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Abstract: This paper explores the energy management of a natural gas-based thermal power plant,
with a focus on improving its efficiency, sustainability, and economic feasibility. The study uses the
Ashuganj Power Station Company Limited (APSCL) in Bangladesh as a case study. To evaluate the
efficiency of the APSCL, both energy and exergy perspectives are considered, and sustainability is
assessed through exergetic parameters. The plant’s economic feasibility is analyzed based on its fuel
costs and operational losses. The results of the study indicate that the energy and exergy efficiencies
of the APSCL vary from 32.97% to 33.21% and from 32.63% to 32.87%, respectively, for steam turbines
and from 39.77% to 56.98% and from 39.36% to 56.40%, respectively, for combined cycle power plants
(CCPP) during 2016–2021. The slightly lower efficiency in exergy calculations accounts for the system
loss incurred over time, which is often omitted in efficiency calculations using energy parameters. To
measure the sustainability of the APSCL, eight key indicators are used: the depletion number, exergy
sustainable index, cumulative exergy loss, relative irreversibility, lack of production, the wasted
exergy ratio, environmental effect factor, and improvement potential. The results indicate that APSCL
still has opportunities for improvement in terms of sustainability, with 50% of the fuel being depleted
in the plant, contributing to a sustainable index of 2.00 and cumulative exergy loss varying between
48.59 and 21.17. Regarding financial costs and losses, APSCL has experienced an increasing trend
in the price of electricity generated. However, by implementing intelligent maintenance practices
and upgrading equipment in a timely manner, it is possible to minimize costs and increase exergy
output, reducing the per-unit fuel requirement for electricity production and the global carbon
footprint significantly.

Keywords: exergy; sustainability; efficiency; economic performance; Bangladesh

1. Introduction

Today’s global infrastructure development heavily relies on a consistent and unin-
terrupted supply of power. Any disruption in the power supply can have a significant
impact on the economy [1]. With the increasing automation of various aspects of our lives,
the demand for an uninterrupted power supply continues to grow. In order to meet this
growing demand, countries are diversifying their methods and sources of power generation
to keep the price of power affordable. The type and availability of natural resources in a
given country play a major role in determining its energy production methods [2]. Despite
efforts to shift towards sustainable energy sources, fossil fuel-based energy production still
dominates global energy production.

Sustainability 2023, 15, 5452. https://doi.org/10.3390/su15065452 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su15065452
https://doi.org/10.3390/su15065452
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-8741-1245
https://orcid.org/0000-0003-2429-4851
https://orcid.org/0000-0003-4634-8021
https://orcid.org/0000-0001-9060-4454
https://orcid.org/0000-0002-5363-6219
https://orcid.org/0000-0002-6039-3841
https://orcid.org/0009-0000-0032-8653
https://orcid.org/0000-0002-4137-9374
https://doi.org/10.3390/su15065452
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su15065452?type=check_update&version=1


Sustainability 2023, 15, 5452 2 of 16

Currently, fossil fuels, such as oil, coal, and gas, remain the primary sources of energy
in power generation methods [3]. As a result, thermal power plants are prevalent in the
power generation sector. Bangladesh, for instance, has significant reserves of natural gas,
making natural gas-fired thermal power plants the country’s primary mode of power
generation. Approximately 63% of the total power generated in Bangladesh comes from
natural gas-based thermal power plants [4]. The sustainability of the power generation
sector in the country is heavily dependent on the performance of these gas-fired thermal
plants. Therefore, it is crucial to conduct an analysis to determine the efficiency and
sustainability of gas-fired thermal plants. Additionally, effective generation from these
plants also plays a crucial role in determining the pricing of electricity [5].

The most common method of analyzing the efficiency of power generation units
involves comparing energy output to energy input. However, this approach only provides
a partial understanding of the system’s performance, as some of the output energy may not
be fully converted into useful energy due to the thermodynamic irreversibility of the system.
To gain a more comprehensive view of the entire power conversion process, an exergy
analysis is necessary. This method takes into account the thermodynamic irreversibility
associated with the generation process, as dictated by the second law of thermodynamics [6].
While the first law of thermodynamics is concerned with work potential and the high
quality of energy [7], the second law introduces the concept of entropy transport and its
relationship with heat transport and entropy generation effects [8]. In practical terms, this
means that 100% of the generated heat cannot be converted into 100% of the work [9].
Thus, a certain amount of heat and its equivalent energy will always remain unconverted.
Based on these principles, exergy can be defined as the maximum valuable work that
can be obtained from a mechanical or electrical system when it is thermodynamically
balanced with the environment [10]. An exergy-based analysis provides a more meaningful
evaluation of the efficiency and sustainability of power plants.

