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EXECUTIVE OVERVIEW 

 

This study aims to analyze the endogenous and exogenous conditions that can condition 

the emission of atmospheric pollutants, especially black carbon associated with the 

combustion of fossil fuels in low efficiency systems within the brick sector. 

 

Likewise, the analysis of the impacts at the level of public health and conditions of 

competitiveness of the brick sector allows us to sustain how the efforts for their reduction 

and mitigation in a focused way with the conditions of productivity of this type of 

organizations, which present different barriers for their operational evolution, condition a 

complex scenario that requires of adequate solution ways to the vision of different actors. 

 

The document initially presents the analysis of the behaviour of black carbon emissions 

together with the typical operating conditions by type of firing technology, which has 

been verified as the main cause of black carbon emissions due to its productive intensity 

characteristics compared to other emission sources present in the life cycle of this industry. 

 

Subsequently, the risks associated with the emission of particulate matter are explored 

according to their location, in order to identify which areas present the greatest risk of 

exposure. In this way, elements are presented to prioritize risk reduction actions on public 

health and food safety associated with the emission of black carbon and other 

particulate pollutants in the environment. 

 

A review of the costs of externalities associated with air pollution is carried out, taking 

national references of information in order to review the possible relationship between 

pollution events in locations with high density of brick kilns with health effects. Likewise, 

the relationship of costs in the production and sale of products in the brick sector is 

explored. 

 

The organizational barriers in the brick sector that can condition and influence the 

development of technological conversion activities or better production practices are 

reviewed and evaluated as a result of interviews with producers in the sector. 

 

Finally, the general portfolio of options for mitigating or reducing black carbon emissions 

is compiled, depending on how directly they relate to the emission process.  
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1. LIFE CYCLE ANALYSIS OF THE BRICK SECTOR 

 

The analysis of the unit operations that are part of the life cycle of the productive process 

of the brick sector allows us to support the type of approach to reducing black carbon 

emissions, taking into account that in this process different activities are used with 

combustion processes that have the capacity to emit this pollutant. In this sense, the 

information available from the Colombian brick sector is taken as a reference to 

determine the emissions baseline in terms of reporting fuel consumption by type of 

technology in terms of its emission factor. 

 

The study Methodology for the life cycle assessment of clay masonry from energy and 

water consumption (Zamora, 2018) is taken as a reference, in order to identify the 

different processes that can generate emissions into the atmosphere within the life cycle 

analysis of the brick (or other ceramic-type products) production process. 

 

Figura 1. Production life cycle of ceramic products 

 

 

 

Fuente: Zamora, 2017 

According to the data of the study in question, the energy flows associated with the 

production process are centralized in the consumption of fuel in the processes of 

extraction and transport of material by means of heavy machinery using diesel as fuel. 

Similarly, this type of machinery is subsequently used in material storage activities. In this 
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sense, in order to review the loads of pollutants emitted by these unitary operations, the 

data on emission factors reported in the literature are analysed, together with the data 

determined through measurements carried out by CAEM for different technologies for 

firing clayey material in the country. 

 

Table 1. Emission factors in combustion processes in the brick life cycle 

Equipment/technology Fuel 
BC 

(g / kg Fuel) 

Trucks* Diesel 1, 31 

Backhoe* Diesel 1, 31 

Artisanal kiln Coal 0,05 

Dome kiln with air/fuel injection Coal 0,89 

Dome kiln without Coal 1,10 

Zigzag kiln Coal 0,27 

Hoffman kiln Coal 0,17 

Tunnel kiln Coal 0,23 

Pampa kiln Coal 0,19 

Wagon kiln Coal 0,01 

Hoffman kiln Coal 0,23 

Hoffman kiln Coal / Biomass 0,57 

Tunnel kiln Gas /Coal 0,01 

The emission factor is taken from the EMEP EEA database (2016), for industrial mobile sources 

Source: CAEM, 2018 

 

Based on this information, it is understood that the capacity to generate emissions of 

particulate material (and intrinsically, black carbon), is centralized in the use of fossil fuels 

with lower combustion efficiency (in this case, coal-based kilns), taking into account the 

fuel consumption capacity: despite having high emission factors, truck and machinery 

operations would not operate more than 12 hours a day, unlike the cooking process that 

can have a 24-hour operation for one or several days (depending on the continuity of 

the production process according to the type of kiln. 

 

Additionally, the emission behavior (the emission factor being an average indicator of 

generation of a specific pollutant), can vary based on the burning conditions. 
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Figure 2. Temperature regime for a tunnel kiln (theoretical and actual temperature)

 
Fuente: Gol’tsova, 2005 

 

However, the use of one or another firing system will depend on the type of production 

strategy of the brick producer, since the production capacity of each technology is not 

the same in all cases, as documented in the study Counting technological adoptions in 

brick kilns and technical information on the implementation of technological measures 

to reduce greenhouse gas and black carbon emissions in Colombia (CAEM, 2018). 

 

Table 2. Production capacity by type of cooking technology 

Type Kiln 
Production 

(ton/year) 
Type of product 

Artisanal production 

units 
Artisanal kiln 400 -1.000 Tolete - Tejas 

Mechanized 

Productive Units 

Arab Kiln , Dome kiln 

(1 - 2 kiln) 
1.000 – 2.500 Tolete - Tejas 

Small Industry Wagon, Dome 

(3 - 5 Kiln) 
2.500 – 5.000 

Paving stone, tablet,, 

Roofs, blocks 

Medium industry Hoffman, Dome (+5 

Kilns), Continuous 

chambers, Zigzag, Semi 

continuous) 

5.000 – 10.000 
Blocks, grids, pavers and 

large format products 

Large industry 

Tunnel 
20.000 -

120.000 

Blocks, facade bricks, 

partitions, presses and large 

format products 

 

 

 
Fuente: CAEM, 2018 

 

Figure 3, show the type of the main products make by the  brick sector. 
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Figura 3. Main products make by the  brick sector  

 
Fuente: CAEM, 2018 

 

The fuel consumption by type of technology as of 2015, according to CAEM data (2018) 

shows the following production and consumption rates by type of technology. 

 

Tabla 3. Average production per type of available cooking technology . 

