Lifecycle Modelling: Using Simulation
Models from Engineering Design
to Plant Operations

Deep train your workforce
before plant start-up and
reduce future operational
issues using dynamic
process simulation all along
asset lifecycle

Hydrocarbon
and Chemical
Processing
plants
Challenge
Plant operators need deep training
before the greenfield plant is
started-up. Moreover, companies
need to diminish potential
operational problems related to the
equipment sizing, control logic and
safety systems by performing early
analysis during the engineering
design phases.

Start-up ahead
of plan and avoid
future operational
bottlenecks

Solution
Develop dynamic simulation models
of the future operating plant during the
early stages (e.g. conceptual design or
FEED) of the project and re-use them
during all the stages of the project,
including the analysis of the critical
unit, equipment sizing, operational
procedures development, ICSS virtual
commissioning, operators training,
support to plant start-up, and finally,
as Digital Twin support Operations and
even Maintenance.

Benefits
· Decreases in time-to-market
(earlier earnings)
· Smoother new plants startup
(eliminate off-spec production and
unnecessary flaring)
· Reduce commissioning time
(savings in reimbursable services)
· Survey estimates savings of $15
million in the Norwegian oil and
gas industry by using training
simulators

The challenges in context: Motivation for Lifecycle
The reason for a lifecycle approach comes from the advantage to exploit
the potential synergies that appear, when the dynamic simulation model of
the plant is built and used in a synchronized, integrated manner with the
process engineering project.
This approach provides decision information, reduces the uncertainty, and
allows us to find answers to several questions at
different stages of the project:
· Is the design suitable for all potential transients?
· Is the primary protection properly designed for the planned operation
conditions?
· Will the safety system perform well?
· How will the vendor packages control system interface with the
integrated control & safety system (ICSS)?
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Can we improve the plant’s availability?
Is equipment protected?
How to fully test the operating procedures?
Code is massive in modern ICSS, can we test it in advance?
How to effectively train experienced operators before start-up?
How to safely train inexperienced operators?
How to train operators in the safety critical process conditions?
Is it possible to smoothen the start-up of the new plant?
Once in operation, how to solve controllability issues?

The benefit of using a lifecycle approach is that each phase addresses
specific targets, which are aligned to the current needs of the project. The
simulation model keeps evolving, as more detailed information is available.
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Lifecycle Modelling Phases and Benefits
The lifecycle approach is executed in
phases, and the model is developed
in a modular manner, following
successive refining steps. The
advantage of this approach is that
it does not require all the process
information to be ready at the same
time but allows starting the unit
analysis when the information is
available.
Any early-stage finding can be more
easily handled, to achieve:
· the best solution
· with minimum design modifications
· at minimum costs.
It detects missing equipment,
control logic issues or unreachable
interlock conditions.
Operators: gain confidence and
awareness of the plant’s behavior
and interactions
Final product: is a valuable tool
which can be used for training
purposes and, as an offline Digital
Twin, as the basis for control logic
modifications, optimizations, control
tuning, and to support Operations
team in unforeseen conditions or
configurations.
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Process design and unit
control validation

Controllability and operability improved

Phase 2

Plant performance improved

System integration and
control narrative verification
Safety increased

Phase 3

Procedure verification and
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Trips reduced

Phase 4
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ICSS Integration and
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Phase 6

OTS post-commissioning
adjustments, plant start-up
support, and O&M support

Shortens plant start-up

Speeds-Up procedures (NSD, SU, etc.)

The Inprocess Lifecycle Implementation
Phase 1 Process design and unit control validation
This focuses mainly on the overall design and control validation. Any early
stage finding can be handled easily, to achieve the best solution with minimum
modifications of the engineering design, and at minimum costs. This phase also
increases plant safety significantly, as it targets the primary protection of the
equipment to improve the trip settings, identify potential controllability issues, and
shorten the start-up.

