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ABSTRACT

The paper addresses the potential air pollution levels resulting from the combustion of natural gas in the Rumaila
combined cycle power plant in Basrah city. The study aims to evaluate the concentrations of pollutants (carbon
monoxide, sulfur dioxide, nitrogen oxides, and particulate matter) at distances of 100, 500, and 1000 meters from
the plant using a Gaussian dispersion model. This includes calculating the emission rates of pollutants from the stacks
and estimating atmospheric stability based on data from the Iraqi Meteorological Authority. The study also determines
the Turner-Pasquill stability classes for August 2023 and the wind speed and direction at the height of the stack. The
results indicate that the concentrations of pollutants in the exhaust gas from the five stacks are well below the national
ambient air quality standards, indicating that the power plant has no negative impact on the local climate and air quality.

Keywords: Air pollutants concentration, Gaussian model, Rumaila combined cycle power plant, Basrah City, Iraq

Introduction

There is a fundamental relationship between the
fuels used in electric power plants and the greenhouse
gases (GHG) produced by electricity generation, es-
pecially when they are extracted from fossil fuels
such as coal, oil, and natural gas. This contributes
significantly to GHG emissions and exacerbates the
harmful effects of climate change.'?

Iraq has been identified as one of the most vul-
nerable nations to climate change due to rising
temperatures, less precipitation, more frequent sand
and dust storms, increased frequency of droughts and
water scarcity, and flooding.® There are two major
reasons for this phenomenon: air pollution and water
scarcity® and the most dangerous is air pollution,
which is the result of uncontrolled emissions from a
variety of sources, including factories, car exhausts,

electric generators, and oil refineries. These emissions
often exceed the acceptable limits set by international
standards.* Unfortunately, Basrah is at the forefront
of climate change in Iraq, experiencing high tem-
peratures exceeding 50 °C in the summer and little
rainfall.® As a result, Basrah faces some very diffi-
cult challenges accordingly, such as climate change,
as drought, heat waves, sea level rise, and salinity
threaten the city and its surroundings.® It has a seri-
ous pollution problem particularly because the region
is rich in oil fields, the main source of air pollution.
For example, Basrah, Iraq’s most populous gover-
norate, suffers from health problems, particularly
respiratory diseases and cancer, declining agricul-
tural productivity and loss of biodiversity. >’

Natural gas (NG) is a prominent contemporary
clean energy source, demonstrating cost-effectiveness
and having a lower carbon content than coal or oil.

Received 5 June 2024; revised 11 October 2024; accepted 13 October 2024.
Available online 24 February 2026

* Corresponding author.

E-mail addresses: mariam.salah2202m@csw.uobaghdad.edu.iq (M. S. Nasser), mhaljiboori@gmail.com (M. H. Al- Jiboori),

jinnansz_bio@csw.uobaghdad.edu.iq (J. S. Al-Hassany).

https://doi.org/10.21123/2411-7986.5213

2411-7986/© 2026 The Author(s). Published by College of Science for Women, University of Baghdad. This is an open-access article distributed under the terms of
the Creative Commons Attribution 4.0 International License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work

is properly cited.


https://orcid.org/0009-0004-2119-3080
https://orcid.org/0000-0002-0816-3918
https://orcid.org/0000-0002-7360-8434
mailto:mariam.salah2202m@csw.uobaghdad.edu.iq
mailto:mhaljiboori@gmail.com
mailto:jinnansz_bio@csw.uobaghdad.edu.iq
https://doi.org/10.21123/2411-7986.5213
https://creativecommons.org/licenses/by/4.0/

BAGHDAD SCIENCE JOURNAL 2026;23(2):656-668 657

NG has the potential to reduce the environmental
impacts associated with other fossil fuels, contribut-
ing to the mitigation of climate change caused by
carbon dioxide (CO,) emissions while fostering sus-
tainable development.® However, many studies have
been conducted on using natural gas in industrial
processes and its impact on environmental, health,
and economic aspects, and we present some of these
studies in this section.