Technollogy Average production 

Type Kiln technology (Ton Clay /month) 

Intermittent 

Arab 243 

Artisanal 163 

Wagon 220 

Dome kiln 720 

Semi-continuous 

Wagon(+ than 4) 1.317 

Chamber continuous (up to 8) 523 

Hoffman  818 

Zigzag 2.165 

Continuous 

Chamber continuous (+ than 8) 1.515 

Hoffman 2.344 

Tunnel 4.269 

Fuente: CAEM, 2018 

 

 

 

 

 

 

 

Table 4. Fuel consumption rate related to the kiln clay load 
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TECHNOLOGY  Fuel rate (kg Fuel / Ton Clay) 

Type Kiln Coal Wood Sawdust 
Coffee 

dust 
GLP GAS 

Intermittent 

 

Arab 195,1 244,8 280,3 277,2 --- --- 

Artisanal 144,5 --- --- --- --- --- 

Wagon 144,2 390,0 --- 140,0 --- --- 

Dome kiln 129,6 --- --- --- --- --- 

Semi 

continuous 

 

Wagon(+ than 4) 97,0 --- --- 90,0 --- --- 

Chamber continuous (up to 8) 78,9 --- --- --- --- --- 

Hoffman  67,7 --- --- --- --- --- 

Zigzag 74,5 --- --- --- --- --- 

Continuous 

 

Chamber continuous (+ than 8) 65,8 --- --- --- --- --- 

Hoffman 57,7 --- --- 68,5 --- --- 

Tunnel 52,6 --- --- --- --- 19,9 

*  A specific density for diesel of 430 kg/m3 and a specific density for natural gas of 0.768 kg/m3 are taken 

into account, according to UPME data. 

Fuente: CAEM, 2018 

 

Table 5. Energy characteristics by fuel type 

 High Calorific Value  

Fuel 
Coal ( by 

regions) 
Wood Sawdust 

Coffee 

dust 
GLP GAS 

Value 

(kJ/kg) 

30.026 

(Standard 

value) 
 

27.670 

(Guajira – Cesar) 
 

30.404 

(C/marca) 
 

32.281 

(Cauca) 
 

Antioquia 

(25.740) 
 

36.240 

(Boyacá) 

18.259 

(Standard 

wood 

value) 

18.684 

(Standard 

wood 

value) 

19.559 49.065 

52.790 

(Standard ) 
 

36.020 

(Gas 

produced 

by coke) 
 

20.150 

(biogas) 
 

51.630 

(Huila-

region) 
 

53.520 

(Tolima-

region) 
 

49.680 

(Apiay-

region) 
Fuente: UPME, 2017 
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However, depending on the quality conditions of the fuel used, the energy capacity 

characteristics between one and the other will vary. 

According to fuel consumption data, mineral coal is the fuel with the highest consumption 

index (mainly, due to its low cost, close to $250,000/Ton in 2018) in intermittent and semi-

continuous production systems, while this indicator is reduced by almost a third with 

systems that allow better use of the heat generated, as is the case with continuous 

systems (where it is possible to find production systems with better efficiency fuels such as 

LPG and natural gas), increasing production capacity 10 times. 

 

According to the information, this behavior of natural gas or LPG use is easier to 

implement in continuous systems due to the economy of scale production conditions, 

where the unit cost of production for natural gas use (close to $650/m3 or $840.000/Ton 

for regulated user by 2018), which means a 1:4 ratio between approximate price of coal 

and fuel. 

 

In practice, the data, while suggesting that it is more cost effective at the technical level 

to implement fuel switching, there are market and organizational barriers that make the 

use of more efficient fuels unsustainable. These barriers are described in more detail in 

section 6 of this document. 

 

On the other hand, the analysis of the process based on interviews with producers, allows 

to identify how the quality characteristics and availability of technologies of the unitary 

operations before cooking are important to reduce the possibility of losses in the 

production, and which can be highly dependent on exogenous conditions of the 

productive process (being able to represent operative bottlenecks), and likewise of the 

conditions of contamination in the vicinity of the producing plants. 

 

Among these conditions you can list: 

 

- Optimum conditions for drying clayey material before entering the kiln. 

- Correct maturation of the material to reduce traces of gases and humidity before 

moulding. 

- Availability of adequate raw material to guarantee product quality and 

production capacity in accordance with sales forecasts. 

 

If these conditions are not adequately met, there may be an increase in the waste stream 

(ceramic chamotte or stray material), which means loss of energy due to wasted coal. 
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In this sense, taking into account average operating conditions according to production 

records by type of technology and emission factors determined by type of technology, 

the baseline of black carbon emissions is calculated. 

 

Table 6. Inventory of emissions by type of brick kiln technology 

 

TECHNOLOGY  Consumption rate (kg fuel / Ton of clay ) 

Type Horno Coal Wood Sawdust 
Coffe 

dust 
GLP GAS 

Intermittent 

 

Arab 2.370 11.302 12.941 12.798 --- --- 

Artisanal 1.178 --- --- --- --- --- 

Wagon 1.586 16.302 --- 5.852 --- --- 

Dome kiln with air/fuel injection 83.048 --- --- --- --- --- 

Dome kiln operated manually 102.643 --- --- --- --- --- 

Semi 

continuous 

 

Wagon(+ than 4) 34.492 --- --- 1.185 --- --- 

Chamber continuous (up to 8) 7.015 --- --- --- --- --- 

Hoffman 9.414 --- --- --- --- --- 

Zigzag 43.549 --- --- --- --- --- 

Continuous 

 

Chamber continuous (+ than 8) 16.947 --- --- --- --- --- 

Hoffman 22.992 --- --- 36.930 --- --- 

Tunnel 51.646 --- --- --- --- 850 

Fuente: CAEM, 2019 

 

However, the emission behaviour of pollutants is highly linked to the operating time 

behaviour of the firing technology. Figure X shows the historical behaviour of pollutant 

emissions for three combustion technologies (a: Hoffman kiln, b: dome kiln 1, c: dome kiln 

2 ). As can be seen in the information presented, the emission rate tends to increase as 

the combustion behaviour is destabilised by operating conditions such as fuel feeding or 

the entry of material into the kiln. 

 

 

 

 

 

 

 

Figura 4. Historical behaviour of pollutant emissions 
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Fuente: CCAC, 2016 
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2. MAPPING THE RISK AND IMPACT SITUATION 

 

 

Based on the location of the brick plants to which emissions monitoring has been carried 

out, an estimate is made of the family units with possible exposure to PM2.5 and black 

carbon, associated with low efficiency combustion during the baking process. 

   

Figure 5. Location of brick kilns object of black carbon measurement in Colombia. 

 
Fuente: CAEM, 2019 

 

In this sense, the aim is to determine the possible population exposed, taking into account 

the conditions of emission, transport and dispersion of pollutants into the atmosphere. In 

this way it is possible to make an approximation of the risk of exposure with respect to the 
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proximity to specific sources of brick kilns (bearing in mind that the operation of these kilns 

is 24 continuous hours in full operation). The purpose of this analysis is to determine which 

regions can be prioritized for support actions, under a human rights approach of urgency 

of actions to reduce possible morbidity and mortality events. 

 

Using information from measurements of different cooking technologies, the emission 

conditions presented by different isokinetic measurements in the monitored areas are 

reviewed. 

