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Abstract

The purpose of this study is to design a 240 MW, thermal power plant (TPP) to be operated with ten different types
of Turkish lignite and fulfill an exergy analysis including the determination and comparison of the performance for
each type of lignite. Additionally an examination of the effect of the ambient temperature on the power plant’s
exergy efficiency and calculation of the CO, emissions of each lignite type is carried out. Exergy destruction of each
component is investigated by using conservation of mass, conservation of energy and exergy destruction in an open
system at steady state. Sivas Kangal lignite is selected for designing. Net energy and exergy efficiencies of the plant
are calculated as 37.16 and 34.84 % respectively. The analysis of the case study revealed that the boiler is the major
source of exergy destruction with 299.10 MW and 83.29 % of the total exergy destruction of the overall plant.
Another point is that, fuel consumption and CO, emissions of the TPP increase with rising ambient temperature. It
should be noted that, comparison between the performances and emission data of the power plants can provide
useful data for the future coal-fired thermal power plants investments in Turkey.

Keywords: Thermal power plant,; low rank lignite; exergy analysis;, CO, emissions.

1. Introduction

Despite the rapid developments in renewable energy
utilization, it can be estimated that, fossil fuel dependency
will continue for decades. Lignite is one of the most widely
used fossil fuels in Turkey due to its vast reserves.
According to IEA, approximately 26% of the total energy
demand is met by lignite in Turkey. However, because of
the environmental effects and combustion difficulties of the
low grade lignite, an improved method for its better
utilization is required. As a result, pre-treatment of coal is
widely used for lowering the combustion emissions.
Gasification applications of the lignites are still to be
developed for integration to a combined cycle.

Researchers all around the world are carrying out
exergy studies and have evaluated the performance of
power plants to assess the main locations of the losses, in
order to optimize the performance of the power plants. The
most commonly used method for evaluating the efficiency
of an energy-conversion process is the first-law analysis.
Nevertheless, there is an increasing interest in the combined
utilization of the first and second laws of thermodynamics,
using such concepts as exergy, entropy generation and
irreversibility in order to evaluate the efficiency with which
the available energy is consumed (Kopac and Hilalei,
2007).

Kopac and Hilalci (2007) presented energy and exergy
analysis of the Catalagzi power plant and investigated the
effect of ambient temperature on the power plant
performance. Erdem et. al. (2009) performed a comparative
analysis of the performance of nine thermal power plants
under the control of governmental bodies in Turkey, from
energetic and exergetic points of view. Oktay (2009)
analyzed a modern coal-fuel power plant in Turkey using
the exergy calculation. Ganapathy et. al. (2009) performed
an exergy analysis on an operating 50 MW, unit of lignite-
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fired steam power plant, aiming to find the energy
efficiency and exergy efficiency of the power plant. The
results revealed that maximum energy loss of 39% occurs
in the condenser, whereas the maximum exergy loss of
42.73% occurs in the combustor. Verkhivker and Kosoy
(2001) performed an exergy analysis on a power plant. A
thermodynamic analysis of a subcritical boiler—turbine
generator is carried out by Regulagadda et. al.(2010). They
investigated the plant under various operating conditions,
including different operating pressures, temperatures etc. In
another study, Dinger and Muslim (2001) performed a
thermodynamic analysis of a reheat cycle power plant.
Aljundi (2009) quantified the exergy loss in the
components as well as the overall exergy loss of a thermal
power plant and concluded that the maximum exergy
destruction occurs in the boiler system by as much as 77%
of the total exergy destruction of the power plant. Sengupta
et. al. (2207) conducted an exergy analysis of a 210 MW
thermal power plant. Ozdemir et. al. (2010) performed an
exergoeconomic analysis of fluidized bed coal combustor
power plants.

