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A B S T R A C T 

The polluting gas flow and emission levels from Al-Khums electric power 
generating plant as well as material and energy balance were estimated using the 
Aspen HYSYS V9.0 simulator. These model simulations were performed under the 
actual operating conditions of the power plant and at steady state condition for 
each unit in the power plant.  The power plant units targeted for the simulator 
are: air compressor, gas compressor, pressure release valve, combustion 
chamber, and the gas turbine. The concentration levels of the two major 
pollutants under investigation, namely, carbon dioxide (CO2) and nitrogen oxides 
(NOx) were estimated and quantified using the well-known air dispersion model 
(Gaussian plume type model). Air dispersion model results revealed that the 
concentration of NOx and CO2 are equal to 2367.79 mg/m3 and 28,683.18 mg/m3, 
respectively. These values, when compared with the allowable international 
standards, were found far to exceed the limits for air pollutants emitted from 
power generating plants. These values are specific to the meteorological 
conditions of the site location under the investigation. They may change once the 
site conditions are changed. The air dispersion model was also used to determine 
the concentration and the horizontal distance a pollutant can reach from the point 
source. The results of this air dispersion model, which is highly dependent on the 
climate and meteorological conditions of the region where the power generating 
plant is located, revealed that high level concentrations of pollutants can reach a 
horizontal distance of 22 km from the point source of pollution. According to the 
World Health Organization (WHO) and United States Environmental Protection 
Agency (USEPA), these higher concentration levels and this specific horizontal 
distance may adversely affect the air quality of the environment and cause health 
hazards to inhabitants in the region. 

  

*Corresponding Author: Khalifa Algheryani (K.algheryani@uot.edu.ly) 

https://www.jeires.com/article_208222.html
https://doi.org/10.48309/JEIRES.2024.2.1
https://orcid.org/0009-0004-3439-8149
https://orcid.org/0009-0005-4575-8573
https://orcid.org/0009-0007-8069-0054
mailto:K.algheryani@uot.edu.ly


                                                                               Journal of Engineering in Industrial Research 

 

66 

2024, Volume 5, Issue 2 

 Introduction 

he rate of demand for energy, e.g., 
electricity, is increasing every day, not 
only due to the increase in the 
population around the world, but also 
due to industrial and technological 

development, which has led to increasing the 
emission sources of toxic gases [1]. Pollution by 
toxic gaseous emissions is one of the most 
serious environmental problems threatening 
our world today, which is affecting everyone in 
low-, middle-, and high-income countries. 
According to the WHO reports, about 4.2 million 
deaths worldwide per year in 2019; this resulted 
due to short- and long-term exposure to polluted 
air in cities and rural areas [2]. Statistically, the 
highest death rate was reached 37% due to heart 
disease and stroke and the rest, 18, 23 and 11%, 
were due to chronic lung disease, respiratory 
infections and cancer within the respiratory 
tract, respectively [3-5]. Emission of toxic 
exhaust gases, e.g., NOx and CO2 produced from 
chemical reactions during the combustion of 
fossil fuels, e.g., as in electrical power plants, 
which are one of the largest sources of air 
pollution, in addition to its direct impact on 
public health, it also contributes to smog and 
climate change [6,7]. NOx released into the 
atmosphere reacts with volatile organic 
compounds under the influence of hot sunlight 
to form ground-level ozone, which causes severe 
damage [8-11], as it has led to the loss of about 4 
to 15% of global wheat production [12]. 
Moreover, it is considered the major component 
of smog which led to thousands of deaths in 
Britain in 1950 [13]. Likewise, excess emissions 
of CO2 are no less dangerous than toxic NOx, as 
they are the primary cause of the rise of 
atmosphere temperature, which is known as the 
phenomenon of global warming, which causes 
climate change [2,14,15]. These changes have a 
direct impact on the agricultural sector and the 
distribution of wind and rainfall [16,17]. 
Accordingly, to reduce these risks, the world air 
quality guidelines (AQG) offer strict global 
guidelines for reducing emissions of key air 
pollutants [2]. Also in the same context, in 2015, 
the WHO approved resolution A68-8, “Health 
and the Environment: Addressing the Impact of 
Air Pollution on Health” [2]. The main objectives 

of this study are: Evaluate the impact of gaseous 
emissions emitted from the gas power plant 
located in the city of Al-Khums, Libya. The 
impact of gaseous emissions targeted in this 
study are NOx and CO2. Accurate predictions and 
estimates of pollutant concentrations were 
obtained in the surrounding area using the 
currently available mathematical models. 
Advanced mathematical models targeted for the 
model predictions are: The Aspen HYSYS V9.0 
and the air dispersion model. There were many 
mathematical models used for the pollutant 
dispersion and emissions into air are listed in 
several references [18-24]. One of the widely 
used accurate dispersion models is the Gaussian 
dispersion model [25,26]. To obtain an accurate 
prediction, the Gaussian model will be used not 
only to obtain accurate results, but also to 
investigate the impact of several important 
parameters that may affect the dispersion of 
pollutants in the air at the site of the power 
generating plant. Table 1 presents the results 
and applications of the most common models 
that are widely used to study the dispersion of 
pollutants in the atmosphere. 

CO2 

In 2022, total electricity generation in the United 
States by utility-scale power plants was 
approximately 4.23 kWh of all energy sources, 
resulting in emissions of approximately 1.65 
billion metric tons-1.82 billion short tons of CO2, 
which equates to approximately 0.86 pounds of 
CO2 emissions per kWh [32]. Emission rates 
resulting from electric power generation plants 
vary depending on the energy sources, as well as 
the efficiency of the generation plants. The 
amounts of CO2 emitted per kWh will vary 
during any period of time according to the 
sources of fuel used in the electric station.  
Therefore, the US energy information 
administration (EIA) publishes estimates of 
emissions of gases resulting from electricity 
generation, e.g., CO2, on a monthly and annual 
basis.  In the year 2022, electrical power 
generation plants in the United States depended 
on fossil fuels to generate electricity, which 
constitutes approximately 60% of total annual 
US utility-scale electricity net generation, but 
they accounted for 99% of US CO2 emissions 

T 
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 associated with utility-scale electric power 
generation [32]. The other 1% of CO2 emissions 
were from other fuels and gases derived from 
fossil fuels and some types of geothermal power 
plants. EIA considers electricity generation from 
biomass, hydro, solar, and wind to be carbon-
neutral [33]. Table 2 presents data on total 
annual electricity net generation and CO2 

emissions at utility-scale electric power plants 
and a CO2 emission factor (pounds of CO2/kWh) 
for coal, natural gas, and petroleum, and the 
average of all energy sources. Actual CO2 
emissions per kWh from specific power plants 
may vary considerably from the factors in Table 
2. 

Table 1: Dispersion model results for specific pollutants compared with the international standard limits for 
several research investigations 

Model type Pollutants 
Results compared 

with standard limits 
Source [Ref.] 

Box model CO2, SO2 and NOx Higher Electric power plant [27] 
Gaussian models NOx, SO2 and PM2.5 Below Electric power plant [28] 

AUSTAL 2000 
model 

PM10, CO, SO2 and NOx Below Cement factory [29] 

CFD models 
CO2 Not found 

Thermal power plant [30,31] 
Particulate matter (PM) 

and SO2 
Below 

Table 2: US electricity net generation and resulting emissions of CO2 

Energy source 
Elect. energy 

generated 
(M-kWh) 

CO2 emissions 
million metric 

tons 

CO2 emissions 
million short tons 

CO2 emissions 
pounds per kWh 

Coal 831,512 868.0 957.0 2.30 

Natural gas 1,687,067 743.0 819.0 0.97 

Petroleum 22,931 25.0 27.0 2.38 

Other sources 4,230,672 1650.0 1,819.0 0.86 

Data source: US EIA 

Libya's production of electrical energy 

Libya's production of electrical energy depends 
on twenty generation stations with a production 
capacity estimated at about 8,200 MWh in 2023. 
The operational system of these stations 
depends on 91% fossil fuel (light, heavy and 
gaseous fuel) and 9% renewable sources [34]. 
The heavy reliance on fossil fuels to generate 
electricity has raised many concerns as a result 
of the recent increase in the gas emission that 
may cause adverse health impact to the people 
living in the surrounding area where the power 
plant is located.  

