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Abstract - This study was an attempt to increase power plant effi ciency by adjusting the process 
control parameters that resulted from a numerical analysis of the power plant effi ciency and its relevant 
operating parameters. The optimum values for the four main control parameters that would make the 
power plant run at the maximum effi ciency were evaluated for two regular load levels of 245 and 300 
MW. The optimum values from the model were validated against the plant simulator due to the fact 
that it was too risky to adjust the real power plant. The results showed that if the plant was operated at 
the optimum combinations of the main control parameters, the effi ciency of the plant at the load levels 
of 245 and 300 MW would be 0.3859 and 0.3935, respectively. From the operating data during the last 
two years, the plant effi ciency at these two load levels would be improved by 0.0178 and 0.0149, which 
is equivalent to natural gas cost savings of 752,704 Baht/day (about 22,138 US$/day) and 609,862 
Baht/day (about 17,937 US$/day), respectively.
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1. Introduction
In Thailand, electrical energy consumption has increased 
by approximately 4.3% annually (Energy Policy and 
Planning Offi ce, 2014), which in turn causes the country 
to build more power plants to meet the demand. More than 
80% of energy sources to produce electricity in Thailand 
are fossil fuels. Natural gas (NG) shares 67% of the energy 
mix (Electricity Generating Authority of Thailand, 2015a), 
of which around 60% comes from the gulf of Thailand and 
around 40% has to be imported (Electricity Generating 
Authority of Thailand, 2015b). 
 Electrical power plants are one of the most intense 
fossil fuel consumers. With a slight improvement in their 
effi ciency, a signifi cant amount of savings can be obtained. 
For example, a 735-MW power plant fueled by natural gas 
currently operates at an efficiency of 35.12%. If the 
effi ciency is improved by only 1%, the fuel cost would be 
reduced by as much as 542,450 Baht per day or 198 million 
Baht (about 5.8 million US$) per year (based on the cost 
of natural gas of 300 Baht or 8.8 US$ per MMBtu). 
 There are several methods to improve the effi ciency 
of power plants. Some methods require a high investment 
to improve, replace, or install equipment, for example, 
upgrading the boiler and installing an air separation unit 
resulting in a 3.3-4.0% higher effi ciency (Kotowicz and 
Balicki, 2014), installing a low-pressure economizer 
resulting in a 0.46% higher effi ciency (Wang et al., 2014), 

and changing the angles of the chimney walls and slopes 
of the collectors resulting in a 0.53% higher effi ciency 
(Ghorbani et al., 2015). 
 Adjusting the process control parameters is another 
group of methods that can improve effi ciency with much 
less, or even no, investment, for example, increasing the 
steam inlet temperature from 508 to 568oC and keeping the 
pressure constant at 124.61 bar can cause a 3.79% higher 
effi ciency (Geete and Khandwawala, 2013), tuning the 
pre-dried lignite-fired power system causes a 1.51% 
higher effi ciency (Han et al., 2014), and modifying the 
combustion control systems causes a 1.69% higher 
effi ciency (Mikulandric et al., 2013).
    Power plant effi ciency analysis may be performed in 
two ways. One is performing a theoretical thermodynamic
analysis, which is accurate but could be quite complicated. 
The other is analyzing it numerically, which is more rapid 
and simple but less accurate. 
 In this study, a thermal power plant was analyzed 
numerically to improve its effi ciency by adjusting the 
process control parameters. Four main infl uential control 
parameters were optimized to achieve combinations that 
yield the highest effi ciency at two regular operating loads 
of 245 MW and 300 MW. The results were then validated 
against the plant simulator, due to the risk involved with 
an actual test with the real plant.
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2.  Methodology
A 735-MW thermal power plant was studied in this work. 
It is operated 24 hours a day and fueled mainly by natural 
gas. The secondary fuel is heavy oil. There are 12 main 
control parameters, as shown in Table 1. By considering 
which ones infl uence the effi ciency the most and can be 

adjusted by the operators in the control room, four control 
parameters (reheat steam temperature, condenser vacuum, 
fi nal feed water temperature, and excess oxygen) were 
selected as the most infl uential ones that would be opti-
mized in this study.

Table 1. Main control parameters of power plant.

