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Exergy Analysis of Thermal Power Plant for Three Different Loads
Nurdin Cehaji¢

Abstract: This paper presents the energy and exergy analysis of thermal power plant Tuzla in Tuzla, Bosnia and Herzegovina. The main aim of this paper is to analyze the
components of a 200 MW steam power plant unit in order to identify and quantify the sites with the highest exergy losses and to calculate exergy efficiency values of all components
when operating at nominal load. The influence of the change in ambient temperature and block load on the value of exergy losses and exergy efficiency was taken into analysis.
The analysis further includes the impact of steam block operation without high-pressure and low-pressure heaters on the exergy efficiency of the steam block. The goal of the
analysis is to determine the functional state of individual steam block components after a long period of exploitation and maintenance in order to take appropriate measures to
improve their technical performance. Exergy losses during nominal operation of the steam power plant unit are the largest in boiler and amount to 313.42 MW, followed by a
turbine with 205.60 MW, condenser 1 with 6.03 MW, condenser 2 with 5.75 MW, while other components of the steam power plant have exergy losses in the range of 0.03 to
2.15 MW. Operation of the unit at nominal load without HPH results in an exergy efficiency decrease from 5.60 to 9.80 %, while in case of operation without HPH and LPH it results
in a decrease in exergy efficiency from 9.86 to 16.40 % depending on the pattern used to calculate. The conclusion after the analysis indicates that the biggest exergy losses are
in the boiler and turbine and consequently these components have the lowest exergy efficiency values. The increase in ambient temperature has different effects on individual
components of the thermal power plant, increasing exergy losses of the boiler while reducing the turbine exergy losses and condensers.
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1 INTRODUCTION the thermal power plants [13]. Gogoi and Talukdar [14]

Energy and exergy analysis of power generation systems
are essential for the efficient utilization of energy resources.
Therefore these analyses became interesting for researches
and scientists in recent years. The most commonly - used
method for analyzing energy conversion process is the first
law of thermodynamics. However, a method combining the
first and second law of thermodynamics has been
increasingly used recently. This method is used to calculate
exergy and exergy losses in order to determine the efficiency
of use of available energy. Exergy analysis enables defining
the difference between energy losses to the environment and
the internal irreversibility of the process [1].

Exergy analysis evaluates the performance of system and
process components, as well as the evaluation of exergy at
individual points of the energy transformation process. Based
on the obtained data, it is possible to assess efficiency and
determine the places in the process with the greatest losses.
[2]. It is for these reasons that today's approach to process
analysis includes exergy analysis, which provides a more
realistic view of the process and is a useful tool for
engineering evaluation [3]. It enables a better assessment of
the efficiency of the complete system, better optimization,
designing and improving the performance of energy systems.

A large number of researchers have sought to understand
and improve the operation of thermal power plants, steam
turbines and advanced cycles, using the method of energy
and exergy analysis. Exergy analysis of energy systems in
general and thermal power plants was dealt with by Aljundi
et al. [4]. Yang, et al. [5] investigated 660 MW ultra-
supercritical steam power plant in China who have shown
that, heavier exergy destruction is caused by exhaust flue
gases with 73.51% of the total boiler subsystem. The exergy
analysis of various thermal power plants led to the conclusion
that the boiler is the main source of exergy losses [6-12].
Many researchers have linked exergy to the cost analysis of

analyzed how the pressure in the boiler and the fuel flow rate
affect the parameters of the boiler, and found a significant
influence of these two parameters on the performance of the
energy cycle. Kanoglu, et al. [15] have analyzed and
evaluated different efficiencies of energy conversion and
heat transfer taking into account energy systems with
constant flow (turbines, compressors, pumps, heat
exchangers, etc.), various power plants, cogeneration plants
and refrigeration systems. Rashad and Maihy [16] analyzed
the exergy and energy of the Shobra El - Khima power plant
in Cairo and found that the highest exergy destruction
occurred in the turbine (about 28% at different loads), while
the highest energy loss was recorded in the condenser (55%
at different loads). Sengupata, et al. [17] analyzed the exergy
of a supercritical coal-fired steam power plant with a capacity
of 210 MW at the design values of the parameters and at
different loads. Zivi¢, Galovi¢, Avsec and Holik [18] they
analyzed four variables at the inlet to the turbine, namely: the
ratio of gas inlet temperature to the turbine, the ratio of
compressor outlet and inlet pressure and inlet air temperature
to the compressor, and the isentropic efficiency of the
compressor and turbine. The air temperature at the entrance
to the turbine was kept constant, while the temperature of the
flue gases at the entrance to the turbine varied from 900 to
1200 °C.