 

Parameters and necessary data for model 
predictions 

Investigated area location at Al-Khums city 

Al-Khums City is located in northwestern Libya, 
in the center of Al-Murghab Governorate, on the 
Mediterranean coast of Libya, at latitude 32° 38' 
59' north, and longitude 14° 15' 52' east. 19 
meters above sea level. According to the 2018 
statistics, the city’s population is estimated at 
approximately 390,943 people. This area 
contains two cement factories and two electrical 
power stations, all of which operate on fossil 
fuels, where it is considered one of the areas 
most exposed to environmental pollution that 
causes global warming and is harmful to the 
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 environment and public health. An increase in 
temperature compared to previous years is 
clearly shown in Figure 1, which may be caused 
as a result of NOx, CO2 and  other emissions.  The 
GE 9FA03 plant is located inside the city of Al-
Khums on the Mediterranean coast where it is 
surrounded by three urban areas with a high 
population density; Leptis Magna, Al-Sahel, and 
Sog Al-Khmees. This electric power generation 

gas station at Al-Khums, which is entered into 
service in February 2017, is considered as one of 
the most important and largest electric power 
generation gas stations operating on the 
western part of Libya. Likewise, it is intended to 
contribute and effectively cover the demand of 
the electric energy required for the whole 
electric network. 

 

Figure 1: Monthly temperature change at Al-Khums city for the period (1916–2023) 

Meteorological data for dispersion model 

Dispersion of pollutants into the atmosphere is 
greatly influenced by various climatic and 
meteorological parameters such as wind speed 
and direction, temperature, cloud, and humidity 
[35]. All of these parameters were collected for 
the past eight years from 2015 to 2023 from the 
surface weather observatory station at tripoli 
international airport (TIA), as shown in Table 3. 
These parameters were found to be identical to 
those at the site location under this investigation 
and were typical of the whole examined area.  
The wind speed and direction at any location is 
highly dependent upon many factors like local 
topography and others, and vary more widely 
depending on the nature of the place. Figure 2 
represents the wind rose diagram from 1985 to 
2014. Also, the average temperature and 
velocity for each season are listed in Table 4. 

GE 9FA03 plant and operating conditions 

Al-Khums City’s power station consists of three 
primary stages, where the first and second 
stages entered service in 1982 and 1995, 
respectively. The third stage (used in the present 
study) is GE 9FA03, which consists of two gas 
units with a capacity of 275 MW each. The 
implementing company is Turkish CALIK ENER, 
and the type of unit is American GE. The whole 
electric power generation was connected to the 
public electricity network in February 2017. The 
characterization and operating conditions are 
shown in Table 5 [36,37]. The specifications, 
composition and operating conditions of the 
natural gas which is used as a fuel required to 
operate the plant are shown in Table 6 [36].  
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 Table 3: Climatic characteristics of the investigated area 

No. Meteorological parameters Month Month 

1 Minimum temperature average Jan. 13.3 °C 

2 Maximum temperature average Aug. 32.8 °C 

3 Maximum percentage of the sky covered by clouds Nov. 33% 

4 Minimum percentage of the sky covered by clouds Jul. 1% 

5 Maximum number of rainy days Dec. 5 d 

6 Maximum number of rainy days Jul. 0.1 d 

7 Maximum rainfall rate Jan. 40.6 mm 

8 Minimum rainfall rate Jul. 0 

9 Maximum hours of daylight Jun. 14.3 h 

10 Minimum hours of daylight Dec. 10.0 h 

11 Maximum muggy days Aug. 26.2 d 

12 Minimum muggy days Jan., Feb. 0.0 d 

13 Maximum relative humidity Aug, Sep, and Oct 61% 

14 Minimum relative humidity Nov. 56% 

15 Maximum wind speed Jan., Dec. 23.3 km/h 

16 Minimum wind speed Aug. 15.5 km/h 

17 Wind direction (usually) 
Nov., Jan., Feb., and 

Mar. 
West 

18 Atmospheric pressure from sea level 1.02-1.01 bar 

 

Figure 2: Wind rose of Al-Khums city (1985-2014) 
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Table 4: Average temperature and velocity for each season in studied area 

Data type Winter Spring Summer Autumn 

Air temperature (K) 296.0 303.0 307.5 301.0 

Wind speed (m/sec) 4.03 3.90 3.26 3.43 

  

Table 5: Plant characterization and operating conditions 

No. Parameter Specifications 

1 Total design capacity 550 MW 

2 Operating efficiency 2× 240 MW = 480 MW 

3 Voltage level 220V 

4 Type of fuel Natural gas 

5 Operating temperature 1273 ℃ 

6 Unit thermal efficiency 35.47% 

7 Actual excess air 58.84% 

8 Relative humidity 32.13% 

Table 6: Fuel composition supplied to the GE 9FA03 plant 

Compound 

MW = 18.28; Density = 11.15 𝒌𝒈 𝒎𝟑⁄  
Total sulfur content (TS) =0.0009 𝒈 𝑵𝒎𝟑⁄  

Formula Unit Value 

Nitrogen 𝑁2 mol. % 0.593 

CO2 𝐶𝑂2 mol. % 2.023 

Methane 𝐶𝐻4 mol. % 86.482 

Ethane 𝐶2𝐻6 mol. % 10.392 

Propane 𝐶3𝐻8 mol. % 0.496 

Iso-butane i-𝐶4𝐻10 mol. % 0.014 

Total -- -- 100 

 

Natural gas is transported to the electric power 
station at Al-Khums through an underground 
pipeline from Brega natural gas field about 670 
km away. 

 

Modeling and simulation process  

Modeling and simulation of industrial processes 
requires a good knowledge of the natural 
conditions of the process as well as the optimal 
selection of the mathematical models and 
simulation programs used. As such, the 
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 simulation of the GE 9FA03 plant was carried out 
using Aspen HYSYS V9.0 simulator to perform 
mass and energy balance to determine the 
concentrations emitted and associated 
conditions during the combustion process. To 
control any industrial processes and their 
accompanying changes, it is necessary to study 
the state of incoming and outgoing compound 
flows. The main objective of modeling is to 
describe the behavior of a certain process in a 
correct and realistic way. Therefore, simulating 
of any industrial process involving combustion 
reactions depends mainly on the flow rates and 
composition of the fuel fed and the excess air 
used in combustion in order to predict the 
quantities and concentrations emitted and 
follow up on improving them. Figure 3 
illustrates a simulation of the GE 9FA03 plant. In 
general, 2855 kg-mol/h of natural gas feed at 
42.5 °C and 1600 kPa enters the combustion 
chamber after being compressed to 3000 kPa by 

NG compressor. The gas pressure was controlled 
by pressure valve control to reduce the pressure 
to 2560 kPa at 93 °C. The air feed at 29.7 °C and 
1 atm was compressed to 1480 kPa by an air 
compressor where the temperature increases to 
412 °C. Afterwards, the air feed was mixed with 
fuel in combustion chamber at a molar ratio of 
26.51 air/fuel. After the combustion reactions 
take place, the exhaust gas with molar flow of 
78698.33 kg mole/h at 1480 kPa and 1272.93 °C 
was formed and entered the turbine to convert 
thermal energy to electrical energy. The exhaust 
gas outlet from the turbine goes to the chimney 
at 620 °C and 122 kPa. The electrical energy 
product from the turbine is 240 MW [36,37]. 
Detailed calculations have been conducted on 
each piece of equipment according to the 
process flow diagram shown in Figure 3 and 
compared with those present and installed at Al-
Khums gas electric power generation plant. 

