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Introduction 
 

During the monitoring campaign carried out by the Environmental Business Corporation (CAEM) under the 
agreement established between the Ministry of Environment and Sustainable Development and the Coalition 
for Air and Clean Climate, black carbon was measured in different clay firing kilns for brick production. 
 
Based on the panorama presented by the national inventory of the brick sector in Colombia (CAEM - CCAC, 
2015), it was established to make measurements to several technologies present in the country, for this 
purpose, the RatNoze II equipment was used, which allows to make measurements in fixed sources, 
regardless of whether it has a duct or not, which results in an advantage, taking into account that in the 
country there is a large percentage of kilns that do not comply with the specifications of Chapter 4 of the 
Protocol on fixed sources (MAVDT, 2010) 
 
Although the aim was to cover all departments identified in the 2015 inventory, priority was given to those 
most representative either by production or by type of technology. The following departments were not 
included: Cesar, Atlántico, Nariño, Guajira, Tolima, Cauca and Sucre. Regarding the use of fuel, measurements 
were made on kiln the following is a summary of the measurements made between 2015 and 2019, by fuel 
used, and by geographical location. 
 

Figura 1 BLACK CARBON MEASUREMENTS (TECHNOLOGY VS. FUEL) 
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Figura 2 BLACK CARBON MEASUREMENTS (TECHNOLOGY VS. GEOGRAPHIC LOCATION) 
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The emission factors (EFs) obtained were then classified by fuel use and technology, averaged arithmetically 
and the respective standard deviation was determined. In some cases, this deviation is quite large, which 
represents a significant bias, and has its origin in the high variability of the results. 
 
Limiting and minimizing this bias involves making measurements by repeating the measurements on the 
furnaces already measured, in addition to enlarging the sample of each type of technology/fuel, so that it is 
representative, according to the data presented in the 2015 inventory, at that time there were 2430 furnaces, 
assuming 95% safety, 5% accuracy and an expected rate of 5%, would imply having at least monitored black 
carbon in 73 different brick kilns, this without counting the repeatability tests that each would require, in 
any case, this would be out of budget. The results of this exercise are presented in the following tables. 
 
The estimates of emission factors are determined by several factors: operational, technological, 
meteorological, etc., so it is impossible to achieve total independence of these variables.  Therefore, the 
analysis below involves at least two of these characteristics. 
 
 
 
 
 
 
 
 

Table 1 EMISSION FACTORS FOR FURNACES RUNNING ON COAL OR BITUMINOUS COAL (STD) 
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 TUNNEL HOFFMAN ZIGZAG WAGON CHAMBERS CONTINUOUS DOME KILN ARAB ARTISANAL 

Fuel-based emission factors (gBC / kgFUEL) 

FE 0,174689 0,176483 0,273365 --- 0,985426 0,864148 --- 0,049823 

 0,194323 0,238345 0,234155 --- 1,453622 0,709172 --- 0,067962 

Emission factors based on energy(gBC / MJFUEL) 

FE 0,005843 0,005894 0,010167 --- 0,032124 0,029598 --- 0,002093 

 0,006445 0,007820 0,009407 --- 0,047015 0,025499 --- 0,001837 

Emission factors based on production  (gBC / kgbrick) 

FE 0,011267 0,005241 0,009139 --- 0,109676 0,135434 --- 0,003791 

 0,012650 0,005752 0,007123 --- 0,175890 0,142155 --- 0,004969 

 

Table 2 EMISSION FACTORS FOR KILNS OPERATING WITH COAL/G OR COAL/BIOMASS MIXTURES (STD) 

 
TUNNEL HOFFMAN ZIGZAG WAGON CHAMBERS CONTINUOUS DOME KILN ARAB ARTISANAL 

Fuel-based emission factors (gBC / kgFUEL) 

FE 0,017289 0,570580 --- --- --- --- --- --- 

 0,016509 0,093345 --- --- --- --- --- --- 

Emission factors based on energy(gBC / MJFUEL) 