The aim of this paper is to analyze the 200 MW unit of
thermal power plant in Tuzla from the perspective of energy
and exergy. The primary task is the exergy analysis of
thermal power plant components at nominal operating mode,
as well as the impact of exergy losses and thermal power
plant operation without high - pressure and low - pressure
heaters on exergy efficiency.

For the operating modes at 90 % and 80 % the load, the
exergy efficiencies will be calculated and a comparative
analysis will be performed. Also, the influence of the outside
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temperature on exergy losses of boiler, turbine and both
steam condensers will be analyzed.

2 PLANT DESCRIPTION

After the completion of construction, Tuzla thermal
power plant 200 MW unit was for the first time synchronized
with the grid in 1974 and a test facility has started that day.
Prior to modernization, the unit had 153668 operating hours
and 24267303 MWh of electricity submitted to the electricity
grid. In the period from 2006 to 2008, the unit was revitalized
by installing a new DCS control system, replacing
electrostatic precipitators, coal mills, slag and ash transport
systems, reconstructing boiler, installing electro - hydraulic
turbine control and a new generator sealing system.

Tuzla thermal power plant 200 MW unit has a single-
axle, three - cylinder, condensing turbine installed with two
steam outputs and one intermediate heating. Each steam
outlet from the turbine is connected to a special condenser.
Inter - heating is performed between high - pressure and
medium - pressure parts of the turbine.

The high - pressure section consists of 12 stages, the
medium-pressure section of 11 stages, while the low -
pressure part which is divided into two parts has 4 stages of
rotor blades. The turbine is equipped with 7 uncontrolled
extraction points used to preheat feedwater before it enters
the boiler. The above mentioned 200 MW unit has 4 low
pressure and 3 high pressure regenerative system heaters
[19].

Extraction points are located at different turbine stages is
as follows:

e I extraction point for HPH 7 - beyond 9% stage

e Il extraction point for HPH 6 - beyond 12% stage (which
is also the output from the high pressure section to the
intermediate heating)

e I extraction point for HPH 5 - beyond 15" grade

e IV extraction point for LPH 4 - beyond 8% grade

eV extraction point for LPH 3 - beyond 21 degree

e VI extraction point for LPH 2 - beyond 23" grade

e VIl extraction point for LPH 1 - beyond 25" grade.

The data used for the thermodynamic analysis of the 200
MW unit are based on normative tests from 2014 at the state
of the unit of 202 000 operating hours, with the data that the
unit operated 6000 hours after the overhaul. The tests were
performed for the operation at 100 % unit load (200 MW
power) and steam production 600 t/h, 90 % unit load (180
MW power) and steam production 540 t/h, and 80 % unit load
(160 MW power) with steam production 480 t/h. Boiler
heating surfaces were cleaned.

Numerical analyses (energy and exergy analyses)
performed in this paper do not require knowledge of the
steam turbine or any other steam system component’s
internal structure [20-22]. The diagram of the 200 MW steam
unit is shown in Fig. 1.

The operating conditions of the power plant are
summarized in Tab. 1.
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Figure 1 Schematic diagram of the thermal power plant

Table 1 Operating conditions of the thermal power plant

Operating condition Value
Fuel mass flow rate 219.40 t/h
Lower heating value of fuel 8347.10 kJ/kg
Inlet gas volumetric flow rate to burners 577141 Nm’/h
Feedwater inlet temperature 241.92 °C
Steam flow rate 608.50 t/h
Steam temperature 534.60 °C
Steam pressure 125.25 bar
Power output 195.99 MW
Number of turbine steam extraction points 7
Cooling water mass flow rate 28000 t/h
Isentropic efficiency of pumps 65 %
Boiler energy efficiency 88.24 %

3 THERMODYNAMIC ANSLYSIS

Exergy is the ability of a system to perform useful work
when moving to a final state in equilibrium with the
environment. In general, exergy is not conserved as energy,
but destroyed in the system. Exergy destruction is a measure
of irreversibility and is a source of performance loss.
Through exergy analysis, it is possible to estimate the value
of exergy losses, as well as the size and source of
thermodynamic inefficiency of the heating system.