 

 

Figure 3: Schematic simulation diagram of GE 9FA03 plant

Combustion reactions at the combustion chamber 
and pollutants formation 

Exhaust gases are formed and emitted in all 
common types of combustion as a result of the 
combustion of fuel with oxygen in the air at high 
combustion temperatures. NOx and CO2 
generation are due to high temperature reaction 
between fuel gas, presented in Table 7, and 
oxygen. A series of theses complete reactions are 
[38];  

𝐶𝐻4 + 2𝑂2 → 𝐶𝑂2 + 2𝐻2𝑂                                (1) 

𝐶2𝐻6 + 3.5𝑂2 → 2𝐶𝑂2 + 3𝐻2𝑂                         (2) 

𝐶3𝐻8 + 5𝑂2 → 3𝐶𝑂2 + 4𝐻2𝑂                            (3) 

𝐶4𝐻10 + 6.5𝑂2 → 4𝐶𝑂2 + 5𝐻2𝑂                       (4) 

Where, only 0.15% of the nitrogen present in 
the inlet air into combustion chamber has been 
converted to NO according to the following 
reaction [39]; 

𝑁2 + 𝑂2 → 2𝑁𝑂                                                   (5) 

https://www.jeires.com/article_208222.html


                                                                               Journal of Engineering in Industrial Research 

 

72 

2024, Volume 5, Issue 2 

 Likewise, most of the NO resulting from 
Equation 5 gradually turns into NO2 as it exits 
the chimney as a result of interaction with 
oxygen in the atmospheric air [3]. 

Air pollutants dispersion modeling 

Descriptions of most scientific problems involve 
equations that relate the changes in some key 
variables to each other. Air dispersion models 
are used to estimate how much reduction has 
occurred through dispersal of chemical releases 
from point source such as industrial plants to 

ground level [28,40]. The models commonly 
require two types of data about the emission 
source and the ambient meteorological data 
surrounding the source.  The most used of a wide 
variety of air dispersion models is the Gaussian 
dispersion model and the computational basis 
model distributed by USEPA due to extremely 
fast response time, whereas it solves a single 
formula [41]. The disadvantage is that their 
accuracy tends to decrease quickly after long 
distances (10-20 km). Figure 4 illustrates the 
Gaussian plume dispersion model.  
Mathematically [35]: 

𝐶 =
𝑄

2𝜋𝑢𝜎𝑦𝜎𝑧

𝑒𝑥𝑝 (−
𝑦2

2𝜎𝑦
2

) [𝑒𝑥𝑝 (−
(𝑧 − 𝐻)2

2𝜎𝑧
2

) + 𝑒𝑥𝑝 (−
(𝑧 + 𝐻)2

2𝜎𝑧
2

)]                                                             (6) 

Where, C is the concentration of dispersing 
pollutant at a certain point (µg m3⁄ ), Q is the 
contaminant emission rate from the point 
source (g/s). u is mean wind speed (m/s), y is 
crosswind distance (m), z is vertical distance 
(m), H is effective stack height (m), and 𝜎𝑦 and 

𝜎𝑧 are standard deviation of plume 
concentration distribution in horizontal and 
vertical direction (m), respectively.   

Assuming z = 0 in Equation 6, the 
concentrations at ground-level are:  

𝐶 =
𝑄

2𝜋𝑢𝜎𝑦𝜎𝑧

𝑒𝑥𝑝 (−
𝑦2

2𝜎𝑦
2

−
𝐻2

2𝜎𝑧
2

)                 (7) 

Also, the centerline concentrations are found 
by setting y = z = 0.  

𝐶 =
𝑄

2𝜋𝑢𝜎𝑦𝜎𝑧
𝑒𝑥𝑝 (−

𝐻2

2𝜎𝑧
2)                                 (8) 

 

Figure 4: Gaussian plume dispersion illustration 

The equations for calculating 𝜎𝑦 and 𝜎𝑧 are 

presented in Table 8. The values of the 

dispersion coefficients are strongly dependent 
on the atmospheric stability classes which 
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 classified by Pasquil and Gifford [35].  The six 
classes of atmospheric stability which 
characterize the turbulent status of the 
atmosphere are shown in Table 9. Where, A is 
the most unstable or turbulent class, D is a 
neutral atmosphere, and F the stable or least 
turbulent class.  
 

 

 

 

Results and Discussion 

Air dispersion model simulation results  

As a result of simulating the GE 9FA03 plant, the 
concentrations of NOx and CO2 with associated 
conditions, e.g., temperature at the exit chimney 
were obtained based on the data presented 
previously. The dimensions of the chimney and 
simulating results are listed in Table 10.  These 
concentrations per megawatt-hour (MWh) of 
electricity generated compared to the 
international standard limits of emission levels 
according to [2,38,42], as shown in Table 10, 
were found to be very high, exceeding 
permissible levels. 

Table 7: Equations for dispersion parameters in urban areas* 

Stability class 𝛔𝐲 (𝐦) 𝛔𝐳 (𝐦) 

A-B 0.32𝑥(1 + 0.0004 𝑥)−0.5 0.24𝑥(1 + 0.0001𝑥)−0.5 

C 0.22𝑥(1 + 0.0004 𝑥)−0.5 0.2𝑥 

D 0.16𝑥(1 + 0.0004 𝑥)−0.5 0.14𝑥(1 + 0.0003𝑥)−0.5 

E-F 0.11𝑥(1 + 0.0004 𝑥)−0.5 0.08𝑥(1 + 0.0015𝑥)−0.5 

*x is the distance to the source in meters. 

Table 8: Atmospheric stability classes and categories 

Wind speed 
(m/s) 

Day-time insolation Night-time cloud cover 

Strong Moderate Slight ≥ 𝟒 𝟖⁄  ≤ 𝟑 𝟖⁄  

< 2 A A-B B E F 

2-3 A-B B C E F 

3-5 B B-C C D E 

5-6 C C-D D D D 

> 6 C D D D D 

 
Table 9: Stack dimensions and emission rates 

Emission source 
Exit 

temperature 
(℃) 

Chimney dimensions *Emissions (mg/𝒎𝟑) 

Stack height (m) Stack diameter (m) NOx CO2 

GE 9FA03 plant 620.0 30.0 6.0 2367.79 28,683.18 

*Emission (mg/m3) = Emission (ug/L) 
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 Dispersion of NOx and CO2 

Dispersion of released gases from the GE 9FA03 
plant into the environment has been studied 
very well using Gaussian models based on the 
surrounding conditions, as summarized in Table 
3. As the pollutants transport through the plume 
in the downwind direction along a distance x, the 
plume expands to some size in the z- and y-
direction. This expansion along a distance x is 

determined by the dispersion coefficients 𝜎𝑦 

and 𝜎𝑧 . Where, 𝜎𝑦  and 𝜎𝑧  are function of the 

atmospheric stability, and the downwind 
distance, x, from the source of the pollution. 
Figure 5 explains the relationship between 
dispersion coefficients with distance. As the 
distance increases, the dispersion coefficient 
increases. 

 

Table 10: Comparison of estimated NOx & CO2 emissions from GE 9FA03 plant vs. international standard 
limits 

Pollutant Unit Estimated *USEPA 

NOx Ib/MWh 98.46 1.3 

CO2 Ib/MWh 2,556.62 1,100 

*USEP

 

Figure 5: Relation between dispersion coefficients vs. distance from point source 

The plume dispersion is due to the turbulent 
diffusion of the constituent pollutants, where the 
concentration of the dispersed pollutants has a 
normal (Gaussian) shape in both the horizontal 
and vertical aspects, as determined through 
experimental measurements of the plume 
dispersion. This behavior can be clearly 
observed in Figures 6 and 7, respectively. 
In general, Figures 6 and 7 show the relationship 
between changes of emissions concentration 
with change of distance from the point source in 
hourly during the seasons of year. The maximum 
concentrations of NOx and CO2 were recorded in 
summer, autumn, spring, and winter, 

respectively, in coastal areas near the sea and 
about 2 km from the source of the point. 
According to the seasonal variation in 
meteorological data in Figure 2 and Table 3, 
these concentrations in some seasons may reach 
a very long range, especially in areas located 
between east-northeast (ENE) to southeast (SE) 
and west-northwest (WNW) to northwest (NW), 
respectively. In the summer, the highest value of 
NOx concentration reaches 5472.69 µg/m3, 
which continues to decrease in direction of wind 
flowing as we move away from the source 
approximately 210.65 µg/m3 after 24 
kilometers. In this season, it is flows from the 
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 north, reaching a peak of approximately 47% in 
July, and from the eastern side at a rate of 
approximately 1.9 months from May to June. In 
autumn, the climatic conditions do not differ 
much compared to summer, as the winds flow 
mostly from the north in September and at a rate 
of 3 weeks from October to November, as the 
concentration gradually decreases from the 
highest value of 4768.72 µg/m3 to 200.41 µg/m3 
in this direction after 24 kilometers away. In the 
spring, the winds often blow from the north at a 
rate of 2.2 months and from the east, where they 

reach their peak at 40%, which reduces the 
emission rate in this direction from 
4191.73µg/m3 to 194.06µg/m3 after 22 
kilometers away. In general, the most affected 
areas in these seasons are Leptis Magna, Al-
Sahel, Sog Al-Khmees, Celine and Al-Amamraa 
regions to the south. As for the winter, the 
highest degree of concentration was observed in 
this season, 4054.66 µg/m3, which continued to 
decrease to 186.98 µg/m3 after 20 km from the 
station. The winds often blow from the west.  

