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Extended Abstract 

Air pollution is a serious problem in large cities and industrial heavy areas. It is one of the main 

threats to human health in Europe. New polices and legislations have been adopted, and some reinforced, 

in order to reduce air pollutant emissions and, in a way, increase the air quality in many cities in Europe. 

These constant changes in legislation, that usually result in stricter air emission control and lower emission 

limits for many pollutants, cause industries to review their environmental performance and adapt to these 

new changes. The aim of this study is to analyse the environmental performance of SGL Composites 

regarding air emissions. This study will take an in depth look at the main sources of air pollutants in the 

industry and their current monitoring schemes, imposed by the Portuguese legislation, in order to identify 

aspects that do not comply with the current legislation and/or could use immediate or future 

improvement, such as the current stack height and the continuous monitoring system. A study regarding 

the correlation between emissions and production will be made, as well as a study regarding the pollutant 

dispersion, using the Gauss Dispersion Model, to understand the impact of the industry’s emissions in a 

nearby residential area. 

Keywords: SGL Composites, Atmospheric pollution, Industrial emissions, Emission monitoring, Air 

dispersion modeling. 

 

Introduction 

Air emissions are one of the main sources of pollution in industries. The pollutants resulted from 

these emissions affect not only the environment but also the air quality of the area and, consequently, 

cause serious health risks to the nearby population. 

This study aimed to identify the main sources of air pollution in a local industry and attempted to 

identify possible improvements to decrease its air emission. The case study was SGL Composites, a textile 

fiber industry located in Lavradio, Portugal. Its main air pollutants emissions are particulate matter, which 

result from the polymer driers and Organic Volatile Compounds (VOC) which result from the reactors used 

to produce the polymers and from the fiber production technic known as Spinning.  
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Currently ,there are six identified sources that emit air pollutants in SGL Composites: FF1, the 

source responsible for the air exhaustion of the driers in Continuous Polymerization (CP) area , FF5, 

responsible for the air exhaustion in the polymer reactors also in area CP, FF21, responsible for the air 

exhaustion in the Dope Preparation (DP) area, and FF2, FF3 and FF4, which are all part of air exhaustion 

in the Spinning (SP) area, as well as, the exhaustion of the machines that take part in the spinning process. 

Apart from FF1, whose main emissions are particulate matter, all the other sources have mostly VOC 

emissions. 

The particulate matter emissions in FF1 source result from the deposition, due to gravity, of moist 

polymer on a conveyor belt that moves through the multiple chambers of the drier. This action leads to 

the dispersion of small pieces of polymer that are exhausted, resulting in the particulate matter emissions 

of FF1. In SGL Composites there are currently two lines of production that produce two different types of 

polymer and each line has a drier. The polymer made for textile fiber is known as L3 and the polymer 

made for carbon fiber is known as P2. Currently, only the production line of P2 has a cyclone after the 

drier to remove and recover the polymer particles. 

All the six sources mentioned above are currently under on-spot emission monitorization, which 

is done by an external company, twice a year, with an interval between samples bigger than two months, 

as imposed by the Portuguese legislation.  One of the sources, FF1, is also under continuous 

monitorization, done by a Continuous Emission Monitoring System (CEMS) which includes a volume flow 

measuring system and an opacimeter to measure particulate emissions.  

 

Methods  

The data range for the present study was set for January 1st, 2014 to August 31th, 2019. This range 

was choose based on a report of the Portuguese Environmental Agency (APA) issued to SGL Composites 

regarding the monitorization of emissions. All the information obtained was compared with the 

Portuguese legislation and with the environmental license applied to SGL Composites. 

One important piece of information for this study, while analyzing the FF1 source, were the 

monthly reports obtained by the continuous emission monitoring system. These reports included daily 

means of particulate emissions concentration, in ug/Nm3 and the volumetric flow rate, in Nm3/h. With 

these two parameters, calculations of the mass flow rate, in kg/h, and the amount, in kg, of particulate 

matter emissions were calculated. 

Another set of data gathered was the daily production values, in tons, of polymers L3 and P2. 

These values were used to determine if there was a correlation between polymer production quantity and 
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the emission values. However, having two different types of polymer produced there was a need to 

determine which one contributed more to the particulate emissions. To do this, the removal of particles 

in the cyclone was analysed. Therefore,  due to the lack of technical information regarding the cyclone 

installed in line P2, the knowledge provided by the company that its efficiency was 50% together with the 

weight of particulates retrieved by the cyclone in the big-bag during the production time of the line P2was 

compared with the total weight of particulate matter emissions during this time. On the other hand, the 

estimated price of production for 1 ton of L3 (1 600€) and 1 ton of P2 (1 900€) was also used to estimate 

the costs of emissions from the drier. 