FE 0,000674 0,020510 --- --- --- --- --- --- 

 0,000612 0,005216 --- --- --- --- --- --- 

Emission factors based on production  (gBC / kgbrick) 

FE 0,000435 0,015451 --- --- --- --- --- --- 

 0,000384 0,009712 --- --- --- --- --- --- 

 

Table 3 EMISSION FACTORS FOR KILNS OPERATING ONLY WITH BIOMASS (STD) 

 
TUNNEL HOFFMAN ZIGZAG WAGON CHAMBERS CONTINUOUS DOME KILN ARAB ARTISANAL 

Fuel-based emission factors (gBC / kgFUEL) 

FE --- 0,232287 --- 0,004988 --- --- 0,190834 --- 

 --- 0,037257 --- 0,000752 --- --- 0,146914 --- 

Emission factors based on energy(gBC / MJFUEL) 

FE --- 0,016165 --- 0,000342 --- --- 0,015027 --- 

 --- 0,005216 --- 0,000109 --- --- 0,011089 --- 
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TUNNEL HOFFMAN ZIGZAG WAGON CHAMBERS CONTINUOUS DOME KILN ARAB ARTISANAL 

Emission factors based on production  (gBC / kgbrick) 

FE --- 0,013622 --- 0,000886 --- --- 0,034283 --- 

 --- 0,007367 --- 0,000285 --- --- 0,024282 --- 

General analysis of the situation 

Analysis by technology 
 
Before starting the analysis, it is important to be clear about the notation of the figures. The grey bars 
represent the use of coal, the blue ones represent mixtures, either of natural gas and coal, or, of natural gas 
and biomass. The orange boxes represent continuous technologies, the red boxes represent intermittent 
technologies, and finally the violet boxes represent artisanal technologies. 
 
Figures 3, 4 and 5 show the average emission factors, represented with their respective standard deviation. 
 

Figura 3 FUEL BASE EMISSION FACTORS (g BC / kg FUEL) 
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Figura 4 EMISSION FACTORS BASE DON ENERGY (g BC / MJ FUEL) 

  
 
The behaviour is very similar for fuel and energy-based EF, in fact, it is quite logical, since, to calculate the 
black carbon emission with an energy-based EF, two data need to be considered: fuel consumption, and, 
calorific value of the fuel.  What these two factors indicate is that continuous furnaces tend to generate fewer 
emissions than intermittent furnaces. On the other hand, it would be expected that the black carbon emission 
factor of the artisanal furnace would be much higher, perhaps due to dilution processes in the taking of the 
sample. 
 
Regarding the behaviour of the emission factor based on production, in general it presents the same 
characteristics, however, the standard deviation for the beehive/coal furnace, increases significantly.  As a 
hypothesis, it could be considered that there are greater losses of fired brick in this type of kiln than in the 
others, however, this statement requires a more detailed study. 
 
Henceforth, only fuel-based emission factors will be compared, considering that the other two emission 
factors have similar behaviour to this one. 
 
In case of analyzing the emission factors obtained before averaging them, the behavior of these could be 
considered for the same technology, considering particularities such as dosage (See Figures 6 and 7).   
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Figure 5 EF based on production  (g BC / kg PRODUCED BRICK ) 
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Figure 6 DOME KILN  USING COAL WITH DIFFERENT DOSING SYSTEMS

 

Figure 7 TUNNEL  KILN  USING COAL WITH DIFFERENT DOSING SYSTEMS 

 
 

In general, it is expected that the less manual the way the fuel is fed into the furnace, the lower the emission 
factor should be.  This hypothesis is false. When observing the behaviour of various emission factors for 
tunnel kilns (working with coal), some with manual dosing and others with automatic dosing, the same fate 
occurs for the beehive kiln, as the emission factor values for manual dosing and with manual carbojet, turn 
out to be very similar. 
 
There may be an explanation for these results, it could be that the process of crushing and grinding, is being 
carried out in an overestimated way, facilitating that it is transported to the exit duct, situation that is 
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magnified, if the chimney draught has not been well designed or has not been well located within the 
production line. 