 

 

Figure 6: Change of NOx concentration during the four seasons of the year vs. distance from point source 

 

Figure 7: Change of CO2 concentration during the four seasons of the year vs. distance from point source 

Therefore, the eastern regions e.g., Sog Al-
Khmees, Al-Sahel, and Kaam are the most 
affected regions in this season. Furthermore, the 
high emission rate of CO2 emitted from the GE 

9FA03 plant and others e.g., steam plant, and 
two cement factories in this city has caused 
some climate changes, e.g., increasing 
temperatures, as shown in Figure 1.  
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 The main reason for high emission rates of NOx 
and CO2 may be referred to excess air used in 
combustion of fuel because the relative humidity 
of the air used in a combustion process is 
relatively high, about 32.1%. This may not lead 
to reaching the required heating value, 
temperature and pressure for operating the 
turbine to convert the generated thermal energy 
into electricity. In addition, the high percentage 
of humidity in the air may contribute to erosion 
of some internal parts of the turbine. Therefore, 
operators at this station work to increase the 
excess percentage of inlet air to approximately 
58.84%, to avoid such operational problems. 
However, the authors recommend removing 
moisture from the air entering the combustion 
chamber, which contributes to reducing the 
amount of air used in the combustion process, 
and this would reduce the level of high 
emissions of resulting oxides. In addition, it is 
recommended to install an effective removal 
system that works to remove toxic oxides from 
the exhaust gases in order to reduce the high 
emissions and protect the environment.   

Impact of parameters on NOx and CO2 emissions 
at Al-Khums power plant 

The rate of pollutant emissions was found to be 
directly related to the amount of excess air and 
the amount of fuel (natural gas) entering the 
combustion chamber. The following is a detailed 
discussion of the impact of some important 
parameters on the NOx and CO2 emissions: 

Impact of the inlet fuel to the power plant 

Increasing the amount of fuel (natural gas) will 
increase the amount of electric energy 
generated, but at the same time, the pollutant 
emission rate and concentration of both NOx and 
CO2 will increase. Therefore, it is essential to 
operate the Al-Khums power plant in such a way 
that there will be a minimum pollutant emission 
with higher electrical energy generated. It is 
believed that the inconsistent flow of fuel 
(natural gas) from the source is the principal 
cause of the pollutant emissions and 
inconsistent electric energy production rate. It is 
also believed that sometimes the national 
network in deep shortage of electrical energy, 

the power plant at Al-Khums is operated in such 
a way to fulfill the requirement of the national 
network of electrical energy. In these situations, 
it is expected the rate of pollutant emission will 
increase drastically. Figure 8 illustrates the 
impact of amount of fuel entering the 
combustion chamber on the amount of electrical 
energy generated. 

Impact of the excess air entering the combustion 
chamber on pollutant emission 

Excess air in combustion chambers plays many 
roles. It provides adequate oxygen to prevent 
the formation of carbon mono-oxide, and it can 
also reduce the formation of NOx. Excess air can 
also increase the mass flow in convective 
furnaces which will improve the temperature 
uniformity. 

Impact of other critical parameters on pollutant 
emission during fuel combustion 

Four other critical parameters are known to 
affect the release of pollutants to the air. These 
critical parameters may include the average 
flame temperature, mean combustion residence 
time, percent of O2 entering, and the combustion 
of air velocity at the entrance. The impact of 
these critical parameters on the pollutant 
emissions are not investigated in this study but 
it is worth to emphasize for future 
investigations. Hangebrauck and Schwartz in 
2012 investigated the impact of these critical 
parameters on pollutant emissions. Figure 9 
demonstrates the impact of these critical 
parameters on the stoichiometric ratio of the 
fuel [43]. 

Impact of moisture content in the region where 
the power plant is located 

The moisture content of air to be compressed 
and fed to the combustion chamber is believed 
to change sometimes on daily basis due to the 
location of the plant near the coastal area. Higher 
or lower levels of air moisture content of the air 
will impact the amount of compressed air to be 
fed to the combustion chamber. Consequently, 
the air to fuel ratio and the percent excess 
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 oxygen will vary accordingly; as a result, the NOx 
and CO2 emission concentration are changing. 

Impact of physical and chemical properties of the 
natural gas during transportation to the power 
plant 

Natural gas used as a fuel to the power plant 
need to be closely monitored through the pipe 
line for temperature and pressure especially 
during summer, the temperature might have an 
effect on density and amount of feed to the 
combustion chamber and consequently the rate 
and concentration of pollutants from the power 
plant. 

 

Figure 8: Impact of fuel consumption rate on the generated electrical power. 

 

Figure 9: Critical parameters affecting the pollutant emission formation

Conclusion 

Model simulation results showed the higher 
levels of NOx and CO2 emissions were released 
by the gas power generating plant at Al-Khums. 
These higher levels were attributed to the 
burning of the compressed natural gas with air 

and the formation of exhaust gases with high 
heat energy. These exhaust gases with high 
energy content flow to the gas turbine to 
produce electric power and release to the 
atmosphere. The higher concentration levels of 
nitrogen oxide emissions is attributed to the 
reaction of nitrogen with 58.84% excess oxygen 
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 during combustion at higher temperature. The 
maximum concentration of NOx emissions 
released to the atmosphere, was found to be 
approximately 5472.7 µg/m3 in summer days 
from 2017 to 2023 at a reach horizontal distance 
of about 2 km from the power plant chimney. To 
ensure a complete combustion reaction and to 
avoid the formation of carbon monoxide, the 
more toxic and dangerous gas to human health, 
the optimum molar ratio of air to the gas 
entering the combustion chamber was 
estimated to be 26.5. At this optimum ratio, it is 
expected a complete combustion reaction will 
take place without any carbon oxide formation. 
The application of air dispersion model and the 
Aspen HYSYS V9.0 simulator are proven to be 
excellent tools for quick estimates and design 
calculations of the various units of the power 
plant as well as determine the extent of the 
environmental emissions from the electric 
power plant. 

Recommendations for further research 

It is strongly recommended that a complete, 
detailed investigation specifically is performed 
on the combustion chamber, considered the 
most important unit in the power generating 
plant. Such investigation must include the 
impact of the most important and critical 
parameters on the emission rate and 
concentration levels of pollutants. Air quality 
monitoring must be conducted so often 
especially near the vicinity of the power 
generating plant to protect the environment and 
natural habitat. Likewise, for the new power 
generating plants, it essential to use a low 
emission fuels and non-combustible renewable 
energy sources such as solar, wind or 
hydropower to reduce the air pollution 
emissions. New development of design 
mechanisms is needed especially the mixing 
nozzles of fuel with air and burners may lead to 
a decrease in concentrations of NOx in the 
exhaust gases. Whenever there is a change in the 
operating conditions of the power plant, more 
model simulations using the air dispersion 
model are needed in order to obtain the 
optimum horizontal reach distance of a 
particular pollutant. 

Acknowledgements 

The authors would like to thank engineer Shahd 
Hadoud, Osama Lagha and all the station staff for 
their help. 

