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A general and in-depth search was carried out for information, regarding to the methodologies used in the 
estimation of emission factors at national and international levels. The keywords used in the search engines 
were: emission factors, black carbon, emission inventories, brick production, and, PM2.5.. 

1 Estimation of Black carbon emission factors at national level. 
 
In Colombia, there are guiding documents at national and local/regional levels, whose fundamental purpose 
is to provide guidelines for improving air quality in the country. 
 

Table 1. Reference documents in emission and immission levels in Colombia 

DOCUMENT RELEVANCE 

Decrees 948/1995, 979/2006, 1075/2015 Tittle 5 National 

Resolution 601/2006, 610/2010 y 2254/2017 National 

Resolution 909/2008 National 

Air pollution prevention and control policy - 2010 National 

Protocol for the control and monitoring of air pollution from stationary sources – 2010 National 

Protocol for air quality monitoring and follow-up – 2010: 

 Manual for the preparation of air quality management plans 
 Design Manual 
 Operation manual 

National 

Ten-year plan to decontaminate the air in Bogotá 2010 – 2020 Local/Regional 

Resolution 6982/2011 (Bogotá D.C.) Local/Regional 

Guidance on the preparation of air emissions inventories – 2017 Nacional 

Comprehensive Air Quality Management Plan (PIGECA) 2017 – 2030 Local/Regional 

 
Its correct implementation seeks to optimize air quality in the country, whose priority is focused on reducing 
the average concentrations of particulate matter (PM) and tropospheric ozone (O3), which at the time of 
policy formulation, were the two pollutants with the greatest impact in epidemiological terms in the country.   
 
The elaboration and/or updating of these documents (regulations and guidelines), require the consideration 
of a baseline, for which emission inventories must be developed. To estimate emissions, three options can be 
considered: direct measurement, mass balance, and emission factors. (Ministry of Environment, 1995), 
(Ministry of Environment, Housing and Territorial Development, 2010) 
 
However, in the case of black carbon in Colombia, there are no standardized or promulgated methodologies 
for its direct measurement, the mass balance is a totally inefficient method that  complemented other actions, 
and the emission factors have not been determined in the country, considering the particularities of the fuels, 
meteorology, existing technologies, among others . 
In case of not having own emission factors, the Ministry of Environment and Sustainable Development, 
indicates in its guide for the elaboration of inventories of atmospheric emissions, to refer to the international 
references of the United States and the European Union. 
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Table 2. International references for the use of emission factors 

ENTITY LINK 

United States Environmental Protection 
Agency (EPA) 

https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-compilation-air-emissions-
factors  

European Environment Agency (EEA) 
https://www.eea.europa.eu/themes/air/air-pollution-sources-1/emep-eea-air-pollutant-
emission-inventory-guidebook  

 
The results of the emission factors for black carbon, by both agencies, are presented in numeral 2 of this 
document.  
 
Particularly, for the brick sector in Colombia, three initiatives have been used to estimate emission factors 
related to particulate matter and/or black carbon.  These are described in general terms in Table 3. 
 

Table 3. Methodologies in Colombia to estimate black carbon for the brick sector 

# METHOD ENTITY DESCRIPTION 

1 Carbon balance method 
La Salle University through the development of degree 
theses (Buitrago Torres & Rojas Gómez, 2017) 

Inmission (air quality) is monitored for CO, 
CO2, PM2.5 and Black Carbon (BC), 
upstream and downstream winds of the 
stack to be analyzed. 

The correlations of the CO/BC and CO2/BC 
concentrations are then analyzed and 
compared to the amount of carbon 
consumed during the clay firing process. 

2 

EPA Method 201A and 
subsequent determination 
of black carbon (also called 
elemental carbon) 

As part of the joint project to estimate black carbon 
emission factors for the brick sector, led by the 
Corporación Ambiental Empresarial (CAEM) and the 
Climate and Clean Air Coalition (CCAC). First monitoring 
campaign done in 2015 with the technical capacity of the 
country. 

The concentration of PM10 and PM2.5 is 
estimated using the EPA 201A method.   

The filter used for the PM2.5 fraction is 
taken to elemental carbon (EC) analysis.  
Therefore, from 100% of the mass of PM2.5 
collected, a black carbon fraction is obtained. 

3 
Direct measurement with 
RatNoze equipment and 
black carbon determination 

As part of the joint project to estimate black carbon 
emission factors for the brick sector, led by the 
Corporación Ambiental Empresarial (CAEM) and the 
Climate and Clean Air Coalition (CCAC Second , third and 
fourth monitoring campaign done in 2016 (Illinois), 2017 
and in 2019. 

The concentration of PM10 and PM2.5 is 
estimated by direct measurement, using the 
RatNoze 2 equipment. 

The filter used for the PM2.5 fraction is 
taken to EC analysis.  Therefore, from 100% 
of collected PM2.5, the black carbon fraction 
is obtained. 

 
 
 
 
 
 

1.1 Carbon balance method 
 

https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-compilation-air-emissions-factors
https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-compilation-air-emissions-factors
https://www.eea.europa.eu/themes/air/air-pollution-sources-1/emep-eea-air-pollutant-emission-inventory-guidebook
https://www.eea.europa.eu/themes/air/air-pollution-sources-1/emep-eea-air-pollutant-emission-inventory-guidebook
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This method is considered a full mass balance of all pollutants emitted expressed in carbon dioxide (CO2) 
equivalent, where the amount of pollutants emitted is related to the amount of fuel burned (Galvis 
Remolina, 2013). 
 
Considering that black carbon (elemental carbon), is emitted thanks to the incomplete combustion of fuels 
such as coal or diesel, the general balance would be given by: 
 

Table 4. Combustion general balance equations 

General balance 𝐹𝑢𝑒𝑙 +    𝐴𝑖𝑟   ⇒    𝐶𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 𝑔𝑎𝑠𝑒𝑠 

Complete combustion (𝐶 + 𝐻 + 𝑂𝑡ℎ𝑒𝑟) + (𝑂2 + 𝑁2)    ⇒  𝐶𝑂2 + 𝐻2𝑂 + 𝑁2 + 𝑂𝑡ℎ𝑒𝑟 

Incomplete combustion 1 (𝐶 + 𝐻 + 𝑂𝑡ℎ𝑒𝑟) + (𝑂2 + 𝑁2)    ⇒  𝐶𝑂2 + 𝐶𝑂 + 𝐶 + 𝐻2𝑂 + 𝑁2 + 𝑂𝑡ℎ𝑒𝑟 

 
In a complete or ideal combustion, it is expected that for each mole of carbon that enters the system, one 
mole of carbon dioxide would be expected in the combustion gases. However, when the combustion is 
incomplete, for each mole of carbon, carbon dioxide, carbon monoxide and the residual elemental carbon 
that did not react are formed, these three substances (CO2, CO, BC), together add up to one mole 
 
For this method, during the firing process of the clay of interest, upwind and downwind immission is 
measured for the parameters: CO, CO2, PM2.5 and BC, while the mass quantity of fuel used during the 
operation is quantified. The intention of measuring winds above, is to discard in the calculations the 
contributions of CO and black carbon that can arrive from other sources. 
 