Mass, energy and exergy balances for any control
volume at steady state, with negligible potential and kinetic
energy changes, can be expressed, respectively, by

Domp="m, (1)
O-W =3 mh,—Y mh )
Eheat -w= Zmeexe _Zmiexi (3)

where the net exergy transfer by heat (Eheat) at temperature 7
is given by

Foeat = Z[l —T7j 0 )

and the specific exergy is given by

e.=h—hy-T (s—s,) %)
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Total exergy was calculated according to the formula
Ex:m[h—hO—To(s—su)] (6)

where E., T, m, h and s indicate the total exergy rate,
temperature, mass flow rate, enthalpy and entropy,
respectively. The subscript 0 shows the dead state condition.
Plant exergy efficiency can be defined as [23]:

E

X net, e
Mre plant] = ;—e (7)

xi

where E;net, . and Ey; are net exergy at the output and exergy
at the input, in order and are calculated:

Ex net,e — WT - Wown consum (8)
Exi = Exl + Ex2 + ExS + Exé - Ex3 - Ex37 - Ex4 (9)

where Wr denotes turbine power and Wown consum refers to the
auxiliary devices consuming 10 % of net power generation.
E, represents the exergy rate and subscripts indicate state
points in Fig. 1. Exergy losses during coal combustion in the
boiler and exergy losses related to exhaust gases were
neglected in this analysis. On the other hand, plant exergy
efficiency can be defined as:

Ex net, e (10)

Mxe plant2 =
Miel * el
This definition takes into account the irreversibility of
the heat transfer from gases to water in boiler pipe systems.
In Eq. (10) mse stands for fuel mass flow rate and el is
specific fuel exergy that can be expressed as:

e = 9 LHV (11)

where ¢ = 1.05 is exergy factor and LHV is fuel lower heating
value [23]. The above forms are used for the analysis of the
steam block and the ambient temperature is 293.15 K and the
pressure is 101.3 kPa. The thermodynamic properties of the
working fluid at the state points from Fig. 1 were calculated
REFROP 8 software [24] and summarized in Tab. 2.

Thermodynamic properties of the working fluid and
exergy values in the state points from Fig. 1 for operation of
thermal power plant with 100%, 90 % and 80 % load were
calculated and summarized in Tab. 2. The values of the
parameters in the state points next to which the load is not
specified are valid for the nominal load.

Values of LHV and mass flows of coal used for
thermodynamic analysis are presented in Tab. 3.

For work in stationary mode and by choosing each
component from Fig. 1 as control volume, exergy losses and
exergy efficiencies can be calculated in the manner shown in
Tab. 4.

Table 2 Thermodynamic properties, energy and exergy flow rates of state points in

Fig. 1
State point 9 p m h s E,
/load (°C) (bar) (t/h) (kJ/kg) | (ki/kgK) | (MW)

100% | 534.77 | 125.36 | 304.82 | 3434.64 | 6.57661 | 127.46

1 90% |534.96 | 125.35]285.32 | 3435.20 | 6.58347 | 119.18

80% | 535.02 | 125.23 | 248.90 | 3435.73 | 6.5832 104.02

100% | 534.58 | 125.14 [ 303.65 | 3433.77 | 6.56920 | 127.08

2 90% | 534.20 | 125,52 279,61 | 3434.67 | 6.57324 | 117.00
80% | 534.83 | 125.14 | 253.18 | 3435.15 | 6.5714 106.01

100% | 316.50 | 22.21 |268.29 | 3056.48 | 6.77803 | 79.69
3 90%|313.54| 21.17 [254.96 | 3052.35 | 6.79205 | 75.15

80% [ 302.99 | 18.10 | 218.49 | 3036.46 | 6.8322 62.73

100% [ 314.12 | 22.19 | 268.29 | 3051.00 | 6.76913 | 79.48
4 90%[310.15] 21.26 |245.94 | 3044.28 | 6.77639 | 72.26

80%]300.57 | 18.20 | 215.89 | 3030.67 | 6.8243 61.77

100% | 538.61 | 20.70 | 268.29 | 3552.88 | 7.52483 | 100.32

5 90% |536.32 | 19.51 |254.96 | 3548.94 | 7.54695 | 94.60

80% | 533.09 | 16.69 |218.49 | 3544.53 | 7.6127 79.63

100% | 535.20 | 20.70 | 268.29 | 3545.30 | 7.51548 | 99.96

6  90% |532.56 | 19.51 |245.94| 3540.60 | 7.53663 | 90.89
80% | 532.10 | 16.69 |215.89 | 3542.35 | 7.61000 | 78.60