Reports for the on-spot monitorization were also used. These included the VOC emissions or 

particulate emissions when applied to FF1, the volumetric flow rate, in both Nm3/h and m3/h, temperature 

of the gas emitted, in ºC and the emission velocity, in m/s.  The results of both the on-spot monitorization 

and continuous monitorization for FF1 were also compared. 

Information regarding the current stack dimensions in terms of height and diameter were also 

gathered to determine if they were in accordance to the Portuguese legislation. The following steps and 

formulas, stated in the legislation, were followed to determine the results: 

𝐻𝑝 = √𝑆. (
1

𝑄. ∆𝑇
)

1
6

(1) 

Using Equation 1, stated in the Portuguese legislation, the stack height, Hp (m), was calculated. 

The values used were the volumetric flow rate of emission for Q, in m3/h, ∆𝑇 was the temperature 

difference between the emission temperature and the annual average temperature of the area. The value 

of S was calculated using Equation 2, also stated in the legislation. 

𝑆 =
𝐹 × 𝑞

𝐶
(2) 

Where the value of F, which is dimensionless, depends on the type of pollutant, being either 680 

for particulate matter or 340 for other pollutants, q is the maximum mass flow rate possible of pollutant 

emission, in mg/Nm3, and C is calculated using Equation 3. 

 𝐶 = 𝐶𝑅 − 𝐶𝐹 (3) 

where, according to legislation, the value of Cr is 0.150 mg/Nm3 for particulate emissions, 0.140 

mg/Nm3 for NOx emissions and 0.100 mg/Nm3 for SO2. Since there is no value for VOC emissions, the value 

of 0.140 mg/Nm3 for NOx was used. For Cf the value depended on the type of area (Rural or Urban) and 

the type of pollutant, which is represented in Table 1. 
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Table 1 – Values of Cr (Portaria nº 190-A/2018, 2th of July 2018) 

Pollutants 
Rural Area 
(mg/m3) 

Urban/Industrial Area 
(mg/m3) 

Particulate Matter 0.030 0.050 

NOx 0.020 0.040 

SO2 0.015 0.030 

 

Since SGL Composites is an industrial area, the values of the right column where used and the 

value of 0.030 for SO2 was used for VOC because no value for VOC is given. 

On the other hand, the Stacks FF2, FF3 and FF4 are all close together, according to the Portuguese 

legislation a new value of Hp is calculated using another approach, if the following conditions are not, 

simultaneously, verified: 

❖ The distance between the axis of the two stacks is inferior to the sum of the heights plus 

10 meters; 

❖ The height of stack 1 is superior to half the height of the stack 2; 

❖ The height of stack 2 is superior to half the height of the stack 1; 

In these conditions, the stacks are said to be in “dependency” of each other and to calculate the 

new value of Hp, the sum of the maximum mass flow rate (q) and volumetric flow rate (Q) for each stack 

is used in Equations 2 and 3. The new value of Hp is assumed the same for each stack involved in the 

calculation. It is worth mentioning that the existence of obstacles, like buildings, in the area was not taken 

in consideration in this calculation. 

Once all values were calculated, the stack height of each stack was compared with the current 

stack height. 

Finally, the gaussian dispersion model was also applied. This model assumes that the 

concentration of a pollutant emitted from a stack follows normal distribution over time, with constant 

emission velocity and wind speed, simple and flat terrain. The model used Equation 4 to compute the 

average concentration of pollutant at a specified position. 

𝐶(𝑥, 𝑦, 𝑧) =
𝑄

2𝜋𝑢𝜎𝑦𝜎𝑧
exp (−

𝑦2

2𝜎𝑦
2) × [𝑒𝑥 𝑝 (−

(𝑧 − 𝐻)2

2𝜎𝑧
2 ) + 𝑒𝑥 𝑝 (−

(𝑧 + 𝐻)2

2𝜎𝑧
2 )] (4) 

In this equation C is the average concentration of pollutant, in ug/m3, it depends on Q which is 

the mass flow rate of pollutant, in ug/s, u which is the average wind speed, in m/s, x which is the distance 

of the desired point in the winds direction, in m, y which is the horizontal distance of the desired point 
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from the center of the plume, in m, z which is the distance from the ground of the desired point and H 

which is the effective stack height, in m, calculated by the sum of the stack height with the plume rise, 

which is calculated using Equation 5. 

