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Abstract 
We established the thermodynamic analysis model by using the actual mea-
surement parameters of 600 MW direct dry cooling power plant in Wuxiang, 
China. The performance, especially the exergy losses of the unit as well as its 
subsystems mainly including seven parts were obtained not only at one spe-
cific load but also at different loads. We have found that the exergy loss in the 
boiler is usually more than 70% of the total exergy loss of the system, while the 
exergy loss of the combustion occupies greater than 50% of that of the boiler. 
Therefore, it is crucial to reduce the losses in the boiler for energy saving po-
tential improvement, especially that of the combustion and heat transfer. At 
the same time, the cold end optimization has relatively large potential for 
energy saving due to that the exergy efficiency of the air cooling system is 
quite low being about 5.7% or so. In addition, we have gotten the main 
changing trends of system performances along with the load change, includ-
ing exergy loss, exergy efficiency and coal consumption, which were derived 
from the real-time system performance statistics according to a large amount 
of measured data in real time. In order to make the whole system run more 
efficiently, it is advised that the unit should run at the load better than 350 
MW. 
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1. Introduction 

Thermal power plants combining the coal-burned boiler and steam turbine have 
been developing toward superpower, high parameters, energy saving and envi-
ronment friendly. The operation of the power plant is a complex process with 
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characteristics of nonlinearity, time-variant, multi-loop coupling. Moreover, the 
analysis of the variation law of the thermodynamic process and the loss distribu-
tion is the key to the correlational researches, such as the operation optimiza-
tion, control assessment, fault diagnosis and analog simulation [1] [2] [3]. 
Therefore, the study on the total processes of the thermal power plant about 
energy input, release, transmission and conversion will have very important sig-
nificance for the research on the system optimization operation. 

Recently, a lot of scholars have carried out related studies on coal-fired power 
plant from different aspects. In order to improve the performance of coal-fired 
power plants, including the control of pollutants, numerous studies have been 
conducted. Advanced self-learning controller has been developed and the effects 
of advanced control concept on combustion process have been analyzed using 
artificial neural-network based parameter prediction model, but they have not 
analysed the results during real time thermal power plant operation [4]. Bastian 
Hoffmann, etc. have developed the appropriate approach to analyse impacts of 
climate change on cooling systems and power plant efficiency by modeling se-
lected German thermal power plant units and their respective cooling systems 
through dynamic simulation taking into account legal thresholds for heat dis-
charges to river water together with climate data projections. And the presented 
modeling approach can provide high temporal resolution and the detailed re-
presentation of site specific plant properties to support the planning of produc-
tion and optimization of plant revisions [5]. In order to evaluate the power plant 
from a more comprehensive perspective, a multi-criteria assessment of the six 
different power plants is conducted through Analytic Network Process (ANP) 
with respect to technical and sustainability, economic applicability, quality of life 
and society Economic impact. [6]. In order to promote preventive maintenance 
as well as failure analysis while ensuring a degree of compliance with statutory 
regulations, a new methodology for short- and long-term assessment of the op-
eration of a thermal power plant was proposed. It was focused on a new proce-
dure for detection over different thermodynamic variables involved, without 
discussing thermal performance of the system, e.g., thermal efficiency, exergy ef-
ficiency as well as exergy destruction, and coal consumption, etc. [7]. An ap-
proach based on data envelopment analysis (DEA) and game theory has been 
introduced. They defined two categories of inputs (operational and non-opera- 
tional) to measure performance of power plants located in Iran in order to eva-
luate decision making units (DMUs) regardless of their number by a large scale 
of measures in the competitive environment [8]. In allusion to a 50MWe solar 
thermal power plant, two different cooling technologies for it are compared 
from the exergetic viewpoint, mainly focusing on the exergy destruction, with-
out considering the effect of different loads on the units’ performances [9]. Tak-
ing coal-fired power plant as the research object, the relevant scholars also have 
conducted a lot of studies involving CHP, CO2 capture and pollutants control-
ling, etc., the purpose is to in order to make this long-term used major power 
generation systems more highly efficient and more environmentally friendly 
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[10] [11] [12] [13] [14]. The above investigations are mainly for the overall as-
sessment of power plant performance, such as multi-criteria comprehensive as-
sessment methods, on-site detection methods, network analysis and combined 
with environmental and economic aspects of comprehensive assessment me-
thods. In addition, we also need to analyze the specific location and size of the 
energy loss, so as to make clear the distribution and loss of energy in the power 
plant. 