The general equation (Galvis Remolina, 2013) for estimating emission factors by this method is presented 
below. 

Table 5. Emission factor from carbon mass balance 

𝑭𝑬 =
𝑸

𝟏 + 𝑸𝑶𝒕𝒓𝒐𝒔

∗ 𝑾𝒄 

NOTES UNITS 

Emission Factor  (EF)2 
𝑔  𝑜𝑓 𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑒𝑚𝑖𝑡𝑡𝑒𝑑

𝑇𝑜𝑛 𝑜𝑓 𝑏𝑢𝑟𝑛𝑒𝑑 − 𝑜𝑢𝑡 𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑛𝑡
 

Q is the ratio of the mass of pollutant to the mass of carbon dioxide Dimensionless 

QOTROS is the ratio of the mass of other carbonaceous species (BC and 
CO) to the mass of carbon in carbon dioxide 

Dimensionless 

Wc is the carbon content of a quantity of fuel 3 
𝑔 𝑐𝑎𝑟𝑏𝑜𝑛

𝑇𝑜𝑛 𝑜𝑓 𝑏𝑢𝑟𝑛𝑒𝑑 − 𝑜𝑢𝑡 𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑛𝑡
 

 

For the study carried out in a Hoffman kiln, in the town of Ciudad Bolivar (Bogotá), the following emission 
factors were obtained for black carbon (0.94 ± 1.27), carbon monoxide (53.6 ± 59.3), carbon dioxide (2122.3 
± 96.5) and PM2.5 particulate matter (5.9 ± 9.8) in kilogram of pollutant/tonne of mineral coal burned. 
(Buitrago Torres & Rojas Gómez, 2017) 

                                                           
1 El carbono elemental emitido, se considera carbono negro 
2 Las correlaciones Q y QOtros, deberá ser superior de 0.7, para que el ejercicio fuere válido.  
3 Se obtiene de los análisis físico-químicos que se hacen de la materia prima. Corresponde al porcentaje de carbono fijo (en base seca) 
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1.2 Direct measurement of PM2.5 and subsequent analysis of black carbon 
 
For the measurement of Particulate Matter (PM) the EPA method 5 is used, which consists of extracting a 
sample isokinetically from the source through a probe and capturing the mass on a filter, the collected 
particulate matter is dried and analyzed gravimetrically to determine the final concentration. 
 
For the measurement of PM2.5, the EPA 201A method is used, which consists of extracting a gas sample at a 
predetermined constant flow rate through two cyclones in series in the stack. The particle cyclones separate 
particles with nominal aerodynamic diameters of 10 and 2.5 microns respectively. The PM2.5 Particulate 
Matter collected in the sampling is dried and then gravimetrically analyzed to obtain the mass of particles 
smaller than 2.5 micrometers. 
 
From the EPA 201A method, concentrations of PM10 and PM2.5 expressed in milligrams of the contaminant 
per cubic meter are obtained. From the collected PM2.5, the black carbon fraction is estimated, so the initial 
result obtained is a black carbon concentration under the conditions given by the guidelines given by chapter 
X of Resolution 909/2008 MAVDT: concentration under reference conditions (25°C and 760mmHg) and with 
18% corrected oxygen. 
 
To explain how to determine the black carbon concentration, it will be assumed that the given PM2.5 
concentration in a particular monitor gave 109.3mg PM2.5/m3 at standard conditions and with 18% 
corrected oxygen. Once the filter where the PM2.5 particulate matter was collected was analyzed, a 0.0367 
fraction of black carbon was obtained. 

 

Table 6. Black carbon concentration by direct measurement 

FORMULA EXAMPLE 

 

[𝑃𝑀2.5] =
𝑚𝑔 𝑃𝑀2.5

𝑚3
 

 

[𝑋 ∗ 𝑃𝑀2.5] = 𝑋 ∗
𝑚𝑔 𝑃𝑀2.5

𝑚3
 

 

[𝐵𝐶] =
𝑚𝑔 𝐵𝐶

𝑚3
 

 

 

[𝑃𝑀2.5] =
109.3 𝑚𝑔 𝑃𝑀2.5

𝑚3 (𝑠𝑡𝑑)
 

 

[0.0367 ∗ 𝑃𝑀2.5] = 0.0367 ∗
109.3 𝑚𝑔 𝑃𝑀2.5

𝑚3 (𝑠𝑡𝑑)
 

 

[𝐵𝐶] =
4.0131 𝑚𝑔 𝐵𝐶

𝑚3 (𝑠𝑡𝑑)
 

 

 

However, the concentration of black carbon at standard conditions and with oxygen corrected to 18%, would 
be valid if it were to be compared to a fixed source emission standard, but, to estimate emission factors, it is 
recommended to use one or more of the following forms (Table 7). 
 
 
 

Table 7. Emission factors, process-based 



 

 

DELIVERABLE 
1.1.1  

 
 

10 
 

CRITERIA EMISSION FACTOR 

Use of fuel 
𝐵𝐶 𝑚𝑎𝑠𝑠

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 𝑢𝑠𝑒𝑑 
 

Clay cooked 
𝐵𝐶 𝑚𝑎𝑠𝑠

𝐶𝑙𝑎𝑦 𝑚𝑎𝑠𝑠 𝑢𝑠𝑒𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑠
 

Brick units produced 
𝐵𝐶 𝑚𝑎𝑠𝑠

𝐵𝑟𝑖𝑐𝑘 𝑢𝑛𝑖𝑡𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 

Energy consumption 
𝐵𝐶 𝑚𝑎𝑠𝑠

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑠
 

 
To estimate these emission factors, in addition to performing EPA Method 201A, it is required to take and/or 
estimate process information during sample taking: Amount of fuel used during measurement, amount of 
clay fired during measurement, amount of bricks produced during measurement, and, calorific value of fuel 
used during measurement 
 
To determine the emission factors, according to the considerations given in Table 7, we proceed to the 
calculations presented in Table 8. The emission factors thus estimated should be determined by type of 
technology (ZigZag, Tunnel, Hoffman, Hive, etc.) and type of fuel (natural gas, coal, biomass, etc.).  
 

