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ABSTRACT 

This article evaluates the multi-objective performance of meffio technology using NSGA-II data to measure its 

energy, economic, and environmental performance. Two objective functions are shown. Cost of the environmental 

effect is placed second after overall cost rate. Both with and without the air preheater, objective function 

optimization has already been carried out. The air preheater decreased both desired functions. In the best case 

scenario, cycle without air preheater costs 30% more overall and costs the environment 33% more than cycle with 

air preheater. A sensitivity analysis of fuel unit cost was also performed. The total cost rate was higher and Pareto 

solutions were more sensitive to fuel unit cost at the lowest attainable environmental cost rate. The combustor 

loses the greatest energy (around 73%) when tested for energy losses across a number of components. The 

ambient temperature has an impact on the exergy losses and efficiency of various elements. All parts' exergy 

efficiency decreased as ambient temperature increased, and exergy losses increased. Energy efficiency drops as 

ambient temperature rises, going from 51% to 49% for a rise from 293 to 323 Kelvin. 
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INTRODUCTION   

The focus of research has been on high-efficiency, low-pollution systems because of the impact on the 

environment and rising energy prices. Another problem is how global warming affects the environment. Gas 

turbines are used to create industrial energy. Investigations in thermodynamics, the environment, and the economy 

are required for the gas turbine cycle. In order to determine how the ambient temperature influences irrevocability 

and second law performance, Kopac and Hilaci (2007) examined a Turkish thermal power plant [1]. In 2008, the 

author improved a CHP system. 15 kg of saturated steam are generated at 2.5 Bars by a 50 MW plant [2]. hyaei and 

others. [3] investigated the first and second law efficiencies of an Iranian gas turbine power plant's intake fogging 

system. Ahmadi et al. (2011) evaluated the environment, exergy, and exergoeconomics of combined cycle power 

plants [4]. A dual-pressure CHP system was examined by GanjehKaviri et al. (2012) [5]. A cogeneration system 

[2] was optimized by Ahmadi et al. [6]. Energy from polygeneration power plants was studied and optimized by 

Ahmadi et al. (2012) [7]. Shirazi et al. (2012) looked at the gas turbine cycle with internal reforming and fuel cell. 

Ahmadi et almodeling .'s and optimization of a multigenerational energy system. Memon et al. modeled the gas 

turbine cycle. They looked at CO2 emissions and cycle efficiency as major performance metrics [10]. Reduced gas 

turbine compressor intake air temperature was achieved by MajdiYazdi et al. (2015) [11]. First and second law 

efficiency as well as net output power were studied by Ehyaei et al. [12]. An organic Rankine cycle system with a 
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gas turbine was investigated by Khaljani et al. (2015) [13]. Exergy, economic, and environmental evaluations of 

power-generating systems are examined in several research [3, 11, 12, 14–45]. 

No research has compared gas turbine optimization with and without air preheater. Others have only studied 

one gas turbine power facility. This research analyzed a power plant meffio technology 

  

Using multi-objective genetic data, this study examines the thermodynamic, exergy economic, and exergy 

environmental performance of the Meffio technology gas turbine power plant (Niger Delta Area, Nigeria) (NSGA-

II). Each generator produces 150 MW. This six-unit facility produces 900MW. Climate around the power facility is 

mild and humid. This inquiry is driven by two goals. The overall cost rate is first calculated, taking into account 

fuel, investment, and maintenance. Cost to the environment is one of the objective functions. Compressor, 

combustion chamber, gas turbine, and air heater are all parts of the cycle. The air compressor pressure ratio (r), 

combustion chamber intake temperature (T), and gas turbine inlet temperature (T) were the main subjects of this 

investigation (). Two objective functions were affected by air preheaters. Four design variables are present in the 

second scenario, which does not use an air preheater: the compressor and turbine isentropic efficiencies, the gas 

turbine intake temperature, and the air compressor pressure ratio. Sensitivity analysis and fuel cost per unit of 

energy were also covered. Changes in intake air temperature have an impact on part destruction and energy 

efficiency. This synopsis contains: 

 Analyzing gas turbine cycle exergy, exergy economic, and exergy environmental data with MATLAB 

 Comparing objective function values for gas turbine cycle with and without air preheater. 

 Impact of fuel cost per unit of energy on target functions 

 Calculating cycle exergy loss 

 Examining the influence of ambient temperature on each part's exergy efficiency, total exergy efficiency, 

and exergy destruction. 