Analysis of power generation systems are of scientific interest and also essen-
tial for the efficient utilization of energy resources. The most conventional me-
thod of constructing mathematics models based on the first law of thermody-
namics is widely used to evaluate the performance of energy systems [15] [16] 
[17] [18]. The first law method does not account for the degradation or irrever-
sibility of energy in the system. While the method of exergy analysis based on 
the second law of thermodynamics perfects the method of energy balance and 
gets down to research on the whole system from the higher level of the conserva-
tion and degradation of energy quality. Exergy analysis is a useful method to de-
sign, evaluate, optimize and improve thermal power plants, not only to deter-
mine the size, location and cause of plant irreversibility, but also to evaluate the 
performance of each component of the plant meaningfully. This analysis allows 
one to quantify the loss of efficiency in a process due to the loss in energy quali-
ty. Recently, there is increasing interest in the combined utilization of the first 
and second laws of thermodynamics, using such concepts as exergy and exergy 
destruction in order to evaluate the efficiency with which the available energy is 
consumed. It can be said that performing exergetic and energetic analyses to-
gether can give a complete depiction of system characteristics. Such a compre-
hensive analysis will be a more convenient approach for the performance evalua-
tion and determination of the steps towards improvement [19] [20] [21] [22] 
[23]. For these reasons, the energy utilization analysis provides a true measure of 
power generation system performance. 

In the literature, there exist a number of papers concerning energetic and ex-
ergetic performances of coal-fired thermal power plants. In allusion to coal fired 
power plants, mainly including regenerative-reheat Rankine cycle power plants, 
using subcritical, supercritical, and ultra-supercritical steam conditions, as well 
as nuclear steam power plants, the exergy analysis method was applied to deter-
mine the exergy losses and the exergy efficiency of the power plant as well as in-
dividual components [24]-[32]. In the published literature, not much is reported 
on the energy and exergy analysis of large-scale generator systems by combining 
live real-time measurement parameters. Exergy analysis can be used to go more 
into details of the plant to localize and quantify the exergy losses. 

Undoubtedly, new efficient power cycle systems and technologies will contin-
ue to appear, however, the traditional thermal power plants using coal as the 
main fuels will continue to play an important role in electric power production 
field, especially in China, where the coal occupies the dominant position in the 
energy structure. The fundamental research of the traditional dominated ther-
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mal power system especially with the in-depth method has very important signi-
ficance for comprehensive understanding of the operational mechanism of the 
energy system, thus, providing useful guidance for the efficient operation of the 
actual unit. In this paper, the comprehensive energy utilization analysis of the 
600 MW power plant is carried out mainly by using the actual running mea-
surement data, especially under the specific and variable operating conditions, 
which reveals the concrete erergy loss and erergy efficiency of the system and its 
components. Thus the study can lay a solid foundation for the improvement of 
power plant performance. 

2. Description of the System and Analysis Methods 
2.1. Description of the System 

As shown in Figure 1, the flow sheet of the thermodynamic system is established 
according to the practically running 600 MW thermal power plant with the di-
rect air cooling condenser in Wuxiang, China. From the perspective of research, 
the whole system is mainly divided into seven subsystems, including the boiler 
system, coal pulverizing system, fuel air system, steam turbine system, regenera-
tive system, air cooling system and Power generation system, which have differ-
ent functions respectively. 

 

 
Figure 1. Flow sheet of the thermodynamic system. 
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The main facilities contained in the boiler system are the economizer, super-
heater, reheater, steam dome, and the cooled water wall. Coal pulverizing system 
provides the physical preparation of coal satisfying the necessary standards for 
the combustion such as the physical parameter of particle size and humidity 
[33]. Before being transported into the boiler, the air absorbs heat from the 
smoke exhaust in the fuel air system to achieve a certain temperature [34]. Steam 
turbine system contains high pressure cylinder, medium-pressure cylinder and 
low pressure cylinder. In the regenerative system, different pressure steam ex-
traction from different cylinder will heat the condensed water from the air cool-
ing system in the corresponding heater respectively. Finally, the heated water 
whose temperature may be greater than 200℃ as the feed water is pumped into 
the boiler, starting a new cycle working process, in which the coal burns and 
convert chemical energy to gas heat energy that realize heat transfer in different 
heat exchangers in turn. 