Hannun and Razzaq® concluded that natural gas
represents a viable solution to mitigate the environ-
mental impact of fossil fuels (coal, oil, and gas) used
in generating electrical power. This conclusion stems
from its significantly lower contribution to air pol-
lution and greenhouse gas GHG emissions compared
to coal and oil electric power plants. In their study,
Ghosh et al., '° evaluated the potential environmental
impact of generating power from natural gas (NG)
in the area surrounding a gas-fired power plant. The
results showed that the EPP used NG as fuel and
did not contain any greenhouse gases and particu-
late matter (PM) and its properties were well below
National Ambient Air Quality Standards (NAAQS).
Jaafar and Kadhum, !! highlighted using NG purifica-
tion procedures and hybrid NG purification processes,
emphasizing how these methods can make NG the
cleanest fossil energy source. Because NG consists
mainly of methane (CH4), when burned, it primarily
produces water vapor (H,0) and COs, releasing less
carbon dioxide per unit of energy produced and fewer
pollutants such as sulfur dioxide (SO2) and nitrogen
oxides (NOx), which results in less acid rain. It’s
important to note that NG cannot be considered a
renewable energy source. Al Muhy and Aleedani,'?
their study emphasized the flaring of NG in Basrah
Governorate and its impact on the environment and
climate change. They found that burning NG adds
heat to the atmosphere and produces amounts of
gaseous pollutants, which means that it plays a role
in the climate change problem during a critical con-
dition that the governorate suffers from, represented
by high temperatures exceeding 52 °C and an in-
crease in the number of cancer patients. Fetisov et
al.' presented data on man-made emissions from
the oil and gas industry and direct emissions from
transport and energy processing that were used to
investigate how volatile organic compounds (VOCs)
affect the environment around the world and how
far they spread. They found that patterns of VOC
emissions show the importance of controlling VOCs
during the production, processing, transport and stor-
age of oil and gas, and the importance of creating a
single research base on emissions for each industry
sector and on sources of greenhouse gas absorption.
Mirrezaei and Orkomi'* assessed the health risk of

benzene, toluene, ethylbenzene and xylenes (BTEX),
which are a few forms of VOCs associated with the
combustion of gas, which are known as hazardous
air pollutants because of their harmful effects and the
carcinogenic properties of some of them. The results
of this study found that the relative contribution of
gas burning in assessing the health risks of BTEX is
less than the permissible limit, but the cumulative
effects of all potential sources of BTEX, including gas
burning, cause health problems.

The purpose of the study

The Rumaila Combined Cycle Power Plant (RCCPP)
was chosen for this study because it is a newly es-
tablished project and therefore needs to be evaluated
environmentally, especially in light of Basrah’s pol-
lution. This research is considered the first research
for this power plant in terms of evaluating air pol-
lution. So, the main objectives of the paper are as
follows:

1. Assessment of emission rates, produced by RCCPP
for gaseous (CO, SO, NO) and particulate matter
pollutants.

2. To investigate atmospheric stability based on
wind speed and solar radiation area related to
pollutant transport.

3. Estimating the concentration of the above pollu-
tants using the simple Gaussian model at several
distances from the stacks of RCCPP.

4. Plotting the wind rose depends on the direction
of the wind speed, which is used to determine the
direction of pollutants.

5. To present current rose pollution to predict the
predominant pollution trend area.

Materials and methods
Study site

RCCPP is a modern electric power plant built by the
Ministry of Electricity, constructed in June 2018 and
a 2,180 MW gas fired power project. It has dimensions
of 1000 m by 900 m and is located about 50 km from
the center of Basrah in the northern Rumaila region,
at latitude 30.54° North and longitude 47.40° East
Fig. 1. The power plant is situated in a desert area
rich in oil fields, bordered to the northwest by the
Rumaila oil field, one of the largest oil fields in Iraq,
and surrounded by several industrial facilities, includ-
ing an electric power station under construction. The
RCCPP project consists of five gas units (turbines),
which rely on natural gas to generate electricity, and
two thermal units (turbines).
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Fig. 1. Location of RCCPP, (a) electricity power plant location from satellite, (b) RCCPP photo with its five stacks, (c) one of the combustion

chambers (gas turbine).
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Fig. 2. RCCPP, electricity production using gas units (5-turbines). August, 2023.