MATHEMATICAL MODELING  

 

Analyzing energy 

Thermodynamic modeling has been done for the process. The mass-energy balance equations for each 

component and the first law of thermodynamics are used in this modeling. In this research, we presupposed: 

• Ideal air and exhaust gases are assumed. 

• Air compressor inlet air temperature is 298 K and pressure is 1.013 bar [6]. 

• All cycle components are steady-state. 

• 5% pressure reduction in air preheater for air, 3% for combustion products [6]. 

• Combustion chamber heat loss equals 5% low fuel heating value [6]. 

• Cp is temperature-invariant. 

Figures 1 and 2 depict a gas turbine cycle using Meffio technology with and without an air preheater. 

Figures demonstrate air compressor usage (AC). Natural gas and compressed air react in the combustion chamber 

(CC). To generate power, hot combustion chamber exhaust gas drives a gas turbine (GT). Gas turbine exhaust 

warms compressed air before it enters the combustion chamber in a cycle with an air preheater (APH). 
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Figure 1. Power station fueled by gas turbines in meffio technology 

 

meffio technology gas-turbine-powered power plant.:  

Air compressor:  

 

 

Where WAC is the pneumatics network in the given equation. 

Air preheater:  

 
 

Combustor 

 
         In this context, LHV refers to the 50,000 (kJ/kg) thermal efficiency that has been assumed for methane as a 

fuel. Combustor chemistry looks like this: 

1 
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The preceding formula has the fuel-to-air molar ratio, f, as an input. 

 

The mass ratio may be found by taking the molar ratio and 

multiplying it by the molar mass. Gas turbine: 

 

The previous equations "define the isentropic efficiency of a gas turbine," where "W" and "W" are respectively 

the network and cycle of the gas turbine and cycle, respectively, in metric megawatts (MW). The aforementioned 

equation can be solved to determine the traits and thermodynamic values of the individual portions. Figure 2 

depicts and describes the second cycle under examination (without an air preheater): 

 

Figure 2. meffio technology air-less gas turbine cycle 

 

 

ANALYSIS OF EXERGY 

Exergy can be classified as physical, chemical, kinetic, or potential. Kinetic and prospective exergies are 

ignored here because they have little impact on system analysis. Combining the first and second laws of 

thermodynamics, the following exergy balance is created. The exergy balance equation is as follows [46]: 

  
Exergy per mass unit formulae for physics and chemistry[46]: 
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Furthermore, we may express the exergy of a mixture as a function of mass using [46]: 

 
Table 1 summarizes the efficiency and exergy destruction equations for the various parts of the gas turbine cycle. 

Table 1. Complete-system exergy-destruction and performance equations 

 
 

ANALYZING EXERGO-ECONOMIC  

Exergy-economics is a novel idea that was created in order to create a system that was more economical 

and effective. This concept was first put forth by Valero and his collaborators in [47]. Finding out how much 

money is needed to be spent for a specific level of exergy in a flow is the aim of an exergy-economics study. An 

effective indicator for studying and enhancing the economic cycle is the exergy cost of goods. A system's cost-

benefit analysis looks like this [47, 48]: 

 

 

The coordinates may be calculated using Equation 16 [47, 48]: 
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c stands for the exergy unit cost associated with the input ($ / MJ), c stands for the exergy unit cost 

associated with the output ($ / MJ), c, stands for the cost rate associated with the Kth flow line ($ / MJ), and c, 

stands for the exergy unit cost associated with the heat associated with the Kth flow line ($ / MJ) in the 

aforementioned formulas. C and c are abbreviations that stand for the flow cost rate and the exergy unit cost, 

respectively, for the flow line. There is no connection between any of the components in Equation 15 and the rate 

at which exergy is lost. It is possible to calculate the price of the exergy destruction rate by combining the exergy 

balancing equation with the exergy economic equation. 

  

Where 𝐶 ̇ and 𝐶 ̇ are rates in dollars per second for the cost of fuel and goods, respectively. Exergy rates and 

cost balance equations may be solved for each part of the system if their respective costs are known. Investing and 

maintaining each component's value is represented by 𝑍 ̇ in Equation 16. nt. A stream price rate has also been 

defined for each line. The following equations are used to determine the exergy destruction cost rate: 

 

  
 

The three variables in this equation are the exergy destruction rate, denoted by Ex, ($/s), the exergy unit 

cost for input routes in the kth subsystem, denoted by c, ($/MJ), and the exergy destruction cost rate in the kth 

subsystem. The investment cost has been calculated using the following equation [47, 48], which takes into account 

both the equipment's purchase price and ongoing maintenance costs[47, 48] : 

 

 
 

The following formula includes the cost of the kth component, denoted by 𝑍, in US dollars; the 

corresponding component-specific formulae are tabulated in Table 2. The constants used in the Table 2 equations 

have been moved to Table 3 as well. In this piece, we take to be 1.06 [48], which is the maintenance coefficient, φ. 