Table 8. Estimation of emission factors 

CRITERIA EMISSION FACTORS (FORMULAS) 

Use of fuel 𝑬𝑭 [
𝒈 𝑩𝑪

𝑲𝒈 𝑭𝒖𝒆𝒍
] =

𝐹𝑙𝑜𝑤 [
𝑚3

ℎ
] ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 [

𝑔 𝐵𝐶
𝑚3 ]

𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑  [
𝑘𝑔 𝑓𝑢𝑒𝑙

ℎ
]

 

Clay cooked 𝑬𝑭 [
𝒈 𝑩𝑪

𝑻𝒐𝒏 𝑪𝒍𝒂𝒚
] =

𝐹𝑙𝑜𝑤 [
𝑚3

ℎ
] ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 [

𝑔 𝐵𝐶
𝑚3 ]

𝐶𝑙𝑎𝑦 𝑐𝑜𝑜𝑘𝑒𝑑 [
𝑇𝑜𝑛 𝑜𝑓 𝑐𝑙𝑎𝑦

ℎ
]

 

Brick units produced 𝑬𝑭 [
𝒈 𝑩𝑪

# 𝒑𝒓𝒐𝒅𝒖𝒄𝒆𝒅
] =

𝐹𝑙𝑜𝑤 [
𝑚3

ℎ
] ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 [

𝑔 𝐵𝐶
𝑚3 ]

𝐵𝑟𝑖𝑐𝑘𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 [
# 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

ℎ
]

 

Energy consumption 𝑬𝑭 [
𝒈 𝑩𝑪

𝑴𝑱 𝒄𝒐𝒏𝒔𝒖𝒎𝒆𝒅
] =

𝐹𝑙𝑜𝑤 [
𝑚3

ℎ
] ∗ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 [

𝑔 𝐵𝐶
𝑚3 ]

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 [
𝑀𝐽 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑

ℎ
]
 

 
For monitoring purposes, measurement should be made when the plant is at least 90% of its capacity. PM2.5 
sampling should be done in triplicate, which will result in three black carbon concentrations and three 
emission factors. The emission factor generated in each measurement will then be the average of the three 
black carbon emission factors obtained. To clarify the procedure mentioned here, it will be exemplified with 
an assumed situation. 
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1.2.1 Example of calculation to estimate emission factors, based on Method 201A4 

 
For a brick kiln that has a hoffman kiln and operates with coal, the measurement of PM, TSP, PM10, and 
PM2.5 was done under the EPA methods: 1, 2, 3, 3B, 4, 5, and 201A. The following partial results were 
obtained: 

Table 9. PM2.5 mass collected in filters 

POINT FILTER  INICIAL MASS (g) FINAL MASS (g) GAIN MASS (g PM2.5)  

R1 R1 – Filter  100,6882 100,6994 0,0112 

R2 R2 – Filter 102,2163 102,2287 0,0124 

R3 R3 – Filter 102,1257 102,1371 0,0114 

 
Table 10. PM2.5 mass collected by washing with acetone 

POINT WASH VOLUME (mL) INICIAL MASS (g) FINAL MASS (g) GAIN MASS (g PM2.5) 

R1 – Washing 94 94,9144 94,9307 0,0163 

R2 – Washing 79 86,1540 86,1628 0,0088 

R3 – Washing 84 84,6945 84,7056 0,0111 

 
The total mass of PM2.5 collected will be the sum of the mass gained in the filters plus the mass gained in 
the washing process: 

Table 11. Material PM2.5 collected by washing with acetone 

POINT MASS GAINED IN THE FILTER (g PM2.5) DOUGH GAINED FROM WASHING  (g PM2.5) TOTAL GAIN (mg PM2.5) 

R1 0,0112 0,0163 27,5 

R2 0,0124 0,0088 21,2 

R3 0,0114 0,0111 22,5 

 
To obtain a concentration at standard conditions (20°C/760mmHg), the total mass of PM2.5 must be divided 
by the sample volume that passed through the system at standard conditions, which in this case is given by 
the volume of the dry gas meter at standard conditions (Vm STD).  Both Resolution 909/2008 (MAVDT) and 
Resolution 6982/2011 SDA, indicate that the reference conditions are Temperature of 25°C and Pressure of 
760mmHg, so an adjustment should be made. Table 12 shows how to calculate these two concentrations. 

Table 12. Equations for calculating standard and reference concentration 

Standard concentration (20°C/760mmHg) [𝑃𝑀2.5] 𝑆𝑇𝐷 =
𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑔𝑎𝑡ℎ𝑒𝑟𝑒𝑑 𝑜𝑓 𝑃𝑀2.5

𝑉𝑚 𝑆𝑇𝐷

 

Concentration at reference conditions (25°C/760mmHg) [𝑃𝑀2.5] 𝑅𝐸𝐹 =
293.15𝐾

298.15𝐾
∗ [𝑃𝑀2.5] 𝑆𝑇𝐷  

 
For the data being developed in the exercise, the following results would be available for the standard and 
reference concentrations. 

 

Table 13. Standard volume, standard and reference concentration 

                                                           
4 El ejercicio se centrará la demostración en el cálculo de concentración y factores de emisión para carbono negro 
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POINT Vm STD  (m3) [PM2.5] STD  (mg/m3) [PM2.5] REF  (mg/m3) 

R1 0,256 107,42 105,62 

R2 0,284 74,65 73,40 

R3 0,285 78,95 77,62 

AVE --- 87,01 85,55 

 
In order to limit dilution processes of pollutants in emissions, the standards establish maximum percentages 
of O2 present in the emission. In the case of brick factories, it is 18% (Resolution 909/2008 MAVDT, 
Resolution 6982/2011 SDA). In a pure atmosphere, there would be an approximate molar proportion of 21% 
O2 and 79% N2. Under this assumption, the reference oxygen correction is given by the equation presented 
in Table 14, where the value of the percentage of oxygen in the system is the result of method 3 (Orsat 
Analysis). 
 
In Table 15, we present assumed values of O2 obtained in the ORSAT Method for study monitoring, and also 
the results of the reference concentration with reference O2 (the final result). Finally, an average of the final 
results is obtained from the three runs, and this will be the result for comparison with the standard. 
 

Table 14. Equation to correct reference O2 

Reference concentration with Reference O2 [𝑃𝑀2.5] 𝑅𝐸𝐹 𝐶𝑂𝑁 𝑂2 𝐷𝐸 𝑅𝐸𝐹 =
[𝑃𝑀2.5] 𝑅𝐸𝐹 ∗ (21% − 18%)

(21% − 𝑂2)
 

 
 

Table 15. Final PM2.5 concentrations at reference conditions and 18% corrected oxygen 

POINT O2 (Método ORSAT) [PM2.5] REF CON O2 DE REF  (mg/m3) 

R1 18,1 109,26 

R2 18,3 81,55 

R3 18,3 86,25 

AVE --- 92,35 

 
For the determination of PM, TSP and PM10 concentrations, exactly the same procedure is followed. For the 
case study, Table 16 presents the results for the assumed case. 
 