The aim of this study is to design a thermal power plant
and perform an exergy analysis based on the second law of
thermodynamics to evaluate the exergetic efficiency and
exergy destruction of the overall plant and each of its
components, and to identify the extent and exact location of
the exergy destruction in the system. The Sivas Kangal
lignite is employed as a baseline. The effects of the
ambient temperature on the exergy analysis are then
investigated. Finally, the power plant is modeled assuming
various types of Turkish lignite that are currently employed
in real thermal power plants. The results are compared in
terms of energy generation, exergetic efficiency and CO,
emissions for each type of lignite.
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Figure 1. Schematic diagram of the power plant.

2. Design of the Power Plant

2.1. General Description of Power Plant and Estimation
of Boiler Capacity

Figure 1 shows the schematic diagram of the power
plant, demonstrating all of its relevant components. For the
design of the power plant, the parameters which should be
assumed as initial conditions are given in Table 1.

Table 1. Operating conditions of the power plant.

Operating condition Value
Turbine power output 242.07 MW
Main steam pressure 205 bar
Main steam temperature 540 °C
Main steam flow rate 203.8 kg/s
Reheat steam pressure 449 bar
Reheat temperature 540 °C
Reheat steam flow rate 187.7 kg/s
Condenser pressure 0.075 bar
Low pressure pre-heater number 4

High pressure pre-heater number 2

Boiler efficiency 87%

After determination of the mentioned parameters of the
thermal power plant (TPP), pressure and mass flow rate of
bled steams, which can be achieved via optimization, are to
be ascertained. By using Mollier diagram and
thermodynamic tables for steam and thermodynamic
equations, pressure, temperature, mass flow rate, enthalpy
and entropy of each stream is obtained and given in Table
2.

To calculate the boiler capacity, the h-s diagram of the
plant should be utilized, which is illustrated in Figure 2.
Total heat transfer rate of each package included in the
boiler gives the boiler capacity. For this purpose, the heat
transfer rate of the each package is calculated by Eq. 1.
Here, m is the mass flow rate of water/steam and Ah is the
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enthalpy difference at the inlet and outlet of the each
package.

O,[kW]=m .Ah €))
QB = QEVA + Q.S,H‘ + QR.H. + QECO 2
2.2. Combustion Calculations

Combustion is an exothermic high temperature

oxidation process of combustible elements of a fuel with
air. To obtain complete combustion, four major
requirements must be fulfilled which are temperature, time,
turbulence and sufficient oxygen. To calculate the
combustion gas temperature at different points of the
stream and overall plant emissions, air and gas flow rates
must be evaluated. Specific oxygen requirement, which can
be calculated with the elemental analysis of coal, is given in
Eq. 3. Secondly, the specific air requirement is proportional
to the volume percentage of O, in the air and it is assumed
as 0.21 for the calculations. To obtain complete
combustion, excess air is provided to the combustion
chamber and in the analysis excess air is assumed as 10%
(Ozkan, 1983).

3 —
zmin[M] =1.87C+5.6(H-0/8)+0.7S 3)
kg — fuel
Nm’ —air
Va(th)[W] =(1/021).0, in “)
Nm' =0
a 2] =1V gy Q)
kg — fuel

The amount of the specific dry gas in theoretical
combustion can be found by Eq. 6. The theoretical volumes
of combustion gas components can be obtained by the
elemental analysis of coal, as indicated in Eqs. (7)-(10)
(Ozkan, 1983).
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Table 2. Thermodynamic properties of each stream of the power plant.