Table 7. Monitored brick kiln emission conditions 

Technology 

/industry name 
Emission PM 

(kg/h) 

Temp. Emission 

Temp. Ambient 

(ºC) 

Oxygen excess (%) 

MP1 MP2 MP3 T1 T2 T3 O2|1 O2|2 O2|3 

Tunnel 

Alcarraza 
6,3 8,0 5,2 

97 

27 

98 

24 

86 

26 
19,2 18,4 18,5 

Domekiln 

La Cascada 
1,3 1,3 1,4 

57 

18 

58 

19 

63 

21 
15,5 17,2 18,2 

Dome kiln 

air/fuel 

injection 

Pescadero 

7,6 7,6 5,7 
183 

38 

194 

43 

216 

43 
15,6 15,1 15,1 

Zig-Zag 

El Trebol 
0,3 1,1 1,3 

56 

24 

55 

25 

53 

22 
19,2 19,3 19,4 

Zig-Zag 

Terranova 
2,0 6,0 6,4 

62 

34 

96 

29 

134 

39 
17,6 17,4 17,6 

Zig-Zag 

El Trebol 
4,0 3,5 3,6 

70 

18 

75 

19 

80 

20 
17,9 17,8 18,0 

Fuente: CAEM, 2019 

 

According to the reports evaluated, an average value of 3.8 kg/h (1.1 g/s) is taken as the 

reference emission. An idealised dispersion behaviour is assumed, with stable emission 

conditions in terms of emission temperature, ambient temperature, stack speed and 

stack diameter. 

 

In order to determine a radius of analysis of family units exposed to pollutants, a dispersion 

model is used at screening level (using the SCREEN3 software), in order to determine the 

distance at which the concentrations of pollutants are reduced to input conditions of less 

than 20 g/m3 (based on the 24-hour limits recommended by the WHO). In this sense, the 

model allows for the computation of different conditions of atmospheric stability and 

wind speed, in order to determine the apparent distance that meets the conditions 

indicated above. 
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Figure 6. Information entry platform for screening level modeling 

 
Fuente: CAEM, 2019 

 

Figura 7. Concentration vs. distance graphical output 

 
Fuente: CAEM, 2019 

For the different switching categories of atmospheric stability and wind speed conditions, 

an average radius of 500 meters from the chimney is determined as the average 

condition where the concentration contribution is reduced with respect to the WHO 

recommendation. It should be clarified that this value does not take into account 

background conditions as well as cumulative conditions of other emission sources close 

to the one evaluated. 
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Based on the above information, a 500-meter buffer is built with respect to the location 

of the identified furnaces, in order to determine the coverage of that area with the 

location of sensitive receptors (idealized in the visually identified family units). 

Antioquia 

 

 

Urban area 

 

Count: 569 family units 
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Urban area 

 

Count: 569 family units 

 

 

Urban area 

 

Count: 207 family units 

 

 

Cundinamarca 
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Urban area 

 

Count: 97 family units 

 

 

Urban area 

 

Count: 6 family units 
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Rural area 

 

Count: 75 family units 

 

 

Rural area 

 

Count: 58 family units 
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Rural area 

 

Count: 26 family units 

 

Boyacá 

 

 

Rural area 

 

Count: 6 family units 
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Rural area 

 

Count: 22 family units 

 

 

Rural area 

 

Count: 51 family units 

 

Huila 
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Urban area 

 

Count: 197 family units 

 

Valle del Cauca 

 

 

Rural area 

 

Count: 9 family units 
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Rural area 

 

Count: 12 family units 

 

 

Rural area 

 

Count: 11 family units 

 

 

Eje cafetero  
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Rural area 

 

Count: 12 family units 

 

 

Rural area 

 

Count: 12 family units 

Santander y Norte de Santander 
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Rural area 

 

Count: 19 family units 

 

 

Rural area 

 

Count: 6 family units 
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Urbanl area 

 

Count: 895 family units 

 

Based on the counts, a greater number of family units located in the exposure radius can 

be observed in the urban zone than in the rural zone (including source-area zones). 

Considering the greater risk of exposure in urban areas, it is advisable to focus on these 

areas as part of the mitigation and emissions reduction measures, since the possible 

effects of exposure to combustion emissions can generate morbidity and mortality events 

in the short and medium term, as well as cases of insurance policies and low productivity 

costs.) 

 

On the other hand, although rural areas present a smaller number of family units in the 

radius of analysis, they may have a medium and long term risk due to the effects of 

particle emission on areas of agricultural use, given the nature of the particles emitted in 

the combustion process of brick kilns. 

 

The location of the brick kilns can be taken as a reference for prioritizing actions (even 

more so if the perception biases of actors outside the production process are taken into 

account). In this way it is possible to support where and when pollution mitigation activities 

should be prioritized in the brick sector. 
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3. ECONOMIC COST APPROACH 

 

COSTS ASSOCIATED WITH AIR POLLUTION 

 

According to the US EPA (2013), costing for conditions of exposure to poor air quality can 

be evaluated according to the proportion of exposure to a specific pollutant and the 

magnitude of associated impacts. 

 

Figure 8. Effects of exposure to poor air quality 

 
Fuente: US EPA, 2013 

 

The associated economic costs, according to the methodology indicated by the 

National Planning Department (2018), the costs of environmental degradation are linked 

to the statistical value of life.  

 

In this sense, the attention to morbidity and mortality events of the population exposed to 

a bad air quality can be evaluated in terms of insurance and indemnification premiums, 

the economic loss of income and productivity, and the statistical value of life. 

 

 

 

Table 8. Economic assessment of poor air quality 
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DNP methodology 
Assessment of poor air 

quality (2015) 
PIB equivalent International Studies 

Insurance and 

indemnity premium 
$1,9 billions 0,2% 

Between 2% and 8% 

of GDP - 5.06% is the 

average for countries 

studied 

Economic loss of 

income and 

productivity 

$3,9 billions 0,5% 

Statistical value of 

life 
$12,3 billions 1,5% 

Fuente: DNP, 2018 

 

According to the National Institute of Health (2019), air pollution represents the main 

environmental risk factor, with health outcomes related to morbidity and mortality of the 

exposed population. 

 

Figure 9.  Historical behaviour of pollutant emissions 

 
Fuente: INS, 2019 

 

In this regard, INS reports that the risk factor for Ischemic Heart Disease (IHD) from 

attributable outdoor PM2.5 exposure is 15.8%, while the risk factor for Chronic Obstructive 

Pulmonary Disease (COPD) from attributable outdoor PM2.5 exposure is 17.5%. Acute Low 

Respiratory Infection (ARI) is associated with a risk factor of 13.7%, while Cardiovascular 

Disease (CVD) has an attributable rate of 12.5%. Lung Cancer (LC) has an attributable 

rate of 2.6%. Finally, events associated with cataracts were associated with a risk factor 

of 10.2%.  
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In this sense, taking into account the National Inventory of the Brick Sector, the analysis of 

cost sources is focused on the departments where the brick kilns of the country are 

located: 

- Antioquia 

- Atlántico 

- Boyacá 

- Caldas 

- Cauca 

- Cesar 

- Cundinamarca 

- Huila 

- La Guajira 

- Nariño 

- Norte de Santander 

- Santander 

- Sucre 

- Tolima 

- Valle del cauca 

Based on data from the National Health Observatory, the behavior of diseases associated 

with air pollution shows an increasing trend of diseases attributable to PM2.5 exposure, as 

presented in Figures XX, XX, XX and XX. 