Table 16. Final concentrations of MP, TSP, PM10 y PM2.5 

POINT 
GAIN MASS 

(mg) 
VmSTD 
(m3) 

O2 ORSAT 
(%) 

[Pollutant]STD 
(mg/m3) 

[Pollutant]REF 
(mg/m3) 

[Pollutant]REF with O2 of 
reference (18%) (mg/m3) 

1 

PM 

166.1 0.941 18.0 177.0 174.0 174.0 

2 184.1 0.919 17.5 200.0 197.0 169.0 

3 361.1 0.941 17.1 384.0 377.0 288.0 

AVE. 237.1 0.934 17.5 253.3 249.3 210.3 

1 
TSP 

70.9 0.256 18.1 277.0 272.0 282.0 

2 71.3 0.284 18.3 251.0 247.0 274.0 
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POINT 
GAIN MASS 

(mg) 
VmSTD 
(m3) 

O2 ORSAT 
(%) 

[Pollutant]STD 
(mg/m3) 

[Pollutant]REF 
(mg/m3) 

[Pollutant]REF with O2 of 
reference (18%) (mg/m3) 

3 75.8 0.285 18.3 266.0 261.0 291.0 

AVE. 72.7 0.275 18.2 265.0 260.0 282.0 

1 

PM10 

43.2 0.256 18.1 168.7 165.9 171.6 

2 45.7 0.284 18.3 160.9 158.2 175.8 

3 44.5 0.285 18.3 156.1 153.5 170.6 

AVE. 44.5 0.275 18.2 161.9 159.2 172.7 

1 

PM2.5 

27.5 0.256 18.1 107.4 105.6 109.3 

2 21.2 0.284 18.3 74.6 73.4 81.5 

3 22.5 0.285 18.3 78.9 77.6 86.2 

AVE. 23.7 0.275 18.2 87.0 85.5 92.3 

 
In the case of TSP, PM10 and PM2.5, which obey to the same sampling, values like Vm STD and O2 ORSAT, 
have the same value, the mass ratio, turns out to be equal to the concentration ratio. Applying the same 
principle, mass ratio equals concentration ratio, as long as the same operating conditions are handled, the 
Black Carbon concentration will be calculated. 
 
First, using the data presented in Table 9, and with the information from the filters used in Method 201A, the 
areal density is calculated for the example. 

Table 17. Area of density of collected PM2.5  

POINT 
PM2.5 FILTER COLLECTED GAIN MASS 

(g PM2.5) 

AREA OF DENSITY 

(g PM2.5/cm2) Coding Diameter  Area 

R1 R1 – Filter 10cm 78,54cm2 0,0112 142,60 

R2 R2 – Filter 10cm 78,54cm2 0,0124 157,88 

R3 R3 – Filter 10cm 78,54cm2 0,0114 145,15 

AVERAGE 0,0117 148,54 

 
In Table 16, the concentrations of PM2.5 were presented, considering what was retained in the filter and in 
the probe washing. To determine the black carbon, only the fraction retained in the filter will be used. It is 
assumed that the PM2.5 concentration in the wash is equal to the PM2.5 concentration on the filter. The 
equipment used for black carbon analysis allows several samples to be taken from the PM2.5 filter, so the 
results of this analysis are assumed to be those presented in Table 18. 
 
 
 

Table 18. Black carbon analysis results 

FILTER 201ª FILTER OT5 UV FILTRO IR FILTRO AREA OF DENSITY (g BC/cm2) 

R1-Filter OP-1 110 59 3,5542 

                                                           
5 Filtro en el Transmisómetro óptico 
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FILTER 201ª FILTER OT5 UV FILTRO IR FILTRO AREA OF DENSITY (g BC/cm2) 

OP-2 140 72 4,3373 

OP-3 114 58 3,4940 

OP-4 179 60 3,6145 

OP-5 121 60 3,6145 

OP-6 279 59 3,5542 

OP-7 143 60 3,6145 

R2-Filter 

OP-8 350 108 6,5060 

OP-9 285 107 6,4458 

OP-10 326 109 6,5663 

OP-11 285 102 6,1446 

OP-12 286 101 6,0843 

OP-13 337 111 6,6867 

OP-14 337 98 5,9036 

R3-Filter 

OP-15 324 114 6,8675 

OP-16 267 100 6,0241 

OP-17 356 107 6,4458 

OP-18 322 103 6,2048 

OP-19 307 107 6,4458 

OP-20 301 104 6,2651 

OP-21 289 104 6,2651 

Average area density (g BC/cm2) 5,4590 

 
However, the area densities of PM2.5 and BC obtained are compared to calculate the proportion of black 
carbon in PM2.5. The mathematical expression is shown in Table 19. 
 
 

Table 19. Mass ratio of black carbon of  PM2.5 

𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑛 𝑋 =
 𝐵𝐶 𝑀𝑎𝑠𝑠

𝑃𝑀2.5 𝑀𝑎𝑠𝑠
 

𝑋 =
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝐵𝐶

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑃𝑀2.5

 

𝑋 =
   

5,4590 𝜇𝑔𝐵𝐶  
𝑐𝑚2    

   
148,5433𝜇𝑔 

𝑐𝑚2    
= 0,0367 

 
Having the mass fraction of black carbon in PM2.5, the reference concentration of black carbon with 

reference oxygen can be estimated for the exercise stack. Following Table 6, resulting in Table 20. 

Table 20. BC concentration at reference conditions with reference oxygen (18%) 
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EQUATION [PM2.5]REF at O2 REFERENCE (18%) X [BC]REF at O2 REFERENCE (18%) 

[𝑋 ∗ 𝑃𝑀2.5] = 𝑋 ∗
𝑚𝑔 𝑃𝑀2.5

𝑚3
 92,35 mg PM2.5 / m3 0,0367 3,39 mg BC / m3 

 
The intention of the exercise is to determine the emission factor, therefore, information relating to 
production will be assumed. The assumed data are presented in table 21. Since all of them require the flow 
rate value, the standard flow rate must first be converted into flow rate at reference conditions, a formula 
similar to that presented in Table 12 is used, giving as result: QREF = 278.5m3/min. 
 