Point State T[°C] P [kPa] m [kg/s] h [kl/kg] s [kJ/kg K]
1 Water 253.14 20537.00 205.80 1102.03 2.8220
2 Steam 538.23 18929.00 203.80 3369.00 6.3269
3 Steam 329.08 4712.00 187.70 3016.76 6.3878
4 Steam 539.12 4284.00 187.70 3532.07 7.1655
5 Steam 327.13 4523.00 16.09 3017.01 6.4046
6 Steam 473.48 2603.50 8.65 3401.76 7.2257
7 Steam 378.82 1337.20 9.41 3212.88 7.2557
8 Steam 289.88 658.90 9.39 3038.84 7.2925
9 Steam 192.23 267.60 8.94 2851.08 7.3387
10 Steam/Water 96.70 90.04 8.48 2667.35 7.3809
11 Steam/Water 62.22 22.08 4.78 2475.13 7.4559
12 Steam/Water 40.32 7.50 138.10 2345.32 7.5226
13 Water 40.32 7.50 169.60 168.75 0.5766
14 Water 40.25 1510.50 171.70 169.80 0.5757
15 Water 58.31 1469.20 171.70 245.26 0.8099
16 Water 63.31 86.29 26.80 265.05 0.8726
17 Water 45.25 21.16 31.58 189.39 0.6418
18 Water 90.00 1427.80 171.70 378.06 1.1929
19 Water 95.00 256.50 18.32 398.19 1.2504
20 Water 122.00 1386.40 171.70 513.13 1.5493
21 Water 127.00 631.50 9.39 533.86 1.6028
22 Water 154.00 1345.00 171.70 650.17 1.8823
23 Water 185.98 1345.00 205.80 789.87 2.1971
24 Water 196.47 2495.00 24.74 837.32 2.2970
25 Water 191.47 20620.00 205.80 823.55 2.2495
26 Water 218.00 20579.00 205.80 940.73 2.4990
27 Water 223.00 4335.00 16.09 958.56 2.5454
28 Fuel 25.00 101.32 110.80 0.00 0.0000
29 Air 26.55 102.82 325.40 -160.87 6.9544
30 Air 250.00 102.07 304.20 70.40 7.5321
31 Combustion gas 326.17 102.07 397.20 -4059.27 8.2628
32 Combustion gas 179.37 101.32 418.50 -4027.97 7.8957
33 Air 25.00 101.32 4384.30 -162.45 6.9534
34 Air 34.60 101.32 4487.80 -152.41 6.9857
35 Air 25.00 101.32 325.40 -162.45 6.9534
36 Water 40.56 1510.50 169.60 171.08 0.5798
h{kJ/kg) Nm® — N,

4 VN(air) [W] =3.760; i )

Ahsn ~

— N 1=0.8N (10)

Ahiva —

Ahico —

s|kd/kg K|

Figure 2. h-s diagram of the plant.

m” —Gas

14 ——————— 1=V, + Ve + Vi oy + Vi 6
DG(th)[ kg — fuel ] co2 02 N(fitel) N (air) (6)

m _C02

=1.87C 7

co2l ke — fucl ] @)
Nm?> =S50

Vsor[————>1=0.78 ®)
kg — fuel
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It should be noted that the combustible elements of the
fuel are assumed to be combusted completely and nitrogen
in the air and coal are not oxidized. Specific moisture
content of the theoretical combustion gas can be calculated
by combining Egs. (6) and (1).

The volume of specific wet combustion gas with excess
air can be found by using Eq. (13) (Ozkan, 1983).

Nm* —H,0
——=1=1244(W +9H 11
ol )= L2408 +9H) (11)
Nm? = Gas
VWG(th)[—fu 1=Voawn + V0 (12)
Nm? = Gas
Vg l——————1= Vg + (n =DV ;) (13)

kg — fuel
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Total air requirement and volumetric flow rate of
combustion gas are evaluated from Eqgs. (14) and (15), these
parameters affect the power consumption of the fans.

. Nm® = air

VI ——=mg4,V 14
a[ kg—fuel ] m_fuel a ( )

porm iy (15)
G kg—fuel fuel " WG

Mass flow rate of fuel consumed is evaluated by using
Eq. (16), where Hu is the lower heating value of fuel
obtained from elemental analysis of coal.