2.2. Energy and Exergy Analysis Methods 

The method of energy analysis based on the first law of thermodynamics is gen-
erally used to analyze power system performance. While the exergy analysis 
combining the first and the second law of thermodynamics is to probe the es-
sence of the energy loss and the distribution of the available energy from the 
point of view of energy amount and energy quality, which reveals two things: the 
destruction of exergy within a system component as well as the exergetic effi-
ciency showing how effectively the exergetic resources supplied to a component 
have been used. 

In this paper, in order to evaluate the performance of the system synthetically, 
this paper uses the energy analysis method and the analysis method, and eva-
luates them with different evaluation indexes, such as thermal efficiency, effi-
ciency, loss rate, loss rate and dissipation heat and net coal consumption. The 
exergy flow is shown in Figure 2, in which the red arrows represent the input 
and the output exergy of the system, black arrows the exchange exergy among 
the subsystems, and blue arrows the exergy losses for different process. 

3. Exergy Analysis Model 
3.1. Assumptions 

In order to investigate the performance of the system by exergy analysis, some 
hypotheses are made as follows: 

a) Ignoring the diffusion exergy loss of working medium in the pipelines and 
small leakage of working medium at equipment joints or connections. 

b) Flow rates of liquid and solid mediums are from the measured data, and 
that of the gas medium from quality equilibrium calculation of system. 

c) The working medium mixes uniformly on the condition of steady flow. 
d) To ensure the reliability of the measured parameters, they must be ex-

amined and filtered before into model for calculation. 
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Figure 2. Diagram of the exergy flow. 
 

e) The reference temperature is about 15˚C and the reference pressure is 
about 1atm for the exergy analysis. 

3.2. Model of the Exergy Loss 

In an exergy analysis, the heat rate does not have the same value as the power, 
and the loss of work equals to the difference between the input exergy and the 
output exergy of the system. According to energy and exergy balance, the loss 
can be described as: 

, in outEX loss EX EX= ∑ − ∑                       (1) 

where, EX, loss is the exergy loss; ΣEXin is the input exergy; ΣEXout is the output 
exergy. 

The exergy in the system contains the exergy of steady flowing medium, the 
heat exergy, the chemical exergy of coal as fuel, and the mechanical exergy. 

( ) ( ) 2
0 0 0

1
2flowEX H H T S S M c M g z= − − ⋅ − + ⋅ + ⋅ ⋅          (2) 

where, EXflow is the exergy of steady flowing medium; H, S are the enthalpy and 
entropy of the working medium at certain thermal state; while H0, S0 are that at 
the environment state. Generally, it is assumed that the exergy due to kinetic 
energy and potential energy are negligible. 

2
0 1Q

QEX Q T
T
δ

= − ∫                             (3) 

where, EXQ is the heat exergy; Q is the heat energy; T0 is the ambient tempera-
ture [35] [36] [37] [38], K. 
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where, Qc,ar is the low heat value of the as-received basis coal, kJ/kg; Car, Har, Oar, 



H. B. Zhao et al. 
 

338 

Nar are the mass percentage of them in the as-received basis coal, %; exc,ch is the 
chemical exergy per unit mass of coal, kJ/kg. 

( ), 0 0
0

ln c
c ph c c

Tex C T T T
T

 
= ⋅ − − ⋅ 

 
                  (5) 

where, Cc is the specific heat of the dry basis coal, kJ/(kg·K); Tc is the tempera-
ture of the coal, K; exc,ph is the physical exergy per unit mass of coal, kJ/kg. 

( ) ( )
2 2H O H O 0 0

0

, ln s
s s s p s

Tex loss V CP V C T T T
T

 
= ⋅ + ⋅ ⋅ − − ⋅ 

 
         (6) 

where, Ts is the temperature of the smoke exhaust, K; 
2H OpC  is the average spe-

cific heat at constant pressure of the dry smoke from the temperature T0 to Ts, 
kJ/(m3·K); Vs is the volume of the dry smoke coming from the combustion of 
unit mass coal, m3/kg; ex, losss is the exergy loss of the smoke exhaust, kJ/kg. 

