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Industrial growth has led to an increase in pollutant and greenhouse gas emissions, 
further contributing to global climate change. To mitigate their environmental impact and 
environmental consequences, accurate estimation of pollutant dispersion and 
concentrations released from industrial stacks is important. This work proposes a study 
on the emissions of an industrial establishment in Karabük Province. The computer 
simulation program within Microsoft Excel that employs the Gaussian Plume (GP) model 
is used to predict distributions of SO2, CO2, CH4, and N2O concentrations for emissions 
from point sources of the industry. The results have shown that the dispersion does not 
depend only on atmospheric conditions but also depends on the physical conditions of 
the industrial facility. The plume height, effective plume height and pollutant 
concentrations are very important physical variables of the industrial facility. Any of them 
is very crucial for pollutant concentrations exposed at the ground-level.  For that reason, 
these parameters for the industry are collected carefully. The industry is situated in 
Karabük province. The establishment has two stacks: one of them is very high (48 m) 
and the other one is (25 m) almost half of the first one. The model results have shown 
that the emission from the lowest stack is very high as compared to the higher one. Two-
dimensional modeling results are obtained from the EXCEL Program. However, the 
output of the model can also be shown as 3- dimensional by using the MATLAB Program. 
3- dimensional results show the pollutant distribution in a better way. 
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1. Introduction 
The impacts of air pollution on both human health 
and the environment are very important. The 
emissions from the sources are different and their 
effects on the environment sometimes cannot be 
estimated. The emitted pollutants into the 
atmosphere, as being the primary pollutants, give 
different hazardous effects after they enter physical 
and chemical reactions in the atmosphere [1]. 
Therefore, each pollutant including PM and 
pollutant gases have to be considered separately and 
evaluated in detail. Among different pollutants, 

there is SO2 which is due to the combustion of fossil 
fuels containing sulfur and there are greenhouse 
gases (GHGs) which are CO2, CH4 and N2O. CO2 
emission  is responsible for climate change for 
about 60% [2, 3].  
 Air pollution is primarily caused by human 
activities [4]. Anthropogenic air pollution has long 
been recognized as a severe environmental and 
public health issue [5]. Anthropogenic activities 
include burning fossil fuels and biomass in 
commercial and residential areas, domestic 
drainage, agricultural activities, vehicle 
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transportation, industrial activities, bunkers, etc. 
They all emit different pollutant gases into the 
atmosphere [6]. 
 Emissions from different sources are dispersed 
and transported to the receptors [7]. Different 
effects of pollutants are seen on the receptors. 
However, it is very difficult to determine the total 
effect of pollutants on the receptors. The effect of 
each pollutant is different at different distances [8]. 
Therefore, the main goal is to decrease the emission 
of pollutants from different sources to decrease 
their effects on the environment [9]. Clinical, 
epidemiological and animal studies demonstrate 
that exposure to an emitted chemical is highly 
associated with chronic effects [4]. Therefore, 
breathing in dust and gases can be harmful to 
human health in many ways especially SO2 is quite 
harmful because it is an acidic gas. It may also lead 
to severe poisoning, destroy flora and fauna, and 
even cause corrosion and harm to buildings and 
historical monuments [6, 10].  
 The amount of pollutants emitted into the 
atmosphere is limited by “emission standards” set 
by the government. Also, there are immission 
standards to achieve legal levels of ambient air 
purity known as “air quality standards” [11]. 
Ambient air quality in cities, rural areas, and even 
in isolated local places varies from hour to hour, 
day to day, and year to year [12, 13].  
 Air quality modeling is a powerful tool for 
environmental scientists, engineers, and 
policymakers to estimate the concentration of 
pollutants at any point. Different numerical models 
can be used to predict the effects of emissions from 
different sources. Dispersion modeling calculates 
concentrations of pollutants at various sites by 
using mathematical equations that describe the 
atmosphere, dispersion, convection, chemical and 
physical processes together with plume properties 
[14, 15]. Emission rates of pollutants, atmospheric 
properties, and receptor data make up the main 
inputs of the dispersion model [15, 16].  
 Some models are very useful and accurate as 
compared to the others. Although, the Gaussian 
Plume (GP) Model has some assumptions, using the 
GP Model provides a lot of advantages to the users, 

especially for emissions from point sources [17]. 
With this model dispersion of pollution from point 
sources can be calculated easily. The main 
parameters of this model are emission rate from the 
stacks, plume height, atmospheric stability, wind 
speed, dispersion and convection directions and 
distance from the emission source [18]. The GP 
model gives an idea of how much pollution 
concentrations will be felt by the receptor at any 
point [17, 19]. It helps local authorities for 
considering the impact of emissions on local 
territory [20, 21, 22]. Urban air pollution is a major 
environmental problem in Türkiye [23]. Türkiye 
had an Air Quality Regulation in effect since 1986 
[24]. Due to growing urbanization, air quality in 
Türkiye is limited to a few contaminants. However, 
they are regionally and temporally indicative of the 
actual conditions due to the setup of monitoring 
stations [25].  
 The ambient concentrations and deposition rates 
of many chemicals in the atmosphere can also be 
calculated by using air quality models [26]. A 
numerical approach or methodology for calculating 
air pollutant concentrations over time and space is 
known as “air quality simulation model system 
(AQSM)”. The effectiveness of simulations can be 
increased by considering many parameters under 
the technique of Geographical Information System 
(GIS) [27]. 
 In this study, the main goal is to determine the 
effects of air pollution caused by an industrial 
facility in the Karabük Province. The studies are 
concentrated on the Gaussian Plume model. To run 
this model, meteorological and physical 
parameters, and the emission discharge rates are 
required. The detailed descriptions are given in the 
Methodology section. The final results are 
evaluated according to the outputs of the GP Model. 
The pollution created especially by SO2, CO2, CH4 
and N2O is described and their possible effects are 
considered on a scientific basis. The results of this 
study can be used for city management strategies 
and air quality problems in the Karabük Province. 
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2. Methodology 
The focus will be on modeling and creating 
simulation software by using Microsoft Excel. This 
program will help us to simulate and understand 
how pollutants spread from a point source in the 
environment. Air pollution in the industry is caused 
by various activities that release gases into the 
atmosphere. Among these gases, SO2, CO2, CH4, 
and N2O are the most important ones that pollute 
the atmosphere. Therefore, this study aims to 
develop a simulation tool that accurately estimates 
concentration levels of these pollutants using point 
source models. The processes are mainly divided 
into three categories. These are data input, data 

processing and data analysis [28] as depicted in Fig. 
1. 
 Data input: Data is collected to feed into the 
model software. The data must include the 
atmospheric parameters, the source emissions, and 
physical details of the source. Tier 1 methodology 
of the IPCC [29] has been applied.  By the way, the 
necessary permission from the industrial facility in 
the Karabuk area could not be taken for sharing the 
name of the facility.  The privacy legacy prohibits 
the usage of daily emission data. The management 
board was only permitted to share the daily fuel 
consumption data by hiding the name of the 
industrial establishment. Therefore, daily fuel 
consumption data was used in this study.