Analysis by fuel 
Figure 8 PAMPA KILN  WITH DIFFERENT TYPES OF BIOMASS 

 

In order for the analysis to be comparable, it is suggested to study the same type of furnace, using several 
fuels.  In this case, the pampas kiln was analysed against different types of biomass. As expected, the results 
are not at all homogeneous, because each biomass has its own characteristics in terms of moisture and 
calorific value 
 
The same will be true when comparing coal, natural gas, blends, and, biomass. Each fuel has a different 
quality, and depending on the relative humidity, ash percentage and calorific value, different amounts may 
be required for the same process, and of course, different emissions of black carbon are generated. 
 

Analysis by geographical location 
 
For this situation, two types of ovens that work with coal will be analyzed, on the one hand there is the 
chamber oven for the departments of Boyacá and Cundinamarca, and on the other hand, there is the zigzag 
oven, for the departments of Cundinamarca and Valle del Cauca. 
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Figure 9  CHAMBERS CONTINUOUS KILN  LOCATED IN BOYACÁ vs CUNDINAMARCA 

 
 

Although the same technology and fuel is used, the difference between the black carbon emission factors 
obtained is significant, for two reasons: 
 

 The first is the meteorology of the area, since the furnace located in Boyacá is subjected most of the 
time to very low temperatures, which means that part of the heat obtained from combustion is lost 
in the environment through convection, forcing the use of more coal in the process. 

 It may be a matter of technology, since the oven in Boyacá has 14 chambers, while those in 
Cundinamarca have 22 (sant. Soacha). 
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Figure 10 ZIGZAG KILN  LOCATED IN VALLE DEL CAUCA vs CUNDINAMARCA

 

In this case, the behaviour is similar to the previous one, because although the same technology and the same 
fuel are compared, the results are very different, even within the same department. The reasons for this 
behavior could be attributed to two factors: firstly, the relative humidity of the air in the valley is higher, so 
part of the fuel is lost by heating the water vapor that enters the oven with the ambient air; secondly, the 
quality of the coal offered in Cundinamarca and Valle del Cauca is beginning to be relevant. 
 

Analysis of emissions and impact on public health. 
Estimating the black carbon emissions in Colombia, associated with the brick sector, implies having an 
explicit picture of the sector, among others, it is required to know factors such as: 
 

 Number of brick kilns 
 Location  
 Technology 
 Capacity of production  
 Fuel used (quantities) 
 Production 

 
This led the CAEM team to develop a questionnaire, in order to obtain this information, as well as valuable 
information for another phase of the project, which is the estimation of the benefits and co-benefits of the 
brick sector. To address the entrepreneurs, several mechanisms were established: 
 

 From the DANE 2017 database, the companies were filtered by ISIC code, and called the 
entrepreneurs.  

 Support was requested from environmental authorities (Ministry, Corporations, Secretariats), to 
provide us with the databases related to the sector, so that CAEM will address them later 
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 A copy of the data collected in the RUA on PM10 and PM2.5 emissions, fuel consumption and brick 
production, etc., was requested from IDEAM and the Ministry 

 The form was socialized with the brick table 
 
Unfortunately, the information collected by this means was very low, and I do not manage to be sufficiently 
representative, in some cases, because the contact details were out of date, or because they no longer worked 
in the sector, in other cases, because the information was not shared by other entities. 
 
Given this situation, and while in the brick sector inventory, and based on the last update of the brick 
inventory 2015, the most relevant is to estimate the black carbon emissions of the sector, from the last 
validated inventory.  For this exercise, the emission factors obtained with the RatNoze II equipment will be 
used, and are the result of four years of measurements in different kilns throughout the country. 
 