According to energy and exergy balance, the flow rate of the steam extraction 
can be calculated through the energy equilibrium matrix Equation (7), and then 
the exergy loss in the regenerative system can be got. 
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(7) 

where, i is the stage serial number, qi is the enthalpy drop at extraction stage i, 
kJ/kg; γi is the enthalpy drop of the drainage from the exheater in the current 
heater (No.i), kJ/kg; τi is the enthalpy rise of the feed-water in the current heater 
(No.i), kJ/kg; Di is the flow rate of the extraction stage i, kg/s; Dfw is the flow rate 
of the feed-water, kg/s. 

3.3. Model of the Exergy Efficiency 

The calculation of the exergy efficiency can be expressed in different forms for 
the different facilities in the energy system. However, the description of them 
can be unified as the same form from the point of view of the principle of the 
exergy flow and the exergy efficiency that is the ratio of the exergy revenue and 
the exergy consumption in the thermodynamic process. 

ex
in out

W
EX EX

η ∑
=
∑ − ∑

                       (8) 

or 

out in
ex

EX EX
W

η ∑ − ∑
=

∑
                        (9) 

where, ΣEXin and ΣEXout are the input exergy and the output exergy respectively. 
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where, ΔEXh and ΔEXc are separately the exergy difference of the high and low 
temperature heat source in the process of heat transfer. 

4. Results and Discussion 

According to the thermodynamic model established and the measured data, 
firstly, we have carried out the key study on the exergy loss of the system, and 
then obtained the trends of exergy loss and exergy efficiency with load variation. 
Although the errors and residuals may exist upon the individual measured data 
because of the uncertainty of the actual measurement and the factors due to the 
uncontrollability in the actual operation, the performance variation trend is re-
liable based on large measurement data. Coal is the supply fuel of the power 
plant, with the following components: moisture = 6.00%, ash = 31.84%, hydro-
gen = 3.23%, nitrogen = 0.71%, sulphur = 2.51%, oxygen = 2.80%, carbon = 
53.27%, GCV = 20350.00kJ/kg. 

4.1. Performance Analysis at the Specific Operating Condition 

Based on the parameters of each stream in the Figure 1, as shown in Table 1, the 
values of the exergy loss and its proportion in the total exergy loss, as well as the 
exergy efficiency at 470 MW are shown in Table 2. We get that the exergy loss of 
the total system is about 1111.41 MW, and the exergy efficiency is 30.75% or so. 

Figure 3 shows the specific values of the exergy loss and its ratio for the main 
facilities in the whole system. We can see that the main parts of the exergy loss 
focus on the boiler, air cooling system and the steam turbine. Meanwhile, the 
 

 
Figure 3. Exergy loss of the facilities at 470 MW. 
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Table 1. Stream data of the system at 470 MW. 

State Point 
T 

(K) 
P 

(MPa) 
G 

(kg·s−1) 
h 

(kJ·kg−1) 
s 

(kJ·kg−1·K−1) 