Item Description Unit

1 Main steam pressure bar

2 Main steam temperature °C

3 Reheat steam pressure bar

4 Reheat steam temperature °C

5 Final feed water temperature °C

6 Feed water fl ow t/h

7 Superheat spray water fl ow rate t/h

8 Reheat spray water fl ow rate t/h

9 Condenser vacuum bar

10 Stack temperature °C

11 Excess oxygen %

12 Circulating water temperature °C

 A multiple least-squares regression model was 
formed to evaluate the power plant effi ciency in terms of 
the four main infl uential control parameters, as shown in 
Eq. (1).
 η  = a

0
 + a

1
A + a

2
A2 + a

3
A3 + a

4
A4 + … 

   + a
5
B + a

6
B2 + a

7
B3 + a

8
B4 + …       

   + a
9
C + a

10
C2 + a

11
C3 + a

12
C4 + … 

   + a
13

D + a
14

D2 + a
15

D3 + a
16

D4 + … (1)
 where, η = power plant effi ciency,
   A, B, C, D, … = main infl uential control 
parameters,
   a

0
, a

1
, a

2
, a

3
, … = coeffi cients.

 By applying a statistical analysis to the operating 
data of the power plant from the last two years, only the 
terms that have signifi cant effects were maintained in the 
model.
 To fi nd the optimum values of the four main parameters
that give the highest plant efficiency, the concept of 
univariate search was implemented. The fi rst parameter 
was varied while the remaining three parameters were kept 
constant until the maximum effi ciency was reached, then 
the value of the fi rst parameter was fi xed at this point. 
After that, the next parameter was varied while the other 
three were fixed until the maximum efficiency was 
achieved. This process was repeated until the values of all 
four parameters did not change anymore. Then, the fi nal 
values of the four parameters were considered to be the 
optimum values.
 The search for the optimum values of the four main 
parameters was carried out at two regular load levels of the 
power plant, which were 245 and 300 MW. The results 
from the regression model were then compared with the 

results from the plant simulator, due to the fact that it was 
too risky to perform a test with the real plant. If the 
difference between the results from the regression model 
and the plant simulator did not exceed the propagated error 
of the plant effi ciency, the optimum values of the four 
parameters were considered to be valid.

3.  Results and Discussion
3.1  Reliability of plant simulator
Since it was not possible to adjust the main four control 
parameters in the real power plant, the plant simulator 
was used instead. Table 2 shows the comparison between 
the operating parameters retrieved from the real power 
plant and the ones obtained from the plant simulator at the 
regular load level of 245 MW. It can be seen that the real 
values and the values from the plant simulator were very 
close to each other. The highest difference was 1.73%, 
which was smaller than the average uncertainty (2%) of 
the measuring devices in the power plant. The comparisons 
were done on many sets of operating data and the fi ndings 
were always similar. Therefore, it can be concluded that 
the plant simulator is reliable and can represent the real 
power plant.

3.2  Power plant effi ciency models
Starting from the full form of the model according to Eq. 
(1) and then applying a statistical analysis, only the terms 
that have signifi cant effects were kept. The power plant 
effi ciency models for the regular load levels of 245 and 
300 MW were obtained as shown in Eqs. (2) and (3), 
respectively.



R & KPolachate Tosomboon and Thosapon Katejanekarn54

Table 2. Comparison between main control parameters from actual data and plant simulator (sample data set at load 
  level of 245 MW).

Item Description Unit Actual data
Simulator 

data
Difference

(%)

1 Electrical power load MW 245.10 245.00 0.04

2 Main steam pressure bar 116.38 116.33 0.04

3 Main steam temperature °C 508.17 508.00 0.03

4 Reheat steam pressure bar 15.85 15.77 0.51

5 Reheat steam temperature °C 505.49 504.90 0.12

6 Final feed water temperature °C 227.41 227.00 0.18

7 Feed water fl ow rate t/h 787.32 779.00 1.06

8 Superheat spray water fl ow rate t/h 19.66 20.00 -1.73

9 Reheat spray water fl ow rate t/h 0.00 0.00 0.00

10 Condenser vacuum bar 0.4666 0.4669 0.07

11 Stack temperature °C 80.69 81.54 -1.05

12 Excess oxygen % 5.83 5.89 -1.03

13 Circulating water temperature °C 26.29 26.36 -0.27
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where,  X
R
 = reheat steam temperature (oC),

  X
C
 = condenser vacuum (bar), 

  X
F
 = fi nal feed water temperature (oC),

  X
O
 = excess oxygen (%).