Qboiler
Hi UMpoiler

m fuel —

(16)

The combustion chamber temperature in the boiler can
be calculated using the following equations.

it LHV +V,.Cp i Ty

TCC[OC]_ V Cp (17)
G~PG

o Q
T, Cl=——"—+T (18)
G(OUT)[ ] C G(IN)

VG' G

2.3. Amount of Generated Power and Net Efficiency
Assessment

The power output of a TPP using water/steam as the
working fluid is generated in a steam turbine. A steam
turbine is a prime mover that continuously converts the
energy of steam at high-pressure and high temperature into
shaft work. As a result low temperature steam is exhausted
to the condenser (Nag, 2008). Eq. (19) is useful for
evaluating the power output of the steam turbine. It can be
seen that, in this equation, mass flow rates of steam
decreases due to the bled steam for preheating of feedwater.

W, [MW] = v, (hy — hy)+ (rin, —1iag (s — )

+(m2 _ms _mﬁ)(h6 _}’7)

+(rmy =it —mg —m, )(h, = hy)

+H(rmy — it —mg —m, — ity )(hy = hy)
+H(m, —mg —mg —m, —mg — iy )(hy —hyy)

+(ri, — my — i, — 1y, — 1

—n@ _mlo)(}ﬁo _hll)

+(rh2 _ms _m6 _m7 _ms _m9 _mlo _mll)(hll _hlz) (19)

Wnet [MW] = WT - Z Wawc (20)

The net electrical efficiency of a power plant is defined as
follows:

Nner = M1
net generated power by power plant

" rate of energy released in boiler by the combustion of fuel
- ta 1)
1t e LHV
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3. Exergy Analysis

The exergy of a system is defined as the maximum
available work that can be done by the system-environment
combination. Higher values of exergy means a higher value
of obtainable work. The exergy analysis is the composite of
the first and second laws of thermodynamics. In this
analysis heat does not have the same value as work, and
exergy loss represents a real loss of work. When analyzing
novel and complex thermal systems, experience needs to be
supplemented by more rigorous quantitative analytical
tools. Exergy analysis provides those tools and it helps in
locating weak spots in a process. This analysis provides a
quantitative measure of the quality of the energy in terms of
its ability to perform work and leads to a more rational use
of energy (Oktay, 2009).

Conservation of mass, conservation of energy and
exergy destruction equations for any control volume at
steady state with negligible kinetic and potential energy
changes can be written as in Eqs. (21)-(23). By neglecting
the potential and kinetic exergy changes of the system, Eq.
(24) defines the total exergy rate. In Eq. (24), the subscript
“0” indicates the reference conditions, which are, in this
study, ambient temperature as 25°C and atmospheric
pressure as 101.32 kPa, respectively.

PRLEDI (22)
0,- ()= th —Eilm,-hi (23)
ED:Z(l—%}Qi—(VKV)+ZE‘.—Z€:E@ 24)
E=mlh=hy—Ty(s—s¢)+ecy | (25)

Furthermore, the chemical exergy of a substance (ECH)

can be obtained from standard chemical exergy tables
(Bejan et. al., 1996; Kotas, 1985) with the specification of
the environment. For mixtures containing gases other than
those in the reference tables, chemical exergy can be
evaluated by using the following equation.

ecy =%, @y )y +RTy Y. x, Inx, (26)

Here, x, is the mol fraction of the k™ gas in the mixture

and R is the universal gas constant.

ecr( fuery = B(LHV) 27)

In Eq. 27, ecp e 1s the fuel specific exergy, and the

exergy factor based on the lower heating value (/) is
given by [11],

B =1.0437+0.1882 (ﬁJ + 0.0610(2J + 0.0404(1j 28)
C C C

Considering each component in Figure 1 as a control

volume, the exergy equations can be derived from the

general exergy equation (Eq. 23). It should be noted that

exergy destruction caused by the heat loss from the

components are ignored in this study, since it is assumed

Int. Centre for Applied Thermodynamics (ICAT)



that the boundary temperature (7}) of the each component is
equal to the dead state temperature (7).