∆ℎ =
𝑣𝐷

𝑢
(1.5 + 2.68 × 10−3 × 𝑃 × 𝐷 ×

𝑇𝑔𝑎𝑠 − 𝑇𝑎𝑚𝑏

𝑇𝑔𝑎𝑠
) (5) 

Where ∆ℎ is the plume rise measured from the top of the stack, in m, Vs is the emission velocity, 

in m/s, d is the stack diameter, in m, u is the wind speed, in m/s, Ts is the emission temperature, in K, and 

∆𝑇 is the difference between the emission temperature and the temperature of the area. 

In Equation 4 the parameters 𝜎𝑦 and 𝜎𝑧, are, respectively, the coefficients of horizontal and 

vertical dispersion, both in m. Their values can be calculated using equations 6 and 7. 

𝜎𝑦 = α𝑥0,894 (6) 

𝜎𝑧 = 𝑐𝑥𝑑 + 𝑓 (7) 

The values for a, c, d and f can be determined based on the atmosphere stability (Figure 1), which 

can be determined by the wind speed (Figure 2). 

 

Figure 1 – Values for the constants of the dispersion coefficients (Martin 1976) 

 

Figure 2 – Atmosphere stability classes based on wind speed (Martin, 1976) 
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The input parameters for the model are given in Table 2. 

Table 2 - Model inputs 

Input Units Description 

Q (g/s) Mass flow rate of emission 
h (m) Stack height 
d (m) Stack diameter 
Vs (m/s) Emission velocity 
Ts (ºC) Emission temperature 
T (ºC) Environment temperature 

 

The results allowed to determine the impact of particulate matter concentrations in the nearby 

residential area set, approximately, 750 meters, south of SGL Composites. The model was applied to the 

FF1 source using both the current height and the newly calculated height and various scenarios of 

different atmosphere stabilities and distances. Besides the scenarios, changes in the values of mass flow 

rate of the pollutant, emission temperature and wind speed were also simulated, and its changes 

discussed. For result comparison, values of PM10 were retrieved from a nearby air quality station. 

 

Results 

The reports of continuous emission monitoring system along with the daily polymers production values 

allowed to calculate the average daily values of multiple variables from 2014 to 2018 (Table 3). 

Table 3 - Daily averages of calculated variables from 2014-2019 

  Concentration 
Volumetric 

Flow 
Mass 
Flow 

Emission 
Mass 

L3 
Production 

P2 
Production 

Emission/Production 
Cost of 

Emission 

  (mg/Nm3) (Nm3/h) (kg/h) (kg) (Ton) (Ton) (kg/Ton) € 

2014 55 212 772 9.6 243 143 0 2 405 

2015 19 233 395 4.4 96 136 24 1 160 

2016 88 226 593 19.9 489 132 24 4 820 

2017 53 225 064 11.9 289 134 23 2 480 

2018 62 275 062 17.1 386 127 25 3 650 

2019 48 344 139 16.8 402 125 25 3 680 

 
Due to technical problems with the continuous emission monitoring system that lasted from 

August 2014 to January 2016, the particles concentration in 2014 and 2015 were not taken in 

consideration. Also, the opacimeter’s calibration was improved in August 2018 which resulted in more 

accurate readings regarding particulate concentration and the volumetric flow rate. Production of P2 only 

started in 2015, which explains the value of 0 in 2014.  
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Since 2016, new improvements have been made in the CP area to lower its emissions and 

according to The reports of continuous emission monitoring system along with the daily polymers 

production values allowed to calculate the average daily values of multiple variables from 2014 to 2018 

(Table 3). 

Table 3 there was a noticeable improvement.  

Regarding the production values, the weight of particles retrieved by the cyclone allowed to 

conclude that the amount of particulate emissions resulting from P2 corresponds to, approximately, 1%. 

Therefore, P2 emissions were not taken into count for cost calculations. 

In terms of on-spot monitoring, the results based on the average values taken from the reports 

are presented in Table 4. 