Environmental analysis is critical in understanding the impact of power generation
losses on the environment and identifying areas for future improvement. Economic analy-
sis helps determine the financial losses faced by the generation sector. According to the
Environmental Protection Agency (EPA) in the USA, sustainability is crucial, as everything
humans and animals require for survival and well-being depends directly or indirectly
on the natural environment. In the power generation sector, sustainability involves main-
taining a protective harmony to support safe power generation for the present and future,
benefiting both humans and nature. The thermal effects of electromagnetic fields on power
plant activity are a growing concern. Therefore, assessing the economic feasibility of
thermal power plants is crucial in understanding production, costs, and demand.

Table 1 presents exergy analyses conducted for various sectors in different countries.
The research conducted in [11] focused on the power generation sector in Bangladesh, where
gas, fuel oil, high-speed diesel, coal, superior kerosene oil, and hydropower were used as
energy sources. The study found that energy and exergy efficiencies varied from 34.9% to
36.3% and 35% to 39.2%, respectively. Chowdhury et al. [12] examined the residential sector
and found energy and exergy efficiencies ranging from 25.54% to 37.77% and 6.35% to
9.04%, respectively. A study of Iran’s agriculture sector [13] compared the thermodynamic-
economic and ecological sustainability of two canola production systems and found that the
traditional system was twice as sustainable as the commercial system. Energy and exergy-
based analyses of a coal-fired steam power plant were conducted by the authors in [7],
which found a 0.277% increase in energy efficiency and a 0.255% increase in exergy efficiency
with moderate temperature ammonia turbine and ammonia fraction, and a minimum
bottoming cycle output. The authors in [14] analyzed energy utilization in Nigeria’s
transportation sector and found overall energy and exergy efficiencies of 17.11% and
15.97%, respectively. Another study [15] investigated the efficiency improvement analysis
of power generation sectors in Turkey, which focused on vapor and gas, cogeneration,
and geothermal power cycles, and gave different cycle designs [16]. The authors found
that the energy and exergy efficiencies of the Turkish utility sectors ranged from 32.64%
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to 45.69% and from 32.20% to 46.81%, respectively. Overall, exergy analysis provides
a comprehensive evaluation of sustainability and efficiency in different sectors across
various countries.

Table 1. This study regarding the sectorial exergy analysis.

Country Fields Analyzed Year Refs.

Bangladesh Generation Sector 2020 [11]
Bangladesh Residential 2020 [12]

Iran Agriculture 2020 [13]
India Generation Sector 2013 [7]

Nigeria Transport 2012 [14]
Turkey Generation Sector 2007 [15]
Turkey Utility Sector 2007 [16]

To date, there has been no exergy-based analysis conducted on the sustainability and
efficiency of a specific power generation method in Bangladesh. Given the substantial
contribution of natural gas-based thermal power plants to the country’s generation sector,
it would be valuable to assess the sustainability and efficiency of such plants to improve
overall generation forecasting and maintenance scheduling.

In this paper, an exergetic and sustainable analysis was conducted to assess the
efficiency and economic feasibility of natural gas-based thermal power plants. The study
focuses on the Ashuganj Power Station Company Limited (APSCL), which contributes
approximately 17% of Bangladesh’s total energy generation capacity. The APSCL plant has
an installed capacity of 1876 MW, but during the analysis, the operational capacity was
found to be 1627 MW.

This work aims to compare established efficiency calculations using energy parameters
with exergetic efficiency calculations and propose a realistic estimation of system efficiencies
in terms of exergy. It also aims to analyze the sustainability of fossil fuel-based power plants
using exergy-oriented sustainability parameters, using APSCL (2016–2021) as a case study.
The economic feasibility of APSCL is also examined in terms of the losses incurred over
the operational years to identify trends. Finally, recommendations for future adaptation
and maintenance are presented based on a data-driven understanding of the impact of the
yearly deterioration of different parts of the plants.

The paper is arranged in the following order. Section 2 outlines the description of the
power plant, while Section 3 introduces the reader to exergetic sustainability parameters.
Section 4 narrates the methods and procedures of the study. Section 5 presents the results,
and Section 6 highlights the critical discussion, concerns, issues, and challenges. Section 7
gives the concluding remarks.