 
Fig. 1. Outline of this study
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 Data processing: Some gathered data from the 
establishment such as physical stack height and 
emission rates were used directly in the model. The 
others such as wind speed, atmospheric cloudiness, 
sunset hours, solar radiation and wind directions 
were obtained from the Turkish State 
Meteorological Service (TSMS). They were used 
for the determination of atmospheric stability 
classes. Then, the processing of the emission data 
for the selected zone in the model was completed to 
obtain the desired ground-level pollution 
concentrations.  
 Data analysis: The final step involves analyzing 
the ground-level pollutant concentrations and 
mortality percentages for the selected zone. Results 
were evaluated to determine any potential 
consequence of the obtained ground-level pollutant 
concentrations on the environment and human 

health. This section is the most important, and the 
results must be evaluated in the direction of wind 
speed. 

2.1. Emission Calculation 
The emission estimates were done by using the 
industrial fuel consumption data. However, the 
details of the industrial data were not given due to a 
signed secrecy agreement between Karabuk 
University and the company. For the reason of 
privacy protection, industrial data was disclosed 
only for daily minimum, maximum and average 
fuel consumption.  
 The company uses two types of fuel. The main 
fuel is lignite, and the auxiliary fuel is fuel oil. The 
amount of fuel consumed by the company is given 
only on the daily minimum, maximum and average 
basis in Table 1.

Table 1. Daily minimum, maximum and average values of fuel consumption 

Unit (kg) May-
22 

Jun-
22 

Jul- 
22 

Aug-
22 

Sep-
22 

Oct-
22 

Nov-
22 

Dec-
22 

Jan-
23 

Feb-
23 

Mar-
23 

Apr-
23 

Pl
um

e 
1 

Lignite 
Min 51 45 67 80 75 65 60 35 35 47 60 78 
Max 98 120 160 170 165 120 120 98 94 110 123 134 
Avg 75.7 109.5 136.6 150.9 136.2 116.1 109.3 71.0 69.4 85.7 90.3 108.2 
Monthly 
Tot. 2348 3286 4235 4678 4086 3600 3280 2200 2150 2400 2800 3245 

Fuel-Oil 
Min 5 5 7 8 8 7 6 4 4 5 6 8 
Max 10 13 17 18 17 13 13 10 10 12 13 14 
Average 8.0 11.7 12.9 13.9 13.3 9.7 9.3 7.7 6.5 8.0 8.1 10.3 
Monthly 
Tot. 248 350 400 430 400 300 280 240 200 225 250 310 

Pl
um

e 
2 

Lignite 
Min 15 15 15 18 23 21 26 22 18 16 17 22 
Max 50 56 57 67 70 80 75 65 60 63 68 43 
Average 35.5 36.7 35.5 43.4 52.0 54.8 56.7 43.5 41.9 43.6 41.9 35.5 
Monthly 
Tot. 1100 1100 1100 1345 1560 1700 1700 1350 1300 1220 1300 1065 

Fuel-Oil 
Min 2 2 2 2 3 2 3 3 2 2 2 3 
Max 6 6 6 8 8 9 9 7 7 7 8 5 
Average 4.0 4.2 4.0 4.8 5.7 5.8 6.2 4.7 4.1 4.5 4.1 3.7 
Monthly 
Tot. 125 125 125 150 170 180 185 145 128 125 128 110 
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 These fuels are combusted, and the emissions 
are given to the atmosphere by two stacks. One of 
the stacks is 48 m tall and the other is 25 m tall. The 
gas flow rates, velocities and exit densities from 
these two stacks are given in Table 2. 
 The IPCC method was used as a default. For 
obtaining CO2 emissions. Eq. (1) is used to 
calculate the greenhouse gas emissions by using the 
Emission Factors (EF) given in the IPCC: 

ERGHG, fuel = FCfuel * EFGHG, fuel * CFfuel cal, 

units, carbon content 
(1) 

where, 
ERGHG, fuel :  the strength of the emission source 
(equal to Q), 
FCfuel: fuel consumption rate, 
EFGHG, fuel: IPCC default emission factors, 
CFfuel cal, units, carbon content: conversion factors for fuel 
calories, units and carbon content. 
 The IPCC SO2 Emission Factors, however, have 
to be calculated depending on the sulfur content of 
the fuel, retention of sulfur in ash, net calorific 
value of fuel and efficiency of abatement 
technology as given in Eq. (2): 

𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆2 =  2 ∗  
𝑠𝑠

100 ∗  
1

𝑁𝑁𝑁𝑁𝑁𝑁  ∗  106  ∗  
100 − 𝑟𝑟

100  

∗  
100 − 𝑛𝑛

100  
(2) 

where, 
EFSO2 : emission Factor (kg/TJ), 
SO2/S : default value is 2 (kg/kg), 
s : Sulphur content in fuel (%), 
r : retention of Sulphur in ash (%), 
NCV : net calorific value (TJ/kt), 
106 : unit conversion, 
n : efficiency of abatement technology and/or 
reduction efficiency (%). 

 The emission calculations are estimated by 
using default emission factors (EFs), which means  
the EFs of IPCC method are internationally 
consistent and they must be preserved for 
comparability of any inventory using this method. 
The default carbon and sulfur contents, net calorific 
values, unit conversion, efficiency and/or retention 
in ash are determined due to the countries' reports 
by IPCC experts. Although these parameters are 
changing greatly in countries’ inventories, global 
default EFs, especially for IPCC-T1 calculations, 
are advised to be used for countries in their 
emission inventories. The respective EFs of Lignite 
and fuel oil are 27.6 tC/TJ and 21.1 tC/TJ, 
respectively. The details are given in Appendix B. 
The sulfur content(s) in the lignite and fuel oil are 
taken as 1.5% and 3%, respectively. The net 
calorific value (NCV) in the lignite and fuel oil are 
taken as 40.55 TJ/kt and 11.14 TJ/kt, respectively, 
in the calculations. 