7 35.38 [0.0559]226.10 | 2565.33 | 8.35741 7.41
8 32.26 [ 0.0537[226.10 | 2563.00 | 8.36853 7.10
9 35.41 [0.0559(310.15]| 146.88 | 0.52143 0.91
10 32.31 [0.0537]243.31| 135.89 | 0.46881 0.092
11 27.79 | 1.30 | 14000 | 116.62 | 0.40618 2.13
12 22.10 | 1.70 | 14000 | 92.86 0.32633 0.76
13 27.35 | 1.30 | 14000 | 114.78 | 0.40005 2.02
14 22.10 | 1.70 | 14000 | 92.86 0.32633 0.76

100% | 33.85 | 0.054 | 553.46| 141.83 | 0.48954 0.18

15 90% | 38.05 [ 0.0681 |511.26| 159.39 | 0.54632 0.30

80% | 36.80 | 0.060 |454.05| 151.24 | 0.52005 0.21

100% | 33.91 | 0.27 |553.46| 142.06 | 0.49021 0.19

16 90% | 3830 | 0.22 |511.26| 160.45 | 0.54967 0.31

80% | 36.95 | 16.40 | 454.05| 156.26 0.5309 0.44

17 60.71 | 6.37 [553.46| 254.64 | 0.83979 1.76
18 65.90 | 0.255 | 17.21 | 2619.19 | 7.82621 1.56
19 9543 | 6.27 [553.46| 400.27 | 1.25469 5.16
20 173.23 | 1.22 | 22.10 | 2821.29 | 7.62652 3.60
21 99.87 | 1.01 | 84.05 | 418.54 | 1.30554 0.90
22 120.99 | 6.17 |553.46| 508.28 | 1.53811 9.24
23 250.40 | 2.39 | 21.67 | 2970.77 | 7.62746 4.48
24 127.84| 3.08 | 37.11 | 537.20 | 1.61167 0.69
25 106.89 | 2.34 | 58.78 | 448.28 | 1.38413 0.74
26 146.20 | 5.97 [536.70| 615.96 | 1.80298 13.43
27 337.12| 3.08 | 10.75 | 3145.33 | 7.81965 5.03
28 163.72| 9.44 | 1591 | 691.91 | 1.97952 0.51

100% | 162.30| 8.17 [618.21| 685.67 | 1.96553 19.25

29 90%[162.20| 8.10 |574.86| 68523 | 1.96454 | 17.87
80% | 162.15| 7.90 |510.55| 685.00 | 1.96406 15.86

100% | 162.20 | 170.00 | 610.99 | 694.75 | 1.94554 | 21.45

30 90% | 162.20 [ 170.00 | 567.16 | 694.75 | 1.94554 | 20.00

80% | 162.40 | 172.00 | 504.65 | 695.73 1.9472 17.86

31 177.70 [ 169.20 | 610.99 | 761.51 | 2.09642 | 29.10
32 450.04 | 9.71 | 15.89 | 3371.56 | 7.63378 5.01
33 199.42 | 22.86 | 71.88 | 850.08 | 2.32413 3.42
34 218.72 | 167.41 | 610.99 | 942.31 | 2.48056 | 36.90
35 370.77 | 22.86 | 37.40 | 3178.34 | 6.96304 | 11.80
36 221.22 | 34.68 | 26.37 | 949.57 | 2.52706 1.55

100% | 241.92 | 166.15 | 610.99 | 1048.35 | 2.69148 | 44.39

37 90% | 241.10 | 167.30 | 567.16 | 1035.98 | 2.66714 | 40.38
80% | 232.14 [ 169.30 | 504.65 | 1003.29 | 2.60242 | 34.01