 

In order to compare the possible behavior of low air quality on exposure to sensitive 

receptors in industrial environments where mining parks in the brick sector are located, a 

sweep of information is made of the behavior of death events due to diseases associated 

with PM2.5 exposure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. First Causes of Death in Colombia 



 

DELIVERABLE 
1.1.2  

 

          Página 32 de 76 

 
Fuente: Observatorio Así Vamos en Salud, 2017 

 

Figure 11. Disability according to affected body structures or functions 

 
Fuente: Observatorio Así Vamos en Salud, 2017 

Figure 12. Mortality from chronic diseases per 100,000 population 
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Fuente: Observatorio Así Vamos en Salud, 2017 

 

Figure   13. Cancer Mortality by Sex 

 
Fuente: Observatorio Así Vamos en Salud, 2017 

Figure 14. Mortality due to ischemic cardiopathy - Municipality of Cogua 
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Fuente: INS, 2019 

 

Figure 15. Mortality due to ischemic cardiopathy - Municipality of Nemocón 

 
Fuente: INS, 2019 

 

 

Figure 16. Mortality due to ischemic cardiopathy - Tausa Municipality 
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Fuente: INS, 2019 

 

Figure 17. Mortality due to ischemic cardiopathy - Municipality of Sogamoso 

 
Fuente: INS, 2019 

 

 

Figure 18. Mortalidad por cardiopatía isquémica – Municipio de Supia 
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Fuente: INS, 2019 

 

Figure 19. Mortality due to ischemic cardiopathy - Municipality of Tejada 

 
Fuente: INS, 2019 

 

 

Figure 20. Mortality due to ischemic cardiopathy - Municipality of Miranda 
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Fuente: INS, 2019 

 

Figure 21. Mortality due to ischemic cardiopathy - Municipality of Fonseca 

 
Fuente: INS, 2019 

 

 

Figure 22. Mortality due to ischemic heart disease - Hatonuevo Municipality 
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Fuente: INS, 2019 

 

Figure 23. Mortality due to ischemic cardiopathy - Municipality of Campoalegre

 
Fuente: INS, 2019 

 

 

Figure 24. Mortality due to ischemic cardiopathy - Municipality of Gigante 
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Fuente: INS, 2019 

 

Figure 25. Mortality due to ischemic cardiopathy - Municipality of Villa del Rosario 

 
Fuente: INS, 2019 

 

 

Figure 26. Mortality due to ischemic cardiopathy - Municipality of Cartago 
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Fuente: INS, 2019 

 

In this sense, in the municipalities where a productive activity is related to a high density 

of brick kilns, an increase in the events of ischemic heart disease is found. Although at this 

point the existence of a correlation between the two conditions (presence of brick kilns 

vs. disease events associated with exposure to particulate matter) is not analysed, a trend 

towards increased events can be observed.  

 

The implementation of emission reduction and mitigation measures may be of interest in 

municipalities where the environmental risk factor is higher, with economic benefits on 

the items presented by DNP, estimated on the GDP of each municipality. 

 

PRODUCTION COSTS 

 

According to the information of the National Inventory of the Brick Sector, according to 

the data of the survey to approximately 1,500 producers, the cost of production is 

presented in Figure X. Likewise, the sales revenues, with high and low season seasonality, 

are presented in Figure XX and XX. 

 

As identified through interviews with some producers, some of the elements that increase 

the cost of production in the plant are fuel consumption (taking into account the 

inefficient conditions of recovery of the heat potential supplied in relation to the load of 
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incoming material), labor (which can generate precarious safety conditions in terms of 

exposure to air pollutants) and fixed fiscal costs (taxes). 

 

Figure 27. Production costs by unit of production 

 
Fuente: CAEM, 2015 

 

Figure 28. Revenue per unit of product sold - High season 

 
Fuente: CAEM, 2015 

 

 

 

 

 

 

Figure 29. Revenue per unit of product sold - Low season 
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Fuente: CAEM, 2015 

 

In this sense, production costs can be estimated using data reported by CAEM (2015). 

Table 9. Solid fuel costs 

Type of fuel  Unit(Ton) Average value US$ 

Coal  Ton 54,7 

Sawdust Saco 1,0 

Wood Ton 100,8 

Coffee dust Ton 63,7 

Coffee dust –Orient 

regions 

Ton 47,8 

Fuente: CAEM, 2015 

 

These costs may increase depending on the origin of the supplier's fuel supply 

characteristics. According to observations made by some producers, the quality 

conditions of the fuel received may change between batches (variation in humidity, 

mixing with other origins, among others), so the real cost of energy use is not constant. 

 

In view of this, the inefficiency of combustion processes in cooking or thermal energy 

recovery operations can increase externalities on neighbouring populations, with the 

emission of pollutants being a product of the inefficiency of combustion.
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4. DEFINITION OF ACTION POINTS WITH STAKEHOLDERS 

 

With the purpose of knowing the barriers presented by the brick sector in the adoption of 

new technologies and better environmental practices that allow the reduction of the 

source of black carbon emissions, an analysis of the sector was carried out based on 

secondary information and the results of surveys made to companies in the sector, to 

determine key aspects, factors and actors of change that allow establishing the starting 

point for the definition of black carbon mitigation activities in the sector's value chain. 

   

 SECTORIAL ANALYSIS 

 

 

The analysis of sectorial competences is developed using tools of prospective planning. 

In this sense, Table 10 presents the analysis of the brick sector by means of an analysis of 

the behaviour of the sector in the past, present and expected trends towards the future. 

Table 11 describes the favourable aspects (strengths - opportunities) and unfavourable 

aspects of the sector (weaknesses and threats). Subsequently, Table 12 analyses the 

stereotypes present in the brick sector that have not allowed progress in the 

implementation of better environmental practices or technological conversion for the 

reduction of polluting emissions.
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Table 10. Analysis of the brick sector - Marc Giget's Competence Tree 

Elements  Analysis of the Past  Analysis of the Present  Analysis of the Future 

Operation 

Artisanal and informal. No regulation 

was necessary for the operation of 

the companies. Lack of monitoring 

by environmental and municipal 

authorities. 

Technological reconversion. 

Business formalization, which 

leads to greater monitoring by 

the environmental authority. 

Competition with non-

formalised brickmakers. 

Business formalization, which 

leads to greater monitoring by 

the environmental authority. 

Competition with non-

formalised brickmakers. 

Total formalization of the 

sector is required, which 

leads to greater regulation by 

the environmental authority. 

Economic 
The costs associated with the 

production of ceramic products 

were low, with no legal requirements, 

making the entry of more production 

plants attractive 

Operating costs are higher due 

to new regulations 

(environmental, industrial 

safety, taxes, hiring of 

personnel), which causes the 

profit margin per unit sold to 

decrease. 

In the event that all 

companies producing 

ceramics are formalised, it is 

more likely that prices will be 

stabilised in view of 

competition with the same 

rules of operation. 