Table 21. Emission factors at reference conditions with reference O2 (18%) 

PROCESS DATA EQUATIONS TO ESTIMATE THE EF 

Amount of fuel used 
during measurement 

154.2 𝑘𝑔 𝑑𝑒 𝐶

ℎ
 𝑭𝑬 =

[
278,5𝑚3

ℎ
] ∗ [

3,39𝑚𝑔 𝐵𝐶
𝑚3 ]

 [
154.2 𝑘𝑔 𝐶

ℎ
]

=
𝟔, 𝟏𝟐𝟑 𝒎𝒈 𝑩𝑪

𝑲𝒈 𝑪
 

Amount of fired clay 
during measurement 

3.12𝑇𝑜𝑛 𝑜𝑓 𝑐𝑙𝑎𝑦 𝑏𝑢𝑟𝑛𝑒𝑑

ℎ
 𝑭𝑬 =

[
278,5𝑚3

ℎ
] ∗ [

3,39𝑚𝑔 𝐵𝐶
𝑚3 ]

 [
3,12𝑇𝑜𝑛 𝐶𝑙𝑎𝑦

ℎ
]

=
𝟑𝟎𝟐, 𝟔𝟎𝟏 𝒎𝒈 𝑩𝑪

𝑻𝒐𝒏 𝒐𝒇 𝒄𝒍𝒂𝒚 𝒃𝒖𝒓𝒏𝒆𝒅
 

Quantity of bricks 
produced during the 
measurement 

687 𝐵𝑙𝑜𝑐𝑘 # 4

ℎ
 𝑭𝑬 =

[
278,5𝑚3

ℎ
] ∗ [

3,39𝑚𝑔 𝐵𝐶
𝑚3 ]

 [
687 𝑏𝑙𝑜𝑐𝑘𝑠 # 4

ℎ
]

=
𝟏, 𝟑𝟕𝟒 𝒎𝒈 𝑩𝑪

𝒃𝒍𝒐𝒄𝒌 # 𝟒
 

Calorific value of the 
fuel used during the 
measurement 

33.72𝑀𝐽

𝑘𝑔 𝐶
 𝑭𝑬 =

[
278,5𝑚3

ℎ
] ∗ [

3,39𝑚𝑔 𝐵𝐶
𝑚3 ]

[
154,2 𝑘𝑔 𝐶

ℎ
] ∗ [

33,72𝑀𝐽
𝑘𝑔 𝐶

]
=

𝟎, 𝟏𝟖𝟐 𝒎𝒈 𝑩𝑪

𝑴𝑱 𝒄𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏
 

 

1.3 Measurement of PM 2.5 with RatNoze 2 and subsequent analysis of black carbon 
 
The RatNoze 2 equipment was designed to monitor black carbon, even in conditions far from those 
established by the Ministry (Ministry of Environment, Housing and Territorial Development, 2010), since 
many brick kilns do not have ducts or chimneys, which is why direct measurement is not feasible (EPA 
Method 201A) and this equipment is an operational alternative. 
 
The RatNoze 2 is a dilution sampler, different from other conventional equipment for measuring emissions, 
since it conditions the extraction sample with dilution air for the representative measurement of 
condensable particulate matter and other semi-volatile species. It is designed to determine emission factors 
by the carbon balance method, but can also be used to determine undiluted exhaust concentrations and the 
exhaust flow rate for many other emission measurements. (Mountain Air Engineering, 2016). 

Table 22. Parameters measured and recorded by the Ratnoze 2 sensor. 
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PARAMETER RANGE SENSOR 

CO 0 – 5 000 ppm Electrochemical 

Background CO 0 – 5 000 ppm Electrochemical 

CO2 0 – 50 000 ppm NDIR 

Background CO2 0 – 50 000 ppm NDIR 

SO2 0 – 2 000 ppm Electrochemical 

Background SO2 0 – 2 000 ppm Electrochemical 

PM light Scattering  0 – 500 000 Mm -1 Optical 635 nm 

PM light  absortion 0 – 500 000 Mm -1 MicroAeth 

Filter attenuation MicroAeth 0 – 150 ATN MicroAeth 

MicroAeth flow 0 – 250 sccm MicroAeth 

Isokinetic Bypass Flow 0 – 4 000 sccm Flow mass sensor 

F1 Flow 0 – 4 000 sccm Flow mass sensor 

F2 flow  0 – 4 000 sccm Flow mass sensor 

Gas flow 0 – 4 000 sccm Flow mass sensor 

Dil flow 0 – 4 000 sccm Flow mass sensor 

Relative humidity of the sample 5 – 95% Capacitivo 

Sample temperature 0 – 150°C LM35 

Probe nozzle temperature 0 – 1 000°C Termopar de tipo K 

Auxiliary temperature 0 – 1 000°C Termopar de tipo K 

Pitot tube differential pressure -250 – 250 Pa Transductor de estado sólido 

Auxiliary differential pressure -250 – 250 Pa Transductor de estado sólido 

Battery voltage 0 – 30 V ADC 

Stackvel 0 – 20 m/s Calculated 

Nozvel 0 – 20 m/s Calculated 

Diluted proportion 0 – 20 Calculated 

 PM mass in the filter 0 – 1 000 000 ug Calculated 

 
The RatNoze 2 software, written in Python language, has a built-in data logger, which records operational 
data (pressure, temperatures, concentrations, flows, etc.), to see behavior in real time and to use this 
information in further analysis.  The programming of the equipment is designed to use the carbon balance 
method and to estimate emission factors considering: 
 
 The mass balance set out in Table 4 
 Work flows 
 Operating temperatures 
 Dilutions 
 CO concentrations (information stored during monitoring) 
 CO2 concentrations (information stored during monitoring) 
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 The estimated black carbon concentrations in the microathelometer (information stored during 
monitoring) 

 The estimated black carbon concentrations in the filters (external information) 
 Amount of fuel used (external information) 
 Amount of cooked clay (external information) 
 Calorific value of the fuel used (external information) 
 Number of units produced (external information) 

1.4 Advantages, disadvantages and recommendations at national level. 

1.4.1 Balance carbon 

 
Advantages 
 
 It is an excellent option, to determine the emission factors, of non-formal brick kilns, and which do not 

have ducts or chimneys, that allow to make pursuit of direct emissions. 
 By estimating emission factors, we also have immission data. This allows correlations to be made 

between emission and immission, or even with issues affecting health. 
 
 
Disadvantages 
 
 If the direction of the boom is not well coordinated with the monitoring points (upwind and downwind), 

the results may not meet the condition of maintaining a correlation of at least 0.7 and therefore, statistical 
representativeness of the results obtained may be lost. 

 
Recomendations 
 
 Implement pilot projects, which are not limited to the budget of an undergraduate thesis, which in many 

cases is not adequately funded. 
 Carry out previous dispersion models, in order to adequately estimate the distance of the air quality 

stations (CO, CO2 and BC), from the location of the source generating the emissions. 