Another parameter in an exergy analysis of a system is
determining the exergetic efficiency, which is the
percentage of the fuel exergy provided to a system over the
exergy of the product. Moreover, the difference between
100% and the actual value of the exergy -efficiency,
expressed as a percent, is the percentage of the fuel exergy
wasted in this system as exergy destruction and exergy loss
(Bejan et. al., 1996).

(29)

Generally, the exergy of the product emphasizes the
desired outcome of the system, whilst the exergy of the fuel
represents the entire resources given to the system.
Considering this fact, for different components of the power
plant, the desired outcome and the given resource are not
the same. Further expressions and efficiencies of exergy for
each component are given in Appendix 1.

4. Results
4.1. Energy and Exergy Results of the TPP Operated
with Kangal Lignite

The parametric design of power plant is made with the
equations given previously and the data given in Tables 1
and 2, and the results are summarized in Table 3.

Table 3. Thermal power plant summary.

Total generated power 257.713MW
Total plant auxiliary 15.65MW
Total fuel consumption 110.8 kg/s
Net power 242.10 MW
Net energy efficiency 37.16

Plant total CO2 emissions 2,333,445 ton/year

Table 4. Physical, chemical and total exergy values of each
Stream.

Point State E™ E" [MW] Eqgul
[MW] [MW]
1 Water 54.60 0.51 55.12
2 Steam 303.11 0.51 303.62
3 Steam 209.64 0.47 210.11
4 Steam 262.84 0.47 263.31
5 Steam 17.89 0.04 17.93
6 Steam 10.83 0.02 10.85
7 Steam 9.92 0.02 9.95
8 steam 8.16 0.02 8.18
9 Steam 5.97 0.02 5.99
10 Steam/Water 4.00 0.02 4.02
11 Steam/Water  1.23 0.01 1.24
12 Steam/Water 14.79 0.34 15.14
13 Water 0.25 0.42 0.68
14 Water 0.48 0.43 0.91
15 Water 1.45 0.43 1.88
16 Water 0.26 0.07 0.32
17 Water 0.09 0.05 0.13
18 Water 4.65 0.43 5.07
19 Water 0.55 0.05 0.60
20 Water 9.59 0.43 10.02
21 Water 0.57 0.02 0.59
22 Water 16.08 0.43 16.50
23 Water 28.70 0.51 29.22
24 Water 3.89 0.06 3.95
25 Water 32.42 0.51 32.93
26 Water 4122 0.51 41.74
27 Water 3.29 0.04 3.33
28 Fuel 0.00 694.73 694.73
29 Air 0.42 0.00 0.42
30 Air 18.34 0.00 18.34
31 Combustion ¢ 4 69.98 115.98
gas
32 g;’smbus“"“ 14.92 68.80 83.72
33 Air 0.00 0.00 0.00
34 Air 3.89 0.00 3.89
35 Air 0.00 0.00 0.00
36 Water 0.49 0.42 0.91

The exergy analysis of a power plant is fulfilled with the
equations given in previous pages. The physical, chemical
and total exergy rates of air, combustion gases, fuel, steam
and water at various points were computed and summarized
in Table 4.

It is assumed that the chemical exergy of the air at
points 29, 30, 33, 34 and 35 is zero, since the air
composition at these points resembles the air composition
of the reference environment.

Table 5 provides a list of the exergy destruction and
exergetic efficiency data for various components of the
plant. It can be seen that the maximum exergy destruction
occurs in the boiler with a value of 83.29% of the total
exergy destruction. It seems obvious from the data in Table
5 that the irreversibility associated with chemical reactions
is the main source of exergy destruction. The other
prominent components in exergy destruction are the steam
turbine and air pre-heater with 6.15 and 3.99%,
respectively, of total exergy destruction.

In contrast to the first law analysis indicating that the
greatest energy loss occurs from the condenser, the exergy
analysis of this plant shows that only 3.27% of the total
exergy is lost from the condenser. The total exergy
destruction of the plant is calculated to be 359.10 MW.