2. Description of the Power Plant: Case Study

The location of Ashuganj thermal power plant is in the Brahmanbaria district in the
Chittagong division in Bangladesh, situated in the Meghna River delta. The decision
to establish a thermal power plant in Ashuganj was based on the availability of labor,
transportation for heavy instruments, a fuel source, and other necessary supplies. In 1966,
a foreign construction company was contracted to build the power plant with financial
assistance from the German government. The facility has multiple units, including two
steam units of 64 MW commissioned in 1970, two gas turbine units GT-1 and GT-2 of
56 MW each commissioned in 1982, a steam turbine of 34 MW and waste heat recovery
boiler commissioned in 1984, and three 150 MW units (Units 3, 4, and 5, commissioned in
1986, 1987, and 1988, respectively). Additionally, a 50 MW gas engine was commissioned
in 2011, a 200 MW modular plant in 2015, a 225 MW CCPP in 2016, Ashuganj CCPP
(South) in 2016, and Ashuganj CCPP (North) in 2017. The procurement of different plants
and equipment was done through international financial assistance. The plant’s installed
capacity is 1876 MW, but currently, it operates at a capacity of 1627 MW. Ashuganj Thermal
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Power Plant was initially registered as a private limited company under the Companies Act
1994 on June 26, 2000, and was later transformed into a public limited company on March 1,
2003, named Ashuganj Power Station Company Limited (APSCL). The power plant covers
around 311 acres of land on the northeastern side of the Meghna Railway Bridge. Figure 1
shows a timeline of APSCL’s expansion.
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Figure 1. Yearly record of the establishment of APSCL with generation capacity at a glance.

The scope of this study is limited to six units of APSCL, with a total capacity of
1391 MW. Among these units, three (Units 3, 4, and 5) are considered a single entity. The
remaining three units are a 225 MW Combined Cycle Power Plant (CCPP), a 450 MW CCPP
South, and a 450 MW CCPP North, with current capacities of 450 MW, 221 MW, 360 MW,
and 360 MW, respectively [17]. These units generate electricity through both thermal power
generation and combined cycle power generation. The primary fuel source for all units
is natural gas, which is supplied from the nearby Titas gas field. The plant utilizes water
from the Meghna River for steam generation and cooling purposes [18].

APSCL employs three distinct methods for power generation: steam turbine power
plant, gas turbine power plant, and combined cycle power plant. The Combined Cycle
Power Plant (CCPP) is particularly noteworthy, as it allows for the maximum utilization
(up to 50%) of a single fuel source for power generation by utilizing both a gas turbine
(GT) and a steam turbine (ST). This plant relies on a variety of equipment, including
compressors, combustion chambers, GTs, STs, and diesel engines. During operation, the GT
and ST function based on the Brayton Cycle and the Rankine Cycle, respectively. CCPP’s
crucial component is the Heat Recovery Steam Generator (HRSG), which connects every
gas turbine. The exhaust gas generated by the turbine in the ST section is utilized for
steam production. The evaporative capacity of this process is 126 t/h, while the steam
pressure is maintained at 39 bar. The turbine speed is set at 3000 rpm, while the flue
gas temperature is recorded at 1010 ◦C. In Units 2, 3, 4, and 5, exhaust gas is utilized to
increase the feed water’s temperature from 55 ◦C to 66 ◦C. The exhaust steam generated
from the HP turbine, which has a temperature range of 335–522 ◦C, and a pressure of
135 bar, is utilized to superheat the steam. These units are equipped with nine furnaces
with temperatures ranging between 1200 ◦C and 1500 ◦C. The HP, IP, and LP turbine’s
pressure and temperature are recorded at 135 bar and 520 ◦C, 35 bar and 520 ◦C, and 90 ◦C,
respectively [18].
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3. Efficiency and Sustainability Parameters

Thermal power generation involves the utilization of natural resources to produce
chemical energy, which is then converted into mechanical energy and eventually trans-
formed into electrical energy. The natural resources used in this process may include gas,
coal, and oil, among others. The calorific value of a fuel refers to the amount of heat that it
can produce. The energy input and output of a thermal power station can be expressed
mathematically using the following formula [19]:

Maximum Possible Output = Plant Factor× Plant Capacity (kW)× Time (hour) (1)

Plant Input = Total fuel consumption value
(

m3
)
× Calorific value

(
kcal
m3

)
(2)

Total fuel consumption value = maximum Possible Output ×Fuel Consumption Value for per unit generation (3)

The maximum potential output of a thermal power station can be calculated by
multiplying the plant factor, plant capacity, and operational hours, as represented by
Equation (1). The plant input value, which is the total fuel consumption, can be calculated
using Equation (2) by multiplying the fuel consumption with the fuel’s calorific value. The
total fuel consumption value can be determined using Equation (3). Equation (4) represents
the plant output value, measured in kWh. To represent the plant output value in kcal, it
should be multiplied by 860 [20].

Plant Output = Total Energy Generation Over a Period in kWh × 860 (4)

3.1. Efficiency Analysis

Efficiency is measured by comparing the output energy to the input energy in a given
system. In thermodynamics, efficiency is the ratio of desired output to required input, and
it helps to understand the system’s behavior [21]. The efficiency analysis procedure is the
same for both energy and exergy for a reversible design [6].

