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Abstract Carbon dioxide causes green house effect and has been considered as a pollutant source for
safe environment. Since combustion of fossil fuel may create tremendous amount of carbon dioxide,
detecting any pollutant sources would be important to eliminate the origin of pollution sources.
Evaluation of smoke dispersion generated by the power plant utilizing fossil fuel is the objective of this
paper. The concentration of NO, and SOy in the soil till a distance of 15 km from Neka power plant,
have been analyzed. The maximum concentrations of SO, and NO, in the distance of 2.5 to 4 km from
the power plant were 0.13 and 0.36 ppm, respectively. Replacement of fossil fuel (fuel no. 6, Mazout) by
natural gas may increase NO, concentration in the atmosphere; however the use of natural gas was
recommend by environmental protection agencies as clean fuel. Use of natural gas may not be an actual
solution for prevention of NO, pollution.
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1. INTRODUCTION

Combustion of fossil fuel with sulfur content

There are number of problems associated with use
of fossil fuel, such as pollution and green house
effect [1, 2]. The issue of air pollution brought into
attention in fourteen century, as combustion of coal
caused air pollution [3]. Dispersion of carcinogenic
chemicals reported to be as major source of
pollution [4, 5]. Naturally, the ecosystem is disable
to degrade all toxic chemical wastes. Nowadays,
the fossil fuel still is the major source of energy.
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generates carbon monoxide, carbon dioxide, sulfur
oxides and nitrogen oxides [3-6]. In order to
reduce global air pollution, industrial zone outside
of civilization and residential area were
established. Green belt of forest around the
civilized area for protection of the environment
and reduction of air pollution were suggested [7-9].

The most important sources of fuel for energy
conversion in thermal power plant are mainly
fossil fuels, coal and natural gas [10-13].
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Combustion of fuel generates gaseous products
such as CO, SO, and NO, which are considered
major air pollutants. Most power plants using fossil
fuel cause tremendous amount of environmental
pollution. Elimination of pollution sources by
using high quality of fuel would be able to reduce
air pollution and to meet the international
standards for clean environment [4-6, 14-18]. In
industrialized countries, demand for electrical
power is rapidly developing. Along with massive
power generation, tremendous amount of air
pollution is also created. Therefore application of
energy efficient and environmental friendly
system, are recommended. In past decades, energy
recoveries from industrial wastes and conversion
of waste to energy as a byproduct were highly
encouraged [19-21]. For instance pulp and paper
industry for energy efficient system, the enriched
lignin black liquor is regenerated in a furnace for
chemical recovery and the heat of combustion used
in steam generator, as a result, electrical energy is
produced in steam turbine. Chuka Pulp and Paper
Company, located in the north of Iran not only
supplies its own power, but also delivers additional
50 MW power to the main electrical power
transmission line, which generates more revenue
[22].

The purpose of this research was to identify
origin of any air pollution sources in the region of
Mazandaran, North of Iran. Since the major source
of air pollution for the main industrial activities in
this region was suspected to be Neka Power Plant,
therefore an extensive research in the radius of 15
km from Neka power plant was conducted to find
out any impact of the air pollution in this region.
The quality of fossil fuel and natural gas used in
the power plant and analysis of numerous soil
samples were conducted for the adsorbed gases
caused by the polluted air. Investigations were
carried out in the surrounding region of Neka
power plant.

2. MATERIAL AND METHODS

2.1. Description of study area and sampling
places

Neka Power Plant is located on the south of
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Caspian Sea, in the north of Iran with total power
generation capacity of 2170 MW. The power plant
capacity was enhanced and expanded in 2000s
with dual gas modern gas turbines with capacity of
270 MW. Also the plant is benefited by a
combined cycle unit, combination of gas and steam
turbine cycles for electric power generation with
highest efficiency and capacity of 140 MW. This
thermal power plant consists of 4 thermal units,
each has power generation capacity of 440 MW,
with 4 concrete type stack gas chimney of 134 m
height. The major combustion fuels are dark fuel
oil (Fuel no. 6 and Mazout) and natural gas. The
standard heat of combustion for the fuel oil is
known as heating value of the fuel that is about
39700 Btu/kg and for natural gas 42500 Btu/m®
[23]. Since there is shortage of natural gas in cold
season, the plant may depend mostly on fossil fuel.
The number 6 fuel oil is a complex blend of
hydrocarbons derived from various refinery
streams, usually residues, and can contain small
amount of hydrogen sulfide. Typical streams
include atmospheric tower bottoms, vacuum tower
bottoms, catalytically cracked gas oil, slurry oil
and acid soluble oil. The composition is complex
and varies with the source of crude oil. This kind
fuel is combustible at high temperature with auto-
ignition temperature of 315.59°C (600.1°F), Flash
point of higher than 60°C (140°F). The products of
combustion are carbon oxides (CO, CO,), nitrogen
and sulfur oxides (NOx, SOx), particulate matter,
VOC's [24].

