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In recent years, reliability, availability, and
capacity have become critical issues in power
plants industries. It is also becoming a challenge
to meet the demand without the expansion of
aged power plants. This paper presents
availability analysis of the power generation
systems in cogeneration plants situated in Kuwait.
Furthermore, an overview of the current situation
about Kuwait power plants and their availability,
demand for electricity, and installed capacity are
presented. Stochastic availability analysis of one
power plant with concentration on steam turbine
units is illustrated using empirical data for one
year. The results are extrapolated to other power
plants to determine expected power output under

different operational conditions.
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1. Introduction
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Cogeneration methods of electrical power
generation and fresh water production has been
utilized by utility companies for many years as a
reliable, efficient and economic means of
generating power and simultaneously desalting
sea water .

Cogeneration power plant is a complex process
engineering system consisting of various
subsystems to achieve the goal of maximum

power generation. It is required to run various
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units of the plant failure free for a long period of
time.

Maintenance, which is defined as combinations of
several functions needed to keep in or restore the
equipment to a designated operational state, is an
essential activity in complex systems.
Maintenance costs are known to be the increasing
portion of operational costs, and therefore, can be
seen as a major opportunity for operational
improvement.

An asset that continues to perform its intended
function is considered as reliable. The process
used to ensure that any physical asset continues
to do what it is designed and instructed to do is
known as reliability-centered maintenance.
Reliability is "the probability of a device or system
performing its purpose adequately for a period of
time intended under the operating conditions
encountered" .

It is @ mean of cost effectiveness and normally
measured as the mean time between failures
(MTBF). Availability is "the ability of equipment to
successfully perform its required function at a
stated instant of time over a stated period of
time" .

Any failure which occurs in any unit in the
cogeneration plant will affect the overall
availability and the reliability of the system.
Therefore, evaluating reliability and availability of
a unit plays an important role for determining its
performance, capability, and limitations. It will also
help in planning and deciding periodical
maintenance activities and replacing or repairing

when failures occur.
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Optimization and modeling of reliability and

availability in different systems of a complex
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industrial plant is of great interest as the plant
economy strongly depends on reliability and
availability. Different studies have been carried out
1598 1599 to model and study different aspects of
reliability and availability.

Tsai, et al. studied preventive maintenance in
simultaneously considering three actions,
mechanical service, repair and replacement for a
multi-components system based on availability.
Whereas, Borges and Falcao presented a
methodology for optimally distributed generation
(DG) allocation and sizing in distribution systems,
in order to minimize the electrical network losses
and to guarantee acceptable reliability level and
voltage profile.

They used a combination of genetic algorithms
(GA) techniques with methods to evaluate DG
impacts in system reliability, losses and voltage
profile.

Kancev and Cepin [10] showed that testing and
maintenance improve the reliability of safety
systems and components in nuclear power plants,
which is of special importance for standby
systems. Sanchez, et al. studied two types of
models, i.e. deterministic and probabilistic, and
considered them to simulate the impact of testing
and maintenance activities on equipment
unavailability and the cost involved.

Marseguerra and Zio presented an optimization
approach based on the combination of a Genetic
Algorithm maximization procedure with a Monte
Carlo simulation.

Haghifam and Manbachi proposed a combined
heat and power reliability and availability model

based on the state space and the continuous
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Markov method with electricity-generation, fuel-
distribution and heat-generation subsystems.

Eti et al. presented a survey of the performance of
gas-turbine plants in Afam Thermal-Power Station
and showed that the financial impact of lost
generation (through non-availability) exceeded
within a few years, the initial purchase price of the

power plants and associated equipment.

Proctor et al. presented reliability modeling of a
gas turbine standby system operating under dusty
conditions. Based on the historical data, they
developed a Markov model and analyzed the
system to determine the steady state availability.
This paper discusses the availability analysis of
the power generation systems in cogeneration
plants situated in Kuwait. The study presents an
overview of the current situation of Kuwait power
plants, their availability, the demand for electrical
power, installed capacity, and estimated
requirements for the future.

Furthermore, one of the seven power plants is
selected and a stochastic model is developed to
analyze its reliability and steady state availability.
The results are extrapolated to other power plants
to estimate expected total power output from all

plants in Kuwait.
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2. Power Generation and Distribution Structure

in Kuwait
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Power generation in Kuwait depends primarily on
the cogeneration-desalination power plants.

There are 6 power plants in Kuwait, namely: Doha
East, Doha West, Shuaiba, Al-Zour South, Sabiya,
and Shuwaikh as shown on the Kuwait map in

figure 1. These power plants employ both thermal
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steam turbines and gas turbines for power
generation.