1.4.2  EPA 201A method and subsequent BC analysis 

 
Advantages 
 
 Measuring emissions of PM10 and PM2.5 (Method 201A), allows in the future to generate a more direct co-

relationship between emissions results in the brick sector and air quality in the regions. Note that neither 
PM nor TSP are criteria pollutants today. 

 In dispersion models, PM10 dispersion is required to be modeled (PM2.5 is not as common), however, 
industrialists measure PM emissions (Method 5), and assume that the PM10 concentration corresponds 
to half of the determined PM concentration. Measuring PM 10 and PM 2.5 limits the use of this assumption, 
and allows for more accurate modeling. 
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 Direct measurement of PM10 and PM2.5 and subsequent analysis of black carbon, allows by type of 
technology and type of fuel in the brick sector to estimate the PM2.5/PM10, BC/PM2.5, BC/PM10 fractions. 

 
Disadvantages 

 
 The size of the filter used for the PM2.5 concentration estimation could be larger than the one used in the 

optical transmissometer, situation that would force to cut the filter (See Picture 1) once the PM2.5 sample 
has been taken, this can generate an underestimated black carbon result due to the damage that can 
suffer the filter or the loss of collected sample. 

 The distribution of black carbon may not be uniform over the filter, depending on what type of base or 
support is used for the filter. (See Photo 2) 

 The estimation of emission factors using this method can only be done in chimneys that meet the criteria 
of good engineering practices presented in the Protocol for the control and monitoring of air pollution 
generated by fixed sources (appropriate facilities for isokinetic sampling), however, in Colombia, the 
number of irregular or informal brick kilns is significant, and in the face of an eventual inventory of black 
carbon emissions, these technologies would be left out of this exercise. 

 EPA 201A monitoring must be done at 90% of the kiln capacity, and sampling times do not depend on 
the operation. This allows for dead times, in which PM2.5 samples are not taken, so an idealization should 
be made: fuel consumption and pollutant emissions are uniform and constant throughout the monitoring, 
which is false. For many technologies, some brickmakers do not maintain a constant fuel supply or limit 
the output of gases using dampers, this in order to give color characteristics to their final product). 

 The reports made by the laboratories, lack detail in the information they provide, and it becomes complex 
to prioritize the information required to estimate the emission factors, according to the example 
developed here. 

 There is little supply of laboratories in the country that provide the services of measuring black carbon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photography 1-1. Defective cutting of filters for later reading in the optical transmitter (CAEM & CCAC, 2017) 
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Photography 1-2. Non uniform PM2.5 distribution on the filter EPA Method 201A 

   

a. Filter support b. PM2.5 Filter without cut c. PM2.5  Filter cut 

 
 
Recomendations 
 
 Review other alternatives for measuring black carbon, which do not involve cutting the filter where 

PM2.5 is collected during the measurement of Method 201A.  The method indicates the possibility of 
working with diameters of 25, 47, 63, 76, 90, 101 and 110 mm. It would be pertinent to study these 
alternatives. 

 Use filter supports with a more uniform base (fiberglass or agglomerated glass), or, if this is not possible, 
take more attenuation readings on the equipment, perhaps by rotating the filter, in order to disregard 
the systematic error and then evaluate the representativeness (CAEM & CCAC, 2017), this option is 
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feasible, while from a collected PM2.5 filter, several samples can be taken for analysis in the optical 
transmissometer. (Photography 3) 

 For chimneys or sources that have large emissions of particulate matter, this methodology limits the 
quantification of black carbon, while BC measuring equipment has detection limits limited to low 
concentrations, the possibility of applying some type of dilution in the sample gas or extending the 
sampling time should be reviewed. 

 Once an EPA 201A sampling has been contracted, it is recommended to submit the report, following at 
least the characteristics given in Annex 1. 

Photography 1-3. Sample capture for subsequent black carbon analysis 

 
Courtesy: Sunset analyzer EC/OC instrumental laboratory (LIAC). La Salle University 

1.4.3 Use of RatNoze and subsequent BC analysis 

 
Advantages 
 
The main advantage offered by the equipment is the possibility of measuring emissions in systems with or 
without a chimney. For brick kilns with a chimney or extraction duct, the RatNoze2 has a probe that can 
expand up to 3.05m in length. The nozzle used in direct measurements can be replaced by a multi-point beam 
nozzle, which would facilitate measurement in brick kilns without a chimney or duct. (Photo 4). 
 
The equipment/software set is designed to give as final results the respective emission factors, not only for 
black carbon, but also for CO, CO2, SO2 and PM. Of course, to obtain optimal results, it is important to 
correctly feed the process and fuel quality information. (Diagram 1) 
 
 
 
 
 
 
 
 

Diagram 1. Sample dilution mechanism and multipoint  probe 
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In some situations, monitoring must be done on stacks that have excessive particulate matter emissions, 
which will generate a high concentration of PM2.5 on the filters, thus making attenuation readings for 
estimating black carbon concentration impossible. The RatNoze 2 equipment is designed to dilute the flue 
gas and ensure that the concentration collected on the filters is within the requirements of the equipment for 
measuring black carbon. (Diagram 1). 
 
Disadvantages 
 
 There are few laboratories in the country that provide black carbon measurement services. 
 The equipment does not have an O2 meter, therefore, the emission factors obtained can only be presented 

in standard or reference conditions, not with corrected O2, which would be ideal considering the 
normative bases in Colombia. 
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 The equipment requires technical assistance to change the filters. Suppose that the operator leaves it 
programmed with a certain dilution, so that the equipment takes a sample during the whole night, 
however, given that for some clay firing processes, the emission is not constant, it turns out that there 
was a significant increase in the concentration emitted of particulate material and consequently of PM2.5, 
for which reason, the sample could be lost when the filter is saturated. 
 

Recomendations  
 
The recommendations presented here are mainly focused on the optimization of RatNoze 2 equipment 
 It is recommended that the RatNoze 2 equipment be autonomous and stop collecting PM2.5 on the filter, 

once it reaches a certain level of saturation, this would guarantee that no sample is lost. Important in 
ovens where the PM2.5 emission is not uniform, for example, hive ovens that use dampers 

 Include O2 meter, in order to make the proper corrections for reference oxygen, which in the case of brick 
kilns is 18%. 

 Include sensors for HCl and HF measurement. 
 

However, Mountain Air Emissions Equipment has implemented some of these and other improvements in its 
RatNoze 3 and RatNoze 4 versions. Improvements to the Ratnoze2 equipment include: electrochemical 
sensors for H2S, NO, NO2, O2 and PID sensor for hydrocarbons, absolute ambient pressure sensor, in the 
RatNoze3 version; finally, it uses real-time particle absorption by Brechtel TAP instead of MicroAeth AE51 
and includes NDIR methane sensor, for the RatNoze4 version. 