 
 
 
 
 

 
 
For the estimation of black carbon emissions and starting from the emission factors previously stated and 
presented, which were obtained after performing different measurements of black carbon considering them 
to be representative in several aspects: technologies for brick firing, fuel used, presence and 
representativeness of kiln models in the regions, the following information is taken up: 
 

 kg of fuel used (annually) Fuel Emission factors based on fuel 
 MJ of fuel used (annually) Energy) Emission factors based on energy 
 kg of brick produced (annually) Emission factors based on production 
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Table 4  ACTIVITY LEVELS FOR ESTIMATING BLACK CARBON EMISSIONS IN THE BRICK SECTOR 

FUEL TUNNEL HOFFMAN ZIGZAG 
WAGON CHAMBERS 

CONTINUOUS 
DOME 
KILN 

ARAB ARTISANAL 

Ton of fuel use  annually 

COAL  183988,9 83909,8 14589,6 15281,6 9562,3 239794,6 53183,8 61296,0 

GAS 
NATURAL 

NA --- --- --- --- --- --- --- 

BIOMASS --- Unknown  --- 5644,8 --- 2306,4 308679,3 --- 

MJ / Ton/fuel use  

COAL  1425913,0 1936054,0 275870,0 275859,0 539000 5412690,0 3096544,0 14526670,0 

GAS 
NATURAL 

123883,0 --- --- --- --- --- --- --- 

BIOMASS --- 17900,0 --- 17900,0 --- 40680,0 9377848,0 --- 

Ton  of brick produced annually  

COAL  3271203,0 1899190,0 186258,0 124596,0 160920 2185618,0 288546,0 532566,0 

GAS 
NATURAL 

385249,0 --- --- --- --- --- --- --- 

BIOMASS --- 37950,0 --- 62832,0 --- 6084,0 2338528,0 --- 

 
From the information provided in Table 4, those technologies that work with natural gas will not be 
considered, as no black carbon is generated. Hoffman technology using biomass is not considered, while the 
inventory does not report data on the mass quantity used per year. Neither will black carbon emissions be 
considered because the respective emission factors are not available. 
 

 Wagon Kiln / Coal 
 Arab kiln / Coal  
 Dome kiln / Coal 
  

Results and analysis of results 
The following figure presents the emission factors with their annual estimate by type of fuel, energy used 

and by production by technological model in the year, based on the information from the inventory of the 

brick sector. 

Figure 11 EMISSION OF BLACK CARBON BASED ON FUEL (KG DE black carbon / YEAR) 
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Figure 12 EMISSION OF BLACK CARBON BASED ON ENERGY (KG DE BLACK CARBON/ YEAR) 

 
 

 
Figure 13 EMISSION OF BLACK CARBON BASED ON PRODUCTION (KG DE BLACK CARBON / YEAR) 
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Important: In terms of black carbon emissions, the technology that has the least impact is the wagon-type 
oven (using biomass), this is because its use in the country is one of the least predominant, in addition to 
using a cleaner fuel such as coffee cisco, However, it is important to mention that during the project only one 
measurement was made of this technology, mainly because it is not a widely used and representative 
technology in the country. 56.3°C and 382°C, which is an indicator that a large amount of air is being lost as 
the kiln reaches the sintering temperature of the material, so a great opportunity for improvement is to reuse 
this hot air, to reduce not only the fuel consumption but also the burning times in the following figure shows 
the temperature behavior of this measurement. 
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Figure 14. Gas temperature profile of wagon-type kiln  

 

 
 This situation contrasts with the dome kiln  (coal) and Arab (biomass) technologies, which have a greater 
presence in the country, besides being less efficient technologies, as shown in the graphs for all emissions 
generated around the fuel, energy and production, it is also relevant to mention that the technology 
conversion is one of the main measures for the reduction of black carbon, Together with the implementation 
of technologies to improve the combustion process within the kilns and good operating practices related to 
energy efficiency, the following is a case study of all the information collected and the traceability of the 
measurements made in a beehive-type furnace which uses manual dosing to start the burning process, but 
which then goes on to automatic dosing through an eductor-type dosing equipment. 

 

Incidence of black carbon emissions after the implementation of Energy Efficiency 

measures 
 
The production processes are not 100% efficient, so we can always talk about optimizing them.  Optimization 
should not be seen unilaterally in the net increase of production, it should be approached from socio-
economic, environmental and occupational aspects.  In the case of brick production, the base, the main raw 
material is clay, which is subjected to different operations and unitary processes. 
 
