Ensuring High-Availability
in Gas Turbine Power
Systems

Applying dynamic simulation
during the design phase of
gas turbine systems in order
to minimize the occurrence of
operating trips

Power
Systems
in Processing
Plants
Challenge
Gas turbine power plants have to
achieve high reliability and maximum
availability in order to be able to meet
the dispatch requirements of electric
grids at short notice.
The power generation systems are highavailability assets, generally above 90%.
This high availability requirement means
that the possibility of a single unit trip
occurring, let alone a cascade of trips,
should be minimized as much as
possible.

Avoid spurious trips
that can cost up to
$100k/MW·hour in
power plants

Solution
Dynamic simulation analyses, based
on rigorous process simulation
software, generate very useful results
which can be used in order to support
the verification of the equipment
design.
Thus, dynamic simulation becomes a
tool that, even from the design phase,
will ensure an increase in the reliability
of the process.

Benefits
· Avoidance of unexpected trips
due to wrongly-designed gas
turbine systems
· Prevention of losses of up to $2
million/day when power is missing
in upstream platforms

The Challenge in context
The power generation systems are
high-availability assets, generally,
above 90%. In the power generation
market, gas turbine power plants must
achieve high reliability and maximum
availability in order to meet the dispatch
requirements of electric grids at short
notice. Normally, these systems are
configured with several gas turbines
operating in parallel and are designed
and built to operate at high levels of
availability, reliability and performance.

This high availability requirement
means that the possibility of a
single unit trip occurring, let alone
a cascade of trips, should be
minimized as much as possible.
This can be made possible,
achieving high reliability, through
both:
design verification
operation support

Some common characteristics in
gas turbine power systems are:
· Gas turbine manufacturers have
hard constraints and specific
limits for variations in flow and
pressure in the fuel gas supply.
· Pressure reduction stations and
compressors are often used in the
fuel gas feed systems, with more
or less complex arrangements,
feeding one or more gas turbines.

· Minimizing the probability of trips
requires that active and passive
protective measures be carefully
considered during the process
design.

The Inprocess Solution
Dynamic simulation analyses, based
on rigorous process simulation
software, generate very useful
results which can be used in order
to support the verification of the
equipment design.
The dynamic analysis assesses the
transient performance of the system
and therefore provides insights into
its behavior, as well as generating
recommendations to modify some
parts of the design in order to
guarantee system availability. The
system being evaluated should
include the piping existing between
the gas distribution pipelines, the
pressure reduction stations (if any)
and the fuel gas compressor(s)
feeding the gas turbines.
The results of this analysis permit
the evaluation of the remaining
safety margin before reaching the
manufacturer limits, and they will

also generate recommendations
for the modification of the piping
system, if it is necessary to
increase the buffer capacity and
improve the compressor control.
A dynamic analysis allows
engineers to:
· Evaluate the transient
conditions and determine if
more gas inventory is required
(e.g. pipe volumes or buffer
tanks) between the compressor
and the gas turbine in order to
reduce the pressure variation rate
to reach the turbine manufacturer
limit, as shown in the following
figures. The analysis determines
the additional buffer volumes
that might be required to avoid
a trip in case of an upset in the
gas feeding system, contributing
thus to guaranteeing the process
availability.

The Inprocess Solution
A dynamic analysis allows
to:
Assess the impact of
the addition of a new
turbine to an existing gas
supply system (feeding
other gas turbines).
Determine if the
compressor control
would react fast
enough during a
typical operation, e.g.
compressors’ switchover.

A dynamic analysis provides
responses to questions such as:
What is the best arrangement that
meets the requirements and shows
higher availability?
For example: A system with three fuel
gas compressors, that operates at
3x50%, and two gas turbines operating
at 2x50%.
This could be re-arranged as one
dedicated compressor for each turbine
and the third one on standby, or the
two compressors operating in parallel
discharging to the common gas header.
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What is the best configuration in
terms of availability?
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This question can be answered by the
dynamic analysis, which will provide
details of the behavior of every possible
configuration, in order to be able to take
the best decision.
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Conclusions
In power plants, the average cost
of the installed piping is around
3% of the total direct cost of the
plant. The benefits of performing a
dynamic analysis at the engineering
design phase, that might simply
imply modifications in the piping are
significant, considering the cost of
the process trips, summarized in
the table below.

When comparing the cost of the
mitigation measures against the
possibility of preventing trips of the
process, this is marginal. Moreover, the
dynamic analysis allows the verification
of the design in the early phase of
the engineering project, and it also
determines the adequate requirements
for equipment such as compressor
units, in terms of their reaction time.

Process Aplication

Spurious Trip Cost

Oil & Gas Platforms
Power Generation

Up to $2 million/day
$100k/MW hour

Source: Miller, Curtis, Win/Win: A Manager’s Guide to Functional Safety, 1st Edition, 2008

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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