Environmental 
The regulation and control of the 

sector was null, which made the 

entry of more production plants 

attractive. There is no understanding 

of the effects of pollution on the 

productivity of the plant and on its 

surroundings (within the area of 

influence), in terms of the 

deterioration of the environment. 

Increased environmental 

regulation, legal requirements 

for operational compliance, 

increased environmental 

management costs (licensing, 

measurement, monitoring, 

implementation of best 

practices, technological 

conversion, complaint 

handling, public perception). 

Implementation of better 

environmental practices, 

which reduce economic risks 

associated with 

environmental liabilities 

(pollution). Generation of 

voluntary green standards for 

the sector (GHG and BC). 
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Production 

strategy 

The development of best operating 

practices (in addition to design and 

production) is based on trial and 

error, which, together with market 

demands and the need to survive, 

make the implementation of best 

practices or business strategies slow. 

Greater emphasis is needed 

on the implementation of best 

business practice strategies 

(not just the technical part), for 

example, through indicators 

that measure their productive 

and financial efficiency 

The development or 

adaptation of production 

improvement standards, in 

the different organizational 

areas, moving the sector 

away from obsolete 

practices. Greater productive 

efficiency. 

Social 

The workforce is informal, low cost 

and unskilled. It can incur staff 

turnover, which it can quickly supply, 

because the product is considered 

not to require advanced knowledge. 

Greater formalization in the 

hiring of personnel, which 

generates higher operating 

expenses, and at some point, 

costs in the event of personnel 

turnover. 

Increased staff training to 

reduce production risks, 

improving production 

efficiency, reducing the 

generation of production 

losses. 

Commercial 

The marketing channels of products 

are traditional and not very 

competitive, being subject to 

intermediaries that can reduce the 

profit margin during the sales 

negotiation. 

There are no significant 

changes in the sector, which 

makes the financial status of 

entrepreneurs precarious in 

terms of possible savings or 

capital reinvestment. 

Greater visibility of the 

products and competitive 

advantages of each 

entrepreneur (quality, type of 

product user, differentiation 

in end use, among others), in 

order to increase the profit 

margin that allows for 

improved production 

conditions, and not be 

conditioned to third parties in 

large-scale financing 

processes. 
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Financial 

Investment costs in infrastructure, 

administration and operation were 

lower, since there were no legal 

requirements that conditioned the 

assembly and production of the 

sector. 

The investment required to 

comply with the legal 

obligations of plant operation 

decreases the interest in 

improving infrastructure in 

scenarios where legal certainty 

generates a limbo in the return 

on investment. Given that not 

all entrepreneurs have the 

capital to make technological 

changes and have as an 

option credits from financial 

entities, with rates that are high 

risk for the entrepreneur. 

The implementation of better 

production practices 

increases the profit margin, 

with benefits in the return on 

investment, so that it is 

feasible to implement 

activities that reduce 

environmental and legal risks 

of production, being visible 

and clear in the cash flow of 

the operation. The benefits 

must be consolidated at the 

sectorial level, so that the 

different entrepreneurs feel 

confident with their own and 

community results. 

Technological 

Production practices tended to be 

highly artisanal, without any 

standardization or metrics to 

determine points of lower 

productivity. The most economical 

fuel has been coal. 

The implementation of 

combustion systems (kilns) 

depends on the availability of 

work area and productive 

capacity of the employer. The 

use of coal as the main fuel 

source is maintained, due to its 

low cost vs. calorific value with 

respect to other fuels (and 

availability of adoption, as in 

the case of natural gas). 

Use of burning technologies 

and implementation of 

efficient practices, which 

allow to adapt to the needs 

of each company, taking into 

account its productive, 

financial and commercial 

capacity. 
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Cultural 

Being a non-specialized process, 

knowledge for ceramic production is 

limited to the knowledge and 

experience of a few (especially the 

plant owner), as well as voice to 

voice among entrepreneurs, and 

practices that have served in other 

plants (without an implementation 

validation system). 

The vision of change towards 

new practices is not favorable 

for all the workers involved in 

the productive activities (state 

of comfort versus knowledge 

of their activities). This can be a 

barrier in the implementation 

of changes to other productive 

practices. Research and 

development is done in the 

form of trial and error, at the 

moments when production 

allows them to try. There may 

be a weak relationship 

between academia and the 

sector, for the implementation 

of best practices. 

Development of research 

and development skills that 

involve all workers in the 

organization, and that 

enable adaptation to 

change. Formalization of 

innovation metrics for best 

practices and operational 

efficiency. Strengthening the 

commitment of the workers 

with the productive process. 

Weather The production of ceramic products 

does not take into account 

environmental variables (climate 

and meteorology specific to the 

area of operation), which could 

mean operational limitations in terms 

of the availability of raw materials, 

their physicochemical conditions 

and environmental elements that 

could affect production (wet season 

/ dry season). 

In many cases, the same 

behaviour of not following up 

the meteorological variables is 

maintained (low prevention 

conditions). The climate factor 

is identified as a risk at the 

production level, if the plant 

does not have an 

independent material drying 

system to help reduce this 

impact. 

Implementation of an early 

warning system to improve 

the productivity and 

profitability rates of the 

operation, optimizing the 

energy loads used in the 

operation of the plant. 
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Legal 

The legal conditions were not clear 

or did not exist, which meant that 

most of the productive operations 

were not formalized, increasing the 

environmental liabilities associated 

with the production of the brick 

sector. 

The legal regulation of 

production plants is much 

more restrictive than what 

businessmen were used to 

(with positive changes), but at 

the same time it generates 

uncertainty in the authorization 

of operation licenses, due to 

bureaucratic barriers and 

corrupt practices by some 

corporations. 

 

There is no clarity in the 

implementation of terms of 

reference for the 

environmental licensing of 

mining lands, with the same 

requirement among large 

projects, with respect to small 

non-intensive exploitation lots. 

Taking into account the vision 

of the Precautionary Principle 

of Colombian legislation, but 

also the needs of operation 

with certainty of investment 

of the brick sector, the legal 

environmental requirements 

must be clearer and more 

explicit for the type of 

production associated with 

the exploitation of minerals 

for the production of ceramic 

products. 

 

Likewise, the bureaucratic 

conditions in the legal 

procedures for licensing and 

monitoring of the operation 

must be improved (agile but 

clear and concise). The 

licensing process must be 

shielded from corrupt 

practices. 
Fuente: CAEM, 2019 
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Table 11. DOFA Matrix brick sector POSITIVE ASPECTS 

Interns (Strengths) From the regional and national environment (Opportunities) 

Confidence in the marketed product, as well as in the type of 

practices it uses, taking into account the productive capacities 

acquired at a given time. 

Implementation of a research and development system to improve 

elements such as clay mixtures, fuel mixtures, drying and burning conditions, 

products to be offered that reduce consumption of raw materials, 

commercial differentiation by product use, among others. 

Ability to adapt to productive problems (recursion), the risk of 

dependence on external financing can be reduced. 

There are organizations that seek to leverage through knowledge or lines of 

funding to producers in the brick sector. 