In this analysis, N represents the number of hours per year that a power plant is operational (8,000), and CRF is the 

return on capital coefficient, which has been set at 0.182 (based on [47, 48]). The gasoline cost rate is determined 

by the following equation [47, 48]: 

 

  
 

In the equation shown above, 𝐶 ̇ represents the cost of fuel per unit of energy, which is equal to 0.004 (US$/MJ) 

[48]. Meanwhile, 𝑚 ̇  represents the fuel mass flow rate in kilograms per second. 
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            Table 2. Detailed cost functions for every component of the system 

 
                            Table 3. Constants that were used in the equations shown in Table 2 

 
EXERGY ENVIRONMENTAL SYSTEMS ANALYSIS 

Researchers are interested in improving power production systems, as well as reducing fuel consumption 

and environmental impact, as ways to lighten the load on the world. As a result, improving heating systems to 

fulfill demands has become an urgent issue in recent years. One of the key objectives of this effort is to better 

understand the harmful impacts of CO and NOx emissions. The primary zone of the combustion process's 

adiabatic combustion temperatures are calculated using the following equation [8, 49]. 

 
in this equation, 𝜋 represents the dimensionless pressure (𝑃/𝑃ref ), and θ represents the dimensionless temperature 

(𝑇/𝑇ref) Also, ψ is the atomic ratio (H/C), and if ϕ ≤ 1, we have σ = ϕ ( ϕ, is the mass or molar ratio), but if is 

greater than one, then we get = ϕ-0.7. 

In addition, x, y, and z are examples of quadric functions of σ. 

 
 

The constants 𝐴 ،α ،β ،λ ،𝑎 ،𝑏  و𝑐 in the aforementioned equations. In Table 4 [8, 49] we can see these 

constants. As the flame temperature in an adiabatic combustion chamber rises or falls, different amounts of carbon 

monoxide and nitrogen oxide are produced. The following equation is used to determine the quantity of pollution 

(g/kg of fuel) [8, 49]: 
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The time spent in the combustion zone, according to the equations above, is, and 0.002 seconds has been 

recognized as a credible approximation [8, 49]. P3 is the pressure at the combustion chamber's entry in this equation, 

and (P/P) represents the dimensionless pressure loss within the chamber. 

 

Table 4. Constants that are used throughout equations 24-27 

 

CONDITIONS OF OBJECTIVE FUNCTION 

 

In this study, both objective functions have been considered. The cost of fuel, investments, maintenance, 

and exergy destruction are all included in the first objective function, as indicated below[47, 48]: 

 

  
In this equation, Ċf ،Żk and ĊD.k stand for the cost of fuel, the cost of purchasing equipment, and the cost rate of 

exergy destruction, respectively. 

 

The rate at which exergy is destroyed may be calculated using the following equation[47, 48]: 

  

The exergy destruction price rate in the kth subsystem is denoted by CD.K, ($/s), the exergy unit cost for 

input routes in the kth subsystem is denoted by cF.k, ($/MJ), and the exergy destruction rate in the kth subsystem is 

denoted by ExD.k ($/s). Cost of environmental effect is the second objective function, and it is determined by 
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multiplying the unit damage costs (in US dollars per second) of carbon monoxide and nitrogen oxide 

emissions.  The unit damage cost values are as follows [8, 49] ]: 

 

As a result, the following should serve as the second objective function: 

  

Both of the goal functions that are being looked at in this essay need to be scaled down. 

TECHNIQUE FOR OPTIMIZING PERFORMANCE 

 

COMBINATORIC OPTIMIZATION 

A common example of an optimization problem is choosing the best answer (or answers) from a list of 

candidates while keeping the optimization of a particular criterion in mind. Multi-objective optimization aims to 

find the Pareto optimal solutions to the objective function. Additionally, it belongs to the broader category of 

multi-criteria decision-making approaches, which also includes a wide range of alternative evaluations. There are 

numerous conflicting goals in these problems as opposed to a single optimal solution, which makes them different 

from single-objective optimization problems. In multi-objective optimization, a set of viable alternatives is 

compared to the best solutions. Multi-objective optimization has the great property that no solution is superior to 

any other solution, and alternatives may be assessed for the problem based on the specifications of each Pareto 

solution. 