2.2. Gaussian Plume Model (GPM) 
The concentration of a pollutant is described by the 
GP model as a vertical and horizontal function of a 
Gaussian bell shape curve. The plume of the model 
allows to estimate the concentration of pollutants at 
any location. Gaussian model strongly depends on 
atmospheric stability and meteorological conditions 
[30, 31]. A schematic representation of the GPM is 
given in Figure 2.  
 The three-dimensional diffusion equation for 
atmospheric dispersion is given by Eq. (3): 

𝜕𝜕𝜕𝜕
𝜕𝜕𝑡𝑡

=
𝜕𝜕

𝜕𝜕𝜕𝜕 �𝐾𝐾𝑥𝑥 �
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕�� +

𝜕𝜕
𝜕𝜕𝜕𝜕 �𝐾𝐾𝑦𝑦 �

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕��

+
𝜕𝜕

𝜕𝜕𝜕𝜕 �𝐾𝐾𝑧𝑧 �
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕�� 

(3) 

where,
 
Table 2. Stacks Properties 
Stracks Properties Stack 1 Stack 2 

Stack Height (m) 48 25 
Gas Exit Temp (oC) 550-600 450-580 
Gas Exit Densities (kg/m3) 1.1-1.185 1.1-1.185 
Avg. Gas Exit Velocity (m/s)* 0.4 0.2 

Avg. Gas Exit Flowrate (m3/s)* 1.81 0.40 
* Measurements are made twice a month 
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Fig. 2. Gaussian Plume Model 

𝑥𝑥, 𝑦𝑦 and 𝑧𝑧 ∶ the downwind, crosswind and vertical 
directions, respectively. 
𝐾𝐾𝑥𝑥 , 𝐾𝐾𝑦𝑦 , 𝐾𝐾𝑧𝑧 ∶ Diffusivities in 𝑥𝑥, 𝑦𝑦 and 𝑧𝑧 directions. 
 The general solution of this second-order partial 
differential equation at steady state is given by Eq. 
(4): 

𝐶𝐶 = 𝐾𝐾𝑏𝑏𝑏𝑏  𝑥𝑥−1𝑒𝑒𝑒𝑒𝑒𝑒 �− ��
𝑦𝑦2

𝐷𝐷𝑦𝑦
� + �

𝑧𝑧2

𝐷𝐷𝑧𝑧
��

𝑢𝑢
4𝑥𝑥

� (4) 

where, 
C (x, y, z) or C ∶ mean concentration of the diffusing 
substance at a point (x, y, z) [kg/m3], 
Dy, Dz ∶ mass diffusivities in the direction of y and 
z axes, respectively [m2/s],  
u: mean wind velocity along the x-axis [m/s], 
Kbc ∶ constant determined due to a boundary 
condition. 
 Here Kbc is an arbitrary constant. If it is 
substituted in Eq. (4), 

𝑄𝑄 = ∬−∞
+∞𝑈𝑈𝐾𝐾𝑏𝑏𝑏𝑏𝑥𝑥−1 𝑒𝑒𝑒𝑒𝑒𝑒{−[(

𝑦𝑦2

𝐾𝐾𝑦𝑦
)

+ (
𝑧𝑧2

𝐾𝐾𝑧𝑧
)]

𝑢𝑢
4𝑥𝑥

 }𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 
(5) 

Eq. (5) is obtained. In this equation, K is defined as: 

𝐾𝐾 =
𝑄𝑄

4𝜋𝜋(𝐷𝐷𝑦𝑦𝐷𝐷𝑧𝑧)1/2 (6) 

Then, Eq. (4) for concentration C becomes, 

𝐶𝐶(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) =
𝑄𝑄

4𝜋𝜋𝜋𝜋(𝐷𝐷𝑦𝑦𝐷𝐷𝑧𝑧)
1
2

𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒 �− �
𝑦𝑦2

𝐷𝐷𝑦𝑦

+
𝑧𝑧2

𝐷𝐷𝑧𝑧
�

𝑈𝑈
4𝑥𝑥

�  

(7) 

here Q is the strength of the emission source, mass 
emitted per unit time. Eq. (7) gives the 
concentration at any x, y and z. 
 Dispersion coefficients in the y and z directions 
are a measure of the change in the concentration of 
the pollutant in the y and z directions. In statistics, 
these changes are known to be standard deviations 
which are expressed as σy in the horizontal direction 
and σz in the vertical direction. Σy and σz are 
expressed as follows in Eq. (8): 

𝜎𝜎𝑦𝑦 = �2𝐷𝐷𝑦𝑦
𝑥𝑥
𝑢𝑢

  𝑎𝑎𝑎𝑎𝑎𝑎  𝜎𝜎𝑧𝑧 = �2𝐷𝐷𝑧𝑧
𝑥𝑥
𝑢𝑢

 (8) 

 From these equations Dy and Dz are expressed 
as follows: 

𝐷𝐷𝑦𝑦 =
𝜎𝜎𝑦𝑦

2

2𝑥𝑥
 𝑢𝑢  𝐷𝐷𝑧𝑧 =

𝜎𝜎𝑧𝑧
2

2𝑥𝑥
 𝑢𝑢 (9) 

 By placing Eq. (9) into Eq. (7), the final Eq. (10) 
is obtained which is the final equation to calculate 
the pollutant concentration at any x, y and z within 
the plume. This equation is known as a Gaussian 
Plume Model (GPM). 
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𝐶𝐶(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) =
𝑄𝑄

2𝜋𝜋𝜋𝜋𝜎𝜎𝑦𝑦𝜎𝜎𝑧𝑧

∗ �𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒 �
−(𝑧𝑧 − 𝐻𝐻)2

2𝜎𝜎𝑧𝑧
2 �  

+𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒 �
−(𝑧𝑧 + 𝐻𝐻)2

2𝜎𝜎𝑧𝑧
2 � �

∗ 𝑒𝑒𝑒𝑒𝑒𝑒 �
−(𝑦𝑦)2

2𝜎𝜎𝑦𝑦
2 � 

(10) 