1 321.92 0.1162 1188.81 204.2931 1.8782 

2 321.71 1.3837 1188.81 204.5172 1.8455 

3 323.15 1.0887 1188.81 210.1440 1.0323 

4 366.54 0.7935 1188.81 391.8010 1.2313 

5 385.72 0.7223 1188.81 472.6615 1.4465 

6 399.17 0.7038 1182.14 529.7281 1.5919 

7 434.41 1.2711 1488.16 681.4119 1.9546 

8 438.13 18.3161 1414.48 707.4736 1.9714 

9 468.34 18.1118 1414.48 838.3713 2.2607 

10 502.86 18.0942 1414.48 992.5161 2.5783 

11 530.68 18.4342 1414.48 1122.1232 2.8307 

12 811.08 16.5057 1414.48 3421.2908 6.4850 

13 747.42 8.5453 1414.48 3337.4615 6.5103 

14 650.57 4.4476 102.26 3138.1523 6.5934 

15 587.22 2.7412 126.26 3022.2139 6.6119 

16 592.10 2.7958 1306.34 3032.0569 6.6210 

17 800.42 2.5391 1311.45 3525.5447 7.3833 

18 717.58 1.3530 66.29 3331.3186 7.3963 

19 615.54 0.6000 76.62 3133.1701 7.4443 

20 529.16 0.5641 1182.66 2939.9280 7.4744 

21 518.37 0.1543 31.75 2877.7175 7.5258 

22 476.48 0.0874 39.32 2801.1082 7.5680 

23 436.38 0.0280 31.62 2786.2092 7.7292 

24 321.80 11.0762 1038.93 2604.1462 7.9518 

25 505.10 2.9371 79.72 1200.0100 3.6295 

26 474.99 1.6413 170.57 1061.8300 3.3506 

27 446.28 0.8620 229.40 932.2800 3.0712 

28 387.29 0.1658 31.75 678.6100 2.4635 

29 369.57 0.0889 71.07 602.9700 2.2637 

30 330.42 0.0176 143.73 439.2500 1.7951 

31 439.79 8.3977 356.25 714.3224 2.0050 

32 628.59 17.3912 6.45 1652.0123 3.7493 

 
exergy loss of the regenerative system is quite little comparatively which just 
about 15.29 MW, and the ratio of the exergy loss about 1.38%, among which the 
exergy loss of the low pressure heater No. 7 is relatively large, and that of the 
other heaters is very little and the ratio of the exergy loss of them is less than 
0.5% of the whole system. 



H. B. Zhao et al. 
 

341 

Table 2. Results of the exergy analysis at 470 MW. 

Item 
Exergy loss Ratio of exergy loss 

Exergy  
efficiency 

kW % % 

Steam  
turbine 

(ST) 

High pressure turbine (HPT) 44569.95 37.65 4.01 73.37 

Intermediate pressure turbine 
(IPT) 

39375.49 33.26 3.54 69.73 

Intermediate pressure turbine 
(LPT) 

34444.31 29.09 3.10 85.54 

∑ 118389.76 —— 10.65 81.22 

Regenerative 
system 
(RS) 

1#High pressure heater (HPH) 920.37 6.02 0.08 96.11 

2#High pressure heater (HPH) 1329.59 8.70 0.12 95.13 

3#High pressure heater (HPH) 2018.07 13.20 0.18 90.72 

Feed water pump (FWP) 870.76 5.70 0.08 91.05 

4#Deaerator (DH) 2838.11 18.57 0.26 91.55 

5#Low pressure heater (LPH) 623.53 4.08 0.06 90.45 

6#Low pressure heater (LPH) 1088.69 7.12 0.10 87.41 

7#Low pressure heater (LPH) 4785.35 31.31 0.43 73.98 

Shaft seal leakage heater 
(SSLH) 

347.17 2.27 0.03 71.30 

Condensation water pump 
(CP) 

463.52 3.03 0.04 84.83 

∑ 15285.16 —— 1.38 91.32 

Boiler 

① 20457.76 2.36 1.84 —— 

② 555.14 0.06 0.05 —— 

③ 25735.01 2.97 2.32 —— 

④ 4376.11 0.51 0.39 —— 

⑤ 5171.17 0.60 0.47 —— 

⑥ 592679.76 68.39 53.32 —— 

⑦ 217624.59 25.11 19.58 —— 

∑ 866599.54 —— 77.97 42.83 

Air cooling system (ACS) 111131.14 —— 10.00 5.66 

Total 1111405.50 —— —— 30.75 

① smoke exhaust, ② chemistry factor, ③ machinery factor, ④ heat dissipation, ⑤ boiler ash, ⑥ combus-
tion, ⑦ heat transfer. 

 
The distribution of the exergy loss of the main four subsystems is shown in 

Figure 4. The exergy loss of the boiler system is the largest which is about 866.60 
MW and the exergy efficiency is about 42.83% with the ratio of the exergy loss 
77.97% or so. The exergy losses of the steam turbine and the air cooling system 
are almost the same, which are about 118.39 MW and 111.13 MW respectively 
with the ratio of the exergy loss 10.65% and 10.00% or so. Nevertheless, the ex-
ergy efficiencies of them differ greatly, which are about 81.22% and 5.66% re-
spectively. The exergy efficiency of the steam turbine is second to that of the re-
generative system which is about 91.32%, meanwhile the exergy efficiency of  
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Figure 4. Exergy analysis of every subsystem. 
 
the air cooling system is the lowest in the whole system. Therefore, we can see 
that the main energy saving potential is in boiler as well as the air cooling sys-
tem. 