 
 

Figure 15 UNITARY OPERATIONS AND PROCESSES IN THE BRICK SECTOR 
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Each of these stages will depend directly on four factors: a) equipment, b) quality of raw materials, c) 
operating conditions (handling of the process by personnel), and, d) weather conditions in the sector. 

Of the stages mentioned here, we will focus our analysis, particularly on the cooking stage. This does not 
mean that the others cannot generate fixed or dispersed emissions, and therefore can be improved. Analyzing 
this stage in a particular way, we have in general two processes: 1) combustion of the fuel, 2) firing of the 
clay. (See Figure 16 : Flow diagram of the firing process) 

In the first case, what is sought is to oxidize (burn) a fuel in order to take advantage of its energy potential, 
the oxidizing agent in this case is oxygen in the ambient air, however, air is a mixture of oxygen, water vapor 
(moisture) and nitrogen, these other components, can be involved in reactions inside the furnace, although 
ideally they are inert reagents during the process.  In the second case, the heat emitted by the combustion 
generates physical-chemical changes in the clay, among others: release of unbound water in the clay entering 
the process, oxidation of binders in the clay, sintering and in some cases vitrification of the clay. 

Achieving a quality product requires good quality molded clay that enters the system and strict temperature 
control throughout the firing process, otherwise, you can get bricks with cracks and deformations 

Extracción Madurado Mezclado
Molienda o 
tamizado

Extrucción Corte
Secado 

preliminar
Cocción

Secado 
final
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Figure 16 FLOW CHART OF THE CLAY FIRING PROCESS 

 

 
Optimising the use of fuel involves several factors: 1) ensuring close contact between the fuel and the 
oxidising agent (oxygen in the ambient air), 2) flow of hot air throughout the internal geometry of the kiln, 
3) the contact time between the clay and the hot air must be significant, to improve the quality of the product 
the relationship between these last two factors is vital. 
 
If there is no adequate fuel/oxygen contact, fuel waste is being incurred, which has repercussions on three 
things: emissions of unoxidised/burnt fuel in the form of either gas or particulate material (this will depend 
on the nature of the fuel), precipitation of particles (applies only to solid fuels) which at the end of the process 
will be mixed with the ash, increased fuel consumption.  One way to improve this condition is to increase the 
contact area between the two materials, either by feeding in excess air or by decreasing the size of the fuel 
(in the case of solid fuels). 
 
With regard to the second condition, that there is no uniform hot air flow throughout the internal geometry 
of the kiln, this will generate two conditions, on the one hand, there will be material burning, on the other 
hand, there will be clay left "raw", neither of which is desired, as it clearly means loss of raw material, which 
forces, in the best of cases, reprocessing, in another scenario, loss of material. 
 
As opposed to the latter situation, which does not guarantee sufficient residence time for the hot air inside 
the kiln, this situation could arise for two reasons: either the forced draught draws the hot air out of the kiln 
in a hurry, or heat is lost through radiation or convection if the kiln is not properly sealed. In either context, 
it implies greater use of fuel to achieve the desired firing process, which is reflected in higher operating costs, 
greater emissions and/or waste (ash) per amount of brick produced 

KILN 
Molding Clay  Clay cooked 

Fuel 

Combustion gases 
Gases generated by the firing of the clay 

Ashes 

Air 
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Improving any of these operating conditions can reduce fuel consumption, improve product quality, increase 
the efficiency of the production batch, minimize emissions and/or waste generation, and reduce operating 
costs. 
 

Case study - demonstrative example 
In order to identify and validate whether the energy efficiency measures implemented in a technological 
model have a positive effect or not, in terms of black carbon emissions, the ideal is to monitor a particular 
chimney in such a way that, by modifying one aspect, but keeping the rest the same, results can be identified.  
Doing this in the same chimney, allows to maintain constant variables under the following conditions: 
 

 Weather conditions in the area 
 Quality of fuel used 
 Quality of clay used 
 Operating procedures or habits 

 
The dome  kiln selected, before the start of the black carbon measurement project (2015), was linked to 
energy efficiency projects, which allows for greater traceability of the process.   
 