Table 4 - Average values from the on-spot monitoring reports from 2014-2019 

 Particle 
Concentration 

VOC 
Concentration 

Volumetric 
Flow 

Emission 
Velocity 

Temperature 

 (mg/Nm3) (mg/Nm3) (Nm3/h) (m/s) (ºC) 

FF1 47 5 308 568 11.2 44 

FF5 4 50 62 334 8.6 25 

FF21 - 12 47 647 7.3 27 

FF2 - 9 197 040 7.2 37 

FF3 - 4 26 898 3.0 25 

FF4 - 9 139 991 8.9 44 

 

The values on Table 4 show that, as expected, concentrations of particulate matter similar to the 

ones that were calculated for the continuous monitoring in 2017-2019. The small concentration value of 

4 mg/Nm3 for FF5 is probably due to fugitive emissions from the drier. FF5 is also the main source of VOC 

concentration. However, according to the Portuguese legislation the emission limit for VOC is 200 mg/Nm3 

and so FF5 emissions are well below the limit. As seen in Table 4, FF1 is the source with the biggest 

emission flow and velocity, which is the reason why it is the only source under continuous monitoring.  

In the SP area there is also a clear difference between FF3 with FF2 and FF4. FF3 gas velocity is 

below the recommended limit. Therefore, a scenario was proposed in this study that focus on removing 

FF3 and redirect its exhaustion to FF4, resulting in only two sources in the area SP. 
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In terms of stack height calculations, taking into consideration the proximity of the stacks in area 

SP, the results obtain were the following: 

Table 5 - Current stack height and calculated height comparison 

Stacks 
Current height 

(m) 
Calculated Height 

(m) 

FF1 27.9 33.4 

FF5 22.2 14.3 

FF21 28.3 13.1 

FF2 22.3 25.7 

FF3 22.5 25.7 

FF4 22.3 25.7 

 

Table 5 it shows that, according to the present legislation, the stacks FF1, FF2, FF3 and FF4 should 

have their current height increased by, approximately, 5 meters, whereas FF5 and FF21 are above the 

required height. 

Finally, the results obtain with the dispersion model can be seen on Table 6 and Figure 3. 

Table 6 - Results of particulate concentration at several distances under several scenarios (values in ug/m3) 

Emission Mass flow of 6 g/s at 45ºC at 11 m/s 

Atmosphere Unstable (B) Neutral (D) Stable (E) 

Distance (x) 27.9 m 34.5 m 27.9 m 34.5 m 27.9 m 34.5 m 

250 m 55.1 34.5 0.02 0.001 0 0 

750 m 40.6 38.8 48.9 30.9 10.8 4.1 

1250 m 16.8 16.5 61.3 49.5 41.9 26.6 

2000 m 6.9 6.9 45.4 40.5 50.6 39.5 

 

Table 6 clearly shows the effect of atmosphere instability regarding pollutant concentration. As 

seen, in some cases of neutral and stable atmosphere, the limit of 40 ug/m3 for PM10 concentration can 

be overcome as seen in Figure 3.  
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Figure 3 - Comparison between the multiple scenarios performed with the dispersion model 

Figure 3 also shows that the new calculated stack height for FF1 would result in must lower 

concentration values in the residential area. This indicates that increasing the stack height provides a 

better dispersion of the pollutants, as expected. Additionally, by changing some parameters like PM flow 

rate, temperature and wind speed, the following effects were observed: 

❖ Reducing the flowrate by half results in half the concentration values. 

❖ Changing the emission temperature does not result in any significative changes in the 

concentration values. 

❖ Increasing the wind speed reduces the concentration of pollutant near the source. 

The comparison of the calculated concentrations, at 750m, with the values recorded in the air quality 

station allowed to verify that they are higher (48.9 versus 21.3 ug/m3 in 2017). However, it needs to be 

taken in consideration that the wind speed and atmospheric conditions are not the same every day. 

Furthermore, SGL Composites is not the only industry in the area and there might be some reactions 

between pollutants that can contribute for the real values to be higher or lower than the simulated. 

 

Conclusions 

With this study performed in SGL Composites, the information gathered from the industry 

emission reports and the calculations and simulations performed, it can be stated that there is a huge 

increase, on the behalf of SGL Composites, to control and reduce is pollutant air emissions. Many 

approaches have been made to meet the objectives of the legislation and European standards with the 

implementation of emission treatment technics, continuous and precise monitoring systems and plans, 

for the future, to keep an optimize environmental performance. 
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With increasing environmental awareness in modern times, its no surprise legislation will become 

stricter. In order to keep an optimize environmental performance and staying below the limits imposed 

by future legislation, there should be other future observations regarding emissions, as well as a study 

regarding the implementation of a cyclone in line L3 with will provide not only a reduction in emissions 

but also cut costs due to the polymer that is lost by the drier and could be reused.  
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