38 480.15 | 34.70 | 26.37 | 3406.78 | 7.10433 9.69
39 173.23 | 1.117 [469.40 | 2821.66 | 7.67201 74.83
40 32.80 | 0.25 | 17.21 | 137.468 | 0.47522 | 0.005
41 450.00 | 7.00 5.70 | 3375.21 | 7.7884 6.24
0 20.00 | 1.01 - 84.01 0.29648 0
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Table 3 Values used for thermodynamic analysis I =(Epy+E g)—(Er+E )
Load Coal LHV (k/kg) Coal mass flow (th) - HPH7 7 );8 E"3 7Ts
100% 8347.10 237.10 % Nextpa7 = Zx37 T T34
90% 8207.20 219.14 Ey3s = Exse
80% 8006.70 210.60
i ) , 4 RESULTS AND DISCUSSION
Table 4 Expressions of exergy efficiency and exergy destruction rate for each
component
Exergy 1 f all components of the thermal T
= IB = Mgy €fiyel + (Ex37 + Ex3 +Ex3)_(Ex1 +Ex2 +Ex5 +Ex6) © gy Osses. 0 . co p() ents o ¢ N powe
2 z plant are shown in Fig. 2. It was found that the exergy
R Nexg = ————— destruction rate of the boiler is dominant over all other
m e, . g w1 . .
fucl “fuel irreversibility in the cycle. Boiler exergy losses alone amount
. Iror =B+ By + Eys + Exg) = By oxie + Evy + Eng + W) to 59 % of losses in the plant, while the exergy destruction
£ Eyoxr = Exag T Exss + Exgp + Evpg + Exgy + Evgg + E g rate of the condenser is only 0.84 to 1.07 %. Other
E " 3 w, components (HPH, LPH, feedwater pumps, condensing
SR By +Ey +Eys +Erg) —(Ey our + Exy + Erg) pumps and deaerator) have an exergy loss percentage of
- 0.001 to 0.4 %. Moreover, research shows that 38.50 % of
2 Iy =By + Expy + Exip) = By + Ero) exergy losses occur in turbine.
Q
<z E ., —-FE
g Nexcl = x11 x12
O Eq+Es —Ey
g Iy = (Exg +Eqq + Erg0) = (Eniz + Eno) o
g 400 31342
g Eg3—Eyy §
S - < 300
o Nexc2 o 205.6
Q Ex8 +Ex40 _ExIO .9 200
a
2 Iep =Wep +Eyis = Eyie g 100 6.03 575 0.030.0060.04 0.56 0.65 042 0.2 022 214 0.64
z é- Wep = mys(bg —hys) 'g 0 - T - T T T 0=~
e $ .8 N Y &N A X e h b A
< 3 E. —E B Yo s 5 8 ¥ &
g a _Lygs—Lys o FF S & FRPRX R FITRH LR
8 Nexcp = WCP L% R &Q@é&&g sz,& Q\)\ \S \3 \3 \3’ Q@é éQ& "28 “28 ’ég
& i
& & 8
— Iiypr = (g + Evig) = (Eyi7 + Erag) o eb"‘"
= E, —E & <
3 MexLitpt = - ——1
ExlS - Ex4()
« Iippy = (Eqi7 + Evgg + Exps) = (Eyio + Eyy)
E 0 Eo—E; Figure 2 Exergy destruction of the thetrmal po(;/ver plant components for nominal
- LHP2 =~ -~ operation mode
- (Erp0 +Er5)—Ep
o ey = (Eno + £z + Epgy) = (Exs + Erpy) The values of exergy destruction, the percentage values
é S En—Eqy of exergy destruction and the exergy efficiency of all
- (Exgs + Ep4) = Eras components for the nominal operation of the block are
- Iiyps = (Eogy + E g7 + E9g) = (Eoy + E,56) calculated and given in the Tab. 5.
= E.—E
5 TexLups = % Table 5 Exergy destruction and exergy efficiency of the thermal power plant
(Exas + Eiz7) — By components for nominal operation mode
8 Inppy =Evpg +Evq + Erog Exerg?f Percent exergy | Percent exergy
g destruction destruction (%) | efficiency (%)
Y Nexbia = Mg (€409 — €y26) (MW)
j5) - "
A “ My (€xar = €420) Boiler 313.42 58.67 44.49
Turbine 205.60 38.49 49.42
N Tewp =Wewp + Exp9 —Er3 Condenser 1 6.03 1.07 18.50
Q
- Wewp = Mg (lsg — o) /1 Condenser 2 5.75 0.84 17.95
ZE rp = g (o = oy ), Condensing pumps 0.03 0.006 28.57
3 & . _Ea0—En LPH 1 0.006 0.001 99.56
SV Wewr LPH 2 0.04 0.007 98.80
LPH 3 0.56 0.10 87.08
“ Typps = (Eyso + Eyzp + Ey33) = (E3p + Egg) LPH4 0.65 012 36.61
£ Posms = —Eo = B Deaerator 0.42 0.078 5422
- o () Ea T L B
© Tuprg = (Ex31 + Epas + Erze) = (Ezq + Ey33) P 6 215 0.40 R4
E . __ Es-Egs HPH 7 0.64 0.12 91.84
exHPH6 —
i (Eyzs + Eg36) — B