Good association capacity between mining parks and at sector 

level. 

Liaison with the academic sector for the development of pollution 

reduction projects 

Referral marketing capability 
The willingness of the sector to make changes in the production process 

(through better equipment or better production practices) is made visible 

Knowledge transfer capacity between producers 
Implementation of forced drying systems, to reduce bottleneck problems 

during the production process. 

Capacity to work together with external associations for the 

development of productive improvements (e.g. CAEM - Mesa 

Ladrillera) 

Capacity of closing cycles in schemes of circular economy with sale of 

residues for other productive processes (sale of chamotte for cement 

plants). 

Willingness / willingness of external experts to incorporate changes 

in the production process 
Opportunity to develop specialized products for specialized clients 

  
Implementation of product standards in accordance with customer 

(construction) standards 

NEGATIVE ASPECTS 

Interns (Weaknesses)  From the regional and national environment (Threats) 

Lack of availability of standardized techniques to determine fuel 

energy capacity quality. It is based on trial and error during 

production. 

Lowering the investment of third parties 

Low capacity for consolidation of innovation processes, which 

allows for finding best practices (with efficiency indicators). The 

development of best practices is usually dependent on a third 

party. 

Changes in resource use trends, promoting the adoption of more 

environmentally and socially sustainable materials 

Rivalry between different producers given the low differentiation of 

the product offered, affecting the sales price on the profit margin. 

The low commercial regulation of the sector and the little differentiation of 

the product offered among producers increases the risk of lower profits by 

focusing the business strategy on increasing supply (economy of scale), 

especially in periods of low demand. 
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There is no culture of quantifying actual operating costs of 

production, cost estimates are identified as being made on a trial 

and error basis. 

There is seasonality in the purchase of the product, due to the economic 

conditions of the country and the construction sector. 

Taking advantage of the intermediary in the face of over-supply, 

reducing the profit margin in the face of a weak commercial 

visibility of the producer. 

Innovation from other companies different from the sector for the 

development of construction pieces different from traditional brick 

Las tasas de interés de la banca tradicional pueden poner en 

riesgo la liquidez del empresario para la financiación de 

inversiones de transformación tecnológica o mejora de 

infraestructura. 

Climate variability that can put the effective productive capacity of the 

sector at risk.. 

The payment conditions of credits in green lines (in terms of 

technical compliance of emission reduction) are not very 

attractive in the medium term, being in perception of the 

industrialist worse than the use of traditional banking. 

Brick replacement capacity compared to other more economical 

alternatives and with a more friendly image for the environment and the 

user 

Lack of sales department and marketing strategy in an important 

part of producers 
  

Low capacity of relationship with suppliers of better technologies or 

with better suppliers of better raw materials (the information stays in 

the voice to voice). 

  

Legal insecurity of the brick sector in the licensing and formalization 

processes before government authorities (e.g. TOR for licensing 

and POT). Difficult communication at the negotiating tables in the 

CAR 

  

There is no organizational strengthening of a large part of the 

companies that would allow them to generate productive 

improvements in the future. 

  

Fuente: CAEM, 2019 

 

 

 

 

Table 12. Stereotypes in the brick sector 
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Let's list some stereotypes 

related to the topic we are 

analyzing, taken or not from 

the previous material 

Is there any basis for this idea? (yes/no) 

Why? 
Why has it spread? 

What important situation are you 

hiding? 

"As an industrial, it is very 

difficult for me to reduce 

emissions because I have 

no money to improve the 

process / change 

equipment " 

If it can be substantiated, taking into 

account that the entrepreneurs express 

that the production usually allows to 

overcome the fixed costs of the month, 

being unlikely that profits are 

generated (it does not exceed the 

break-even point). Therefore, savings 

for investments are reduced 

(additionally, there is insecurity to make 

investments if there are conditions that 

lead to loss). 

The price of the product is highly 

competitive downwards 

(especially with non-formal 

producers). This puts formal 

producers who must report 

emissions to the authorities at a 

disadvantage in terms of 

economic obligations. 

Lack of competitiveness of the 

sector, as well as low 

differentiation of the products 

marketed 

"Accessing a credit is very 

risky for my company, 

because the interest rates 

are very high and leave me 

without liquidity in the 

payments" 

This assessment may be correct, taking 

into account the information provided 

by the Consultancy Report 

"Accounting of technological 

adoptions that have taken place in the 

cities of Colombia in the brick sector" of 

CAEM (2018). In this regard, the 

information provided by 95 

entrepreneurs shows that about 52% of 

the entrepreneurs used their own 

resources or those of investors, while 

12% used bank financing. 

 

On the other hand, according to the 

same document, the perception of the 

financial sector about the brick sector is 

that there is a high level of accounting, 

administrative and financial informality, 

which does not allow to comply with 

the requirements of a bank credit. 

The collection against interest 

rates, payment conditions and 

market conditions (sales) make it 

high risk not to comply with the 

financial contractual 

commitment or to enter into red 

balances against the operating 

obligations of the plant. 

The financial strategy is 

precarious, in addition to the 

fact that the instability of the 

sector makes the producer's 

illiquidity high risk. 
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"It is difficult to 

communicate with the 

environmental authority to 

negotiate the legal issues of 

emissions (licensing)" 

According to the perception of the 

producers, the licensing times (as well 

as the ToR) are not equitable with 

respect to the sales needs in the face 

of informal competition. On the other 

hand, as was observed during a session 

of the Brick Table, the position of the 

regional environmental authority is to 

strictly comply with the legislation. A 

possible intransigence was perceived in 

front of the barriers commented by the 

producers of the sector. 

The association capacity of the 

producing companies makes it 

easier to show the barriers of 

each one in front of the regional 

environmental authority, and 

how there are common 

elements that make 

management difficult with this 

actor. 

Negotiation power among 

regional environmental 

authorities, as opposed to 

negotiation capacities, 

management of attention times 

in the authorities and 

clarification of work terms. 

"They only buy from me 

because they know me 

among the people in the 

industry, because it can be 

very expensive to have a 

display case to show my 

products or it's difficult to 

get close to the direct 

customer"  

It may not have a clear foundation, but 

because of the traditional way of 

working and the lack of marketing 

capacity building, it is becoming 

common practice to work on voice to 

voice as a marketing mechanism. 

Traditional producer's custom. 

Companies that have a 

showcase have made an extra 

effort because they have been 

able to contact end customers 

or have greater working capital.  

Lack of a marketing strategy and 

development of marketing 

capacities. 

"The problem with emissions, 

is that no matter how much 

I put in equipment or 

change technology, that 

doesn't ensure I can meet 

the standard and that 

doesn't create licensing 

problems." 

While the reduction of GHG and BC 

emissions (in the form of emission rates) 

is intended to be important in the face 

of opportunities for third party support, 

the industry must ensure compliance 

with other variables that have a 

different interpretation. Given that 

these variables (concentration of 

pollutants) are critical because they 

are reviewed by the environmental 

authority, more emphasis has been 

placed on trial and error work that 

generates little confidence in the 

implementation of changes, if such 

compliance is not guaranteed (with 

the costs incurred). 

