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1. Introduction

The subject of exergy is one of the most important topics of thermodynamics. It also defines the
efficiency of the second law of exergy thermodynamics. Exergy is an important concept in
itself that explains the availability of energy. Although there are many studies related to exergy
about more theoretical studies, there are not many studies in terms of application. This book is
a study that will complement the application of exergy in terms of implementation and will
also inspire future works. Application of exergy is available in many areas. Exergy applications
need to be clarified in these research fields. This book contains exergy applications in these
research fields.

This book poses application of exergy with current and new technologies. The main scope of
this book is to emphasise exergy efficiency for all field of industry and other fields. In addition,
the research of exergy application can overcome many critical problems for an industry and
other field energies. Furthermore, thermoeconomic (exergoeconomic) analysis is also investi-
gated for the cost of application and industry. This book impresses on the importance of an
exergy with an overview of all of the energy systems. Energy and exergy efficiencies within
thermodynamic laws are carried out for every technology. This book will both encourage the
research of the academic community to be this direction and will lead to the more efficient use
of application, industrial processes and new technologies.

Energy and exergy efficiency is very important as a result of thermodynamic calculations
thanks to the first and second laws of thermodynamics. In many engineering and science
areas, it is necessary to achieve the maximum energy saving and minimal loss of exergy in
many areas. Exergy applications should be used to save energy in all industrial processes of
engineering information. Because, the laws of thermodynamics and heat transfer principle are
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4 Application of Exergy

important for energy and exergy applications. Understanding and applying insufficient energy
and exergy analyzes in many engineering applications leads to significant energy losses
for factories. For the cause, loss of exergy is required to be minimised. This book aims to
ensure a comprehensive overview of the application of exergy by finding solutions to these
problems.

2. A brief of exergy and thermoeconomic analyses

Exergy is given according to the second law of thermodynamics, which defines exergy as the
availability of energy [1]. The following explanations can be found in the literature regarding
exergy: exergy is defined as maximum work and ensures that the system is balanced with the
environment. In the exergy analysis, the final state is considered as the system’s dead state. In
this case, kinetic and potential energies are zero. Various enthalpy and other thermodynamic
correlations can be taken from the steam thermodynamic diagrams [2].

Exergy destruction and loss of the system must be quantitatively calculated in the exergy
analysis. Although this method is not a real improvement approach, it describes the efficiency
of the system. Chemical energy defines the exergetic reaction related to the chemical degrada-
tion of the reaction. Thermal exergy is the maximum mechanical energy that can be measured,
defined in the Carnot cycle. The maximum mechanical energy production is the heat that is
caused by using the difference between the environment and the temperature. Energy conver-
sion in control volume can be applied for energy, mass and types.

The irreversibility, which is the second law of thermodynamics, can also be understood as the
amount of work accepted to bring the system to its original state. Entropy means the process of
corruption. However, the amount of entropy formation in the system decreases with loss of
exergy. Compound thermal and power plants are the best examples of the variation of exergy
distribution. Heat and power can be produced from fuel.

However, the most exaggerated consumption of exergy is favourable for the combined heat
production. When high-quality energy is used for energy production in turbines (exergy
acquisition), combined heat production will have to use low-quality energy (low exergy) due
to the relatively low temperature [3, 4]. The differences between energy and exergy are briefly
summarised by Dincer and Cengel [5].

Exergy analysis is analysed in two parts as chemical and physical exergy [6]. Physical and
chemical exergies are accounted for in exergy analysis calculations. For exergy calculations,
various enthalpy and other thermodynamic correlations are taken from steam thermodynamic
tables [4].

While thermodynamic laws are used for exergy analysis calculations, heat transfer equations
are used for heat calculations. These calculations are used to analyse the applications of exergy.
In exergy applications, cost analysis is performed by thermoeconomic analysis formulas taking
these calculations into consideration.
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3. Methods and equations for exergy analysis

Application of exergy calculations is based on energy and exergy efficiency. Prior to the exergy
analysis, the input and output sections of the process flows are defined. Exergy calculations are
based on input and output with mass flow rate, pressure, temperature, etc. parameters data in
many applications by determining process flows. For the dead state, 25°C and 1 atm are
assumed. If the mass input and output are equal in the control volume, the mass is preserved
[3, 4]. It can be given, for instance, of control volume from thermodynamics equations. Exergy
inputs and outputs are calculated. Exergy input and output are as follows [4]:
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Exergy input and output differences show the exergy loss (irreversibility) in processes where
the system is adiabatic and there is no work. Exergy loss can be defined as follows [4]:

Exg=T=) Ex; =) Exo— Y Exi=T.AS 3)

Exergy equations are used in all application calculations of exergy. Besides, potential and
kinetic energies can be neglected in practice because they are usually small. The specific flow
exergy equations, which should be used for air and steam or other flows, can be given specific
flow (steam or air) exergy as follows [1]:

W = (h — he) — Te(S — Sw) 4)

Specific enthalpy can be given as

h = ¢(T-T..) )
Specific entropy can be given as
s =cIn(T/T.) 6)
Specific exergy can be given as
P = ¢ [T-Te-T. In(T/Tw.)] 7)

In the application of exergy, the efficiency of the second law of thermodynamics can be
calculated as follows:

LEx, (Total exergy output)
T]EX =

100 8
LEx; (Total exergy input) % ®)

5
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Exergy calculations of the application process can be performed by exergy of the auxiliary
applications of exergy.