ORCID 

Khalifa Mohamed Algheryani  
https://orcid.org/0009-0004-3439-8149  
Mohamed Ali El-Behlil  
https://orcid.org/0009-0005-4575-8573  
Malak Abdullah Alsghayer  
https://orcid.org/0009-0007-8069-0054  

 

Reference 

[1]. EPA, Human Health & Environmental 
Impacts of the Electric Power Sector, 2023. 
[Publisher]  
[2]. Word Health Organization, 2022. Ambient 
(outdoor) air pollution, online report, 2022. 
[3]. M. Kanoğlu, Y.A. Çengel, J.M. Cimbala, 
Fundamentals and applications of renewable 
energy, McGraw-Hill Education, 2020. [Google 
Scholar], [Publisher] 
[4]. G.D. Thurston, Outdoor air pollution: 
sources, atmospheric transport, and human 
health effects, 2023. [Crossref], [Google 
Scholar], [Publisher] 
[5]. M. Kabir, U.E. Habiba, W. Khan, A. Shah, S. 
Rahim, R. Patricio, L. Ali, M. Shafiq, Climate 
change due to increasing concentration of 
carbon dioxide and its impacts on environment 
in 21st century; a mini review, Journal of King 
Saud University-Science, 2023, 35, 102693. 
[Crossref], [Google Scholar], [Publisher]  
[6]. Shugart, L., Nitrogen Oxides, Encyclopedia of 
Toxicology (Second Edition), 2005, 244-245. 
[7]. Y. Chen, B.F. Hobbs, J.H. Ellis, C. Crowley, F. 
Joutz, Impacts of climate change on power sector 
NOx emissions: A long-run analysis of the US 
mid-atlantic region, Energy Policy, 2015, 84, 11-
21. [Crossref], [Google Scholar], [Publisher]  
[8]. D. Nuvolone, D. Petri, F. Voller, The effects of 
ozone on human health, Environmental Science 
and Pollution Research, 2018, 25, 8074-8088. 
[Crossref], [Google Scholar], [Publisher]  
[9]. D. Pudasainee, B. Sapkota, M.L. Shrestha, A. 
Kaga, A. Kondo, Y. Inoue, Ground level ozone 
concentrations and its association with NOx and 

https://www.jeires.com/article_208222.html
https://orcid.org/0009-0004-3439-8149
https://orcid.org/0009-0005-4575-8573
https://orcid.org/0009-0007-8069-0054
https://www.epa.gov/power-sector/human-health-environmental-impacts-electric-power-sector
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D.+Kano%C4%9Flu%2C+M.%2C+%C3%87engel%2C+Y.+A.%2C+Cimbala%2C+J.+M.%2C+2020.+Fundamentals+and+Applications+of+Renewable+Energy.+McGraw-Hill+Education%2C+ISBN%3A+978-1-26-045531-1.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D.+Kano%C4%9Flu%2C+M.%2C+%C3%87engel%2C+Y.+A.%2C+Cimbala%2C+J.+M.%2C+2020.+Fundamentals+and+Applications+of+Renewable+Energy.+McGraw-Hill+Education%2C+ISBN%3A+978-1-26-045531-1.&btnG=
https://www.accessengineeringlibrary.com/content/book/9781260455304
https://doi.org/10.1016/B978-012373960-5.00275-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D.+G.D.+Thurston%2C+Outdoor+air+pollution%3A+sources%2C+atmospheric+transport%2C+and+human+health+effects%2C+2023.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D.+G.D.+Thurston%2C+Outdoor+air+pollution%3A+sources%2C+atmospheric+transport%2C+and+human+health+effects%2C+2023.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.semanticscholar.org/paper/Outdoor-Air-Pollution%3A-Sources%2C-Atmospheric-and-Thurston/dc0b7b26bd975e17c34c04ea84933c61f15a0c1c
https://doi.org/10.1016/j.jksus.2023.102693
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5%29%09Kabir%2C+M.%2C+Habiba%2C+U.%2C+Khan%2C+W.%2C+Shah%2C+A.%2C+Rahim%2C+R.%2C+Escalante%2C+R.%2C+Farooqi%2C+Z.%2C+Ali%2C+L.%2C+Shafiq%2C+M.%2C+2023.+Climate+change+due+to+increasing+concentration+of+carbon+dioxide+and+its+impacts+on+environment+in+21st+century%3B+a+mini+review.+Journal+of+King+Saud+University+%E2%80%93+Science+35+%282023%29+102693.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.jksus.2023.102693&btnG=
https://www.sciencedirect.com/science/article/pii/S1018364723001556
https://doi.org/10.1016/j.enpol.2015.04.013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7%29%09Chen%2C+Y.%2C+Hobbs%2C+B.%2C+Ellis%2C+J.%2C+Crowley%2C+C.%2C+Joutz%2C+F.%2C+2015.+Impacts+of+climate+change+on+power+sector+NOx+emissions%3A+A+long-run+analysis+of+the+US+mid-Atlantic+region.+Energy+Policy%2C+84+%282015%29+Pages+11-21.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S030142151500155X
https://doi.org/10.1007/s11356-017-9239-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8%29%09Nuvolone%2C+D.%2C+Petri%2C+D.%2C+Voller%2C+F.%2C+2018.+The+effects+of+ozone+on+human+health.+Environ.+Sci.+Pollut.+Res.+Int.+25+%289%29%2C+8074%E2%80%938088.&btnG=
https://link.springer.com/article/10.1007/s11356-017-9239-3


Journal of Engineering in Industrial Research 

  
 

79 

 

2024, Volume 5, Issue 2 

 meteorological parameters in Kathmandu 
valley, Nepal, Atmospheric Environment, 2006, 
40, 8081-8087. [Crossref], [Google Scholar], 
[Publisher]  
[10]. P. Huangfu, R. Atkinson, Long-term 
exposure to NO2 and O3 and all-cause and 
respiratory mortality: A systematic review and 
meta-analysis, Environment International, 2020, 
144, 105998. [Crossref], [Google Scholar], 
[Publisher]  
[11]. P. Huangfu, R. Atkinson, Long-term 
exposure to NO2 and O3 and all-cause and 
respiratory mortality: A systematic review and 
meta-analysis, Environment international, 2020, 
144, 105998. [Crossref], [Google Scholar], 
[Publisher]  
[12] Y.W. Chen, S. Medya, Y.-C. Chen, 
Investigating variable importance in ground-
level ozone formation with supervised learning, 
Atmospheric Environment, 2022, 282, 119148. 
[Crossref], [Google Scholar], [Publisher]  
[13]. Great Britain. Ministry of Health, 1954. 
Mortality and Morbidity During the London Fog 
of December 1952 (No. 95). HM Stationery 
Office. [Google Scholar], [Publisher] 
[14]. V.G. Veni, C. Srinivasarao, K.S. Reddy, K. 
Sharma, A. Rai, Soil health and climate change, 
Climate change and soil interactions, 2020, 751-
767. [Crossref], [Google Scholar], [Publisher] 
[15]. W. Bach, Fossil fuel resources and their 
impacts on environment and climate, 
International Journal of Hydrogen Energy, 1981, 
6, 185-201. [Crossref], [Google Scholar], 
[Publisher]  
[16]. Godish, T. and Fu, J.S., Air quality. CRC Press. 
2019. [Google Scholar], [Publisher] 
[17]. P. de Jong, T.B. Barreto, C.A. Tanajura, D. 
Kouloukoui, K.P. Oliveira-Esquerre, A. Kiperstok, 
E.A. Torres, Estimating the impact of climate 
change on wind and solar energy in Brazil using 
a South American regional climate model, 
Renewable Energy, 2019, 141, 390-401. 
[Crossref], [Google Scholar], [Publisher]  
[18]. N.S. Holmes, L. Morawska, A review of 
dispersion modelling and its application to the 
dispersion of particles: An overview of different 
dispersion models available, Atmospheric 
Environment, 2006, 40, 5902-5928. [Crossref], 
[Google Scholar], [Publisher]  
[19]. A. Wang, M. Fallah-Shorshani, J. Xu, M. 
Hatzopoulou, Characterizing near-road air 

