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ABSTRACT

When considering global as well as local energy scenarios, it is required to consume
energy in proper way and also required to harvest maximum possible output from the
available energy source. Therefore analysis, monitoring and optimization of available
power plants are major requirement in the sector. Generally the performance of
power plant is evaluated by energy performance criteria based on 1% law of
thermodynamics. However, as recent developments in thermodynamic studies exergy
analysis was identified as a useful method to design, evaluation, optimization and

improvement of power plants. It is based on 2" law of thermodynamics.

Therefore in this thesis, it is tried to find out potential of exergy efficiency
improvement opportunities in coal power plants through exergy flow analysis. A
methodology was developed to calculate exergy values in major thermodynamics
state in coal power plant and efficiency of major equipment in power plant. That was
done according to general equations which are used in thermodynamics. As a result,

set of thermodynamic equations were derived to analyze exergy flow in coal power

plants. fné

The methoaéogy which" mentioned v above was applied to unit 01 of Lak Vijaya
power station (LVPS) in Sri Lanka to validate it. In this calculation, thermodynamic
properties of water-steam cycle of LVPS unit 01 under both design and actual
calculation were used to evaluate exergy values of critical states of the cycle as well
as exergy efficiencies of major equipment. The obtained results were used for the
analysis of exergy of power plant. Then the exergy destruction, exergy efficiency of
major equipment as well as the overall exergy efficiency of LVPS unit 01 was

figured out under both design and operational conditions.

Boiler was identified as the major exergy destruction equipment in power plant and it
has less exergy efficiency also. It is around 49% in design condition and 45% in
actual operation condition. Also energy balance calculation was done for the boiler
to identify the difference of exergy and energy efficiency of equipment. The boiler

exergy destruction value is contributing extra percentage of total exergy destruction
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of power plant. Therefore the changes of boiler exergy destruction are directly

affected to overall exergy efficiency of the power plant.

Hence boiler sub system was analyzed to identify potential of exergy efficiency
improvement in coal power plants. The main variable parameters of boiler were used
to identify the exergy flow behaviors of the boiler. The main steam pressure, main
steam temperature, Feed water temperature, Gross Calorific Value of Coal and Load
variation of power plant were considered as major variable parameters of the boiler.
The above variables were taken individually to identify exergy destruction and
exergy efficiency of boiler in LVPS unit 01. Then potential of exergy efficiency

improvement in coal power plant was discussed using obtained results.

As per the results which were obtained from case study of LVPS unit 01, Coal power
plant should run in full load (300MW) conditions as much as possible to improve its
overall exergy efficiency. Also boiler main steam pressure should be kept in high
pressure condition at least above 16.0MPa.Above working conditions were identified

as better working conditions which will improve the exergy efficiency of overall

power plan%,;,g_

Also econdiﬁié analVy§i§ Wasl dofigIfori thelboiler to identify the benefits of doing this
kind of thesis. The steain generating cost was calculated in the thesis according to
past actual operational data in LVPS unit 01. The cost saving due to the improvement
of exergy efficiency also determined here. Not only steam generating cost saving in

power plant but also reduction of hazardous CO, emission calculation was done here.

Key words: Exergy, Energy, Exergy destruction, Exergy efficiency, 1* law of
Thermodynamics, 2" Jaw of Thermodynamics and Gross calorific

value.
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