 Atmospheric stability is divided into six 
stability classes by Pasquill (Table 3). Class A 
denotes the most stable condition, and class F 
denotes the most unstable and turbulent condition 
[32]. 
The GP model is derived with some assumptions. 
The first assumption is related to the emission rate 
which is assumed to be constant, which means a 
steady state condition prevails. The emissions are 
assumed to be chemically inert materials and 
expected as non-reactive. The exponential decay 
factor is also related to the distances. As the 
distance from the source increases, the 
concentration decreases exponentially. The last and 
most important assumption is that the wind speed 
remains constant with height. This is never the 
actual case. These assumptions increase the 
uncertainty level of the model and decrease the 
sensitivity of some parameters. Gaussian 
distribution is simply a function of distance on x 
direction from the source and it describes lateral 
and longitudinal changes in the concentrations. 
Decreasing the uncertainty level can be achieved by 
using the average and statistically evaluated 
meteorological data. To avoid the adverse effect of 
these assumptions, many statistical analyses are 

made to synchronize the emission data, thus 
minimum, maximum and average parameters are 
obtained. To increase the reliability of the model, 
every parameter is evaluated scientifically. The 
plume ascent is even calculated by using Holland’s 
Equation as seen in Eq. (11) [33]: 

𝛥𝛥ℎ =
𝑣𝑣𝑠𝑠𝑑𝑑𝑠𝑠

𝑢𝑢
�1.5 + (2.68

× 10−3)𝑃𝑃𝑎𝑎 �
𝑇𝑇𝑠𝑠 − 𝑇𝑇𝑎𝑎

𝑇𝑇𝑠𝑠
� 𝑑𝑑𝑠𝑠� 

(11) 

where, 
𝛥𝛥ℎ: rise of the plume above the stack (𝑚𝑚) 

𝑢𝑢 : wind speed at stack height �𝑚𝑚

𝑠𝑠
� 

𝑣𝑣𝑠𝑠 : stack gas velocity �𝑚𝑚

𝑠𝑠
� 

𝑑𝑑𝑠𝑠 : inside stack diameter (m) 
𝑃𝑃𝑎𝑎 : atmospheric pressure (mb) 
𝑇𝑇𝑠𝑠 : stack gas temperature (𝐾𝐾) 
𝑇𝑇𝑎𝑎 : atmospheric temperature (𝐾𝐾) 

2.3. The GPM Programme 
The Gaussian Plume Model (GPM) provides 
mathematical concentration interfaces by entering 
essential information into the program including 
physical and meteorological variables related to 
atmospheric stability, terrain, plume characteristics 
and metrological conditions. The model Program 
(Figure 3) consists of three levels, each of which 
uses necessary parameters for accurate dispersion 
calculations [34]. For properties of Stacks see Table 
2. The input examples for Stack 1 and Stack 2 are 
given in Appendix C.

 
Table 3. Pasquill atmospheric stability classes [32] 

Wins Speed 
m/s 

Daytime Solar Insolation (W/m2) Night 

Strong 
> 600 

Moderate 
300-600 

Slight 
< 300 Low cloud ≥ 4/8 Cloud ≤ 3/8 

< 2 A A-B B - - 

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 
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Fig. 3. EXCELL-based GPM Programme 

 
 Atmospheric stability: Users can enter particular 
codes that correlate to the stability class according 
to the wind speed, atmospheric cloudiness, weather 
temperatures and daytime to represent atmospheric 
conditions. By entering the necessary parameters 
users can correctly define the atmospheric 
condition. 
 Plume and industrial characteristics: Emission 
rate, physical stack height, and effective stack 
height are the most important parameters. These 
parameters directly affect the resulting pollutant 
concentration and contribute to the initial 
conditions of the dispersion model. 
 Wind data: Users can enter the metrological 
information related to wind speed and direction. 
Averaged or hourly wind speed and wind directions 
for the study period have to be entered into the 
program for the dispersion and transportation 
directions, which allows for a realistic depiction of 
the plume flow. 
 Maximum distance: Users can input the 
maximum X and Y distances, which describe the 
spatial extent for dispersion calculations. 
 
3. Results 
The results have shown that the industrial facility is 
affecting the atmosphere in different ways. 
Especially the effect of SO2 is very important. Each 
way including the SO2 and GHGs emissions, the 

meteorological data processing and their analyses 
have been considered separately in this study. 

3.1. The SO2 and GHG emissions 
This section contains two main steps. The first one 
is collecting the fuel consumption data for the 
industry. The second one is the calculation of the 
GHG emissions.  
 Fuel Consumption Data: Fuel consumption data 
is crucial to calculate energy consumption and 
emissions. This analysis provides valuable insights 
into the fuel consumption patterns for the specified 
period. Data is available from May 2022 to April 
2023. The industry uses lignite as the main fuel. The 
auxiliary fuel is fuel oil in smaller quantities. The 
fuel consumption data are analyzed to determine the 
minimum, maximum, and average daily fuel 
quantities in each month and the total monthly 
usage of fuels for the industrial facility is found. 
This analysis will reveal the energy consumption 
patterns of the industry, as well as any inefficiencies 
and trends in fuel usage over the study period. The 
daily minimum, maximum and average fuel oil and 
lignite consumptions are given for the company in 
Table 1. The monthly consumption of fuel oil and 
lignite is calculated according to the average values 
(Table 1). 
 Emission Inventory: One of the most important 
tasks for the modeling process is the emission 
calculation. The emission value is the main 
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parameter for GPM. Therefore, the collected fuel 
oil and lignite consumption values of the industry 
are used for calculating the ground-level 
concentrations of SO2, CO2, CH4, and N2O. The 
environmental impact of the industry can be 
assessed by identifying emissions and 
concentration patterns. Concentrations are 
presented by using graphs. It can be observed from 
the figures that the emissions vary throughout the 
entire study period, and they cause different 
ground-level concentrations owing to the change of 
other parameters. The annual equivalent CO2 

emission from the industry is around 0.243 million 
tons. This quantity expresses the total CO2 
equivalent of the greenhouse gas emissions. 
Control strategies have to be improved to decrease 
the greenhouse gas emissions. 
 The minimum, maximum and average daily 
CO2 emission are given in Figure 4. The average 
daily CO2 emission in some days reaches 0.57 
Gigagram in Stack 1. This quantity is high. 
However, the effect on the ground-level 
concentration is not high as compared to Stack 2. 
The main reason is the height of the stacks. The 
emissions are emitted to the atmosphere at a level 

