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The thermoeconomic analysis of a gas turbine engine with two turbines is presented and discussed in
this work. Two configurations (in parallel and series free turbine) are presented and analysed. The
thermoeconomic analysis relies on the energy and exergy analysis of the system, and the capital cost
evaluated for each component using annualized capital cost equations. Then it is used in combination
with exergy analysis to evaluate the net work and cost rate.

Optimization is performed by considering pressure ratio, turbine inlet temperature and cost as the
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important operating variables. The results are obtained for both configurations and represented in
graphs and tables, the results are discussed and compared to each other.

The comparison of the two configurations shows that the specific cost (cost per kW) is higher for
parallel than series (by 4%). However, the series has higher total cost than the parallel (by 7%).

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Thermoeconomics combines a thermodynamic (exergy) anal-
ysis with economic principles to provide the designer or operator of
an energy-conversion system with information which is not avail-
able through conventional thermodynamic and economic evalua-
tions. Hence it is crucial to the design and operation of cost-
effective systems [1]. Energy efficiency could be obtained by
different methods, among which is waste-heat recovery [2], com-
bined cycles [3], using energy storage for peak shaving and load
levelling [4] and in the limit widening the range of fuel specifica-
tions to improve thermoeconomics [5]. Thereby, contributing to-
wards the green power generation [6].

Complete thermoeconomic analysis consists of exergy analysis,
economic analysis, exergy costing and thermoeconomic evaluation
[7]. Those steps are discussed comprehensively in a number of
publications [8].

The rapid development of new cycles based on gas turbine
technology in the last few years evinces imposed the importance of
a complete thermoeconomic analysis. The complete analysis shows
the influence of the most important cycle parameters and the
economic boundary conditions during the design phase of
advanced systems. A thermoeconomic approach may be used to
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solve this problem. In fact, thermoeconomics is a technique, which
combines thermodynamic analysis directly with economic aspects
in order to optimize thermal systems like a gas turbine based cy-
cles. An introduction to the use of availability (exergy) and eco-
nomics to optimize the design and operation a thermal systems
was presented by M.J. Moran and H.N. Shapiro [9], and a detailed
description for its application for the energy conversion systems
was presented by El Sayed [10].

In this work, the main objective is to combine the exergy and
energy analyses performed with economic analysis and evaluation
of the specific cost (cost per kW) for each configuration. It is spe-
cifically intended to find out the optimum pressure ratio and tur-
bine inlet temperature corresponding to minimum cost for major
performance parameters (work, SFC and efficiency) and hence the
green gas turbine power contribution. Optimal energy systems
having a cost objective function have been the target of many re-
searchers, El-Sayed, Evans [11] and Frangopoulos [12] are among
the major contributors.

2. Plant description

The simple cycle gas turbine consists of a compressor, com-
bustion chamber and turbine which are mechanically coupled to
the compressor (Fig. 1).

In this work, the gas turbine plant studied has a compressor in
which air is compressed from atmospheric pressure and delivered
to two turbines arranged in two different configurations:
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Nomenclature

c cost rate, $/s

C cost per unit exergy, $/Kk]

E annualized purchased equipment cost, $/y
E, annual capital cost, $/y

FCR annual fixed charge rate

HV lower heating value of the fuel, kJ/kg

m mass flow rate, kg/s

p Pressure, bar

SOFC solid oxide fuel cell

T temperature, K

TIT Turbine inlet temp. (Combustor outlet temp.)
w work rate, W

X exergy rate, W

4 capital cost rate of equipment, $/s

Greek letters

H efficiency

Y specific exergy, kJ/kg
D, maintenance factor
Subscripts

a ambient, air

c compressor

Cc combustion chamber
g gas

N net, number of operating hours/y
t turbine

0 environment

1. Parallel: where the combustion gases expand to atmospheric
pressure in both turbines, one turbine drives the compressor, to
which it is mechanically coupled CT, while the other develops
the power output of the plant PT (Fig. 2).

2. Series: where the combustion gases expand through the first
turbine which drives the compressor CT, then reheated and
expanded to atmospheric pressure in a free power turbine
which develops the power output of the plant PT (Fig. 3).

Each turbine in the two configurations has its own combustion
chamber; the fuel supply to each can be controlled independently.

3. Theoretical cost analysis of gas turbine components

The method used here for the thermoeconomic analysis is based
on the exergy analysis. The approach to this method is described in
details by El-Sayed in two publications, for the methodology [13]
and the applications [14].

3.1. Compressor (Fig. 4)

Cost balance:
Gy =G+ Cw, +Z (M
C2X2 = C]Xl +CWCWC +ZC
where, c: cost per unit exergy [$/K]]; cw,: cost per unit exergy of
consumed work by compressor [$/K]]; W.: power consumed by
compressor [KW].; Z.: operating and owning cost of the

compressor [$/s].
Rewriting the equation above,
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Fig. 1. Simple configuration.
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3.2. Combustion chamber (Fig. 5)

Cost balance:

CZ - C] +Cf+zcc (2)
C2X2 = C1X1 + Cfo —I—ch

where, ¢f: cost per unit exergy of fuel [$/K]]; Zcc: operating and
owning cost of the combustion chamber [$/s].
Rewriting the equation above,

Xy + Xp A+ Zec
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3.3. Turbine (Fig. 6)

Cost balance:
C1+2Zt = G+ Cy, (3)
X +Ze = Xp + cw, Wi
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Fig. 2. Parallel configuration.
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