RCCPP electric production

The RCCPP operates 24 hours a day, and very large
quantities of NG are flaring to produce electricity by
its Five Gas Units (5 GT). The daily gas consumption
rate is approximately 4500 m?3/s. The rate of electric
production is between 150 and 230 MW as a daily
average, with 3 missing days of GT-1 working, as
shown in Fig. 2.

Emission rate

Emission rate, a mathematical tool used to pre-
dict pollutant concentrations downwind of a source

(the amount of a pollutant released into the at-
mosphere per unit of time).'® It is usually mea-
sured in grams per second (g/s), kilograms per
hour (kg/h) or tons per year (t/y). The emis-
sion rate is a fundamental input to air quality
modeling and plays a central role in the Gaus-
sian plume model as it determines the strength of
the source and influences the predicted downwind
concentration. '°

For each of the five stacks of the power plant (which
are 60 m high and 7.5 m in diameter) in August
2023, data on the gas exit velocity from the stack is
available. Using the following equation, ascertain the
emission rates of the four pollutants (SO2, CO, NO,,
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and PM): 7

3 D2
Es<m—>:VS>1<A:VS>|<ﬂ>|< M
sec 4

Es = Volumetric gas flow rate inside the chimney
in m3/sec, Vs = exit velocity from the stack in m/s,
A = area of the stack, and D = stack diameter in m.

As both the temperature and pressure inside the
chimney differ from the values observed in the sur-
rounding air, adjusting for the flue gas flow rate is
necessary by considering the impact of moisture con-
tent and the standard conditions. This is achieved by
utilizing the equation presented below.

m3

By | e
27315  Pactual
* ——— ok ———

Tactual 1 atm

= FE (1 — fracction water vapour)

(2)

Tactual @nd Pacruar are the pressure and temperature
inside the stack in units of Kelvin and atmosphere.
By knowing the concentration rate of a certain gas
inside the chimney, we get the emission rate in units
g/s. The emission rate (Qs) for any pollutant released
from a source located at the origin, in ug/s, can be
calculated using the following equation:'”

3

Qs = Eoary (mT) #Co () 3

where C, = the concentration at the stack.
Dispersion gaussian model

The Gaussian atmospheric dispersion model is a
mathematical tool used to predict the concentrations
of pollutants in the atmosphere after their release
from the point sources, and ensuring public safety.
This model is based on the assumption that the
pollutant plume can be predicted by relying on me-
teorological conditions.'® In other words, it is the
description of a continuous point, starting from the
source in a uniform (homogeneous) turbulent flow. '
To apply the simplified Gaussian equation, several
factors must be calculated. The first is to calculate the
pollutant emission rate. The second is to determine
the wind speed at the stack nozzle, and the third is to
calculate atmospheric stability,'> which depends on
the change of days and seasons.

Modified Gaussian equation Eq. (4) below was to
estimate a certain pollutant concentration (C), in

ug/m3, at the receptor near the Earth’s surface: *°

Qs

where U is the wind speed at the height of the stack in
(m/s). In the lower part of the earth’s boundary layer
(i.e., the surface layer), the wind speed increases with
height and exhibits a strong gradient near the ground.
Thus, to describe the wind speed at the top of the
stack, it’s often calculated by a simple power law. '°

U(z) =U; * (%)a 5)

where U;: wind speed at a reference height (z,), in
which the actual wind speed is measured. The expo-
nent (&) is variable according to surface roughness
and atmospheric stability. When the air reaches neu-
tral conditions for non-rough surfaces, it is 1/7 and
increases 0.25 in urban areas. So, we employed the
value of 1/7 for the height of 60 m (stack height) in
the study.

The dispersion coefficients, denoted by oy (sigma-
y) and o'z (sigma-z) in Eq. (4), are crucial parameters
in Gaussian plume models used to estimate the con-
centration of pollutants downwind from a source.
These coefficients quantify the horizontal (ocy) and
vertical (o0z) spread of the pollutant plume as it
travels through the atmosphere. So, the dispersion
coefficients represent the standard deviations of the
spread of the divergent and transverse winds of the
concentration distribution. Depending on the stability
class curve shown in Fig. 3, the dispersion coefficients
oy and oz could be derived by projecting any hori-
zontal downwind distance found on the x-axis.