of 48 m in Stack 1. However, in Stack 2 this level 
is 25 m. This means the ground-level concentration 
for the second plume can be very high depending 
on the atmospheric conditions. 
 The concentrations of CH4 and N2O are also 
calculated for each plume. The concentrations are 
very low as compared to CO2 concentration. The 
CH4 emission is considered an incomplete 
combustion product of fossil fuels. The 
atmospheric nitrogen is also very effective for the 
emission of N2O. The ratios of both gases are very 
low compared to the CO2. However, CO2 
equivalent values for CH4 and N2O are 21 and 310, 
respectively.  
This means that one mole of CH4 and one mole of 
N2O emission create 21 and 310 times more 
greenhouse effect, respectively, than one mole of 
CO2 emission [35]. 
 Emission calculations offer valuable insights 
into the minimum, maximum, and average 
quantities of generated GHG emissions (Figure 5). 
 Emission Inventory for SO2: The annual SO2 
emission value from the industry is around 14.20 
million tons. 

 

 
Fig. 4. Daily minimum, maximum, and average CO2 emission from stacks
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Fig. 5. Annual CO2 equivalent GHG emission from the industrial establishment

This quantity for an industry is too high. The 
control strategies have to be improved for general 
public health, even if the SO2 emissions in both 
stacks are reduced by abatement technology. The 
average reduction efficiency is around 60%. 
 The minimum, maximum and average daily SO2 
emissions are given in Figure 6. The average daily 
SO2 emission in some days reaches 0.036 Gigagram 
in Stack 1. This quantity of SO2 for the industry is 

very high and it has to be decreased by improving 
the efficiency of the abatement technology. 
 Emission calculations offer valuable insights 
into the minimum, maximum, and average 
quantities of SO2 emissions. 
 The trendlines of SO2 and GHGs are very 
familiar due to the consumed fuel quantity (Figure 
7).

 

 
Fig. 6. Daily minimum, maximum, and average SO2 emission from stacks
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Fig. 7. Annual SO2 emission from the industrial establishment 

 
The simple method (Tier 1 method of IPCC) is 
preferred for the emissions calculations. This 
standard methodology requires fuel consumption 
quantity and emission factors (EF). Therefore, the 
different EFs give different quantities, but it does 
not change the trendline. The same trendline figure 
is also obtained for the annual SO2 emission. The 
SO2 emissions are changing between 0.912 
Gigagram and 1.576 Gigagram in a year. 

3.2. The Meteorological Data Processing 
The metrological data used in this study was 
obtained from the TSMS.  
This comprehensive dataset encompasses various 
key parameters, including wind speed, wind 
direction, cloudiness, and sunshine. 
 The dataset used for the wind analysis in this 
study covers the period from May 2022 to April 
2023. Monthly average wind speed is calculated by 
using hourly data. The average data for minimum, 
maximum, and average wind speeds are also 
calculated. The calculated monthly average wind 
speeds are given in Table 4. 
 When the data are observed, it is seen that the 
range of data varies considerably. The minimum 
wind speed changes between 0.0 m/s to 1.8 m/s, and 
the maximum wind speed changes between 1.1 m/s 
to 8.2 m/s. For the average wind speed, the range is 
determined between 0.6 m/s and 2.3 m/s. 

 Cloudiness data is also necessary to determine 
the stability classes of the atmosphere. Minimum 
and maximum values represent the coverage of 
cloudiness. The mean cloudiness over the entire 
month is used to determine the atmospheric 
cloudiness condition. Graphical representations in 
the form of line charts are generated to analyze and 
interpret the observed trends in cloudiness 
throughout the study. The dot in the middle of the 
figures represents the average cloudiness value of 
the related month (Figure 8). 
 The dataset incorporates information on the 
average hourly sunshine intensity and the sum of 
sunshine intensity per month.  These data were 
analyzed to generate a comprehensive pattern in 
sunshine duration and intensity. 
 The stability classes were determined for 12 
months by analyzing data including wind speed, 
cloudiness, sunshine duration, and sunshine 
intensity. 
 These derived stability classes are used in the 
model. The final stability classes of the atmosphere 
are shown in Table 5. 

3.3. Concentration Maps 
These maps are obtained in two forms: Condensed 
form and 3-D concentration form. 



203 A. Can and M. A. Lefghih 

 