Energy Efficiency, η =
Total Energy Produce in a System
Total Energy Provided in a System

(5)

Exergy Efficiency, φ =
Total Exergy Produce in a System
Total Exergy Provided in a System

(6)

The exergy input and output values are determined by multiplying the corresponding
energy values with the fuel-energy grade function, or exergy factor, shown in Table 2.

Table 2. Values of exergy factor for a different fuel.

Fuel Exergy Factor

Natural gas 0.93
Oil, petroleum products 1.06

Biofuel 1.11
Diesel 1.07
Coal 1.06

3.2. Sustainability Analysis

In power generation, sector sustainability means a system of environmental, eco-
nomic, and social stability. Sustainable energy can be utilized repeatedly without putting a
source in danger of getting depleted, expiring, or vanishing [22]. Sustainability analysis
is necessary to maintain a system’s quality, service, and financial positions. Sustainability
is quantified using some parameters called “exergetic sustainability parameters”. Such
parameters and their relations with the power generation section are shown in Table 3.
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Table 3. Relations between sustainability indicators and their parameters in the generation sector.

Parameters Sustainability Indicators

Depletion Number
(DN)

DN =
Exergy Decayed
∑ Exergy Input

• Amount of fuel depleted in the plants.
• Lower DN suggests less fuel depleted in the plants.
• Lower DN has a positive impact on exegetic sustainability.
• Indicates systems’ fossil fuel utilization rate.

Exergy Sustainable
Index (ESI)

ESI = 1
DN

• Measures the quality of the process in the transfer of mass
and conservation principle.

• A high ESI means the system has more stability or
sustainability.

Cumulative Exergy
Loss (CEL)

CEL = ∑ Exergy Generated− ∑ DN

• Indicates overall exergy loss in a system.
• Helps to understand systems’ irreversibility.
• Sustainability will increase if CEL decreases.

Relative
Irreversibility (RI)

RI = DN
CEL

• Shows the system’s irreversibility. Irreversibility describes
the amount of exergy destroyed or wasted work potential in
a compact design.

• It shows irreversibility is responsible for exergy loss as well
as sustainability.

Lack of Production
(LOP)

LOP =
DN in One Type of Plant

Whole System
′
s Exergy Output

• It shows the incapability of the power station to convert the
input to output.

• A power station’s incapability decreases sustainability.

Waste Exergy Ratio
(WER)

WER =
DN in One Type of Plant

Whole System
′
s Exergy Input

• This shows which plant is wasted less exergy than
other plants.

• Indicates which plants are more sustainable and waste
less exergy.

Environmental Effect
Factor (EEF)

EEF =
Waste Exergy Ratio

Exergy Efficiency
• Indicates the impact of wasted exergy on the environment.
• EEF needs to reach lower to achieve higher sustainability.

Improvement
Potential (IP)

IP = (1− φ)×
(Exergy Input− Exergy Output)

• IP shows a power station either needs improvement or does
not achieve sustainability.

• Its higher value indicates the system needs improvements.

Environmental
Exergy Loss (EEL)

EEL = CEL
Input Exergy

• Indicates the amount of lost exergy in the environment
when a system is in the working period.

4. Methods to Assess the Performance of Thermal Power Plant

This section explains the various procedures to examine the performance and effi-
ciency of the thermal power plant, including data collection, data validation, efficiency
estimation, sustainability indicators, and environmental exergy loss [23]. Bangladesh
Power Development Board (BPDB) publishes an annual report that contains information on
energy generation and consumption in the utility sector. APSCL is owned and controlled
by BPDB [24]. Most of the required data for this work was collected from the annual report
of BPDBs. Some values were available on the website of the APSCL.

In some cases, data were obtained directly from the plant. The plants’ input and
output were obtained from the annual report and used to calculate efficiency. Exergy input
and exergy output values were calculated from corresponding energy values using the
fuel-energy grade function of natural gas. Various aspects of natural gas-fired thermal
power plants are evaluated in this section. This station uses natural gas as fuel, and the
calorific value of the gas is 8354.0272 Kcal/m3 (collected directly from the APSCL). The
analysis comprises from 2016–2017 to 2020–2021. The study focuses on determining the
plant’s efficiency, sustainability, and economic feasibility based on the parameters discussed
in the parameters for analysis. Exergetic sustainability parameters were analyzed from
exergy values. Fuel costs and financial losses were calculated to determine the economic
feasibility of the plant. Figure 2 describes the overall methodology of this research work.
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5. Results and Analysis

The energy value is converted into exergy by multiplying the fuel-energy grade
function based on plant fuels described in the previous section. From the primary data
obtained for the plant, the plant’s input and output are determined using Equations (1)–(4).
As the plant’s energy input and output values are pretty significant, they are converted
into petajoules (PJ) divided by 2.39 × 1011. Exergy input and output for the plants have
been calculated by multiplying the energy parameters with the corresponding fuel exergy
factor mentioned in Table 2. Energy and exergy input and work throughout the operational
years for the different types of generation units in APSCL are shown in Tables 4 and 5.