pollution using local-scale emission and 
dispersion models and validation against in-situ 
measurements, Atmospheric Environment, 2016, 
142, 452-464. [Crossref], [Google Scholar], 
[Publisher]  
[20]. G. Ciarelli, S. Aksoyoglu, M. Crippa, J. 
Jimenez, E. Nemitz, K. Sellegri, M. Äijälä, S. 
Carbone, C. Mohr, C. Dowd, L. Poulain, U. 
Baltensperger, A. Prévôt, Evaluation of 
European air quality modelled by CAMX 
including the volatility basis set scheme. 
Atmospheric Chemistry and Physics. 2016, 
10313–10332. [Crossref], [Google Scholar], 
[Publisher] 
[21]. A. Daly, P. Zannetti, Air pollution modeling–
An overview, Ambient Air Pollution, 2007, 15-28. 
[Google Scholar] 
[22]. H. Dop, and D.G. eds. Steyn, Air pollution 
modeling and its application VIII, 1991. 
[Crossref], [Google Scholar], [Publisher] 
[23]. D. Vallero, Fundamentals of Air Pollution 
Fourth Edition. Elsevier, 2008. [Google Scholar], 
[Publisher] 
[24]. Á. Leelőssy, F. Molnár, F. Izsák, Á. Havasi, I. 
Lagzi, R. Mészáros, Dispersion modeling of air 
pollutants in the atmosphere: a review, Open 
Geosciences, 2014, 6, 257-278. [Crossref], 
[Google Scholar], [Publisher]  
[25]. M.F. Shorshani, C. Seigneur, L.P. Rehn, H. 
Chanut, Y. Pellan, J. Jaffrezo, A. Charron, M. 
André, Atmospheric dispersion modeling near a 
roadway under calm meteorological conditions, 
Transportation Research Part D: Transport and 
Environment, 2015, 34, 137-154. [Crossref], 
[Google Scholar], [Publisher] 
[26]. M.D. Gibson, S. Kundu, M. Satish, Dispersion 
model evaluation of PM2. 5, NOx and SO2 from 
point and major line sources in Nova Scotia, 
Canada using AERMOD Gaussian plume air 
dispersion model, Atmospheric Pollution 
Research, 2013, 4, 157-167. [Crossref], [Google 
Scholar], [Publisher]  
[27]. A.A. Hussein, Z.S. Mahdi, N.O. Kariem, The 
transfer phenomena of air pollutants emitted 
from power station and generators in nasiriyah 
city and the effect of meteorological parameters 
on its dispersion by using fixed box model, IOP 
Conference Series: Earth and Environmental 
Science, IOP Publishing, 2022, 012001. 
[Crossref], [Google Scholar], [Publisher] 

https://www.jeires.com/article_208222.html
https://doi.org/10.1016/j.atmosenv.2006.07.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9%29%09Pudasainee%2C+D.%2C+Sapkota%2C+B.%2C+Shrestha%2C+M.%2C+Kaga%2C+A.%2C+Kondo%2C+A.%2C+Inoue%2C+Y.%2C+2006.+Ground+level+ozone+concentrations+and+its+association+with+NOx+and+meteorological+parameters+in+Kathmandu+valley%2C+Nepal.+Atmospheric+Environment%2C+40+%2840%29+Pages+8081-8087.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1352231006007229
https://doi.org/10.1016/j.envint.2020.105998
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10%29%09Malig%2C+B.J.%2C+Pearson%2C+D.L.%2C+Chang%2C+Y.B.%2C+Broadwin%2C+R.%2C+Basu%2C+R.%2C+Green%2C+R.S.%2C+et+al.%2C+2016.+A+time-stratified+case-crossover+study+of+ambient+ozone+exposure+and+emergency+department+visits+for+specific+respiratory+diagnoses+in+California+%282005%E2%80%932008%29.+Environ.+Health+Perspect.+124+%286%29%2C+745%E2%80%93753.&btnG=
https://ehp.niehs.nih.gov/doi/full/10.1289/ehp.1409495
https://doi.org/10.1016/j.envint.2020.105998
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11%29%09Huangfu%2C+P.%2C+Atkinson%2C+R.%2C+2020.+Long-term+exposure+to+NO2+and+O3+and+all-cause+and+respiratory+mortality%3A+A+systematic+review+and+meta-analysis.+Environment+International+144+%282020%29+105998.&btnG=
https://www.sciencedirect.com/science/article/pii/S016041202031953X
https://doi.org/10.1016/j.atmosenv.2022.119148
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12%29%09Chen%2C+Y.%2C+Medya%2C+S.%2C+Chen%2C+Y.%2C+2022.+Investigating+variable+importance+in+ground-level+ozone+formation+with+supervised+learning.+Atmospheric+Environment%2C+282%2C+%282022%29+119148.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.atmosenv.2022.119148&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1352231022002138
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mortality+and+Morbidity+During+the+London+Fog+of+December+1952&btnG=#d=gs_cit&t=1771616103571&u=%2Fscholar%3Fq%3Dinfo%3AFAyOiBrtptMJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://books.google.com/books/about/Mortality_and_Morbidity_During_the_Londo.html?id=BL1ntAEACAAJ
https://doi.org/10.1016/B978-0-12-818032-7.00026-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14%29%09Veni%2C+V.G.%2C+Srinivasarao%2C+C.%2C+Reddy%2C+K.%2C+Sharma%2C+K.L.%2C+Rai%2C+A.%2C+2020.+Chapter+26+-+Soil+health+and+climate+change.+Climate+Change+and+Soil+Interactions%2C+Pages+751-767.+https%3A%2F%2Fdoi.org%2F10.1016%2FB978-0-12-818032-7.00026-6.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/B9780128180327000266
https://doi.org/10.1016/0360-3199(81)90007-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15%29%09Bach%2C+W.%2C+1981.+Fossil+fuel+resources+and+their+impacts+on+environment+and+climate.+International+Journal+of+Hydrogen+Energy%2C+6+%282%29+85-201.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0360319981900070
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Godish%2C+T.+and+Fu%2C+J.S.%2C+2019.+Air+quality.+CRC+Press.&btnG=
https://www.taylorfrancis.com/books/mono/10.1201/9780429105036/air-quality-thad-godish-joshua-fu
https://doi.org/10.1016/j.renene.2019.03.086
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17%29%09Jong%2C+P.%2C+Barreto%2C+T.%2C+Tanajura%2C+C.%2C+Kouloukoui%2C+D.%2C+Esquerre%2C+K.%2C+Kiperstok%2C+A.%2C+Torres%2C+E.%2C+2019.+Estimating+the+impact+of+climate+change+on+wind+and+solar+energy+in+Brazil+using+a+South+American+regional+climate+model.+Renewable+Energy%2C+141+%282019%29+390-401.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S096014811930391X
https://doi.org/10.1016/j.atmosenv.2006.06.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18%29%09Holmes%2C+N.%2C+Morawska%2C+L.%2C+2006.+A+review+of+dispersion+modelling+and+its+application+to+the+dispersion+of+particles%3A+An+overview+of+different+dispersion+models+available.+Atmospheric+Environment+40+%282006%29+5902%E2%80%935928.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1352231006006339
https://doi.org/10.1016/j.atmosenv.2016.08.020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19%29%09Wang%2C+A.%2C+Shorshani%2C+M.%2C+Xu%2C+J.%2C+Hatzopoulou%2C+M.%2C+2016.+Characterizing+near-road+air+pollution+using+local-scale+emission+and+dispersion+models+and+validation+against+in-situ+measurements.+Journal+of+Atmospheric+Environment%2C+%28142%29+452-464.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1352231016306148
https://doi.org/10.5194/acp-16-10313-2016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D.+Ciarelli%2C+G.%2C+Aksoyoglu%2C+S.%2C+Crippa%2C+M.%2C+Jimenez%2C+J.%2C+Nemitz%2C+E.%2C+Sellegri%2C+K.%2C+%C3%84ij%C3%A4l%C3%A4%2C+M.%2C+Carbone%2C+S.%2C+Mohr%2C+C.%2C+Dowd%2C+C.%2C+Poulain%2C+L.%2C+Baltensperger%2C+U.%2C+Pr%C3%A9v%C3%B4t%2C+A.%2C+2016.+Evaluation+of+European+air+quality+modelled+by+CAMX+including+the+volatility+basis+set+scheme.+Atmos.+Chem.+Phys.%2C+%2816%29+10313%E2%80%9310332.&btnG=
https://acp.copernicus.org/articles/16/10313/2016/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21%29%09Daly%2C+A.%2C+Zannetti%2C+P.+2007.+Air+pollution+modeling%E2%80%93An+overview.+The+EnviroComp+Institute%2C+Fremont%2C+CA+%28USA%29%2C+pp.+15%E2%80%9328.&btnG=
https://doi.org/10.1007/978-1-4615-3720-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B22%5D.+Dop%2C+H.%2C+Steyn%2C+D.%2C+1991.+Air+Pollution+Modeling+and+Its+Application+VIII.+Plenum+Press%2C+New+York%2C+ISBN%3B+987-1-4623-6655-3.&btnG=
https://link.springer.com/book/10.1007/978-1-4615-3720-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=D.+Vallero%2C+Fundamentals+of+Air+Pollution+&btnG=
https://books.google.com/books?hl=en&lr=&id=t7gmEQAAQBAJ&oi=fnd&pg=PP1&dq=D.+Vallero,+Fundamentals+of+Air+Pollution+&ots=2jmEYvUeC9&sig=TpVQw3ZNjSV6dWxLzyW3F1NKV7k
https://doi.org/10.2478/s13533-012-0188-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24%29%09Leelossy%2C+%C3%81.%2C+Moln%C3%A1r%2C+F.%2C+Izs%C3%A1k%2C+F.%2C+Havasi%2C+%C3%81.%2C+Lagzi%2C+I.%2C+M%C3%A9sz%C3%A1ros%2C+R.%2C+2014.+Dispersion+modeling+of+air+pollutants+in+the+atmosphere%3A+a+review.+Cent.+Eur.+J.+Geosci%2C+6+%283%29+257-278.&btnG=
https://www.degruyter.com/document/doi/10.2478/s13533-012-0188-6/html
https://doi.org/10.1016/j.trd.2014.10.013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25%29%09Shorshani%2C+M.%2C+Seigneur%2C+C.%2C+Rehn%2C+L.%2C+Chanut%2C+H.%2C+Pellan%2C+Y.%2C+Jaffrezo%2C+J.%2C+Charron%2C+A.%2C+Andr%C3%A9%2C+M.%2C+2015.+Atmospheric+dispersion+modeling+near+a+roadway+under+calm+meteorological+conditions.+Transportation+Research+Part+D%2C+34+%282015%29+137%E2%80%93154.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1361920914001540
https://doi.org/10.5094/APR.2013.016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26%29%09Gibson%2C+M.%2C+Kundu%2C+S.%2C+Satish%2C+M.%2C+2013.+Dispersion+model+evaluation+of+PM2.5%2C+NOX+and+SO2+from+point+and+major+line+sources+in+Nova+Scotia%2C+Canada+using+AERMOD+Gaussian+plume+air+dispersion+model.+Atmospheric+Pollution+Research%2C+4+157-167.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26%29%09Gibson%2C+M.%2C+Kundu%2C+S.%2C+Satish%2C+M.%2C+2013.+Dispersion+model+evaluation+of+PM2.5%2C+NOX+and+SO2+from+point+and+major+line+sources+in+Nova+Scotia%2C+Canada+using+AERMOD+Gaussian+plume+air+dispersion+model.+Atmospheric+Pollution+Research%2C+4+157-167.+&btnG=
https://www.sciencedirect.com/science/article/pii/S1309104215303858
https://doi.org/10.1088/1755-1315/961/1/012001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27%29%09Hussein%2C+A.%2C+Mahdi%2C+Z.%2C+Kariem%2C+N.%2C+2022.+The+Transfer+Phenomena+of+Air+Pollutants+Emitted+from+Power+Station+and+Generators+in+Nasiriyah+City+and+the+Effect+of+Meteorological+Parameters+on+its+Dispersion+by+Using+Fixed+Box+Model.+IOP+Conf.+Series%3A+Earth+and+Environmental+Science+961+%282022%29+012001.&btnG=
https://iopscience.iop.org/article/10.1088/1755-1315/961/1/012001/meta