Int. J. of Thermodynamics (IJoT)

Dead state condition: Ty=25°C and Py= 101.32 kPa.

From Table 5 it is observed that the deaerator, steam
turbine, and pre-heater No.l have the maximum exergetic
efficiencies of 96.11, 92.21, and 91.58%, and that the
condenser, boiler and pumps have the minimum exergetic
efficiencies of 27.98, 50.22, 50.57 and 54.91%. The overall
plant exergetic efficiency is 35.49%. Compared to the net
first law efficiency of the plant of 37.16%, it can be seen
that the exergetic efficiency is less than the energetic
efficiency, as indicated in the previous section. According
to the results of the exergy analysis, the boiler, steam
turbine, air pre-heater and condenser should be designed to
decrease exergy destruction percentages.

Figure 3 depicts clearly the effects of ambient air
temperatures (between -10 and 35 °C) on exergetic
efficiency and also on CO, emissions of the power plant.
For instance, a 45°C increase in the ambient temperature
results in a decrease in the second law efficiency of the
overall plant from 35.25% to 34.54%. On the other hand,
with increasing ambient temperature, CO, emissions
increase from 2,297,396 to 2,343,953 ton/year, which has
serious results on the natural environment, as is well
known.

4.2. General Results of Other TPP’s

Figure 4 is a comparative summary of the exergy
destruction, exergetic efficiency and generated power
between the different TPP’s operating with different types
of Turkish lignite, whose characteristics are given in Table
6. From the same Figure, generated power of all plants are

Vol. 14 (No. 3) / 129



Table 5. Exergy destruction data and exergy efficiency of
the Kangal power plant components.

approximately equal, since the properties of the inlet and
outlet steams of the turbines are of the same value, directly

Exergy Percent affecting the output power of the power plants.
. Percent exergy <. . . .
Components  destruction destruction[%] exergy Additionally the maximum exergy destruction occurs in
: [MW] efficiency[%]  the Seyitomer plant with 389.37 MW. Soma and Elbistan
Air fan 0.13 0.04 76.27 plants show 386.98 and 383.32 MW subsequently. On the
Air pre-heater  14.34 3.99 55.57 h .. d . in K 1
Boiler 299 10 2329 50.22 contrary, the minimum exergy destruction occurs in Kanga
Steam turbine  22.10 6.15 9221 and Can plants with 360.23 and 361.59 MW efficiencies.
Condenser 11.75 3.27 27.98 Moreover, it can be determined from Figure 4 that the
FWH 6 0.47 0.13 67.53 highest and lowest second law efficiencies among the other
FWH 5 1.10 0.30 74.48 lioni . Yeniksy and Elbi 1 el
FWH 4 104 029 3265 ignites exist at Yenikdy an istan plants respectively.
FWH 3 1.11 031 85.41 For a deeper insight into the conclusions, a summary of
Deaerator 118 0.33 96.11 CO, emissions and feeding fuel rate of the thermal power
FWH 2 1.42 0.40 86.12 plants are presented in Figure 5. It is obvious that Kangal
FWH 1 1.23 0.34 91.58 . . .
Condense and Elbistan plants have the maximum fuel consumptions
Pump (P1) 66 0.18 54.91 of 110.8 and 101.86 kg/s. Additionally, they have also
Circulation 163 Lol 50.57 maximum CO, emissions as well. To be noted, Tungbilek,
}(’)ump 1(1P21) L 35010 100.00 i Yenikdy and Orhaneli plants have very low values of CO,
e e - - - emissions, respectively 42.50, 42.69, and 39.01 kg/s.
40,00
30,00
25,00
— < = - < < + + .
2207 2302 2308 2313 2318 2323 2328 2333 2339 2344
20,00
15,00
10,00
5,00
0,00
-10 -5 0 5 10 15 20 25 30 35

Ambient tem perature [*C]

ex ergy efficiency [%6]

== 02 Emissions [tonne/year*1075]

Figure 3. Effect of ambient temperature on exergy efficiency and CO, emission.