Table 4. Energy input and output for the different units of APSCL. All data are in the PJ unit.

Years
Units 3, 4, and 5 225 MW CCPP CCPP South CCPP North

Input Output Input Output Input Output Input Output

2016–2017 31.32 10.54 9.69 3.93 14.40 5.91 26.89 9.67
2017–2018 20.73 6.72 11.27 4.90 17.38 8.33 15.41 6.10
2018–2019 15.15 4.57 12.11 5.80 16.58 8.74 15.84 8.05
2019–2020 9.42 3.17 11.13 5.33 15.98 8.46 15.60 8.85
2020–2021 7.62 2.58 11.77 5.66 13.24 7.04 12.93 7.52

Table 5. Exergy input and output for the different units of APSCL. All data are in the PJ unit.

Years
Units 3, 4, and 5 225 MW CCPP CCPP South CCPP North

Input Output Input Output Input Output Input Output

2016–2017 29.13 9.80 9.01 3.66 13.39 5.50 25.01 9.00
2017–2018 19.28 6.25 10.48 4.56 16.17 7.75 14.33 5.68
2018–2019 14.09 4.25 11.26 5.39 15.42 8.12 14.73 7.49
2019–2020 8.76 2.95 10.35 4.95 14.86 7.87 14.51 8.23
2020–2021 7.09 2.40 10.94 5.27 12.32 6.54 12.02 6.99
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5.1. Efficiency Analysis

Efficiency analysis has been carried out using the energy and exergy values as men-
tioned in Tables 4 and 5 using Equations (5) and (6). A year-wise comparison of energy and
exergy efficiency for different units of APSCL is shown in Figure 3. Figure 3a shows that
the efficiencies of Units 3, 4, and 5 decreased gradually from 33% during 2016–2017 to 30%
during 2018–2019. Being the oldest plants at APSCL, it is expected that these units will
degrade with time. However, proper maintenance and overhauling cause an increase in
efficiency, evident from the increased efficiencies observed during 2019–2020 and 2020–2021.
However, the maximum efficiency obtained from the units peaked at around 33%, showing
that two-thirds of the input fuel is either converted into waste energy or lost as heat energy.
Such low-yielding units take a toll on the overall efficiency of the plant.
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Figure 3. Energy and exergy efficiencies of different units calculated during 2016–2021 (a) Units 3, 4,
and 5, each 150 MW, (b) 225 MW CCPP, (c) 450 MW CCPP South, (d) 450 MW CCPP North.

Figure 3b–d illustrate the efficiency trends for the three CCPP units commissioned at
APSCL from the years 2016–2017 up to 2020–2021. As CCPPs use gas and steam turbines,
the residual heat from the gas turbine is redirected to the steam turbine, resulting in more
power generation. The efficiencies of the CCPPs were 36–41% in 2016–2017. However, it is
seen to increase in the following years, showing efficiencies of around 48–58%. A proper
synchronization between the two parallel generation systems of CCPPs results in higher
efficiencies exceeding 50%.
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A comparison between the overall and exergy efficiencies shows that for almost every
instance, the exergy efficiency is slightly different than the energy efficiency—this slight
difference in efficiency during exergy calculations results from considering the thermo-
dynamic irreversibility of the generation systems. The traditional efficiency calculations
using energy parameters do not consider these irreversibilities. Hence, exergy efficiency is
expected to reflect the actual efficiency of the power generation units.

5.2. Sustainability Assessment

All the sustainable indicators are calculated using formulas explained and shown in
the parameters for the analysis section. In Figure 4, DN, ESI, and CEL are shown. The
depletion number indicates how much fuel is depleted in a system. Old technology and
instruments are mainly responsible for high depletion numbers. During 2016–2017, APSCL
had a high depletion number of around 0.63. It indicates 63% of the fuel is depleted in the
plants. The value became 0.50 in 2020–2021, which made the system’s fuel depletion rate
lower, and a lower DN is preferred for sustainable power generation.
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Figure 4. DN, ESI, and CEL of the plants from 2016–2021. (a) Depletion Number (DN); (b) Exergy
Sustainable Index (ESI); (c) Cumulative Exergy Loss (CEL).

