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Piloting a process plant 
If your process plant were the Saturn V,  
 your panel operators will be the astronauts 

Now, think about the training hours of an astronaut 
3 



Process plant vs. Saturn V 

OTS is a multiplier of every hour invested in training 

Ethylene plant Saturn V 

Throughput 800 kty ~ 90 t/h of Naphta 
1st Stage burns 14200 t/h (Kerosene) with 32200 

t/h Liquid Oxygen 

Working time ~ 50 years 4 hours, 20 min 

Instruments ~ 5000 AI/DI 
Stage-1 about 900 instruments, 

Stages 2&3 ¿? 

Cost ~ 1.5 Billion$ 
Per launch: $494 million in 1964ς73 dollars (~$3 

billion today) 

PID loops ~ 800 loops in ICSS ~ 20 faceplates in Command Module 

Training time  before 
launch 

3-9 months 
Two years for Apollo missions 
(they are test pilots before) 

OTS cost 0.8 ς 1.2 Million$ All simulators > 50 million$  

4 Source: https://www.hq.nasa.gov/alsj/NASATND7112.pdf  

https://www.hq.nasa.gov/alsj/NASATND7112.pdf


Project background 
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CEPSA Chemical Shanghai 
όά//{έύ is building the new 
Cumene and Phenol plants in 
the Shanghai Chemical Industry 
Park (SCIP), with a capacity to 
produce: 
250kMt of phenol and 
150kMt of acetone 

CCS is using OTS to reinforce the training for all the operation staff, with plenty of 
scenarios, to improve the economical operation of the plant, such as normal 
operations, start-up and shutdown, equipment malfunction and emergency conditions. 

LƴǇǊƻŎŜǎǎ ¢ŜŎƘƴƻƭƻƎȅ ŀƴŘ /ƻƴǎǳƭǘƛƴƎ DǊƻǳǇ όάLƴǇǊƻŎŜǎǎέύ Ƙŀǎ ǊƛŎƘ ƳƻŘŜƭƛƴƎ ŀƴŘ 
project experiences for OTS (Operator Training System). 

www.youtube.com/watch?v=NJxIXR3ZAKs  

http://www.youtube.com/watch?v=NJxIXR3ZAKs


Why OTS investment 
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The OTS overall objectives were: 

 

Å Train the chinese/spanish operation staff on the process and 
the DeltaV system in Shanghai and Huelva (Spain). 

Å Reduce the risk of major operational incidents 

Å Reduce start-up time 

Å Increase plant on-stream time and performance 

Å Verify Process Control & Safety Systems operation 

Å Avoid equipment damages 

Å Provide a test-bed system for engineering analysis 



The OTS: Concept 
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The OTS: Model Scope 
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Simulation Scope Cumene 
ÅEquipments:  60 
ÅIsolation valves: 20 
ÅControl valves: 91 
ÅRelief valves: 20 
ÅPID loops: 90 
ÅI/O Count: 1000 
ÅComponent List 28 

Simulation Scope Phenol 
ÅEquipments:  132 
ÅIsolation valves: 62 
ÅControl valves: 210 
ÅRelief valves: 41 
ÅPID loops: 204 
ÅI/O Count: 2000 
ÅComponent List 35 

Challenge 
Multiple chemical reactions, many separation 
units (18 distillation columns) and large recycles 

H2O Benzene

Methane Toluene

Ethylene E-Benzene

Ethane Cumene

Propene n-Pbenzene

Propane AMS

Cyclopropane i-BBenzene

Propadiene m-Cymene

M-Acetylene p-Cymene

1-Butene 1-E-4-iP-BZ*

i-Butene 13-iP-BZ

i-Butane n-Hexyl-BZ

13-Butadiene 135-iP-BZ*

n-Hexene DiPhenylC3

Component List-Cumene

H2O diAcetone-ol

Hydrogen BZoicAcid

Nitrogen o-Cresol

Oxygen m-Cresol

Methane p-Cresol

CO M-PH-Ketone

Formaldehyde 2MBenzoFuran

FormicAcid AMS

Methanol Cumene

Oxalic_Acid DMPHCarbinol

AceticAcid CumHyPeroxid

Propanal o-Cymene

Acetone m-Cymene

Acetol p-Cymene

Benzene pCumylPhenol

Phenol DCumPeroxide

Mesityloxide H2SO4*

3Mcycpentene

Component List-Phenol



Cumene HYSYS model 
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Subflowsheet 
helps to work 
in parallel 



Phenol HYSYS model 

10 



The OTS: modeling highlights 
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Å Hydraulics Effects in Reactor Dynamics 
Compressors push air to the bottom of the Oxidizers and the liquid mass is in 
suspension, but HYSYS CSTR is an ideal homogenous reactor. These dynamics 
were modeled, therefore when compressor trips the Oxidizers levels are affected. 

Å Reactor Dynamics 
The HYSYS CSTR reactor was used with rigorous kinetics. 
Reactors parameters and kinetics constants were adjusted to obtain accurate 
dynamics. 

Å Calorimeters DeltaT 
They are the sensors of the reaction. They were calibrated with the same 
dynamics that the existing Huelva (Spain) plant was providing. 



The OTS: Architecture 
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An OTS replica was installed in Huelva complex (Spain) 

DCS Operator Workstation 
Å Plant Control System Emulator 

DeltaV Simulate Pro 
Å Operator HMI, DCS DeltaV 

Instructor Workstation 
Å Plant  Dynamic Model (HYSYS Dynamic model) 
Å Inprocess Instructor Station  

Å HMI for Field Operated Devices 
Å Simulation Management 
Å Communication 

Ethernet  

OPC Protocol  



The OTS: DeltaV Operate 
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