Original conditions 
 
It was a dome kiln with Eductor dispenser see photo, where the coal is fed ground, at a constant rate 
according to the stage of operation. Against the process of firing the clay, the following recommendations 
were presented: 
 

Figure 17. Dome kiln operated with air fuel injection (eductor). 
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Table 5 Energy efficiency recomendations - CAEM (2017) 

OPORTUNITY  ENERGY EFFICIENCY IMPROVED 

Reduce energy losses due to inadequate operating, 
control and maintenance conditions of equipment. 

Good practices, operation and maintenance of 
combustion equipment: Focus on burner 
maintenance and frequent cleaning of ducts and 
kiln floors 

Reduce heat losses on kiln surfaces 
Good operating practices: Use of bricks or 
insulating material in the lifting of DOORS 

Reduce energy losses by heat transfer 
Adaptation, replacement of thermal insulation in 
the domes of dome kilns. 

  
During 2017 and 2018 the company implements a series of recommendations related to low-cost 
implementations of good operating practices for energy efficiency that result in the reduction of fuel 
consumption. In addition, the company is encouraged to modify the surface (floor) of the furnace, with the 
intention of optimizing the distribution of heat within it, improve the firing process and reduce the number 
of losses is therefore that in addition to the floor, the ceiling and the furnace burners are adapted this 
implementation ends in early 2019 and in June of the same year as part of the measurement campaigns was 
made a measurement of black carbon to identify whether the measures taken improved the combustion 
process and generated a reduction of particulate matter.  The typical heat distribution within a beehive 
furnace is shown in Figure 18. 
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Figure 18 Typical heat distribution within a dome kiln 

 

Fuente (SwissContact & CCAC, 2015) 

 

Figure 19. Internal geometry of the duct that transports air to the chimney (located on the floor) 

  
Traditional Propose 

Fuente: Elaboración propia 
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Measures implemented before and after in the kiln. 
 

DESCRIPTION BEFORE AFTER 

Burner improvement 

  

Lowering the height of the 
dome kiln roof 

  

Optimisation of door seals: 
double insulation 

  

Change in heat distribution 
on the floor, no longer uni-
directional, but radial 

  
Fuente: CAEM 

Importance of the quality of the fuel used. 
 
The brick kiln industry under study uses mineral coal for its clay firing process. However, in order to identify 
new opportunities, it has experimented with the use of biomass to determine the feasibility and suitability 
of its use. The analyses available to CAEM are presented below, focusing particularly on coal. 
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Figure 20. Ashes analysis - BS (%m/m) 

 
 

Figure 21. humidity analysis (% m/m) in the fuel  

 

Figure 22. High heating value  - CR (kCal/kg) 
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The analyses of the fuel were made on the following dates: 
 

 Sample 1 = Biomass 07/09/2016 
 Sample 2 = Coal 11/11/2015 
 Sample 3 = Coal 07/09/2016 
 Sample 4 = Coal 02/10/2017 
 Sample  5 = Coal 20/09/2019 

 
Observing the behaviour of the characteristics of the coal (grey bars), it can be concluded that the quality of 
the fuel has been stable or homogeneous during the period of analysis, except for the relative humidity of 
sample number 3.  In general, the charcoal used is of good quality given the percentage of ash and the calorific 
value, with respect to relative humidity, it is not recommended to be near or exceed 3%. 

 
Measurement of black carbon, as a measure of validation of the combustion process. 
 
Within the CAEM - Climate and Clean Air Coalition project, four measurements of black carbon were made 
in the chimney which is the subject of analysis, the dates and methodologies used are presented below: 
 

 Year 2015 = PM2.5 black carbon analysis collected by methodology US EPA 201A 
 Year 2016 = Measurement of black carbon with methodology associated with the equipment 

RatNoze II 
 Year2017 = Measurement of black carbon with methodology associated with the equipment 

RatNoze II 
 Year2019 = Measurement of black carbon with methodology associated with the equipment 

RatNoze II 
 
The measurements for 2015 and 2016 were made, in order to compare the results obtained, by the two 
methodologies of PM2.5 capture and subsequent black carbon analysis.  The 2017 measurement was made 
because the company had implemented some of the recommendations (changes in burners and doors, 
improvements in fuel crushing), and wanted to know their impact on the emission of black carbon. The 2019 
measurement was made to identify whether or not the improvements implemented by the company during 
2018 (changes in the dome and floor), affects the emission of black carbon. The results are presented below. 