ESI, or exergy sustainable index, is only one sustainable parameter that indicates
higher sustainability in the generation sector. ESI and efficiency can be increased by
reducing exergy losses. ESI is inversely proportional to the depletion number. Therefore,
the lower value of the depletion number indicates a higher value of ESI, and the lower
value of ESI indicates more loss. To achieve the higher value of ESI needs a lower depletion
number. The FY 2020–2021 has a higher value of ESI, which is 2.00.

Cumulative exergy loss (CEL) is another sustainability parameter with a high value
that indicates the lower sustainability of the generation system. CEL is proportional
to exergy loss and inversely proportional to RI. CEL is calculated using mathemati-
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cal expression shown in Table 3. and for the FY 2020–2021, it is about 21.17 petajoule.
A comparative picture of these parameters over the operational years is shown in Figure 4.

Relative irreversibility is proportional to the ratio of exergy consumed and CEL, shown
in Table 6. The higher RI is mainly responsible for energy loss from power stations due to
old equipment and technology. RI is calculated for APSCL using mathematical expression
shown in Table 3. The maximum RI for APSCL is 0.40, which occurred in 2016–2017 at
Units 3, 4, and 5. RI varies from 0.40 to 0.22 for the same units; this lower value proves
APSCL applied modern techniques for generating electricity. However, 225 MW CCPP
and CCPP South’s RI increased. The exergy input and output also increased for these two
CCPP units, as observed in Tables 1 and 2.

Table 6. RI of the plants from 2016–2021.

Years Units 3, 4, and 5 225 MW CCPP CCPP South CCPP North

2016–2017 0.40 0.11 0.16 0.33
2017–2018 0.36 0.16 0.23 0.24
2018–2019 0.33 0.19 0.24 0.24
2019–2020 0.24 0.22 0.29 0.26
2020–2021 0.22 0.27 0.27 0.24

Lack of production (LOP) is the ratio of the output energy of the entire power plant
to the energy that has degraded in one type of plant. LOP signifies the station’s inability
to translate input into output. The LOP values in Units 3, 4, and 5 are acceptable, but
the LOP at the 225 MW CCPP and CCPP South has increased. The value of CCPP North
ranges between 0.40–0.22 and 0.33–0.24 for Units 3, 4, and 5, while the value of CCPP South
fluctuates between 0.11–0.27 and 0.16–0.27. Figure 5 shows the LOP profile, with a lower
value of LOP indicating more sustainability.
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Figure 5. LOP of the plants for the different units of APSCL from 2016–2021.

Environmental effect factor (EEF) and waste exergy ratio (WER) are two sustainability
indices that are determined using mathematical expression shown in Table 3. The values
are presented in Table 7. In FY 2016–2021, WER and EEF change by 0.25–0.11 and 0.75–0.33,
0.07–0.13 and 0.17–0.28, 0.10–0.14 and 0.25–0.26, 0.21–0.20 for Units 3, 4, and 5, 225 MW
CCPP, CCPP South, and CCPP North, respectively. Lower values of WER and EEF are
preferred for higher sustainability.
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Table 7. WRI and EEF of the plants from 2016–2021.

Years Units 3, 4, and 5 225 MW CCPP CCPP South CCPP North

WER EEF WER EEF WER EEF WER EEF

2016–2017 0.25 0.75 0.07 0.17 0.10 0.25 0.21 0.58
2017–2018 0.22 0.67 0.10 0.23 0.14 0.29 0.14 0.36
2018–2019 0.18 0.59 0.11 0.22 0.13 0.25 0.13 0.26
2019–2020 0.12 0.36 0.11 0.23 0.14 0.27 0.13 0.23
2020–2021 0.11 0.33 0.13 0.28 0.14 0.26 0.12 0.20

The value of improvement potential (IP) is shown in Figure 6. IP varies by 12.83–3.10,
3.18–2.94, 4.65–2.71, 10.25–2.11 for Units 3, 4, and 5, 225 MW CCPP, CCPP South, and CCPP
North, respectively. The values clearly show that APSCL is improving its system, and all
the values indicate higher sustainability. It is evident from Figure 6 that IP has changed
over the years.
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Figure 6. IP of the plants from 2016–2021.

Due to irreversibility, every unit has some environmental exergy losses. The envi-
ronmental exergy loss of APSCL is shown in Table 8. This loss can be addressed through
advanced technological uses, innovative recycling processes, and concurrent maintenance
practices. However, other units are much better than Units 3, 4, and 5 because, in Units
3, 4, and 5, environmental exergy loss increased by 1.67–2.99 over the year. Those three
units are the oldest, and for this reason, loss in these units may increase over the years, and
these may need to be replaced with some instruments or designs to lower environmental
exergy loss.