3.3 Optimum values of main control parameters
The optimum values of the four main infl uential control 
parameters at the regular load level of 245 MW obtained 
from the univariate search concept are shown in Table 3. 

The power plant effi ciency as calculated from the model 
shown in Eq. (2) was 0.3859, while the effi ciency from the 
plant simulator was 0.3867. The difference between the 
two values was 0.0008, which was less than the 
propagated uncertainty of the power plant efficiency 
(absolute uncertainty = 0.0011, relative uncertainty = 
0.33%). Therefore, this suggests that the optimum values 
of the main control parameters obtained from the model 
were valid.
 The average value of the plant effi ciency at the load 
level of 245 MW during the last two years was approximately 
0.3689. If the plant could operate at the optimum 
effi ciency obtained from the model, then the plant effi ciency 
could be increased by 0.0178, which is equivalent to a
reduced heat rate of 450.20 kJ/kWh or a natural gas cost 
saving of 752,704 Baht/day (about 22,138 US$/day).

Table 3. Optimum values of main control parameters at 245 MW load level.

Item Description Unit Optimum Values

1 Reheat steam temperature °C 508.22

2 Condenser vacuum bar 0.0246

3 Final feed water temperature °C 225.85

4 Excess oxygen % 4.66

5 Average effi ciency during the last 2 years - 0.3689

6 Optimum effi ciency from the model - 0.3867

7 Difference - 0.0178

8 Absolute error - 0.0012

9 Relative error % 0.36
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 The optimum values of the four main infl uential 
control parameters at the regular load level of 300 MW 
obtained from the univariate search concept are shown in 
Table 4. The power plant effi ciency calculated from the 
model shown in Eq. (3) was 0.3935, while the effi ciency 
from the plant simulator was 0.3910. The difference 
between the two values was 0.0025, which was higher than 
the propagated uncertainty of the power plant effi ciency 
(absolute uncertainty = 0.0011, relative uncertainty = 
0.33%). Even though more data were needed to make the 
optimum values of the main control parameters obtained 
from the model valid, according to the criteria stated in the 

previous section, it is still worth determining how much it 
would help to reduce the operating cost of the plant at this 
combination of the parameters.
 The average value of the plant effi ciency at the load 
level of 300 MW during the last two years was approxi-
mately 0.3761. If the plant could operate at the optimum 
efficiency obtained from the model, then the plant 
efficiency could be increased by 0.0149, which is 
equivalent to a reduced heat rate of 364.76 kJ/kWh or a 
natural gas cost saving of 609,862 Baht/day (about 17,937 
US$/day).

Table 4. Optimum values of main control parameters at 300 MW load level.

Item Description Unit Optimum Values

1 Reheat steam temperature °C 529.58

2 Condenser vacuum bar 0.0432

3 Final feed water temperature °C 238.85

4 Excess oxygen % 5.54

5 Average effi ciency during 2 years - 0.3761

6 Optimum effi ciency - 0.3910

7 Difference - 0.0149

8 Absolute error - 0.0011

9 Relative error % 0.30

4. Conclusion
This study aimed to increase the power plant effi ciency by 
adjusting the process control parameters using the results 
from a numerical analysis of the power plant effi ciency and 
its relevant operating parameters. The optimum values of 
the four main control parameters that would make the 
power plant run at the maximum effi ciency were evaluated 
for two regular load levels of 245 and 300 MW. The 
optimum values from the model were validated against the 
plant simulator due to the fact that it was too risky to adjust 
the real power plant. The results showed that if the plant 
was operated at the optimum combination of the main 
control parameters, the effi ciency of the plant at the load 
levels of 245 and 300 MW would be 0.3859 and 0.3935, 
respectively. From the operating data during the last two 
years, the plant effi ciency at these two load levels would 
be improved by 0.0178 and 0.0149, which would be 
equivalent to natural gas cost savings of 752,704 Baht/day 
(about 22,138 US$/day) and 609,862 Baht/day (about 
17,937 US$/day), respectively.
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