Table 6. Elemental analysis and lower heating values of the Turkish lignites.

Lignitt  C [%] H [%] 0 [%] S [%] N [%] W%  A[%] LHV [kJ/kg]
Kangal  19.70 1.55 8.81 1.29 0.58 52.00 16.07 5876.3
Cayirhan  31.68 2.58 7.81 2.49 1.23 24.69 29.52 11156.42
Elbistan  21.19 1.83 9.4 0.81 0.52 49.33 16.92 6395.4
Orhaneli  47.46 3.29 11.97 1.56 2.00 26.25 7.47 16084.64
Seyitémer 20.81 1.78 9.35 0.31 1.15 38.12 28.48 6797
Tuncbilek  42.52 2.84 12.68 1.98 0.98 27.38 11.62 14734
Yatagan  29.16 2.55 12.68 1.85 0.27 31.17 22.32 10253.54
Soma 38.64 2.74 16.40 0.01 0.59 18.64 22.98 13455.42
Yenikoy ~ 39.05 3.02 11.21 1.42 1.46 24.26 19.58 14625.82
Can 30.18 245 10.06 5.28 0.31 20.36 31.36 10604.66

Data are taken from MTA 2002 (as received mass basis).
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5. Conclusions

In this study, initially a thermal power plant is designed
and then an exergy analysis is performed for this plant. The
exergy destruction rates and exergy efficiencies of each
component of the plant are evaluated. The analysis includes
9 different lignite types. Also fuel rates and CO, emission
values of each case are determined and compared.

Several important results drawn from this study are
summarized below:

e Total generated power of the Sivas Kangal lignite
considered in this study is found to be 242.07 MW and its
net energy efficiency is 37.16 %. Total exergy destruction
and the net exergetic efficiency of the plant is 359.10 MW
and 34.84% respectively. Exergy analysis shows that the

Int. J. of Thermodynamics (1JoT)

main exergy destruction takes place in the boiler as 299.10
MW and with an 83.29% exergetic efficiency. Increasing
ambient temperature causes an increase in fuel consumption
and consequently diminishes the exergetic efficiency. CO,
emission increase is another result of the increase in
ambient temperature.

e From exergetic efficiency and CO, emissions, it can
be stated that, Yenikdy lignite is the best type among those
considred for the same power generation capacity.

e The maximum exergy destruction occured in the
Seyitomer lignite case. The main reason of this can be seen
from the elemental analysis of lignites. Carbon and
hydrogen percentages of this type are the lowest among the
other types of lignites.
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Nomenclature

A Ash [%]

C Carbon [%]

G, Specific heat [kJ/kg K, kJ/Nm’K]
e Specific exergy [kJ/kg]

E Time rate of exergy [MW]

FWH Feed Water Heater

n, Energy efficiency [%]
Ny Exergy efficiency [%]

h Specific enthalpy [klJ/kg]
LHV  Lower heating value [kJ/kg]
m Time rate of mass [kg/s]
n Excess air

N Nitrogen[%]

0 Oxygen [%]

P Pressure [kPa]

(@) Time rate of heat loss [MW]
S Sulphur [%]

s Specific entropy [kJ/kg]
T Temperature [°C]

w Time rate of work [MW]
w Water [%]

Subscripts

a Air

B Boiler

CH Chemical

cr Control volume

D Destruction

DG Dry gas

ECO  Economizer

EVA Evaporator

G Combustion gas

i Inlet

KN Kinetic

o Outlet

P Product

PH Physical

PT Potential

RH Re-heater

S.H Super-heater

ST Steam turbine

th Theoretic

WG Wet gas
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The Exergy formulas and efficiencies of each

component are given in the Table Appendix 1.

Int. Centre for Applied Thermodynamics (ICAT)



Appendix 1. Exergy formulas and efficiencies of each component.
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