Phase 2 System integration and control narrative
verification
Performing the integration of the different units in one model offers the possibility
to test global scenarios that impact the overall process. This allows identification
of potential interactions among process units and verification of the plant-wide
process control strategy

Phase 3 Procedure verification and process trainer
This offers the possibility to test all the operating procedures in advance,
to increase the safety of the plant, improve the sequence duration, avoid
undesired trips and reduce flaring occurrences. At this phase, the main safety
logic is implemented (i.e. the critical trips settings are configured and enabled
to be activated). Also, the basic inhibit and reset logic is defined. Additionally,
performing an early training focused on the process at this stage has several
advantages: 1) Operators can experience real plant events without causing
disastrous results; 2) Knowledge is transferred for all the control interactions
and critical points in advance; 3) Understanding is achieved from the transient
dynamics and control response before the final ICSS database is released; and
4) Operators have more availability, as during first-oil operations their workload is
more focused on field operations.

Phase 4 ICSS Integration and Checkout
Performing the ICSS checkout with the dynamic model allows a more robust,
consistent check-out that reduces the commissioning time significantly, as well as
controllability issues and false trip occurrences. This is the virtual commissioning
phase of the ICSS, and it normally requires several database revision cycles.

Phase 5 Operators training with the OTS
This phase exposes the operators to trip scenarios, specific operating
procedures, disturbances and uncommon operations in a simulated environment,
using the same ICSS and HMI that they use in the control room, providing the
most realistic and efficient training. This phase improves the controllability and
operability of the plant; increases the safety; minimizes incidents; reduces flaring;
and speeds up planned start-ups and shutdowns.

Phase 6 OTS post-commissioning adjustments, plant
start-up support, and O&M support
The direct-connect OTS solution validated in all the previous phases gains
increased value, as it can be used for training purposes, start-up support
operations, and to perform future process optimizations and to support
operations and maintenance.
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Summary
Inprocess’ lifecycle modeling approach re-uses the dynamic
models from the engineering phase for process design and
control narrative validation, procedure verification, ICSS checkout, control room operator training, support for plant start-up
operations and support plant operational issues (e.g. system
debottleneckings studies, logic optimizations, etc.)
The phases are aligned with the specific needs of the project, to
provide the necessary information to the engineering team and
solve any issue encountered, which assists the project’s success.
The project outcomes provide good indication of the success
of the approach, as production operations use to start ahead of
scheduling and almost in automatic mode. Additionally, client’s
comments highlight the criticality of the simulator exercises and
controller pre-tuning, to achieve smooth transitions during the
start-up operations.

Some quotes from lifecycle clients:
“The preparations through the simulator exercises and pre-tuning of the controllers really seems to
pay off—basically, the operators have been running everything in auto since the start-up”
“We have been running through the oil train with diesel pumped by the diesel circulation pumps,
down to the subsea flowlines and up into the oil separation train HP/MP/LP and to Offspec Tank.
Looking really good. The variations in flow have been from 5 m³/hr to more than 230 m³/hr. All three
vessels have a constant level and interface level”
“We have produced for about 40 hr in auto mode, with only some fine-tuning here and there. What
can I say, except so far this model has performed far above all expectations. Very impressive”
“They actually managed to start the process in auto, and the oil process has been running smoothly
for three days now, despite the wells being quite ‘sluggy’! This is quite extraordinary, and is
something the company has never experienced before, according to feedback from start-up team”

Inprocess
Inprocess is a leading services
and consulting company that
supports its clients with results
from process simulation in an
effort to help them achieve safer,
more reliable and more profitable
industrial operations. Our services
and products provide guidance to
the design and the operation of
highly complex hydrocarbon and
chemical processing plants where it
is critically important for operations

to reach and remain at optimum
values. Inprocess’ independence
of any specific technology provider
facilitates our ability to exceed
customer expectations as we are
free to combine results from any
piece of software available in the
market. Our added expertise in
software development helps to
fill the functionality gaps when
commercial products do not meet
all our customer’s requirements.

Inprocess’ passion for knowledge
transfer has contributed to the
acquisition of skills by our clients,
delivering high returns in their
investments, in both current and
future projects.
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