The stacks are normally tall enough to carry
stack gas away from the plant; the major pollutants
are CO, SO,, NOy and SO,. The SO, is colorless,
choking gas, soluble in water, damage natural
flora, fauna materials. The CO gas is also colorless
and odorless formed during incomplete
combustion of hydrocarbons, which causes green
house effect and finally climatic changes. Most
stack gases are discharged vertically into open air.
The contaminated gases are diluted by large
volume of ambient air. The dilutions of pollutants
are not considered as real solution; the pollutants
are eventually dispersed and adsorbed to the
ground soil and natural flora. Increasing the stack
gas velocity and temperature may increase the
plume rise. The effective stack height is the
physical stack height and in addition it boosts the
plume rise.
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2.2. Air Sampling

Air samples were taken from the surrounding
area of the plant in three directions. Random
samplings of the ambient air were taken from
1.5 to 2 m from the ground level, in distance
of 100, 150, 300 and 500 meters from stack.
The samples were taken by adsorption of gas
from the ambient by solid adsorber. Then, the
gas samples were analyzed by gas
chromatograph (GC) (HP 5890, Series IlI,
Hewlett—Packard, Palo Alto, CA). Also the
titration method was developed by hydrogen
peroxide solution, SO, was absorbed in the
solution, and the acidity of solution was
neutralized by a standard alkaline solution
(0.002 Molar NaOH). A 50 ml of 3 percent
hydrogen peroxide solution was used for the
air sample. Vacuum pump (Edwards, UK)
with 53 kPa vacuum capacities was used to
pump flow rate of 200 ml/min.

The NO, gas was adsorbed by a solution to
develop pink to violet color. The color
solution was detected by colorimetric method
using spectrophotometer (Cecil instrument
1000 series, UK). This method was calibrated
for NO; air pump and rotameter was used to
determine the air flow rate. The developed
color was detected at wavelength of 550 nm.

———a—— South

NH3-N (ppm)

Distance (km)

Figure 1. NHs-N concentration in the soil at various
directions.
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The CO was also detected by colorimetric
method. Gas sampling was carried out from
the stack gas leaving the chimney.

2.3. Soil Sampling

The soil samples from inside and outside of the
power plant in radius of 15 km in South, East and
West directions were taken. Since in North direction
there was Caspian Sea, it was impossible to take any
sample. Random and zigzag sampling was
conducted to take soil sample up to 20 cm depth and
10 samples were taken in each selected zone.

Nitrate was measured by Griess-Saltzman
method [25], in this method, liquid solution was
used to absorb NO,; red to violet color was
developed, which was detected by the
spectrophotometer at 550 nm wavelength. Gas
anemometer was used to project the flow rate. The
NO, was detected by potassium permanganate, after
NO was converted to NO; in presence of oxidizing
agents, nitrate concentration was detected by
bromocresol reagent using colorimetric method
[25].

3. RESULTS AND DISCUSSION

The analysis of data was carried out for the
surrounding area of the plant in a maximum
distance of 15 km. The data were collected in
winter, spring and summer in three consecutive
seasons at stable and unstable weather with the
average wind velocity in the range of 14-17 m/s, as
the season was changing the wind speed may
gradually increased. Wind velocity was measured
by means of an anemometer. The cup anemometer,
an instrument with four small hollow metal
hemispheres set so that they catch the wind and
revolve about a vertical rod; an electrical device
records the revolutions of the cups and thus the
wind velocity. The stable weather is defined as the
movement of air is limited and the air molecules
are nearly stagnant while for unstable weather the
flow of air may be turbulent and the movements of
air molecules are maximized with high wind speed.
There was no incident to be reported or the level of
pollution was not significant in the distance of 1
km from the power plant. Therefore, minimum air
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pollution exists in the plant environment since the
plant is benefited from tall chimneys for stack
gases.