                                                                               Journal of Engineering in Industrial Research 

 

80 

2024, Volume 5, Issue 2 

 [28]. B. Anggarani, P. Wibowo, F. Aditama, Air 
dispersion modelling for emission mitigation of 
power plant technology, IOP Conference Series: 
Earth and Environmental Science, IOP Publishing, 
2020, 012013. [Crossref], [Google Scholar], 
[Publisher] 
[29]. A. Atamaleki, S.M. Zarandi, Y. Fakhri, E.A. 
Mehrizi, G. Hesam, M. Faramarzi, M. Darbandi, 
Estimation of air pollutants emission (PM10, CO, 
SO2 and NOx) during development of the 
industry using AUSTAL 2000 model: A new 
method for sustainable development, MethodsX, 
2019, 6, 1581-1590. [Crossref], [Google 
Scholar], [Publisher]  
[30]. F. Toja-Silva, J. Chen, S. Hachinger, F. Hase, 
CFD simulation of CO2 dispersion from urban 
thermal power plant: Analysis of turbulent 
Schmidt number and comparison with Gaussian 
plume model and measurements, Journal of 
Wind Engineering and Industrial Aerodynamics, 
2017, 169, 177-193. [Crossref], [Google 
Scholar], [Publisher]  
[31]. J. Singh, R. Srikanth, S.K. Ramasesha, 
Dispersion of particulate matter and sulphur 
oxides from thermal power plant: a case study, 
Environmental Modeling & Assessment, 2021, 26, 
763-778. [Crossref], [Google Scholar], 
[Publisher]  
[32]. B. Nath, G.S. Cholakov, eds., Pollution 
Control Technologies-Volume II. EOLSS 
Publications. 2009.  [Google Scholar], 
[Publisher] 
[33]. T.L. Johnson, D.W. Keith, Fossil electricity 
and CO2 sequestration: how natural gas prices, 
initial conditions and retrofits determine the 
cost of controlling CO2 emissions, Energy Policy, 
2004, 32, 367-382. [Crossref], [Google Scholar], 
[Publisher]  
[34]. GECOL, L., General electricity company of 
Libya. Statistics. 2012. [Google Scholar] 

[35]. A. De Visscher, Air Dispersion Modeling: 
Foundations and Applications, John Wiley & Sons, 
2013. [Google Scholar], [Publisher] 
[36]. GE 9FA03 power plant, 2024. Reported 
Data. 
[37]. Al-Khums Fast Track Simple Cycle Power 
Plant, 2021. Data base for GE 9FA03 power 
plant. Çalık Holding, [Publisher]  
[38]. H.G. Ibrahim, A.Y. Okasha, M.S. Elatrash, 
M.A. Al-Meshragi, Computer assessment of SO2 
and NOx emitted from Khoms power station in 
north-western libya, International Journal of 
Modern Engineering Sciences, 2012, 1, 45-54. 
[Google Scholar], [Publisher]  
[39]. N.P. Cheremisinoff, Handbook of air 
pollution prevention and control, 2002. [Google 
Scholar], [Publisher] 
[40]. S. Brusca, F. Famoso, R. Lanzafame, S. 
Mauro, A.M.C. Garrano, P. Monforte, Theoretical 
and experimental study of Gaussian Plume 
model in small scale system, Energy Procedia, 
2016, 101, 58-65. [Crossref], [Google Scholar], 
[Publisher]  
[41]. J.B. Johnson, An Introduction to 
Atmospheric Pollutant Dispersion Modelling, 
Environmental Sciences Proceedings, 2022, 19, 
18. [Crossref], [Google Scholar], [Publisher]  
[42]. J.E. McCarthy, EPA standards for 
greenhouse gas emissions from power plants: 
many questions, some answers, Library of 
Congress, Congressional Research Service, 2013. 
[Google Scholar], [Publisher] 
[43]. J. Wasser, R. Hangebrauck, A. Schwartz, 
Effects of air-fuel stoichiometry on air pollutant 
emissions from an oil-fired test furnace, Journal 
of the Air Pollution Control Association, 1968, 18, 
332-337. [Crossref], [Google Scholar], 
[Publisher]  

 

Copyright  © 2024 by authors and SPC (Sami Publishing Company) + is an open access article distributed under 

the Creative Commons Attribution License (CC BY) license, which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited. 