Since voice to voice among 

entrepreneurs is the way 

production technologies have 

been adopted, low confidence 

in a scheme that does not allow 

them to meet emissions 

standards can generate 

scepticism about other 

entrepreneurs. 

Under strengthening of research 

and development strategies for 

each company. This is also linked 

to the low product differentiation 

between entrepreneurs. 
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"One problem we have in 

the sector is the corruption 

of the authorities for the 

processing of the 

environmental license" 

The bureaucratic process for 

environmental licensing is not clear 

regarding mining ToR (large-scale 

extraction information is requested from 

small-scale companies). On the other 

hand, there may be actors who, 

because of media cases, are more 

likely to act outside the law in the 

licensing process. 

A similar form of work has been 

identified among employers in 

the licensing process. 

There are no legal guarantees 

for the processing of licenses, 

since there are elements of the 

requirements that are not 

completely clear or transparent 

within the licensing process of 

the brick sector. 

"The problem with switching 

fuels is that coal is always 

going to be cheaper with a 

relatively high calorific 

value, compared to other 

alternatives. I could switch 

to natural gas, but if the 

competition doesn't, the 

selling price won't be in my 

favor. 

While there may be other fuels with a 

better heating potential than coal, the 

main disadvantages for formalised 

brickmakers are found in the sales 

prices compared to non-formalised 

brickmakers. This makes fuel switching 

unattractive, as this is a key item in the 

production cost of the product 

Market conditions that limit the 

testing of other fuels that can 

reduce BC emissions and 

production inefficiencies 

Informal competition that does 

not make it economically viable 

to test other forms of production 

"They helped me put a 

better designed furnace in 

my plant than I had, but the 

project didn't work because 

the amount of material I 

burn per month doesn't 

allow me to fill the furnace 

and I need to install 

additional equipment that I 

can't afford. I had to use 

the other furnace to keep 

my production up. 

If it can be justified, insofar as the 

implementation of best practices must 

be in accordance with the productive 

capacity conditions of each 

entrepreneur (taking into account their 

marketing capacity). The development 

of improvement systems must take into 

account the particular limitations and 

capacities to which the producer may 

be conditioned. 

If a project does not work with 

one of the producers, the 

confidence of the sector (taking 

into account its communication 

capacity) can be affected. 

High dependence of the 

brickmaker on external 

knowledge (low R&D capacity), 

and centralization of the 

pollution problem on technical 

aspects, neglecting barriers 

(organizational, marketing, 

economic) that limit changes in 

best practices 
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"Financing with green 

credits is complicated 

because they require me to 

stop emitting a 

considerable amount of 

pollutants, I do not see that 

amount as viable for my 

plant, I prefer to leave with 

a conventional credit " 

It may not be substantiated, since there 

is a lack of knowledge or clarity in the 

way production improvement data are 

reported (taking into account the 

difference in reporting between legal 

norms requested by the authorities and 

the bank's terms of reference). 

 

This is based on the banks' appreciation 

of the accounting, administrative and 

financial informality required to comply 

with loan requirements. 

The traditional view of the sector 

regarding the treatment and 

reporting of environmental and 

financial information. 

Low capacity to manage 

business information (indicators 

and new standards) 

Fuente: CAEM, 2019 
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IDENTIFICATION AND CATEGORIZATION OF KEY FACTORS 

 

According to the analysis of the sector carried out, Table 13 describes the key aspects 

that would allow defining the path for the reduction in the source of black carbon 

emissions, as well as mitigation activities in the sector's value chain. 

 

Table 13.  Key Factors 

IDENTIFICATION OF KEY FACTORS 

1 

Technological conversion and application of good production practices (Savings by 

technology: 54% Ovens - 32% Dosers - 13% Dryers - 1% Motors / automation / change of 

equipment) 

2 
Adaptation of standards and transversal indicators of productive efficiency between areas of 

the organizations of the brick sector. 

3 
Efficiency and transparency in the process of obtaining specific environmental licences for the 

brick sector (with the support of the industrial park associations). 

4 

Knowledge management system (Know How + R+D+I system) in conjunction with the academy 

to enable adaptation to change in the brick sector (testing of raw materials, fuel testing, plant 

design, sector observatory, legal office) 

5 Financial capacity to implement technological changes in the brick sector (sales) 

6 Early warning system for the brick industry 

7 
Design of voluntary green standards of the brick sector (GHG and BC) as a commercial 

competitive advantage 

8 
Implementation of product standards according to value-added customer standards 

(specialized products for specialized customers)) 

9 
Cuantificación y desagregación de costos operativos reales por unidad producida del sector 

ladrillero (precio) 

10 
Quantification and disaggregation of real operating costs per unit produced in the brick sector 

(price) 

11 
Improvement in the capacity to manage business information (formalization of accounting, 

administrative and financial indicators that reduce barriers to access to preferential credit lines) 

12 
Improvement of the relationship between technology and raw material suppliers, in order to 

improve the operating conditions of the plants in the brick sector (supplier directory) 

13 Improve labour capacity to reduce production errors and waste/rework flows in the brick sector 

14 Formalisation of the market to ensure fair competition between players in the brick sector 

15 
Strengthening of productive chains with the brick sector through a circular economy (cross-

cutting benefit with other productive sectors) 

Fuente: CAEM, 2019
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Table 14 and Table 15 present the categorization of key factors and the matrix of 

relationships between factors, respectively. In this way, it is possible to prioritize the key 

factors to be taken into account in the definition of the black carbon emissions mitigation 

mechanisms (Table 16). 

 

Table 14. Categorization of key factors 
CATEGORIES FACTOR CATEGORIES FACTOR 

ECONOMIC 
5 

ENVIRONMENTAL 
6 

9 7 

ORGANIZATIONAL 

2 
COMMERCIAL 

8 

4 10 

11 
LEGAL 

3 

12 14 

TECHNOLOGICAL 
1 

CULTURAL 
13 

15  
Fuente: CAEM, 2019 

 

In order to focus activity development efforts, key factors are prioritized through a rating 

weighting among each factor assessed. In this way it is possible to know which 

conditions have more influence between factors, and thus focus work on the elements 

that have more potential to be developed. 