Table 4. Monthly average of wind speeds with respect to wind directions 

Months N 
N
N
E 

N
E 

E
N
E 

E 
E
S
E 

S
E 

S
S
E 

S 
S
S
W 

S
W 

W
S
W 

W 
W
N
W 

N
W 

N
N
W 

1 1.0 1.2 1.1 1.2 1.1 0.9 1.0 0.9 0.9 0.9 0.9 0.8 0.7 0.6 0.8 0.8 

2 1.2 1.1 1.2 1.5 1.1 1.1 1.2 1.3 1.2 1.5 1.4 1.1 1.3 0.7 1.0 0.9 

3 1.1 1.1 1.2 1.3 1.0 1.1 1.1 1.1 1.2 1.3 1.2 1.0 0.8 0.9 0.9 1.2 

4 1.2 1.1 1.1 1.1 1.0 1.2 1.4 1.2 1.4 1.3 1.6 1.1 0.9 1.1 1.2 1.4 

5 1.7 1.2 1.3 2.2 1.4 1.6 1.3 2.1 1.4 1.6 1.6 1.5 1.5 1.7 1.6 1.9 

6 1.2 1.4 1.3 2.2 1.5 1.4 1.4 1.9 1.6 1.7 1.5 1.6 1.7 1.6 1.2 1.2 

7 1.4 1.2 1.3 2.3 1.7 2.0 2.3 2.3 2.3 1.6 1.5 1.6 1.6 1.9 1.6 1.3 

8 1.4 1.4 1.4 2.2 1.6 1.3 1.4 1.5 1.5 1.7 1.6 1.7 1.8 1.5 1.2 1.5 

9 1.1 1.4 1.7 1.5 1.5 1.4 1.6 1.5 1.6 1.5 1.6 1.9 2.2 1.2 0.9 1.5 

10 1.2 1.3 1.5 1.6 2.0 1.5 1.4 1.4 1.3 1.2 1.2 0.9 1.2 0.7 0.8 1.0 

11 1.1 1.1 1.1 1.7 1.2 1.4 1.5 1.4 1.2 1.1 0.8 0.9 0.8 0.7 0.7 1.1 

12 0.9 1.2 1.4 1.3 1.2 1.1 1.1 1.0 1.1 1.0 0.8 0.7 0.7 0.6 0.6 0.7 
 

 
Fig. 8. Variation of monthly cloudiness 

 
Table 5. The stability classes of the atmosphere for the study period in Karabük province 
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 Condensed Pollution Maps: To evaluate the 
effectiveness of the model, results from two distinct 
plumes were analyzed separately. The results 
consisted of concentration estimations for SO2, 
CO2, N2O, and CH4 for 12 months, from May 2022 
to April 2023. The daily minimum, maximum and 
average GHG concentrations are used separately to 
obtain concentration maps. The map output for each 
gas can be obtained in one run of the GPM Program. 
Therefore, to obtain ground-level concentrations of 
GHGs, the GPM Program has been run many times 
and each time different parameters are used. 
 The condensed pollution points for the average 
daily CO2 emissions are shown in Figure 9a. In 
these figures, it is very easy to see how the 
parameters are effective in the ground-level 
concentrations. When the wind speed and 
atmospheric stability classes are lower, the CO2 
ground level concentrations are much higher as 
seen in December 2022. The dominant direction of 

pollutant dispersion changes even during the day. 
The statistical evaluation of the mean value for the 
wind direction is selected as the main direction for 
each month.  
 The comparison of concentration maps as 
shown in Figure 9b shows that the ground-level SO2 
concentration throughout the entire year is very 
effective in the province. The pollutant is dispersed 
densely and continuously. It is important to 
remember that SO2 is an acidic gas and high ground 
level concentrations create a health problem for the 
public. The ground level concentrations change 
throughout the entire day. Depending on the 
concentration level, the dispersion seems 
completely different as compared to CO2 
concentrations. 
 The comparison of concentration maps is also 
given in Figure 10. As can be seen in Fig. 10, the 
dispersion concentrations vary considerably. 

 

 
Fig. 9a. Condensed pollution points of Stack 1 for average daily CO2 concentration 



205 A. Can and M. A. Lefghih 

 

 
Fig. 9b. Condensed pollution points of Stack 1 for average daily SO2 concentration 

 

 
Fig. 10. Condensed pollution points of Stack 1 and Stack 2 for avg. daily CO2 concentration
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 The CH4 and N2O emissions from Stack 1 and 
Stack 2 are almost very similar because the 
emission quantity and the effective stack height 
sensitivities on the concentrations are the same 
(Figures 11a and 11b). 
 The effective stack height sensitivities on the 
SO2 concentrations are given in Figure 11c. As the 
stack height is decreasing, the ground level 
concentrations are increasing and the dispersion 
distance on both crosswind and horizontal axes are 
getting closer to the stack. The color of Stack 2 is 
denser than Stack 1. 
 Variation of Pollution Concentration on Maps: 
The pollution concentration maps are formed by 
using MATLAB software which is licensed to the 
Karabük University.  The main aim of these figures 
is to show the dispersion of pollutants during 
transportation from month to month. The 
convections of emitted gases change considerably. 
The change is shown clearly in Figure 12. 
 The highest ground level concentration is 
reached in November 2022 as 4x10-4 g/m3. This 
quantity is two times more than the maximum value 
in May 2022, which is the lowest pollution month 
for this study.  The highest emission is, moreover, 

seen in July 2022. Therefore, the physical and 
atmospheric parameters are very important for the 
ground-level concentrations. When someone 
observes the general parameters for November 
2022, it is seen that the atmospheric stability classes 
are “A”, which is the most stable condition, and the 
average wind speed is just 1.65 m/s. It is a very low 
wind speed for the study. The atmospheric wind 
speed is very close to the natural convection and the 
dispersion cannot be enough to distribute the 
pollution over the atmosphere. The lowest ground-
level concentrations were observed in May 2022. In 
May 2022, the highest concentration on the ground 
level is 2.3x10-4 g/m3.  
 The Stack 2 emissions create more ground-level 
concentrations than Stack 1 because the height of 
Stack 2 is half of Stack 1 with a value of 25 m. The 
highest CO2 concentration is observed around 
7.5x10-4 g/m3 in November 2022 and the lowest 
concentration is observed at 1.5x10-4 g/m3 again in 
May 2022. The highest concentration in May 2022 
is only seen at one point with a value of 3x10-4 g/m3. 
For Stack 1 atmospheric emission is always higher, 
surprisingly Stack 1 concentrations on the ground 
level are also high. 

 

 
Fig. 11a. Pollution created by Stacks 1 and 2 for average daily CH4 emissions in October 2022 
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Fig. 11b. Pollution created by Stacks 1 and 2 for average daily N2O emissions in October 2022 

 

 
Fig. 11c. Pollution created by Stacks 1 and 2 for average daily SO2 emissions in October 2022 
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  *Note: X axis: 0 to1000 m; Y axis: 500m to -500 m; Z axis (Concen.): 0 to 2.5x10-4 g/m3 

Fig. 12. Variation of pollution concentrations of Stack 1 for average daily CO2 
 
In other words, the atmospheric emission that is 
emitted to the atmosphere in the lowest elevation is 
expected to cause a higher ground level 
concentration. However, some other 
meteorological parameters, such as wind speed and 
stability classes can change the expected ground-
level concentration. 
 The average CH4 concentration graphs are 
evaluated seasonally. The concentration in June is 
lower than in the other months because of the wind 
speed. The average wind speed is around 2.16 m/s. 
With this wind speed transportation is seen to be 
high. High dispersion causes low ground-level 
concentrations. For Plume 1, the highest ground-
level concentration is about 4.5x10-8 g/m3. The 
seasonal variation of N2O concentration is lower. 
The highest ground-level concentrations are found 
to be 1.1x10-8 g/m3. This quantity may seem very 
low. However, the GWP (Global Warming 
Potential) of N2O is much higher than the other 
GHGs.  