Atmospheric stability

Atmospheric stability is defined as the response
of air parcels to vertical movement, which depends
largely on vertical changes in wind speed and solar
radiation, such that these elements are considered
indicators used to calculate atmospheric stability.°
The vertical movement of air that increases or
decreases atmospheric turbulence across the atmo-
spheric boundary layer is known as “atmospheric
stability”, where any movement of atmospheric con-
stituents such as water vapor, aerosols, etc. is affected
by atmospheric stability.?! Stable conditions lead to
high concentrations of pollutants, which means that
air quality in a particular area deteriorates,?? be-
cause pollution events with low winds and very stable
conditions trap pollution on a very shallow vertical
scale.?® In contrast, unstable atmospheric conditions
are often associated with sunny days, which further
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facilitate high vertical mixing of air. In summer, for
example, high levels of solar radiation and long day
lengths cause surface air temperatures to rise, leading
to mixing and dispersion of pollutants.?* There is
no physical law that specifically defines atmospheric
stability, but there are a wide range of schemes such
as the Pasquill classification, Richardson number,
Monin-Obukhov length, etc. ?° It can be determined in
different ways or parameters depending on the data
available, and in this study, we have used the Pasquill
stability classification.

Pasquill-Gifford (PG) chart was adopted from
Turner-Pasquill stability classes. It is a classification
scheme for atmospheric stability based on wind, solar
radiation, and clouds. It mainly consists of six classes
of atmospheric stability classified as (A) very unsta-
ble, (B) unstable, (C) slightly unstable, (D) Neutral,
(E) slightly stable, and (F) very stable. It was used
with the meteorological data available, such as solar
radiation and wind speed in the study area, as daily
averages, as shown in the procedure in Table 1.2%°

tify the dominant wind direction (i.e., prevailing
wind), indicating the most frequent wind direction.
This is where the wind most often blows from and is
critical in determining the direction in which pollu-
tants from a source may primarily travel. Also, from
different wind speeds, it can assess the impact of wind
speed on the dispersion of pollutants, whereas higher
wind speeds can disperse pollutants more widely,
while lower wind speeds might result in higher con-
centrations near the source.

However, the general diagram of the methodology
is given in Fig. 4.

Results and discussion
Daily variations of pollutants (CO, SO,, NO, and PM)

Continuous monitoring systems for emissions re-
sulting from the operation of RCCPP with burning NG
within 24 hours provide hourly records of the taken
pollutant concentrations of carbon monoxide, sulfur

Table 1. Pasquill-Gifford (PG) day time classification scheme.?®

Day Time Solar Insolation (W/m?)

Wind Speed Radiation
(at 10 m) (m/s) Strong > 600 Moderate 300-600  Slight < 300  Overcast
<2 A A-B B C

2-3 A-B B C C

3-5 B B-C C C

5-6 C C-D D D

>6 C D D D

Wind and pollutant roses

A wind rose for pollutants is a diagram that shows
the frequency and intensity of wind directions at a
particular location and how pollutants are distributed
depending on wind direction and speed. It can iden-

dioxide, nitrogen oxide and particulate matter to be
measured directly from the inside of smokestacks for
August 2023. Regarding daily pollutant levels (see
Fig. 5), it was observed that in August 21, the high-
est concentration of CO reached 94,525 ug/m?, and
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Fig. 4. Diagram for the methodology in the current study.
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Fig. 5. Daily average concentration of pollutants (a) CO, (b) SO,, (c) NO, and (d) PM within August month, 2023.
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Fig. 6. Atmospheric elements, (a) solar radiation, (b) air temperature, (c) wind speed, (d) relative humidity, in August, 2023.

its lowest concentration was between 40,000-50,000
wg/m? in the middle of the month due to the cessation
of one of the turbines (GT-1). The average concentra-
tion of CO in August, with moderate gas combustion
conditions at the station, ranged between 70,000-
80,000 ug/m>. The daily averages of sulfur dioxide
measurements directly from stacks in August ranged
between 740-2500 1.g/m?, and the daily averages of
NO measurements showed that the highest concen-
tration on days 3 and 26 in August was 17800 and
16890 pg/m® with a roughly constant. The lowest
concentration rate for NO was for 10 days, from day
7 until day 18, at a rate ranging between 1200-4000
ug/m3 due to the shutdown of the turbine (GT-1),
and daily measurements of PM between 0.004-0.007
wg/m3. These elevated levels of pollutants released
from the stacks indicate poor gas combustion effi-
ciency, as shown in Fig. 5.