The installed capacity is shared between thermal
steam turbines and thermal gas turbines. While
thermal steam turbines constitute 85% of power
generation capacity, thermal gas turbines provide
only 15% of the total capacity.

The Ministry of Electricity and Water (MEW) is
responsible for supplying power and water to the
population. The MEW has met the 700% growth in
demand for electricity and water during the past
25 years by the construction of a system of
cogeneration plants, now totaling 12,880 MW of
power and 423.1 MIGD (Million Imperial Gallons
of Water per Day). These plants are identical in

layout but different in size and installed capacity.

Figure 1.
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The Kuwait plants are typical in that each plant
has a boiler, a turbo-generator, and a distiller as
shown in figure 2. The boilers produce high
pressure steam from fuel; the turbo-generators

produce electric power from high pressure steam
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and the distillers produce desalinated water from

salt water using low pressure steam.

A common steam header connects the boilers of a
plant so that steam from a boiler in one unit can
be used by a distiller in another unit.

The water produced is stored in reservoirs which
are used to meet the predicted demand at each

time period of planning horizon. The plants should

BT HERH D ET, also satisfy the demand for electric power and
water during each time period.
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Figure 2: Elements of the units of a typical cogeneration plant in Kuwait
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Under normal conditions, total power generation is
achieved through the utilization of only the thermal
steam turbines that convert the thermal energy
into mechanical energy and then to electrical
energy.

On the other hand, thermal gas turbines are used
only in emergencies and times of peak loads. The

installed capacities of the power plants, including
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steam turbine and gas turbine plants in Kuwait,
are shown in Table 1 below.

Different types of fossil fuels are available in
Kuwait, such as natural gas, heavy fuel oil, crude
oil, and gas oil, which are utilized for power
generation in these plants.

Kuwait population has tripled during the past three
decades. The increasing consumption of
electricity is shown in Table 2 for the past 34
years to illustrate the trend in the consumption as
well as capacity expansion.

As it is seen from table 2, population has
increased from 1,107,633 to 3,484,881, which is
an increase of about 215% in 34 years.

However, installed capacity has increased from
1,868 MW to 12,879 MW, an increase of about
590%.

The last column in table 2 shows that the trend in
power consumption is much higher than the trend
in population increase. Also, per capita
consumption shows an increase of about 177%,
which is an indication of the increase in quality of
life in Kuwait.

This high consumption of electricity per capita
presents a real challenge to the Ministry of Water
and Electricity to satisfy the demand with no

power interruptions or restrictions.

Table 1. Installed capacity of power plants in Kuwait

Stations Sleam Turbme Gas Turbine
MW MW
Shuwaikh Station - 252
Shuaiba Station 720 660
Doha East Station 1050 108
Doha West Station 2400 112.8
Al-Zour South Station 2400 1976
Sabiya Station 2400 500.2

Table 2. Increase in Kuwait population and installed capacity of power plants




. Installed Capacit Per Capita Consumption
Year Population MW Py IEWI N p
1977 1107633 1868 4825
1979 1332611 2578 5656
1987 1926328 6696 8054
1989 2097570 7411 8606
1997 1837450 6898 12442
1999 2148032 8289 12552
2007 3399637 10481 12527
2009 3484881 12879 13372
6. TR 6. Conclusions
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This paper has presented a detailed analysis of
capacity and availability of electrical power
stations in Kuwait.

The analysis show that as Kuwait population has
increased over the past 34 years by more than 3
times, the demand for power consumption has

increased by almost 7 times.

This indicates a high increase in per capita power
consumption due to increase in quality of life and
income level. The ministry of electricity has been
coping with this increase by installing more and
more power units over the past decades.

Models were developed to analyze the availability
of seven power stations. It was found that most of
the preventive maintenances were scheduled
during the winter months when the demand for
power was low due to air conditioning
requirements.

While operational availability was very high in
some stations, the figure was very low for some
other stations possibly due to inappropriate PM
schedules.

In general, the demand was met with the current
availability levels. A stochastic model was used,

based on queuing analysis and available data
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from one of the power stations with 7 steam
turbines, to determine expected number of
turbines that would be operational in the steady
state.

This model was used to determine expected
power output from all stations in the long run
assuming that all stations had similar failure rates
as the selected station.

Furthermore, effects of the number of repair crews
and level of repair on the system availability as
well as the expected power output was estimated
based on the stochastic analysis.

The results indicated that increasing repair rates
by additional repair crews considerably increased
system availability and the expected power
outputs. Models and analysis presented in this

paper can be used by oper