 The variation of ground-level concentrations for 
SO2 gases is given in Figure 13. The ground level 
variation is parallel to the other pollutants. 
However, the SO2 concentrations are more 
dangerous than the other gases due to severe effects 
on human health, flora, and buildings. The created 
ground-level concentrations only belong to the 
Stack 1 of the industry. This created quantity is after 
the application of desulphurization units. Even 
though the SO2 emission control system is applied 
on the stacks, the emitted concentrations are still 
dangerous for the residents. The monthly ground 
level SO2 concentrations are changing between 1.3 
x 10 -5 g/m3 in May 2022 and 2.6 x 10 -5 g/m3 in 
November 2022. 
 The created ground-level concentrations for 
Stack 2 are given in Figure 14. The formed 
concentrations are still dangerous for the residents 
as the Stack 1.  
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          *Note: X axis: 0 to1000 m; Y axis: 500m to -500 m; Z axis (Concen.): 0 to 3x10-5 g/m3 

Fig. 13. Variation of pollution concentrations of Stack 1 for average daily SO2 
 

 
          *Note: X axis: 0 to1000 m; Y axis: 500m to -500 m; Z axis (Concen.): 0 to 4.5x10-5 g/m3 

Fig. 14. Variation of pollution concentrations of Stack 2 for average daily SO2
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The monthly ground level SO2 concentrations are 
changing between 1.6 x 10 -5 g/m3 in July 2022 and 
4.3 x 10 -5 g/m3 in January 2023. It can be concluded 
that Stack 2 is dirtier than Stack 1, although it is 
claimed by the company that a 60% reduction in 
emissions is provided by the stack gas cleaning 
system. 
 As can be observed from Figure 14, the 
dispersion distance on both crosswind and 
horizontal axes is getting closer to Stack 2 than in 
the case of Stack 1. This means that residents 
located closer to the factory will be affected more 
by the emissions of SO2. The main reason is the 
lowest stack height as it was described before. 
 
4. Discussion 
The mitigation activities dealing with controlling 
the emission rate is a progressive step for the 
climate change problems of the countries. 
Calculations are based on the IPCC Tier 1 
approach. It is the simplest IPCC methodology. The 
main calculations depend on fuel consumption data 
and default emission factors. The conversion of 
units, combustion efficiency, carbon content and 
calories of fuels is very important for the exact 
calculations. Emissions of CO2, CH4 and N2O, 
which are known as direct GHGs, are contributing 
to climate change considerably. For that reason, 
these emission data are selected for the dispersion. 
Emissions data of CO2, CH4, and N2O are the most 
important parameters for the modeling. 
 The Gaussian Plume Model is implemented by 
using various software programs; however, this 
study focuses on using the Microsoft Excel 
Program. It is a powerful and practical tool for 
evaluating air pollution from point sources. The 
Excel base program was improved by Can [34] in 
2023 to observe the emissions and dispersion of 
pollutants from industrial point sources over the 
area. The ground-level concentrations were studied. 
Some meteorological and physical parameters are 
very sensitive for the model. The results have 
shown that the dispersion does not only depend on 
atmospheric conditions but also depends on the 
physical conditions of industries. The stack height, 
effective plume height and pollutant emission 

concentrations are very important variables for the 
industries. To use the GP Model for the industries, 
meteorological data needs to be collected from 
TSMS as described in the Methodology section. 
The atmospheric weather temperatures, cloudiness, 
wind speed and wind directions are the most 
sensitive parameters to determine atmospheric 
stability for the model.  
 The final step is to obtain the concentration 
maps by using GPM outputs. The outputs were 
obtained in two forms. The first one was the Excel 
Program output, which is the evaluation of Excel 
macros in the GPM Program. The second one is 
also an output of the GPM Program. The 
concentration data over the described zone is listed 
according to the x (wind direction), y (dispersion 
direction) and concentration. The listed data is used 
by MATLAB to evaluate concentrations in 3D 
form. The main goal is to see the affected areas 
according to the existing emissions from the 
plumes. 
 
5. Conclusion 
The development of the point source dispersion 
model, using MS Excel as the base, has been 
described in this study. The software application 
offers a user-friendly framework for estimating 
pollutant concentrations and assessing potential 
fatalities. By leveraging the capabilities of 
Microsoft Excel, the software streamlines the 
concentration estimation process, making it more 
efficient and accessible to users (Table A1 in 
Appendix A). The research of this study underlines 
the importance of employing software tools for air 
pollution assessment. The point source dispersion 
model represents a valuable contribution to the 
field, providing a practical and user-friendly 
approach to estimating pollutant concentrations. It 
also opens avenues for further advancements in air 
pollution modeling and highlights the potential of 
software applications in addressing challenges. 
Overall, the findings of this study contribute to 
enhancing our understanding of air pollution 
management and provide valuable insights for 
decision-makers and stakeholders involved in 
process industries.  
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 This study can be applied to any industry which 
has a plume. For obtaining the general effect of the 
industries on the environment, this useful GPM 
Program can be used and a general idea about the 
emissions for any point source of industries can be 
obtained. In this study, the physical and 
atmospheric parameters are the main variables, and 
each parameter was tested to understand the 
sensitivity. The highest sensitivities are observed in 
the wind speed, stability class, plume height and 
emission from the plume. These parameters can 
change the ground-level concentrations 
unexpectedly. Atmospheric pollutants emitted to 
the atmosphere in the lowest elevation is expected 
to cause higher ground-level concentrations. 
However, some other meteorological parameters, 
such as wind speed and stability classes, can change 
the expected ground-level concentrations. 
 The main output of this study is to see the effects 
of the emission of a mid-size industrial 
establishment in Karabük Province. If the emission 
from the plumes of the industry is transported in the 
direction between northwest and northeast, the 
ground-level concentrations will affect the 
residential areas considerably. Public health even in 

low emissions could be in danger due to highly 
condensed ground-level concentrations. The 
sustainability of residential living standards in this 
area does not seem to be good. The local authorities 
can make some decisions and the residential area 
can be established away from this zone. The 
concentration level at low wind speed in the north 
direction, at a high rate of emission from the plume 
and atmospheric inversion conditions, affect people 
living in this zone adversely due to low ambient air 
quality. When the entire industrial establishments 
in the zone are considered, the present residential 
conditions will not be appropriate. 
 It will be very beneficial to apply the results and 
the output of this study to selecting new residential 
zones. Today’s residential zone is almost full of 
many private one or two-floor houses. This zone is 
fully saturated. Urban transformation is a 
governmental plan to supply their citizens with an 
earthquake-resistant building. Therefore, the 
relocation of the city center to a less polluted area 
with highly resistant buildings to an earthquake will 
be the best solution for municipal residential 
planning.
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Appendix A 
Table A1. Model comparison: features and performance 

Reference Model name Model type Pollutant type Advantages Disadvantages 

[36] SLAB Steady-state 
plume 
and transient puff 
models 

Toxic chemicals Agrees well with 
available field 
data. 