1.5 General recomendations 
 
It is suggested to make regulatory changes, where TSP measurement (Method 5) is no longer a requirement 
and direct measurement of PM10 and PM2.5 emissions (Method 201A) is now required, at least for the brick 
sector. 
 
In case of wanting to obtain emission factors, of national use and even of normative use, it is required to 
guarantee the statistical representativeness of the same ones, and it is here where it is the main disadvantage 
of the exercise developed by the CAEM and the CCAC, because a single or few measurements by technology 
/ type of fuel / system of dosage, cannot be considered as a definitive factor of emission, it is only an indicative 
result. 
 
The bonds of trust and joint work at the brick table must be consolidated, as perceiving certain information 
(material consumption, production, costs, occupational health, etc.) by the sector has been the most difficult 
task of this exercise. 
 
From the brick table, and together with the ceramic table, there is a growing need to know their emissions 
around the parameters HCl and HF, which is why, if this exercise continues in the sector, it is proposed to 
start characterizing these emissions, characterizing the presence of Cl and F, in clays and fuels. 
 
Once the emission factors have been defined, using purely operational data: amount of fuel consumed per 
unit of time, amount of units (bricks) produced per unit of time, amount of clay fired per unit of time, an 
emission inventory can be estimated for the brick sector. As mentioned, obtaining this information is difficult, 
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however, a very important actor is outside the work team and is the one who collects this information 
officially, the IDEAM through the RUA platform (Single Environmental Register). With access to this 
disaggregated information, emissions would be characterized, at least for those brickmakers that are 
constituted as formal companies. 
 
Regardless of whether Method 201A or Ratnoze 2 equipment is used, it will be necessary to measure black 
carbon, however, there is no unified standard on the technology that should be used for this purpose. It 
should be recognized that different values of black carbon can be obtained for the same sample, therefore, it 
is urgent that the scientific and/or academic community unify these measurement criteria. 

2 Estimation of black carbon factors at the international level 
 
For the brick sector, the reported emission factors are mainly contributions from the academic sector, with 
the government sector taking a back seat. 

2.1 United States Environmental Protection Agency (EPA) 
 
The brick sector is classified by the EPA as follows: Chapter 11: Manufacture of Mineral Products, Part 11.3: 
Bricks and Related Clay Products There, the EPA, proposes some emission factors (Table 23) only 
discriminating by 5 stages of the process, and for clay firing, it proposes 3 fuels (See diagram 2). 
 
This classification of processes and technologies falls far short of the diversity presented by Colombia, in 
terms of types of technology (furnaces), biomass and fuel dosing systems. 
 
The letters that accompany each factor are an indicator of the statistical reliability of the data. The further 
away from A the data is, the greater the uncertainty and/or lack of repeatability in the tests. (EPA, 2020)6 
 

Diagram 2. Classification of emission factors for the brick sector according to the EPA (EPA, 1997) 

                                                           
6 Emission factor rating 

A - Excellent. The emission factor is developed primarily from test data from A and B rated sources taken from many randomly selected facilities in 
the industry population. The population of the source category is specific enough to minimize variability. 

B- Above average. The emission factor is developed mainly from test data classified A or B from a moderate number of installations. Although no 
specific bias is evident, it is not clear whether the installations evaluated represent a random sample of the industry. As with the A rating, the 
population of the source category is specific enough to minimise variability. 

C - Average. The emission factor is developed primarily from A, B and C rated test data from a reasonable number of facilities. Although a specific 
bias is not evident, it is not clear whether the assessed installations represent a random sample of the industry. As with the A rating, the population 
of the source category is specific enough to minimise variability. 

D - Below average. The emission factor is mainly developed from A, B and C rated test data from a small number of installations, and there may be 
reason to suspect that these installations do not represent a random sample of the industry. There may also be evidence of variability within the 
source population. 

E - Poor. The factor is developed from test data rated C and D from a very small number of facilities, and there may be reason to suspect that the 
facilities evaluated do not represent a random sample of the industry. There may also be evidence of variability within the source category population. 

U - Unclassified (used in L&E documents only). The emission factor is developed from evidence of origin that has not been thoroughly evaluated, 
research work, modeling data, or other sources that may lack supporting documentation. The data are not necessarily "poor", but there is not enough 
information to rate the factors according to the rating protocol. U" ratings are commonly found in L&E and FIRE documents rather than in AP 42 
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Table 23. Emission factors brick sector – EPA (EPA, 1997) 

POLLUTANT 
EF (

𝒍𝒃 𝑷𝒐𝒍𝒍𝒖𝒕𝒂𝒏𝒕

𝑻𝒐𝒏 𝒃𝒓𝒊𝒄𝒌 𝒑𝒓𝒐𝒅𝒖𝒄𝒆𝒅
) 

COAL GAS SAWDUST 

PM (without control) 1,8 B 0,96 D 0,93 D 

PM (with filter e.g. sleeve filter) 0,63 E 0,87 D --- --- 

PM10 1,4 C --- --- 0,85 D 

PM2.5 0,87 D --- --- 0,75 D 

CO2 300,00 C 400 B 490,00 D 

CO 0,80 D 1,2 C 1,6 D 

 

2.2 European Environment Agency (EEA) 
 
In the recent European Environment Agency's Emission Inventory Guide 2019 (EEA, 2019), it classifies brick 
production with the NFR Code: Other, and the Activity: Non-Metallic Minerals: Combustion in Cement, Lime, 
Asphalt, Glass, Mineral Wool, Bricks and Tiles, Fine Ceramic Material. The emission factors provided here are 
for NOX, SO2 and CO where information is available. (Table 24) 

Table 24. Emission factores brick sector  – EEA (EEA, 2019) 

POLLUTANT GAS/GASOLINE/COAL 
CONFIDENCE INTERVAL 

LESS OVER 

NOX 184 (
𝑔𝑁𝑂𝑋

𝑀𝑔 𝐹𝑢𝑒𝑙
) 49 255 

CO 189 (
𝑔𝐶𝑂

𝑇𝑜𝑛 𝑓𝑢𝑒𝑙
) 2,45 2550 

Cocción de arcilla

Horno de 
gas natural

Horno de carbón

sin control
con filtro 

de mangas

Horno de 
aserrín

Horno de 
aserrín y 

secador de 
aserrín

Triturador
a primaria 
con filtro 

de mangas

Secadores 
no 

naturales

Operaciones de 
molienda y cribado

procesamie
nto de 

material 
seco

con filtro 
de mangas

procesamie
nto de 

material 
húmedo
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SOX 39,6 (
𝑔𝑆𝑂𝑋

𝑀𝑔 𝐹𝑢𝑒𝑙
) 49 255 

 
In this case the emission factors presented are even more general, and therefore more distant from the 
industrial conditions of the country. 

