt Tools Help b
S H % B - | B8 E N !

Sjuatiop Datanase Models, Templates SIOTags - LIVE_CTRL

E}L] DEMO_MIMIC 040308
Off ey NAME | ITEM NUMBER OF OBJECTS
e Global Registers » |LIVE_DRY Area Models: 16 Sub-Areas:0
% Views LIVE_PWR Area Models:S Sub-Areas:0
CHEE  Modeling LIVE_WET Area Models:48 Sub-Areas:0
=] I W [ E R Template: 13
! Mode Contral » ?
i LIVE DRY || b ”@ Skt 0 Tags 112
' LIVE_PWR Diagnostics Initiate Communications
LIVE_WET
Templates Vg MNew Area )| Stop
; SIOTags ﬂ Export... 1) Pause
L miodie
. Ll MODTCP_SLAVE * Cut Disable Models
& [ mrcP_DEMO A Copy Enable Models
G+l RIOCTRL o Paste
() [  SAMPLE_MODELS | X Delete
G-I VIMMET_CTRL
-7 Training RomaTe
@ What's This?
rMSMatmn Database ey
£8 1/0 Definition
[ Deltay 1j0
. Site ID: |30504 Software Support: K Software support not activated 0 EMERSON
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Process Model Development

~

A Mass Balance, Heat Balance Medium Fidelity
I Auto-generated Simulation Database
I IEC Modeling Blocks with Wires

' ¥+ M10416/LIC-830-1 - SimulationStudio
File Edit View Tools Help
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5 I 7 TN TOTAL [ | TRACK Parameter
[ INT_IN2 #T0TAL | 7] :
10416/LIC-830-1 _P|D1 _AO_S|0TAG _J INT_IN3 EMPTY _| qr
| INTLNG FENPTY | M10416/LIC-830-1 _PID1 _Al_SIOTAC
| mT_ms Output
EARAM | INT_IN Paratgeter
%ﬂ | INT_IN?
out [~ | INT_IN3
#4 I INT_ouT1
FIC-830-1/PID1/41_OUT | nT_out2
| mTouT3
S | INT_OUTY
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IPARAM2 “ | INT_ouTe
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