Especially, the detailed exergy loss of the boiler is shown in Figure 5. We can 
see that the combustion exergy loss which is about 592.68 MW occupies the 
great proportion in the boiler system, about 68.39%; the heat transfer exergy loss 
takes the second place which shows 217.62 MW and 25.11% approximately. The 
every other exergy loss including machinery factor, the chemistry factor, the 
smoke exhaust, the heat dissipation, and the fly ash is less than 3% in the boiler 
system. Therefore, the key for the energy saving of the boiler is to decrease the 
exergy loss of the combustion and the heat transfer. 

4.2. Performance Analysis for Different Load Conditions 

In order to investigate the comprehensive performance of the system, it’s neces-
sary to precede the exergy analysis of the system at various loads, which is always 
changing all the time in actual operation. According to measured data of the 
power plant in practical running, we have gotten the variation laws of exergy, 
exergy loss as well as exergy efficiency. 

Figure 6 shows the exergy variation of the live steam, the cold reheat steam, 
the reheated steam, the exhaust steam of the Intermediate pressure turbine (IPT) 
and the exhaust steam of the steam turbine. We can see that all the exergy mean 
value of them will increase with the load increment, nearly linear increasing, and 
that of the live steam is the largest increase, the exhaust steam of the steam tur-
bine the minimum. As the load increases, the required main steam flow increas-
es, resulting in an increase in the corresponding flow, so that the exergy of each 
steam increases. In addition, apart from the 5# and 6# Low pressure heater  
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Figure 5. Exergy loss of the boiler. 
 

 
Figure 6. Exergy of the main steam flow. 
 
(LPH), the average exergy of every extraction increases with load increase as 
shown in Figure 7. To analyze the cause of this variation, we know that with the 
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and the corresponding low-temperature heat increases. Therefore, we need to 
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Figure 7. Exergy of the steam extraction. 
 

The exergy loss as well as its ratio of the main four parts with load variation is 
shown in Figure 8. We can see that the exergy loss of the boiler system is always 
the maximal for the value, and the second the steam turbine and the air cooling 
system, and the minimum the regenerative system, and we find that the ratio of 
the exergy loss of the steam turbine and the regenerative system rises with the 
increase of the load, while that of the boiler system slowly rises first, then reduc-
es. With the load increases, the exergy loss of combustion and heat transfer de-
creases, which accounts for most of the exergy loss in the boiler, resulting in a 
gradual decrease in energy loss at the boiler. In addition, the variation of the ra-
tio of the exergy loss for the air cooling system is inconspicuous and is affected 
by multifarious factors such as environmental parameters, fan operation para-
meters, and so on. The exergy efficiency of the steam turbine as well as its three 
cylinders is shown in Figure 9. Due to the measured parameters fluctuate at low 
load, so we can see that the exergy efficiency of the three cylinders fluctuates rel-
atively obviously at low load, generally less than 350 MW - 400 MW. Because the 
use of the nozzle adjustment method, it is obvious that the exergy efficiency of 
the high pressure cylinder averagely appears decreasing with the load increase 
and when the load rises approximately from 400 MW to 560 MW, its efficiency 
increases from about 70% to 78%. The exergy efficiency of the whole steam tur-
bine with load changing, between about 80% and 85%, is closely related with 
every cylinder, and the minimum value exists around 300MW to 350MW. 
Therefore, the unit should be kept away from low load from the point of view of 
economy or safety. 

As shown in Figure 10, the exergy efficiency of the boiler increase obviously 
with the load increment, e.g., when the load increases from 350 MW to 550 MW, 
the exergy efficiency changes from 33.8% to 46.4%, about 6 percent points in-
crement per 100 MW increment. In addition, we can see that the major exergy  
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(a) 

 
(b) 

Figure 8. Ratio of exergy loss of the subsystems. (a) The distribution of the exergy loss ra-
tio of the systems; (b) the trend of the exergy loss ratio with load. 
 
losses in the boiler are from the combustion and the heat transfer, whose average 
values decrease with the load increment, while the heat transfer exergy loss de-
crease gently, and the combustion exergy loss drops obviously when the load is 
more than 500 MW, with exergy loss about 150 MW from 500 MW to 550 MW 
or so. Because the coal combustion is more adequate at high load and the aver-
age temperature difference is reduced, the exergy loss of combustion and heat 
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high load, the efficiency of the boiler is not better than 55%, so that the im- 
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Figure 9. Exergy efficiency of the steam turbine. 
 
provement of combustion and maintain the boiler running at high load as far as 
possible are crucial for boiler performance enhancement. 