2.3 Other external black carbon measurement initiatives 
 
The CCAC initiative has not been implemented only in Colombia, therefore, there are many reports of black 
carbon analysis in brick kilns in countries like: India, Nepal, China and Mexico, using other versions of the 
RatNoze team, whose measurement scheme is basically the one already described. 
 
 
 

2.3.1 Bangladesh (Imdadul, Kamrun, Humayun, & Abdus, 2018) 

 
Eighteen brick kilns were selected from three manufacturing technologies: (1) fixed stack kiln - FCK, (b) 
ZigZag and (c) Hoffmann, to understand the emissions scenario of the brick sector in the Greater Dhaka 
region of Bangladesh. They measured the concentrations of: 
 
 PM2.5 with an Aerocet 531S sampler (USA) 
 Black Carbon (BC) with Magee Scientific, Soot Scanning Transmissometer OT-21 (USA) 
 Pollutants: CO2, CO, SO2, NOX and VOC, with an Aeroqual 500 gas sampler (New Zealand). 
 
The average concentrations for particulate matter less than 2.5 microns and black carbon emitted from the 
18 brick kilns is presented in Table 25. They also measured PM2.5 and PM10 in ambient air (air quality or 
immission) at brick kiln locations and within 1 km of the respective kilns to see the effect on the surrounding 
areas. 

Table 25. Average concentratios of  PM2.5 y BC en Bangladesh 

AVERAGECONCENTRATION (mg/m3) FCK ZIGZAG HOFFMANN 

PM2.5  141 ± 86 128 ± 72 110 ± 53 

BC 16.6 ± 7.1 11.8 ± 4.2 8.9 ± 4.4 

 
In the results of the combustion gases, they found that the highest emission of CO (indicator of incomplete 
combustion) is presented by FCK ovens, while Zigzag has a higher emission of CO2 (indicator of complete 
combustion). The conversion of traditional FCK furnaces to Zigzag or Hoffmann could be the best option. The 
emission factors obtained in the study are presented in Table 26. 
 
 
 

Table 26. Emission factors brick sector in Bangladesh 
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4526𝑇𝑜𝑛 𝑃𝑀2.5

𝑦𝑒𝑎𝑟 − 1000𝑘𝑖𝑙𝑛𝑠
 

340𝑇𝑜𝑛 𝐵𝐶

𝑦𝑒𝑎𝑟 − 1000𝑘𝑖𝑙𝑛𝑠
 

209,776𝑇𝑜𝑛 𝐶𝑂2

𝑦𝑒𝑎𝑟 − 1000𝑘𝑖𝑙𝑛𝑠
 

8700𝑇𝑜𝑛 𝐶𝑂

𝑦𝑒𝑎𝑟 − 1000𝑘𝑖𝑙𝑛𝑠
 

19,441𝑇𝑜𝑛 𝑆𝑂2

𝑦𝑒𝑎𝑟 − 1000𝑘𝑖𝑙𝑛𝑠
 

835,450𝑇𝑜𝑛 𝑉𝑂𝐶

𝑦𝑒𝑎𝑟 − 1000𝑘𝑖𝑙𝑛𝑠
 

 

2.3.2 Global anthropogenic emissions of PM, including BC (Klimont, y otros, 2017) 

 
The authors made a comprehensive assessment of the historical emissions (1990-2010) of global 
anthropogenic particulate matter (PM), including consistent and harmonised calculation of the mass-based 
size distribution (PM1, PM2.5, PM10), as well as primary carbonaceous aerosols, including black carbon (BC) 
and organic carbon (OC).  
 
To calculate the emissions of the above pollutants, they used some emission factors, and in their document 
they reference the following emission factors related to the brick sector. 

Table 27. Comparison of emission factors used in the GAINS model for brick kilns with other studies  

KILN 
EMISSION FACTORS (g Pollutants/ kg bricks produced) 

Reference 
PM2.5 BC OC 

Clamp (pinza) 

1,6 0,35 0,3 (UNEP/WMO, 2016) 

1 0,3 0,1 Modelado con GAINS 

1 0,35 0,15 Modelado con GAINS 

Inverseflow 
0,49 0,19 0,07 (Weyant, y otros, 2014) 

0,97 0,29 0,09 Modelado con GAINS 

BTK 

1,31 0,27 0,24 (UNEP/WMO, 2016) 

0,19 

(0,008 - 0,33) 

0,15 

(0,09 – 0,07) 
0,007 (Weyant, y otros, 2014) 

0,18 / 0,8 0,13 / 0,25 0,001 / 0,07 Modelado con GAINS 

Vertical Shaft Brick 
Kiln (VSBK) 

0,77 0,175 0,15 (UNEP/WMO, 2016) 

0,07 

(0,005 – 0,009) 

0,0015 

(0,001 – 0,002) 
0,014 (Weyant, y otros, 2014) 

0,093 0,001 – 0,004 0,002 – 0,059 Modelado con GAINS 

0,093 0,002 0,059 Modelado con GAINS 

Zig Zag 

0,06 

(0,03 – 0,06) 

0,01 

(0,014 – 0,03) 
0,005 (Weyant, y otros, 2014) 

0,13 0,04 0,02 Modelado con GAINS 

Tunnel (carbon) 

0,28 0,0035 0,003 (UNEP/WMO, 2016) 

0,24 0,01 < 0,00 (Weyant, y otros, 2014) 

0,28 0,002 0,0035 Modelado con GAINS 
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Hoffman 0,08 0,003 0,005 Modelado con GAINS 

 (MK) 0,15 0,06 0,02 Modelado con GAINS 

 

2.3.3 Black Carbon Estimation in North America (Commission for Environmental Cooperation) 

 
The Commission for Environmental Cooperation (CEC) presented in 2015 its guide for estimating black 
carbon emissions in North America: Recommended methods for estimating black carbon emissions for 
various economic and domestic activities, generally based on particulate matter speciation data, obtaining a 
generic formula for the use of emission factors. (Table 28). This methodology is very close to that explained 
with the EPA Method 201A. 

Table 28. Use of speciation factors for emission estimates 

EQUATION NOTATION 

𝑬𝑩𝑪 = 𝑭𝑬𝑴𝑷 ∗ 𝑨 ∗ 𝑭𝒆𝑩𝑪 

E Emission 

FE Emission factor 

MP Particulate Matter 

A Activity 

FeBC Emission factor of speciation of BC 

 

3 However, for this document, the only activity that does not have this speciation factor is the brick 

sector, the reason being basically insufficient information on the emission factors of articulated 

material for the sector and of course, the lack of information regarding speciation. 
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