https://www.jeires.com/article_208222.html
https://doi.org/10.1088/1755-1315/413/1/012013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28%29%09Anggarani1%2C+B.%2C+Wibowo%2C+P.%2C+Aditama1%2C+F.%2C+2020.+Air+dispersion+modelling+for+emission+mitigation+of+power+plant+technology.+IOP+Conf.+Series%3A+Earth+and+Environmental+Science%2C+413+%282020%29+012013.&btnG=
https://iopscience.iop.org/article/10.1088/1755-1315/413/1/012013/meta
https://doi.org/10.1016/j.mex.2019.06.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29%29%09Atamaleki%2C+A.%2C+Zarandi%2C+S.%2C+Fakhri%2C+Y.%2C+Mehrizi%2C+E.%2C+Hesam%2C+G.%2C+Faramarzi%2C+M.%2C+Darbandi%2C+M.%2C+2019.+Estimation+of+air+pollutants+emission+%28PM10%2C+CO%2C+SO2+and+NOx%29+during+development+of+the+industry+using+AUSTAL+2000+model%3A+A+new+method+for+sustainable+development.+MethodsX%2C+6+%282019%29+1581%E2%80%931590.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29%29%09Atamaleki%2C+A.%2C+Zarandi%2C+S.%2C+Fakhri%2C+Y.%2C+Mehrizi%2C+E.%2C+Hesam%2C+G.%2C+Faramarzi%2C+M.%2C+Darbandi%2C+M.%2C+2019.+Estimation+of+air+pollutants+emission+%28PM10%2C+CO%2C+SO2+and+NOx%29+during+development+of+the+industry+using+AUSTAL+2000+model%3A+A+new+method+for+sustainable+development.+MethodsX%2C+6+%282019%29+1581%E2%80%931590.&btnG=
https://www.sciencedirect.com/science/article/pii/S2215016119301670
https://doi.org/10.1016/j.jweia.2017.07.015
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D.+F.+Toja-Silva%2C+J.+Chen%2C+S.+Hachinger%2C+F.+Hase%2C+CFD+simulation+of+CO2+dispersion+from+urban+thermal+power+plant%3A+Analysis+of+turbulent+Schmidt+number+and+comparison+with+Gaussian+plume+model+and+measurements%2C+Journal+of+Wind+Engineering+and+Industrial+Aerodynamics%2C+2017%2C+169%2C+177-193.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D.+F.+Toja-Silva%2C+J.+Chen%2C+S.+Hachinger%2C+F.+Hase%2C+CFD+simulation+of+CO2+dispersion+from+urban+thermal+power+plant%3A+Analysis+of+turbulent+Schmidt+number+and+comparison+with+Gaussian+plume+model+and+measurements%2C+Journal+of+Wind+Engineering+and+Industrial+Aerodynamics%2C+2017%2C+169%2C+177-193.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167610517302258
https://doi.org/10.1007/s10666-021-09790-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=31%29%09Srikanth%2C+J.%2C+Ramasesha%2C+S.%2C+2020.+Dispersion+of+Particulate+Matter+and+Sulphur+Oxides+from+Thermal+Power+Plant%3A+A+case+study.+https%3A%2F%2Fwww.preprints.org%2Fmanuscript%2F202007.0231%2Fv1&btnG=
https://link.springer.com/article/10.1007/s10666-021-09790-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pollution+Control+Technologies-Volume+II&btnG=
https://books.google.com/books?hl=en&lr=&id=F4ubCwAAQBAJ&oi=fnd&pg=PA1&dq=Cholakov,+G.,+Shopov,+G.,++Pollution+Control+Technologies&ots=cLDi1ZNyDR&sig=RM5nQXjI6wYd3rktaP5lCmGb9zQ
https://doi.org/10.1016/S0301-4215(02)00298-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=33%29%09Johnson%2C+T.%2C+Keith%2C+D.%2C+2004.+Fossil+electricity+and+CO2+sequestration%3A+how+natural+gas+prices%2C+initial+conditions+and+retrofits+determine+the+cost+of+controlling+CO2+emissions.+Energy+Policy%2C+32+%282004%29%2C+367-382.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0301421502002987
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=GECOL%2C+2014.+General+Electricity+Company+of+Libya.+GECOL+database+for+2012.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B35%5D.+De+Visscher%2C+A.%2C+2014.+Air+Dispersion+Modeling+%E2%80%98%E2%80%99Foundations+and+Applications%E2%80%99%E2%80%99.+Published+by+John+Wiley+%26+Sons%2C+Inc.%2C+Hoboken%2C+New+Jersey%2C+ISBN+978-1-118-07859-4+%28hardback%29.&btnG=
https://books.google.com/books/about/Air_Dispersion_Modeling.html?id=MXgGAQAAQBAJ
https://www.calikenerji.com/al-khums-fast-track-simple-cycle-power-plant
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=38%29%09Ibrahim%2C+H.%2C+Okasha%2C+A.%2C+Elatrash%2C+M.%2C+Al-Meshragi%2C+M.%2C+2012.+Computer+Assessment+of+SO2+and+NOx+Emitted+from+Khoms+Power+Station+in+Northwestern+Libya.+International+Journal+of+Modern+Engineering+Sciences%2C+1+%281%29+45-54.&btnG=
https://portal.arid.my/Publications/8b72ce00-69e7-4c.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=39%29%09Cheremisinoff%2C+N.%2C+2002.+Handbook+of+Air+Pollution+Prevention+and+Control.+Butterworth-Heinemann%2C+Elsevier+Science%2C+ISBN+0-7506-7499-7.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=39%29%09Cheremisinoff%2C+N.%2C+2002.+Handbook+of+Air+Pollution+Prevention+and+Control.+Butterworth-Heinemann%2C+Elsevier+Science%2C+ISBN+0-7506-7499-7.&btnG=
https://books.google.com/books?hl=en&lr=&id=CMVRS7K0lDcC&oi=fnd&pg=PP1&dq=39)%09Cheremisinoff,+N.,+2002.+Handbook+of+Air+Pollution+Prevention+and+Control.+Butterworth-Heinemann,+Elsevier+Science,+ISBN+0-7506-7499-7.&ots=yOZWyYisA2&sig=uBdg7sgpFhftvxBggIsiCzHCBYI#v=onepage&q&f=false
https://doi.org/10.1016/j.egypro.2016.11.008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=40%29%09Brusca%2C+S.%2C+Famoso%2C+F.%2C+Lanzafame%2C+R.%2C+Mauro%2C+S.%2C+Garrano%2C+A.%2C+Monforte%2C+P.%2C+2016.+Theoretical+and+experimental+study+of+Gaussian+Plume+model+in+small+scale+system.+Energy+Procedia%2C+101+%282016%29+58+%E2%80%93+65.&btnG=
https://www.sciencedirect.com/science/article/pii/S1876610216312176
https://doi.org/10.3390/ecas2022-12826
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=41%29%09Johnson%2C+J.%2C+2022.+An+Introduction+to+Atmospheric+Pollutant+Dispersion+Modelling.+5th+International+Electronic+Conference+on+Atmospheric+Sciences%2C+16%E2%80%9331+July+2022%3B+Available+online%3A+https%3A%2F%2Fecas2022.sciforum.net%2F.&btnG=
https://www.mdpi.com/2673-4931/19/1/18
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=42%29%09McCarthy%2C+J.%2C+2013.+EPA+Standards+for+Greenhouse+Gas+Emissions+from+Power+Plants%3A+Many+Questions%2C+Some+Answers.+Congressional+Research+Service%2C+7-5700.+&btnG=
https://www.4cleanair.org/wp-content/uploads/Documents/EPA-Standards-for-Greenhouse-Gas-Emissions-from-Power-Plants--Many-Questions-Some-Answers.pdf
https://doi.org/10.1080/00022470.1968.10469137
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=43%29%09Hangebrauck%2C+R.%2C+Schwartz%2C+A.%2C+2012.+Effects+of+air+fuel+stoichiometry+on+air+pollutant+emission.+Journal+of+the+Air+Pollution+Control+Association%2C+18%3A5%2C+332-337%2C+https%3A%2F%2Fdoi.org%2F10.1080%2F00022470.1968.10469137&btnG=
https://www.tandfonline.com/doi/abs/10.1080/00022470.1968.10469137
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