 

DIFFERENTIAL GENETIC INFORMATION (NSGA-II) 

Previously single-objective genetic data has been turned into multi-objective data that offers a Pareto 

Front of optimal choices rather than a single best answer by including these two key operators. The population can 

be divided into subsets, the first of which includes everyone who has not yet received a nomination from another 

person. The members of each group are ranked according to the number of groupings, with the first group's 

members completely dominating the second group. A general flowchart of multi-objective genetic data for the 

National Sustainable Agriculture Alliance II is shown in Figure 3[50]. (NSGA-II). 
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Figure 3. NSGA-II data Flow chart  

 

RESULTS  

 

DESIGN FACTORS 

100 years for the generation and 200 years for the population, correspondingly. From 0.01% to 0.90% of mutations 

were possible. The iteration process will come to an end if 500 iterations go by without convergence. For the first 

case cycle, which is the gas turbine cycle with an air preheater, this work considers the air compressor pressure 

ratio (r), combustion chamber inlet temperature (T), gas turbine intake temperature (T), air compressor isentropic 

efficiency (), and gas turbine isentropic efficiency ().A different test setup examines the cycle without performing 

the air preheating phase. In this case, the pressure ratio of the air compressor, the intake temperature of the gas 

turbine, and the isentropic efficiency of the air compressor and gas turbine are the design variables. The realistic 

restrictions that may be imposed for each design variable during optimization are shown in Table 5. 

 

 

Table 5. constraints of the Model  

 
The meffio technology power plant is used to verify simulation findings. Table 6 compares findings. 
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Table 6. A contrast between the actual data from the power plant and the simulation 

 
Multi-objective genetic optimization results 

 

Figure 4 shows the Pareto solution for a gas turbine plant using multi-objective genetic data. The study 

discovers that increased environmental costs result in decreased overall costs. Figure demonstrates that the overall 

cost rate drops with a steeper slope from 0.06 (US$/s) to 0.1 (US$/s). The overall cost decreases from 0.1 (US$/s), 

but the environmental cost increases significantly. Every Pareto-optimal solution exists. The ideal strategy is 

determined by the designer's perspective and the importance of each desired function. A, B, and C are shown in the 

illustration. The cost of A is the greatest overall and the cheapest for the environment. The environmental and total 

expenses are lowest at Point C. Point B is the best option because it simultaneously optimizes both objective 

functions. 

 
 

Figure 4. NSGA-II data led to the Pareto optimal solution for the meffio technology gas turbine power facility. 

 

In the second scenario, the meffio technology's air preheater is disabled in order to examine the impact 

that this removal has on objective functions. Figure 5 depicts the Pareto optimal strategy, which entails taking out 

the air preheater. Evidence supports options A, B, and C. In Figure 4, Point A has the lowest environmental cost 

while having the highest overall cost. Point C has the lowest costs overall and in terms of the environment. Both of 

the objective functions are enhanced by turning off the air preheater. The only cost rate at point C that is higher 

than the total cost rate is the environmental cost rate, as shown in Figure 4. The results show that installing an air 

preheater reduces both objective functions. Table 7 displays the A, B, and C values for both scenarios. The cycle 

without an air preheater is 30% more expensive overall and 33% more expensive environmentally at the ideal point 

when compared to the cycle with an air preheater (point B). 
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Figure 5. NSGA-II data Pareto solution for meffio technology without air preheater 

 

Table 7. Point-by-point values of the goal function for the two cycles under consideration 

 

VARIABLE DISTRIBUTION 

Figures 6a through 10e show the different distributions. Upper and lower design parameters are indicated 

by dashed lines. Pareto solutions for compressor pressure ratio are shown in Figure 6a. According to this 

distribution, modifying this variable inside the specified range is incompatible with both goal functions. The Pareto 

distributions for combustion chamber and gas turbine intake temperatures are shown in Figures 6b and 6c. As can 

be seen, Pareto solutions are almost at the maximum, which suggests that increasing the values of these two 

variables improved both objective functions. Intake temperatures for combustion chambers are typically 1005 

Kelvin, whereas inlets for gas turbines generally 1470 Kelvin. Figures 6d and 6e show the design variable 

distributions for gas turbines and compressors, respectively. Inferring that these values have improved both 

objective functions, it can be seen from these two numbers that the majority of compressor isentropic efficiencies 

are around 87% and gas turbine isentropic efficiencies are over 90%. 