Daily meteorological variables

To estimate the spread of pollutants in the at-
mosphere around an electric power plant, it was
necessary to collect daily weather measurements, in-
cluding solar radiation, air temperature, wind speed
and direction, and relative humidity. These data were
obtained from the Basrah Meteorological Station lo-
cated at Basrah Airport, which is about 20 km away

from the RCCPP. This clearly displays the variation
behavior of the above elements as shown in Fig. 6.
Meteorological data showed the following: Brightness
rates ranged between 240-270 W/m?, with a sharp
decrease on August 28 to 190 W/m?2. Followed by
temperatures in the same month, which ranged be-
tween 36-41 °C, where the lowest was on the 28th
(36 °C). The decrease coincided with a dust storm
that obscured the sun and affected temperatures. As
for wind speeds, they ranged between 1-3.5 m/s, and
finally, humidity levels ranged between 29-44%.

Wind rose analysis

Wind data at a stack height of 60 meters show
that the prevailing wind direction during August is
between the northwest and the southwest. The most
prevalent wind direction was from the west, with
speeds ranging from 3 to 6 m/s, followed by the
southwesterly direction, with speeds ranging from
2 to 4 m/s, as illustrated in Fig. 7. Therefore, the
direction of the pollutants will be mostly east.

Estimation of gaseous CO, SO,, NO, and PM
concentrations

The power plant RCCPP is situated in a flat, sandy
desert area in North Rumaila, approximately 50 km
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Fig. 8. Wind speed calculated at stack height according to power
law.

northwest of the center of Basrah Governorate. There-
fore, the wind speed at the stack height (60 m) was
determined using the exponential engineering wind
law as defined in Eq. (5). Fig. 8 shows the wind
speed at 1 m observed and 60 m calculated at the
stack exit according to the energy drop, where the
highest gusts were. The wind in the days (9, 10, 11,
12) of August, where the highest temperature rise was
usually occurred in this month and the lowest value
was for the 27th and 28th. Perhaps it was a cloudy
day or the presence of a dust storm that obscured the
sun and this affected the winds. The end of the eighth
month is also considered to be the end of the sea-
son, in which the dry conditions will be accompanied
by high levels of humidity. Temperatures begin to
fall.

Dispersion coefficients (cz and oy)

In this research, according to Table 1, based on the
daily wind speed and solar radiation, the atmospheric
stability class was estimated as (C: slightly unstable
conditions). Using the curves for C in Fig. 3, we cal-
culated the vertical and lateral dispersion coefficients
(oz and oy) through interpolation for three distances:
100, 500, and 1000 m. The results are presented in
Table 2, showing that the values of oz and oy increase
with distance from the RCCPP.

Table 2. oz and oy for three
distances (100, 500, 1000 m).

Distance oz (m) oy (m)
100 8 13

500 45 60
1000 70 110

Emission rate for pollutants: CO, SO, NO, and PM

The average rates of emission were separately cal-
culated for each pollutant (i.e., CO, SO2, NO) and
PM) during this month. The results were displayed
in Fig. 9a-9d, respectively. In Fig. 9a, emission rates
were between (0.2-0.8) g/s for CO, 0.04-0.08 g/s
for SO, Fig. 9b, (0-0.15) g/s for NO Fig. 9c, and
(1-5) x 1078 g/s for PM Fig. 9d. CO has the highest
emission rate compared to other pollutants owing
to two reasons. The first is the incomplete com-
bustion that can occur when there is not enough
oxygen or when the combustion temperature is too
low. Secondly, the poor ventilation in systems us-
ing natural gas can also contribute to higher CO
emissions.