Table 8. Environmental exergy loss of the plants.

Years Units 3, 4, and 5 225 MW CCPP CCPP South CCPP North

2016–2017 1.67 5.39 3.63 1.94
2017–2018 1.87 3.44 2.23 2.51
2018–2019 2.15 2.69 1.96 2.05
2019–2020 2.79 2.37 1.65 1.69
2020–2021 2.99 1.93 1.72 1.76
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5.3. Economic Feasibility Investigation

Although many types of fossil fuels are used as fuel in thermal power plants, natural
gas-based plants are seen widely due to the availability of this resource. Most of the
power plants are erected for commercial purposes. Hence, the economic feasibility of a
specific type of power plant is an issue while planning future expansions. To enumerate
the economic feasibility, a couple of parameters are proposed. These parameters help in
comparing different methods of generation and different types of fuel used over time.

Any power station has three types of cost to consider: per capita cost, operational and
maintenance cost, and fuel cost [25]. Per capita cost implies the cost of generating electricity
per person in the country. A country with a large population and low to moderate power
generation capacity is expected to have a high per capita generation cost. Operational and
maintenance cost for any power plant is the overhead costs that should be expended over
time. As plants grow old, their performances also degrade, and for that, operational and
maintenance costs increase.

In some cases, impurities in fuel also cause down-performance in generation units,
causing a rise in operational costs. The price of energy consumed by any generation plant
is known as fuel cost. Thermal power stations have the highest fuel cost compared to
other power plants. This is mainly because thermal power plants have high irreversibility
and produce waste heat in the surrounding environment, which cannot be converted into
useful energy output [26]. The rising fuel prices, high maintenance costs due to age-old
generation units, and an ever-increasing consumer market impact electricity costs.

5.4. Generation

Although natural gas is one of the prime natural resources of Bangladesh, the per
capita power generation is relatively high due to a large consumer market for electricity.
Countries like Bangladesh have higher operational costs in gas-based thermal power plants.
Moreover, operation and maintenance for worn-out generation units and incomplete
combustion of fuels tolls upon the economic feasibility of gas-based power plants.

APSCL supplied gas from Bakhrabad Gas Distribution Company Limited, the primary
fuel for electricity generation [18]. In Bangladesh, the natural gas price varies from around
70.00 to 89.49 BD TK/1000 Cft [27]; the fuel cost of this power station has been increasing
over the years, as shown in Figure 7.
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Figure 7 shows that fuel costs have increased over the years in the APSCL. The financial
year 2019–2020 had the highest fuel cost, around 7.85 billion [24], while the costs for this
were 31.05% of the total company’s cost compared to the previous year, thus the company’s
net income was around 2.51 billion TK for the year. During 2020–2021, costs decreased by
29.80%, and net income was around 2.47 million TK. It is noticeable from Figure 7 that a
significant portion of the cost of power plants is fuel cost. The reason for the vast fuel price
and its increasing/decreasing rate, and consequently companies’ income, depends on the
electricity demand and the electricity rate.

6. Discussion, Key Challenges, and Suggestions

Table 9 lists the sustainability parameters for CCPP North in the years 2017–2018
and 2019–2020. In this example, all the sustainability indicators are lower in the second
year than the previous year. Efficiency improved in 2019–2020, and sustainability metrics
also changed; LOP, WER, EEF, IP, and EEL decreased, and RI’s value also increased in
comparison to other units. Although being calculated for entire power plants, DN, ESI, and
CEL show a clear downward trend from 2017 to 2020: DN fell from 0.60 to 0.51; ESI rose
from 1.67 to 2.00%; and CEL fell from 36.03 to 24.49. Several techniques are used by each
sustainable metric to demonstrate unit sustainability. It’s obvious that this unit was more
effective in 2019–2020 than in 2017–2018.

Table 9. Comparing the values of different sustainability parameters in a single unit with two
different years.

Sustainability Parameters
CCPP North

Preferred Values
2017–2018 2019–2020

Efficiency (Exergy) 38.41% 55% Higher
RI 0.24 0.26 Lower

LOP 0.36 0.26 Lower
WER 0.14 0.13 Lower
EEF 0.36 0.23 Lower
IP 5.23 2.72 Lower

EEL 2.51 1.69 Lower

The country’s power sector should diversify its fuel sources and look into utilizing
renewable energy sources rather than relying just on one kind of power plant to produce
electricity. Nonetheless, after studying the plant’s economic analysis, the authors have the
following recommendations:

• From the overall fuel cost analysis of the APSCL from 2016 to 2021, it can be observed
that the yearly fuel cost increased from 5.58 billion to 7.03 billion TK, although the plant
has the same capacity. This is not only financially threatening but also environmentally
damaging. This is primarily caused by the facilities’ poor maintenance and the deterio-
ration of existing installations. Periodic inspection and maintenance and up-gradation
of equipment to high-efficiency generation units could solve this problem.