4. Application of thermoeconomic analysis

Thermoeconomic analysis is an analysis method that calculates the cost of exergy. In fact, it
is a method of analysis that reveals the cost of energy availability. In other words, the
thermoeconomic analysis is a detailed analysis of the cost of exergy. The cost of the exergy, which
has many short definitions, is also called as the cost of the exergetic theory, exergy-economic cost
or exergoeconomic. The most commonly used name is thermoeconomic. Thermoeconomic anal-
ysis approaches and methods are given by following steps.

The economic analysis of the exergy is excluded for exergy applications. Capital costs and
operating costs are considered as investment costs. Capital investments are more strategic and
have long-term effects. Since a capital investment often requires a large amount of money, the
capacity of the project gains importance [7, 8].

The net present value method, using David Cantrell’s approximate solution method [9, 10] to
compare the economic cost effectiveness, is to calculate the interest rate (d) as follows:

(o )]

where q =1log[1 + (1/N)]/log 2, N is a period (=n x 12), P is a payment amount, A is an initial
cost and N is a number of payments.

d, =

The CREF factor, which is the capital recovery factor calculated using a discount rate (d,) and an
amortisation (redemption) period (n) that determines a uniform annual cost to pay a debt or
initial cost, is as follows [7-16]:

de(1+d)"

¢~ CRF= T4
=R = o1

(10)

The cost of life cycle method can be calculated for technoeconomic analysis as follows [7, 8, 17]:

LCCp =1In + En + My + Ry — Sy, 1)

Simple payback period can indicate the number of years required to recover the initial invest-
ment with the project. It is considered that the project life is longer than the simple payback
period [7, 8, 12]. The simple payback period can be shown as follows:

In

SPP = - - (12)
energy savings — maintenance cost

Thermoeconomic analysis is a method and technique analysis that can be used to analyse
energy costs through a combination of the second law of thermodynamics and economic
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principles. Thermoeconomic analysis can be described as cost analysis and optimisation. This
definition is the basis of thermoeconomic. The energy cost unit is expressed as [7, 18-21]

(13)
Since this book contains exergy applications, the thermoeconomic analysis of the turbine
power plant can be determined. If a turbine power plant is considered as an exergy applica-
tion, the unit of exergy cost can be defined as follows [7, 8, 12, 18]:

Ecost [$}

Cry [$/kW] = BRI

(14)

5. The contents of the book of exergy applications

Exergy threads used in different ways in different areas can be seen that when taken applications
in many fields. There are many similar field exergy applications such as factory production
processes, many technological product design, biotechnologies, renewable energy sources,
power plants, military applications, cooling and air-conditioning.

In addition, application of exergy introduces many exergy subjects in the book’s chapter. The
chapters of the book cover the topics as follows: exergetic cost for thermal systems, exergy
methods for commercial aircraft, thermodynamic performance of ice thermal energy storage
systems, exergetic assessment in dairy industry, exergetic perspectives of various typical
bioenergy systems, advanced exergy analysis of an integrated SOFC system, exergy analysis
of wind turbine, applications of exergy analysis, application of exergy for vacuum cooling,
exergy analysis in shell and helically coiled finned tube, human thermal behaviour and exergy
consumption rate, low exergy solution to building heating and cooling, new exergetic meth-
odology to promote improvements and performance of solar PV plant for exergy approach.

6. Conclusion

This book poses application of exergy and its technology in terms of development with new
technologies. The main idea of this study is to research exergy application of all engineering
and science field with current and new technologies. In addition, the research of the exergy
application can indicate many critical issues for an engineering and science enhancement.

Moreover, compared to many types of exergy application, this book also researched many
science areas. This book is both a source of inspiration for similar exergy applications and
studies and can contribute to the resolution of energy problems.

This book emphasises that mass and energy balances will optimise exergy efficiency with the
help of many design parameters. This study shows that energy problems, industrial and
building energy savings, energy use in medical fields, cooling-heating-ventilation systems,
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power plants, many different energy systems, renewable energy systems and many other
scientific problems can be solved by exergy optimisation.

This book will provide solutions to these types of energy problems through exergy applica-
tions that are aircraft, cooling, heating, fuel cell, wind energy, solar energy, motor vehicles,
power plant and various different energy fields.

Nomenclature

Ex; Exergy input, k]/kg

Ex,  Exergy output, kJ/kg

h.. Dead state enthalpy, kJ/kg
h; Enthalpy input, k]/kg

h, Enthalpy output, k]/kg

Seo Dead state entropy, k]J/kg K
Si Entropy input, k]/kg K

So Entropy output, kJ/kg K

T. Dead state temperature, K
Z; Inlet height difference, m

Zo Outlet height difference, m
Nex Exergy efficiency, %

c Specific heat of the substance, k]/kg K
g Acceleration of gravity, m/s*

Specific, air or steam enthalpy, kJ/kg

I Irreversibility, k]/kg

s Specific, air or steam entropy, kJ/kg K
T Sugar temperature, K

vi Fluid inlet velocity, m/s

Vo Fluid outlet velocity, m/s

v Specific, air or steam specific flow exergy, k]/kg

Cg,  The unit of energy consumption, $/kW

CRF  Capital recovery factor, CRF = a“
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d; Discount rate (interest rate)

Ewst Total energy cost, $

E, The present value of energy costs, $

Ex; Exergy input, kJ

Ex,  Exergy output, k]

I, Initial investment, $

i Input (Inlet)

LCC Life cycle cost, $

M, The present value of nonfuel operating and maintenance cost, $

m Mass flow rate, kg/s

mim; Mass input, kg

m, Mass output, kg

n Amortisation period, year

o Output (Outlet)

R, The present value of repairing and replacement costs, $
n The present value of resale or salvage value, $

SPP  Simple payback period, year

oo Dead state
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