Application of a simplified Gaussian model

The concentrations of the pollutants CO, SO, NO,
and PM were estimated in daily rates at different
distances from the single stack of RCCPP in August
2023. Using Eq. (4), the dispersion coefficients (oz
and oy) gen in Table 2, and the emission rates for
each pollutant, their concentrations were calculated
at distances of 100, 500, and 1000 m near the ground
in the eastern direction of the plant. Then, these
concentrations were multiplied by 5 to include the
five stacks in RCCPP, which are considered as one
point source. The results of the daily concentrations
at these distances for all pollutants released from
RCCPP are presented in Figs. 10 to 13, respectively.
In general, all concentrations have higher values at
100 m, gradually decrease at 500 m, and are lower at
1000 m distance. The high CO concentrations of 365,
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14, 5 pg/m3 occurred at the end of the month for
the three distances, respectively. Overall, most of the
CO concentrations are lower than the national ambi-
ent air quality standard, which is 960 ug/m?® for a
day.'”

Concentrations of SO, values at distances (100,
500, 1000 m) from RCCPP point area using Eq. (4)
were 0.1, 0.002, 0.001 ug/m3, respectively. Also,
the concentration of SO, is lower than the national
ambient air quality standard, which is 150 ug/m? for
a day'” as shown in Fig. 11.

NO gas concentration in days, according to the
simplified Gaussian model for the distances (100,
500, and 1000 m) from the power plant, were 0.06,
0.002, 0.001 pg/m3, respectively, which are under
the limits of 4800 ng/m?® for a day,!” as shown in
Fig. 12.

Results of PM particles using Gaussian model for
the distances from the power station 100, 500 and
1000 m. The concentrations were 5*107, 46*1078,
15.5%107® ug/m3. According to these values resulting
from mathematical averages, in the reality of the
distances studied, this indicates that there is no
PM, only inside the stack, because NG combustion
does not generate significant PM emissions, but
some technical processes such as cooling towers,
which are used to expel excess heat, often create a
visible plume of water vapor that can resemble PM,

especially from a distance. This PM is not formed
due to the burning of the natural gas, but from water
evaporating from the cooling process, as shown in
Fig. 13.

Pollutants rose analyses

The relationship between the concentration of pol-
lutants and the direction of the wind makes it possible
to deduce the direction of the pollutants (CO, SO,
NO) for concentrations calculated at a distance of ap-
proximately 100 m from the stack (emission source),
since this is the area affected by the workers, by
examining the direction of the wind. The direction of
the wind is important when investigating how pol-
lutants affect workers because it determines where
the pollutants are likely to travel. For example, in the
current study, if the RCCPP is upwind of a work area,
workers downwind will be more exposed to these
pollutants. As shown in Fig. 7, the prevailing wind
at the RCCPP site was west-south, which means that
the direction of the pollutants will be east-south. The
stacks are oriented in an east-south direction and,
as shown in Fig. 14, we can also conclude that the
concentrations of pollutants taken from the continu-
ous measurements of pollutants increase only in the
vicinity of the stack.
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Conclusion

Rumaila Combined Cycle Power Plant is a mod-
ern power plant that was established in 2018. The
Rumaila Power Plant operates continuously and uses
natural gas to generate electricity. It consumes about
4,500 cubic meters per second of gas per day. On
average, it produces between 150 and 230 megawatts
of electricity per day. The combustion waste is dis-
charged through five stacks, each 60 meters high. Our
study is the first since the plant started production to
assess the concentration of gases that are considered
air pollutants and are typically released from power
plants that burn gas as fuel to generate power. Based
on the concentrations measured at different distances
from the five stacks, it is clear that there is no signif-
icant pollution of the environment surrounding the
plant based on comparing the results with the per-
missible rates in the National Ambient Air Quality
Standards (NAAQS). We believe that this is due firstly
to the newness and efficiency of the plant, and sec-
ondly to the location of the plant in an open desert
area where winds cause the gases to spread quickly
and not to concentrate locally. We recommend that
long-term monitoring be conducted in the future to
assess the impact of climatic conditions on the dis-
persion of gaseous pollutants from the station so that
we can maintain its low impact on air pollution in the
area.
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