Does not calculate 
source emission 
rates. 

[37] Atmospheric 
dispersion 
modelling 
system 
(ADMS) 

Advanced 
Gaussian 
model 

Primary pollutants 
continuous 
releases of toxic 
and hazardous 
waste products 

Treats a wide 
variety of source 
conditions. 

Run time can be 
long. 

[38] AERMOD Steady-state 
Gaussian plume 
model 

Primary pollutants Flexibility in 
structuring the 
input files. 

Dispersion of 
heavier-than-air 
gases is not 
considered. 

[39] FLEXPART Lagrangian 
Particle 
Dispersion Model 

SO2, CO, Pb, PM2.5. 
PM10 

Requires a short 
computation time. 

Cannot diagnose 
surface fluxes of 
moisture. 

[40] SCREEN3 Gaussian plume 
model 

SO2, H2S, CO, NH3, 
VOCs, PM2.5, 
PM10, Fugitive 
emissions and/or 
deposition 

Has some 
accounting for 
building effects. 

Only predicts 
concentrations. 

[41] Community 
multiscale air 
quality 
(CMAQ) 

Eulerian grid 
model 

Multipollutant 
(ozone, fine 
particles, VOC, 
toxics, acid 
deposition, and 
visibility 
degradation) 

Can be used for 
urban and 
regional scale. 

Supports just one-
way grid nesting. 

[42] Dispersion 
models for 
ideal gases 
and hydrogen 
fluoride 

Four types of 
dispersion 
models: 
HFPLUME, 
PLUME, 
PGPLUME, and 
HEGADAS 

Two-phase 
multicompound 
mixture of 
nonreactive 
chemicals or 
hydrogen fluoride 
with chemical 
reactions 

One of the best 
available 
atmospheric 
dispersion 
models. 

It is not as user-
friendly. 

[43] Comprehensiv
e air quality 
model with 
extensions 
(CAMx) 

Multiscale, 3D 
Eulerian 
photochemical 
grid model 

O3 formation from 
NOx and volatile 
organic 
compound 
emissions; PM2.5, 
PM10, and PM 
components; CO 

Computationally 
efficient and easy 
to use. 

Spatial resolution 
is limited. 

[44] CAL3QHCR Steady-state 
Gaussian 
model 

CO, PM , and Inert 
pollutants 

Able to model a 
variety of 
roadway 
characteristics 
situations. 

Not valid for 
analysis of link 
heights >30 ft. 
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Table A1. Cont’d 
[45] SCIPUFF Gaussian puff 

model 
Primary pollutants Performs accurate 

treatment of wind 
shear. 

Not widely 
available and not 
extensively 
documented. 

[34]* INDUSTRIAL 
GPM 

Gaussian puff 
model 

Primary pollutants Perform in short 
time, accurately 
and point specific. 
The condense 
polluted area is 
easy to be 
determined. 

The output is 
transferred for 
detail 
concentration 
analyses. 

* The used model in this study 
 
 
 
 

Appendix B 
Table B1. Emission Factors for GHGs 

CO2 Factors CH4 Factors N2O Factors 

Fuel Types 
CO2 
EF 

Unit: tC/TJ 

  
Efficiency 

  

  
C-CO2 

  

Fuel Types 
Industry 

EF 
(Kg/TJ) 

Fuel Types 
  

Industry 
EF 

(Kg/TJ) 

Lignite 27.6 0.980 3.6667 Lignite 10 Lignite 1.4 

Fuel-Oil 21.1 0.990 3.6667 Fuel-Oil 2.0 Fuel-Oil 0.6 
 
Table B2. Emission Factors for SO2 

SO2 factors 

Fuel Types Industry EF (Kg/TJ) 

Lignite 5700 

Fuel Oil 5714 
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Table B3. Variables for SO2 
EFSO2 (kg/TJ) s (%) r (%) n (efficiency) Q (TJ/kt) 

5700 1.5 5 60 20 

5714 3 0 60 42 
 
 
 
 
 

 

 
 
 

         
           
           
 where         

  EFSO2     :   SO2 emission factor (kg/TJ)    

  2 : SO2/S ratio (kg/kg)      
  s : Sulphur content in fuel (%)     
  r : Retention of Sulphur in ash (%)     
     Q       :   Net calorific value (TJ/kt)     
  10 6 : Unit conversion factor      
  n : Efficiency of abatement technology and/or reduction efficiency (%) 
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Appendix C 
Table C1. Examples of GPM Program inputs for Stack 1 and Stack 2 

Description (1st Stack) Unit Symbol Value 

Concentration g/m3 X   

Emission rate g/s Q 0,7827641 

Wind Speed m/s u 1,65 

Physical Stack Height m h - 

Effective Stack Height m H 53 

Wind Direction ENE 

Stability Class Code 1 

MAX X DISTANCE (km) (100 m - 20000 m) 1000 

MAX Y DISTANCE (km) (0.0 m - 5000 m) 500 

WHICH Z HEIGHT (km) (min: 0.0 m - 2000 m) 0 

WHICH MONTH? Kas.22 

SELECT(AVERAGE), (MAXIMUM), (MINIMUM) AVERAGE 

X GRID LENGHT (km) 50 

Y GRID LENGHT (km) 25 
 

Description (2nd Stack) Unit Symbol Value 

Concentration g/m3 X   
Emission rate g/s Q 0,4057009 

Wind Speed m/s u 1,65 

Physical Stack Height m h - 

Effective Stack Height m H 28 

Wind Direction ENE 

Stability Class Code 1 

MAX X DISTANCE (km) (100 m - 20000 m) 1000 

MAX Y DISTANCE (km) (0.0 m - 5000 m) 500 

WHICH Z HEIGHT (km) (min: 0.0 m - 2000 m) 0 

WHICH MONTH? Kas.22 

SELECT(AVERAGE), (MAXIMUM), (MINIMUM) AVERAGE 

X GRID LENGHT (km) 50 

Y GRID LENGHT (km) 25 
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