Figure 11 shows the variation of the total exergy loss and the exergy efficiency 
of the whole system with the load changing. The total exergy loss decreases 
slowly at the load less than about 500 MW and decreases sharply at the load 
more than 500 MW or so with load rising, e.g., the former, dropping about 20 
MW with the load increment about 300 MW, and the latter, decreasing from 
1100 MW to 900 MW with the load increasing from 510 MW to 560 MW, which 
is similar to that of the boiler aforesaid. The increase of the total exergy efficien-
cy is even uniform with the load rising. The total exergy efficiency increases 
from about 20% to 40% when the load varies from 250 MW to 550 MW. From 
above, we can see that reduction of the boiler combustion exergy loss is of im-
portance for the energy saving and the rational energy utilization, meanwhile, 
the operation at high load is an effective way to improve the performance of the 
thermal power system because the system parameters’ matching is more rea-
sonable with the increase of load. 

In addition to the exergy analysis, according to the common indexes generally 
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(g) 

 
(h) 

 
(i) 

Figure 10. Exergy analysis of the boiler. (a) Exergy loss of smoke exhaust; (b) exergy loss 
of chemical factor; (c) exergy loss of mechanical factor; (d) exergy loss of heat dissipation; 
(e) exergy loss of boiler ash; (f) exergy loss of combustion; (g) exetgy loss of heat transfer; 
(h) exergy loss of boiler; (i) exergy efficiency of boiler. 
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Figure 11. Total exergy loss and exergy efficiency. 
 

 
Figure 12. Heat and net coal consumption. 
 
decreasing from 550 MW to 350 MW, the heat and net coal consumption in-
creases from 8965.3 kJ·kW−1·h−1 to 9893.4 kJ·kW−1·h−1, and from 327.3 g·kW−1·h−1 
to 368.2 g·kW−1·h−1, respectively. Therefore, in order to improve the perfor-
mance of the whole system, it is advised that the unit should run at load more 
than 350 MW. 
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analysis and discussion of the evaluation index of the energy utilization have 
been given through the establishment of the whole thermal system based on the 
logistics process, the exergy flow processes, and thermal analysis model. And we 
get the following main conclusions. 

1) The principal part of the exergy loss in the whole system is the boiler 
among which the ratio of the exergy loss is more than 70% at each operating 
load. The exergy losses of the combustion with the ratio of the exergy loss more 
than 50% are the main parts of the boiler system. Therefore, the decrease of the 
combustion and the heat transfer loss is the key to the energy saving for the 
thermal power plant. 

2) The exergy of the steam turbine and the air cooling system is almost the 
same with the ratio of the exergy loss in the total system is about 10% both. The 
exergy efficiency of the steam turbine is 80% or so. Nevertheless the exergy effi-
ciency of the air cooling system is quite low which just about 5.7% at the load 
rate 85%. So the potential for energy saving of the air cooling system is consi-
derable. 

3) The heat and net coal consumption have similar decreasing trend with load 
increment. When the load is less than 350 MW, both the heat and net coal con-
sumption shows the sharp increase with the load decreasing. And when the load 
is more than 350 MW, the heat and the net coal consumption increase linearly 
and gently with the load decreasing. Meanwhile, the exergy efficiency of the 
whole system decreases with the constant speed with the load decreasing. 
Therefore, in order to improve the performance of the whole system, it is ad-
vised that the unit should run at the load better than 350 MW. 

According to the characteristics of thermal power generation and the energy 
consumption law of the actual thermal operation, we will continue doing the 
subsequent work that includes the research on the unreasonable links and the 
high exergy consumption processes based on the results of this paper, in order to 
research the lifecycle of the thermal power system and analysis the whole process 
of energy system from the proposed thermal economics point of view. 
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