Figure 1 depicts the NH3-N concentration with
respect to distance. As it is shown, the maximum
concentration values of NH3-N in three directions,
East, West and South were 4.3, 3.7 and 3.45 ppm,
respectively. It is shown that in the distance of
more than 4 km, the values for NH;-N were low
and evidently in all cases steady states were
achieved within the distance of 15 km.

Figure 2 presents the NO; concentration with

respect to distance. According to Gaussian model
projection, the smoke may normally hit to the
ground in the direction of wind from West to East.
Maximum pollution of nitrate was obtained about
13.8 ppm in the East direction of the plant in the
distance of about 2 km.

Figure 3 shows the SO concentration in the soil

at various directions. The wind velocity would
accelerate the deposition of air pollutants into the
soil. The smoke from the stack in the South side of
the plant reached to the ground in the distance of
2.5 km; a shorter distance since the wind velocity
and direction was not affected on the South
direction.

Evaluation of fossil fuel from Iran and
Turkmenistan is shown in Table 1; low heating
values represent low quality of fuel. Unfortunately
the high sulfur content of Iranian fossil fuel may
cause air pollution. The main fuel considered for
the power plant was natural gas; however there
was limitation and short supply of the natural gas
reservoir in Khorasan, Iran, and liquid fossil fuel
Figure 4 presents pollution caused by fossil fuel oil
and gas fuel in stable and unstable weather
conditions for NO, in maximum distance of 15 km
from the chimney. As it is clearly shown, gas fuel
generated more NO, and the maximum NO
production for gas and fuel oil (fuel no. 6) was
0.36 and 0.21 ppm, respectively. According to
National Environment Protection Council (NEPC)
standard of Australia 2008 and US National
Ambient Air Quality Standards, the maximum
concentration of SOx and NOy in the air reported
to be 0.03 and 0.12 ppm, respectively [26, 27]. The
distance which maximum pollution was occurred,
in stable weather condition was more than unstable
weather condition.
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Figure 2. NO; Concentration in the soil at various directions.
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Figure 3. SOf’ Concentration in the soil at various directions.

TABLE 1. Evaluation of fossil fuel from Iran and
Turkmenistan.

Fuel Iran Turkmenistan
Specific Gravity 0.94 0.9
Flash point, °C 74 74
Carbon residue, wt% 12.65 4.79
Ash content, wt% trace 0.05
Sulfur, wt% 25 0.37
Calorific Value, Btu/lb | 18849.5 15992.6
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Figure 5 shows the SO, concentration with

respect to distance from the stack. Based on two
standards, the concentration of SO, concentrations
stated above were 0.03 and 0.08 ppm, respectively
[26, 27]. The maximum concentration of SO, was
obtained at the distance of 2.5 km from the power
plant which was about 0.13 ppm; that was slightly
above the international standards. The obtained
data shown that, by increasing the distance of
sampling point, the pollution concentration was
decreased.
The CO concentration around the power plant is
shown in Figure 6. The maximum concentration
value of CO was 0.0075 ppm at the distance of 3
and 4.5 km for unstable weather and stable weather
conditions. In the stable weather conditions, the
CO value reached to near zero at 15 km distance,
however in the unstable weather condition, the CO
concentration value was 0.0027 ppm at the
distance of 15 km from the power plant. Based on
National Environment Protection Council (NEPC)
Australian Standards 2008 and US Air Act the
maximum concentration of CO is 9 ppm [26, 27].
Thus the CO concentration around the power plant
was much lower than international standard value.

5. CONCLUSION

The results in this experimental research indicated
that the high quality of fuel with low sulfur content
with high heating value would have less air
pollution. In order to minimize air pollution
addition of high quality of fuel such as fuel no. 6
was recommended. To reduce green house effect
and CO using natural gas monitoring on
combustion for later stage of aeration would be
recommended. Application of wet scrubber to
eliminate air pollution was also recommended. The
aim of Neka power plant management was to meet
the demand established by the local environmental
protection agency or international standard
organization. This goal can be easily achieved by
implementation of additional scrubbers for
elimination of the remained emission gases. The
rate of dispersion of SO, and NOy appeared in
maximum amount in the distance of 2.5 to 4 km on
East and West sides of the power plant.
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Figure 4. NO, concentration in the soil at stable and unstable
weather conditions.
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Figure 5. SO, concentration in the soil at stable and unstable

weather conditions.
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Figure 6. CO Concentration in the soil at stable and unstable

weather conditions.
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