The exergy efficiencies of the thermal power plant
components were calculated and shown in the Fig. 3. It is
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found that condensing pumps with the exergy efficiencies of
28.60 % are the least efficient devices in the plant and LPH1
with exergy efficiency 99.60 % is the most efficient one.
Components with lower exergy efficiency values are
condenser 1 (18.50 %), condenser 2 (17.95 %), boiler (44.50
%), turbine (49.42 %) and deaerator (54.22 %).

The influence of the change in ambient temperature on
the values of exergy losses of boiler, turbine and both steam
condensers during operation of the unit at nominal load are
shown in Fig. 4.

120

99.56
08.8

100 708 5661 91.66°

47 |
8
6 942 423
44.49
4
18 5 1795

2 I
0

‘.‘r

\'é\&\ﬁ,

= o o

Eksergy efficiency (%)
=

<° g@@ &é&&c QQ‘& \3 Q’Qs & ‘}\ Qg‘b"e’q‘b ‘g‘b
0’0 & 'C'
S b z?é
()0(> (CZ'

Figure 3 Exergy efficiency of the thermal power plant components for nominal
operation mode

Fig. 4 shows that with increasing ambient temperature the
boiler exergy losses increase and turbines and both steam
condensers decrease. More detailed analysis of the influence
of ambient temperature on the exergy efficiency of steam
condensers for three different loads of the 200 MW unit was
processed in the research of the authors of this paper [25].
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Figure 4 Exergy destruction in function of environment temperature

As previously presented, exergy efficiency power plant
can be calculated based on two different methods using two
different equations, Eq. (7) and Eq. (10).

Eq. (7) takes into account the energy carried by working
fluid, neglecting the irreversibility of combustion process in
furnace. Eq. (10) is based on exergy carried by the fuel
combusted in furnace where irreversibility of the combustion
process and exergy losses in exhaust gases are not neglected.

Thus obtained exergy efficiency values of the thermal
power plant unit for operation at 100 %, 90 % and 80 % load
are shown in the Fig. 5. For power plant unit operating at 100
% load, the values of exergy efficiencies are 77.26 % (Eq.
(7)) and 34.37 % (Eq. (10)). The obtained values of exergy
efficiency according to Eq. (10) refer to the coal consumption
0f237.10 t/h, coal lower heating value of 8347.10 kJ/kg, the
boiler efficiency of 87.88 % and the power at the generator
terminals of 195.99 MW. Exergy efficiencies at 90 % load
are 76.89 % and 35 %. These values were obtained for coal
consumption of 219.20 t/h, coal lower heating value of
8207.20 kJ/kg, boiler efficiency of 88.24 % and electric
generator power output of 182.30 MW. Operating at 80 %
load, unit exergy efficiency values 75.58 % and 32.96 %. At
the same time coal consumption is 210.60 t/h, coal lower
heating value 8006.70 kJ/kg, boiler efficiency of 86.50 % and
power at generator terminals of 161.50 MW.

77.26% 76.89% 75.58%
80,00%
70,00%
60,00%
50,00% 34.37%
40,00% =
30,00%
20,00%
10,00%

0,00%

100 % load 90 % load 80 %load

HExergy efficiency of the plant - eq. 7 B Exergy efficiency of the plant - eq. 10

Figure 5 Exergy efficiency of the thermal power plant unit for operation at 100 %,
90 % and 80 % load

The influence of the 200 MW unit operation at the
nominal regime without HPH in one and without HPH and
LPH in the other case, on its exergy efficiency was calculated
and shown in the Fig. 6. In the first case, when operating
without HPH, efficiencies according to Egs. (7) and (10) are
67.74 % and 28.80 %, respectively. These exergy efficiencies
values are lower by 5.6 % and 9.8 % compared to operating
a thermal power plant with HPH.

Exergy efficiency of the plant (%)
=
[=1

30
20
10
0 _ _
Without HPH Without HPH and LPH
meq-7 67,47 60,84
Beg-10 288 24,51

Figure 6 Exergy efficiency of the thermal power plant for operation at 100 % load
without HPH and without HPH and LPH
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In the other case, when operating thermal power plant unit
without HPH and LPH, the exergy efficiencies amount to
60.84 % and 24.51 %, respectively, which are 9.90 % and
16.40 % lower than the values when operating with HPH and
LPH.