Table 6. Black carbon Emission factors 

Measurement 

By Fuel  

(g pollutant / kg fuel) 

By Energy(g pollutant/ MJ) By brick produced 

(g pollutant / kg of clay ) 

Average  Average  Average 

3-2016 2,1628 0,3087 0,0767 0,0116 0,3999 0,0606 

4-2017 0,248 0,041 0,008 0,003 0,031 0,010 

5-2019 0,749 0,072 0,026 0,003 0,041 0,005 
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Figure 23. Black carbon emission factors obtained for years 2016-2017-2019 

By Fuel  

(g pollutant / kg fuel) 
By Energy(g pollutant/ MJ) 

By brick produced 

(g pollutant / kg of clay ) 

   

 

Analysis of results obtained by energy efficiency measures 
 
Based on the data obtained, there is a reduction between the 2016 and 2017 measurements of 89.72% of the 
total emissions in relation to the EF of (g pollutant / kg fuel) and if we compare this same factor between 
2017 and 2019 we find that there was an increase of 33.11%, having implemented one or several options for 
improving energy efficiency of the same, it can be concluded that the measures implemented during the year 
2016 to 2017, not only impacted on reducing emissions of greenhouse gases, but also on black carbon 
emissions. 
 
Between the measurements of black carbon in 2017 and 2019, there were other improvements pro-energy 
efficiency, however, the final emission factor is slightly higher than that of 2017, reviewing the quality of coal 
used, this increase was due to the lower quality of fuel used, because the coal used in 2019, despite being 
from the same supplier, has higher relative humidity and lower calorific value, compared to 2017. 
 
In conclusion, the measures implemented by the company will not only serve to optimize processes in terms 
of energy, but also significantly reduce emissions of air pollutants, in this case, black carbon. 

Recommendations  
 

 To complement these types of studies and comparisons, we recommend introducing the quality of 
the clay into the analysis matrix 

 It is recommended, for the sector, even for other sectors, to support energy efficiency studies, by 
measuring combustion gases that can be monitored with the RatNoze (CO, CO2, PM2.5) and that are 
indicators of the quality of oxidation (combustion) within the process. 

 A high PM2.5 or BC content is an indicator that the solid fuel is not being fully consumed. 
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  A high CO content is an indicator that the oxidation reaction is incomplete, and the amount of O2 
entering the system should be analyzed. 

Conclusions 
 

 In order to establish the direct impact of one factor or another on the result of the emission factors, 
the independence of the variables must be guaranteed. Therefore, it is important to mention that the 
results shown in this report are indicative and adjusted to the number of measurements made taking 
into account their regional representativeness in the country. 
 

 The implementation of energy efficiency measures within the production process shows a 
substantial improvement in the behavior of emissions. For this reason, entrepreneurs are invited and 
promoted to carry out analyses of the fuels used, temperature curves of their products and adequate 
maintenance of the furnaces, with the aim of optimizing fuel consumption and improving the 
combustion process. 
 

 It is important to ensure an adequate fuel/oxygen ratio, since in the absence of this ratio, fuel waste 
is incurred, which results in three things: emissions of unoxidized/burned fuel either in the form of 
gas or particulate matter (depending on the nature of the fuel), precipitation of particulate matter 
(applies only to solid fuels) which at the end of the process will be mixed with the ash, increased fuel 
consumption.  One way to improve this condition is to increase the contact area between both 
materials, either by avoiding the entry of excess air or by decreasing the size of the fuel (in the case 
of solid fuels). For continuous furnaces, an implementation is the move to micro metering systems 
for coal 
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