• From an exergetic point of view, the amount of heat lost in the environment due to
irreversibility has a toll on the input fuel used; hence high irreversibility results in
increased fuel expenses. Using graded lubricants in the generation unit could reduce
irreversibility in the plant. Moreover, the humane factor should also be considered in
lowering financial losses.

• Training staff members on efficient operation, planning, and repair of faulty parts
could significantly improve the plant’s overall performance. Besides intelligent supply
chain management, the use of digital technology for monitoring could enhance the
output from investment.

• Another factor that the management of power plants should monitor routinely is
the plant’s carbon footprint and other environmental hazards. All these factors to-
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gether would present an efficient, sustainable, and feasible system with less impact on
the environment.

• Also, the correlation between such activities with the exergetic analysis and sustain-
ability measures can present valuable guidelines regarding investment and policy
decisions at the plant, national and global levels.

• Fuel cost is one of the most crucial power plant costs. For fossil-fired plants, it
dominates the total cost. The transportation and storage system of the fuel is one
of the main factors for high prices, and it may be the reason for the higher cost of
generating electricity.

• The effectiveness of a power plant is mainly measured financially. A plant’s effective-
ness depends on its efficiency. Most thermal power plants are not economical, but
efficiency is the main factor that represents energy cost.

7. Conclusions

This study aimed to assess the efficiency, sustainability, and economic feasibility of
gas-fired power plants in Bangladesh, focusing on the case of APSCL and utilizing exer-
getic parameters. The analysis of temporal data revealed that the efficiency of the power
plants declined over time due to a lack of proper maintenance and equipment upgrades,
which resulted in reduced profitability. Despite the high exergy and environmental exergy
losses caused by irreversibility, sustainability indicators, such as DN, ESI, CEL, RI, LOP,
WER, EEF, and IR, remained favourable from 2016–2021. The study also identified that
the economic feasibility of APSCL was impacted by fuel costs and the station’s generation
capacity. The data showed that in 2019–2021, the plant’s production capacity decreased,
while fuel consumption remained constant, leading to an increase in losses. Additionally,
fuel prices gradually increased, impacting the cost per capita of power generation, and
further adding to the financial burden. Overall, while natural gas-based power plants
are considered sustainable in the long run, they can pose financial challenges due to
high overhead maintenance and operation costs. Furthermore, dependence on fuel prices
can lead to increased electricity prices or accumulated losses. To ensure the long-term
sustainability and returns on investments in thermal power plants in Southeast Asian
countries, such as APSCL in Bangladesh, it is crucial to implement forward-looking main-
tenance and cost-effective fuel-sourcing strategies. In conclusion, the study highlights
the importance of a holistic approach towards assessing the sustainability, efficiency, and
economic feasibility of power plants to inform decision-making and guide maintenance and
investment strategies.

Author Contributions: Conceptualization, M.H.M. and S.A.J.; methodology, S.A.J. and M.R.;
writing—original draft preparation, S.A.J. and M.R.; writing—actual draft preparation, M.H.M.,
S.A.J. and M.R.; writing—review and editing, S.S., M.R.S., M.S.H.L., R.H.A., M.S.K. and A.S.M.S.;
supervision, M.H.M.; project administration, S.S., M.R.S. and M.S.H.L.; funding acquisition, S.S. All
authors have read and agreed to the published version of the manuscript.

Funding: The authors would like to thank the Universiti Kebangsaan Malaysia (UKM) for supporting
this research through the Geran Galakan Penyelidik Muda GGPM-2022-064.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not Applicable.

Acknowledgments: The authors acknowledge the Green University of Bangladesh for providing
laboratory facilities to conduct this research.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2023, 15, 5452 15 of 16

Abbreviation

APSCL Ashuganj Power Station Company Limited
BPDB Bangladesh Power Development Board
CCPP Combined Cycle Power Plant
CEL Cumulative Exergy Loss
EEF Environmental Effect Factor
EEL Environmental Exergy Loss
ESI Exergy Sustainable Index
GT Gas Turbine
HPT High-Pressure Turbine
HRSG Heat Recovery Steam Generator
IP Improvement Potential
IPT Intermediate Pressure Turbine
LOP Lack of Production
LPT Low-Pressure Turbine
PJ Petajoules Unit
RI Relative irreversibility
ST Steam Turbine
WER Waste Exergy Loss
η Energy Efficiency
φ Exergy Efficiency
Eηe Overall Energy Efficiency
Eφe Overall Exergy Efficiency
DN Depletion Number
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