Fig. 7 shows the exergy efficiencies of the boiler and
turbine when the unit is operating at nominal mode without
HPH and without HPH and LPH. Operation of the unit at
nominal load without HPH and without HPH and LPH results
with boiler efficiencies 0f 42.40 % and 40.30 %, respectively.
Compared to the same values when unit is operating with
HPH and LPH, these values are lower by 2 % and 4.2 %.
Furthermore the exergy efficiencies of the turbine are 44.20
% and 40 % in the case when unit is operating without HPH
and operating without HPH and LPH. When both HPH and
LPH are operative, the turbine has by 5.2 % and 10 % higher
exergy efficiency than in the previously mentioned case.

40.3

40

45
40
35
30
25
20
15
10

Exergy efficiency of boiler and
turbine (%)

Without HPH Without HPH and LPH

mBoiler ® Turbine

Figure 7 Exergy efficiency of boiler and turbine when unit is operating without HPH
and without HPH and LPH

5 CONCLUSIONS

In this article, an analysis of the energy and exergy of a
200 MW steam block was performed, as well as the influence
of the change in ambient temperature on the values of exergy
losses and exergy efficiency. The analysis of this energy
system revealed that the largest exergy loss is in the boiler
and is 58.7%, followed by the turbine with an exergy loss of
38.5%. The percent exergy destruction in the condenser 1 and
condenser 2 was 1.07 % and 0.84 % respectively, while all
heaters, dearator and pumps destroyed less than 1 %.

With the change in ambient temperature, the percentage
of exergy losses and exergy efficiency of all components also
changed, but the conclusion remained the same, that the
boiler and the turbine primarily affect the irreversibility of
the analyzed cycle. The exergy efficiency of the block when
working at nominal load is the highest, regardless of the
method of calculating it. Different ways of calculating exergy
efficiency lead to different values of exergy efficiencies and
they are significantly less when the irreversibility of heat
transfer in the boiler from flue gases to steam is taken into
account in the calculation.

The exergy efficiency of the unit when operating at
nominal load and without high - pressure heaters is 6 to 10 %
lower, depending on the calculation method, while when

operating the unit without high - pressure and low pressure
heaters, it is lower by 10 to 16.5 %.

The exergy efficiencies of the boiler and turbine during
the operation of the unit at nominal load and without high
pressure heaters are 2 to 4.2 % less compared to the operation
of the unit with high pressure heaters. The exergy efficiencies
of the turbine at this load and operation without high pressure
and low pressure heaters are further reduced and are 5 to 10
% lower. The operation of the unit at nominal load and
without high pressure and low pressure heaters leads to a
greater reduction in the exergy efficiency of the turbine than
the boiler.

The analysis confirmed previous researches that indicate
that the boiler within the steam block has the highest exergy
losses. The analysis of exergy losses and exergy efficiency
indicates that certain components such as LPH3, LPH4 and
HPH6 have significantly lower values of exergy efficiency
and that their performance can be improved with certain
measures through revitalization or maintenance. Also, there
is room for increasing exergy efficiency in both steam
condensers. The fact that about 3 MW of cooling water
exergy is released into the atmosphere at the cooling tower
indicates the possibility of installing commercially available
technologies for its use and generation of additional electrical
and thermal energy.

NOMENCLATURE

Abbreviations:

HPH  High pressure regenerative system heaters
LPH  Low pressure regenerative system heaters
LHV  Fuel lower heating value (kJ/kg)

Latin Symbols:

m mass flow rate (kg/s)

(0] heat transfer rate to the system (W)
w work rate or power done by the system (W)
h specific enthalpy (J/kg)

ex specific exergy (J/kg)

E,. total exergy rate (W)

T temperature (K)

s specific entropy (J/kg K)

9 temperature (°C)

p pressure (bar)

Greek symbols:

o exergy factor

n exergy efficiency

Subscripts:

net netto

own consump  Oown consumption
TUR  turbine

0 dead state conditions
B boiler

ex exergy

extr extraction

el electrical

Cl1 condenser 1

C2 condenser 2

CP condensing pump

FWP  feed water pumps
DEA  deaerator
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P pump
i inlet
e exit
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