 
Figure 6a. The Pareto solution for the distribution of values for the compressor pressure ratio 
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Figure 6b. Pareto chart showing the distribution of temperature values at the intake of the 

combustion chamber 

 

 

Figure 6c. The Pareto solution for the distribution of temperature values at the intake of gas turbines 

 

 

Figure 6d. Pareto analysis showing the distribution of efficiency ratings for air compressors 
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Figure 6e. Values of efficiency distribution for gas turbines according to the Pareto principle 

 

Table 8. Parameter of design value at A, B, and C 

 
 

ANALYSIS OF SENSITIVITY 

The relationship between the cost of fuel per unit of energy and the sensitivity of various objective functions is 

shown in Figure 7. This graph demonstrates that in the areas of the graph where the total cost rate is lower, the 

sensitivity of Pareto solutions to the fuel unit cost is larger. We may say that the cost of environmental effects is 

only slightly responsive to changes in the fuel unit cost parameter. 

 

Figure 7. sensitivity of the Pareto solution to changes in the cost of fuel per energy unit 
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EXERGY DESTRUCTION   

Figure 8 displays energy destruction levels at various stages of the cycle. We can deduce from this data 

that the combustion chamber directly causes the highest rate of energy destruction. The three irreversible processes 

that cause exergy depreciation are heat transmission, friction, and chemical reaction. Figure 9 depicts the 

percentage of energy lost during the course of the cycle. This information indicates that the combustion chamber 

accounts for roughly 73% of the entire exergy destruction. By raising the air's temperature before it enters the 

combustion chamber, lowering energy loss, and maximizing the air to fuel ratio, it can be decreased. 

 

 

Figure 8. Exergy degradation values for varied sections 

 

 
Figure 9. Exergy degradation percentage for various cycle sections 

 

Figure 10 shows the connection between the temperature of the surrounding environment and the exergy 

efficiency of various components. It is easy to envision that the energy efficiency of every component would 

decrease as a result of an increase in the ambient temperature. Exergy efficiency of the air compressor, combustion 

chamber, gas turbine, and air preheater all decrease when the ambient temperature is raised from 293 to 323 

Kelvin. The exergy efficiency of the air compressor decreases from 90% to 87.7%, the combustion chamber 

efficiency decreases from 51.9% to 48.6%, the gas turbine efficiency decreases from 85.4% to 81.4%, and the air 

preheater efficiency decreases from 93.9% to 90%. 

 
Figure 10. Variations in exergy efficiency across a variety of components in response to variations in 

ambient temperature 
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Figure 11 shows total exergy efficiency as a function of temperature change. As the temperature rises, total 

energy efficiency falls. The overall energy efficiency decreases from 1% to 4% as temperature increases from 293 

to 323 K. This result implies that lower energy efficiency is a negative consequence of higher average temperatures. 

 

Figure 11. Variations in exergy efficiency in response to variations in the surrounding temperature 

 

The correlation between energy destruction and ambient temperature is seen in Figure 12. The energy 

destruction caused by rising temperatures is shown in this image. Air compressor, combustion chamber, gas 

turbine, and air preheater energy destruction rose by 14%, 0.6%, 18%, and 10%, respectively, when the ambient 

temperature was raised from 293 K to 303 K. 

   
Figure 12. The amount of exergy that is destroyed varies during the cycle according to the various sections 

as ambient temperature changes. 

 

CONCLUSION   

The Niger delta region of Nigeria's Meffio Technology gas turbine power plant is researched in this study 

for its thermodynamic, economic, and environmental properties. Additionally, the plant is optimized with the aid 

of the MATLAB-written NSGA-II program. The two objective functions that were taken into consideration were 

the rate of the total cost and the cost of the impact on the environment. Additionally, this cycle's optimization has 

been carried out in two different setups, one with and one without an air preheater. Objective functions that were 
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sensitive to these kinds of fluctuations were also used to assess variations in the amount of money spent on fuel per 

unit of energy. Additionally, the effectiveness of the cycle's overall energy use as well as the effects of a change in 

the ambient temperature on each of its component parts were examined. Following is a summary of the outcomes 

that were found: 

 The aim functions and total cost rate were reduced by the air preheater. 

 The cycle with an air preheater has the lowest total cost and the lowest environmental cost at Point B in 

the Pareto optimal solution. 

 The overall cost rate and the sensitivity of Pareto solutions to fuel price were higher in areas of the graph 

where environmental costs were lower. The combustion chamber was the source of the greatest exergy 

loss. 

 As the temperature increased, every component's energy efficiency decreased. 

 As the ambient temperature grew, more components began to degrade and become irreversible. 
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