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The TOTAL Donges refinery is widely equipped with RSI simulation tools. They recently decided to 
expand their training center to include a dynamic simulator for the Utility Boiler. 

The simulator was developed in close collaboration between a dedicated work group from TOTAL 
bringing together experience in a wide range of disciplines and the RSI engineering team as a true 
team effort. 

Dedicated to operator training and engineering studies, the simulator accurately and realistically 
represents the entire range of operating situations from start-up to shutdown through upset conditions 
in order to meet rigorous training objectives for operators and plant engineers of all levels. 
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CONTEXT OF THE UTILITY BOILER PROJECT 
 
The Utility Boiler simulator is in line with the 
industrial safety policy of the Group and will meet 
up-coming regulations that demand operator 
training for dangerous situations and incidents. 
 
SIMULATION SCOPE 
 
Simulated equipment 
The simulator consists of the two natural circulation 
boilers (BO5 & BO7) that feed the high pressure 
network (42.5 bars). BO5 is a depression boiler 
whereas BO7 is pressurized combustion chamber 
boiler, i.e., BO5 has an extract fan and a blower, 
BO7 has only a blower. 

 

 
Boiler 5 general view 

 

 

Both boilers, equipped respectively with 3 and 4 
burners, are operated either with fuel gas or fuel 
oils. The feed water consists of demineralized water 
and condensed water. 

 

The constituent elements of the 2 boilers are very 
similar (economizer, top drum, lower drum, steam 
super heater, motor operated valve, vent). 

 

 
Boiler 7 detailed view 
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Steam expansion 

 
 
Control strategy 
The simulator is a full emulation of the Honeywell 
TDC3000 DCS. 
 
All control and optimization devices are modeled. 
 

 
Feed water flow rate monitoring 

 
TOTAL has developed specific PLC software to 
assist operators in boiler start up operations. This 
PLC, composed of 15 sequences, has been totally 
reproduced in the simulator. 
 

 
Start up sequences 

 
The main steps are: 

- Boiler shutdown: state of the boiler after 
shutdown with pre-startup conditions 

- Pre-startup: pilots ignition, pressurization 
authorization 

- Hot stand-by 
- Pressurization: progressive process, 

burners ignition 
- Coupling to network: reaching P and T 

conditions for MOV opening, normal 
operation 

- Return to hot stand-by 
 

 
Burners ignition 

 
The optimizations implemented in the Plant are fully 
modeled. They concern: 

- the air excess which is essential to get a 
complete cost-effective combustion with a 
minimum of pollutants 

- the net calorific value of the gas 
 

 
Boiler 7 optimization module 
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SIMULATOR OBJECTIVES 
 
The simulator replies to training needs as well as 
engineering issues. 

- Learning general operation of a boiler 
- Training on normal operation of a boiler 
- Understanding the optimizations and the 

various complex control loops 
- Training on incidents in order to react safely 

and efficiently 
- Training on boiler start-up and shut-down 

operations 
- Testing of DCS configuration, alarm limits 

and controllers range. 
 
USE AND BENEFITS OF THE UTILITY BOILER 
SIMULATOR 

 
- Reducing incident risks 
- Opportunity to tackle on-site impossible and 

sensitive handlings 
- Investigating hazardous situations in a 

controlled environment 
- Create homogeneity of operation for all the 

operators 
- Improving communication between people  
- Perform case studies to modify or test 

control strategies 
- Opportunity to replay ‘a posteriori’ incidents 

for detailed analysis. 
 

INDISS Solution 
 

Both Models have been created using the INDISS 
(INDustrial and Integrated Simulation Software) 
environment. RSI’s unifying software environment 
provides the overall simulation framework for the 
whole process life cycle. 

·  INDISS is a Real Time High Fidelity 
Dynamic Simulation environment based on 
PC / WINDOWS. It consists of unique 
software environment and simulation 
models for both Dynamic Engineering 
Simulation Studies and Operator Training 
Simulators. 

·  INDISS is user-friendly working 
environment based on First Principles of 
Chemical Engineering. 

·  INDISS is based on modular simulation 
approach allowing easy upgrades and 
extension. 

·  The simulator emulates the DCS station, 
reproducing all the main functionalities of 
the HONEYWELL TDC3000 DCS, giving 
the user the “Look & Feel” of the plant 
DCS.  

 