 

Table 15. Relationship matrix between key factors 

 

Relationship matrix between key factors 

Type of influence             Strong: 6                  Moderated: 4                   Weak: 2                     None: 0 

FACTOR 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 TOTAL 

1   6 4 6 6 2 4 4 4 4 4 4 4 4 4 60 

2 6   2 6 4 2 4 6 6 4 2 4 6 0 4 56 

3 4 2   6 2 0 2 2 2 2 0 2 0 6 2 32 

4 6 6 6   4 6 6 6 6 4 4 6 4 2 6 72 

5 6 4 2 4   4 2 4 6 6 6 2 0 4 2 52 

6 2 2 0 6 4   2 4 2 2 0 2 4 2 0 32 

7 4 4 2 6 2 2   4 4 6 2 4 4 4 6 54 

8 4 6 2 6 4 4 4   4 6 2 4 4 2 2 54 

9 4 6 2 6 6 2 4 4   6 4 6 6 4 2 62 

10 4 4 2 4 6 2 6 6 6   2 2 2 4 4 54 

11 4 2 0 4 6 0 2 2 4 2   6 4 2 2 40 

12 4 4 2 6 2 2 4 4 6 2 6   4 0 2 48 

13 4 6 0 4 0 4 4 4 6 2 4 4   2 4 48 

14 4 0 6 2 4 2 4 2 4 4 2 0 2   4 40 

15 4 4 2 6 2 0 6 2 2 4 2 2 4 4   44 

Fuente: CAEM, 2019 
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Table 16. Priorization of key factors 
ORDER CATEGORIES KEY FACTORS 

1 Organizational Knowledge Management System (Know How + R&D System) 

2 Economic Quantification and disaggregation of actual costs per unit produced 

3 Technologic Technological conversion and application of good production practices 

4 Organizational 
Adaptation of standards and cross-cutting indicators of productive 

efficiency 

5 Environmental 
Design of voluntary green standards of the brick sector (GHG and BC) as 

a commercial competitive advantage 

6 Commercial 
Implementation of product standards according to value-added 

customer standards 

7 Commercial 
Development of a line of action to strengthen trade and marketing 

capacities 

8 Economic 
Financial capacity to implement technological changes in the brick 

sector 

9 Organizational Improving the relationship between technology and raw material suppliers 

10 Cultural Improves labor capacity to reduce production errors and waste flows 

Fuente: CAEM, 2019 

 

IDENTIFICATION AND DESCRIPTION OF CHANGE VARIABLES 

 

Table 17 describes the factors of change (trends) that can most influence the 

implementation of black carbon reduction and mitigation measures in the brick sector. 

 

Table 17. Identification and description of factors of change 

 

ID FACTOR OF 

CHANGE 

TREND 

1 
Legislation and 

Land Management 

Changes in land use planning mean that the mining industry has to 

adjust to the legal conditions set out by each municipality, whether in 

the short, medium or long term. It is necessary to adapt to the new 

legal conditions or the plants will tend to disappear. 

 

 

2 

 

 

Green markets 

The market trends for products and services are increasingly looking for 

the acquisition and sale of goods with environmentally and socially 

friendly characteristics. This makes it necessary for brick production to 

be in tune with more sustainable trends, such as the use of alternative 

materials. 

 

 

3 

 

Market growth in 

the construction 

sector 

The construction sector may be influenced by the development 

prospects of the regions in the country, then there may be market 

growth in some regions with respect to others. The development of 

commercial links with the regions of highest growth makes companies 

more certain of sales. 

4 
Productive 

efficiency 

Current public policy seeks to ensure that industries guarantee 

standards of energy efficiency and process automation in order to 

reduce unquantified impacts and improve the levels of 

competitiveness of national industry in the production of goods and 

services. 
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5 Public health policy 

Considering the risks of the population at the local, regional, national 

and global levels, public health policy makers are becoming 

increasingly rigorous in setting levels of compliance with pollution 

standards, with progressive targets that may be noncost effective for 

companies with less capacity to address environmental liabilities. 

Fuente: CAEM, 2019 

 

Table 18 presents the actors that can generate significant changes in the implementation 

of black carbon reduction and mitigation measures in the brick sector. 

 

Table 18. Identification and description of actors of change 

ID 
AGENT OF 

CHANGE 
POSSIBLE CHANGE 

1 

Local and 

national 

government 

Changes in public policy and legislation. Capacity and rigor in the 

monitoring of pollution standards around the environmental license. 

2 Clients 
Use of more sustainable products. Use of substitute products to ceramic 

materials for construction. Specialization of product finishes. 

3 
Raw material 

suppliers 

Variation in the energy quality of fuels (coal) available for sale. Possible 

moratorium on the use of highly polluting fuels. Lower price of alternative 

fuels. 

4 
Machinery 

suppliers 

Rising prices of machinery. Larger portfolio of technological solutions (R&D). 

Better technology acquisition alternatives. 

5 
Financial 

institutions 

Incorporation of sustainability standards in project financing plans. More 

specific information requirements. Flexibility in financing rates for 

environmental impact projects (Equator Principles). 

6 
NGOs and 

Associations 

Greater interest in developing technical support and accompaniment for 

entrepreneurs. Improved communication of results of impact projects to 

the public. 

Fuente: CAEM, 2019 

 

 

 

 

 

 

 

 

 

STRUCTURAL ANALYSIS 

 

RELATIONAL MATRIX FACTOR OF CHANGE / ACTOR OF CHANGE 
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By means of the change factor/change actor matrix, it is determined for each change 

actor which change factors directly influence its position, by means of rating weighting 

between the relationship of each one (Table 19). 

 

Table 19. Relational matrix Factor of change/Actor of change 

  Strong: 6                   Moderated: 4                 Weak: 2                  None: 0 

 

1 2 3 4 5 TOTAL 

1 6 6 4 4 6 26 

2 0 6 6 4 4 20 

3 2 6 4 6 2 20 

4 0 4 2 6 2 14 

5 0 4 6 6 2 18 

6 4 6 2 6 4 22 
Fuente: CAEM, 2019 

 

According to the results of the matrix, the high-powered change agents (from highest to 

lowest) are 

 

- Local and national government 

- NGOs / Associations 

- Clients 

- Raw material suppliers 

 

RELATIONAL MATRIX FACTOR OF CHANGE / KEY FACTOR 

 

According to the relational change factor/key factor matrix it is determined for each 

key factor which change factors are influenced by and thus define the most significant 

change factors. 

 

 

 

 

 

 

 

Table 20. Relational matrix factor of change/ key factor 

  Strong: 6                   Moderated: 4                 Weak: 2                  None: 0 
Key 

Factor 

Actor of change 

 

Factor of 

change  
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1 2 3 4 5 6 7 8 9 10 TOTAL 

1 4 6 2 2 2 4 2 6 4 0 32 

2 6 6 6 6 6 6 6 4 6 4 56 

3 6 6 4 4 2 6 6 4 6 2 46 

4 6 6 6 6 4 4 4 6 6 6 54 

5 6 2 6 4 6 4 2 6 6 4 46 

 

The most significant factors of change are: 

 

- Green markets 

- Productive efficiency 

- Public health policy 

- Market Growth 

- Legislation / OT 

 

STRUCTURAL LINK        

 

Table 21 presents the structural relationship between the actors of change, factors of 

change and key factors, in such a way as to define action points and work with 

stakeholders for the reduction and mitigation of black carbon in the brick sector. 

 

The knowledge of these relationships allows us to know what type of actors have the 

potential to leverage the development of initiatives associated with each of the factors 

evaluated. 

 

 

 

 

 

Factor of 

change  
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Table 21. Structural Link 

ACTOR OF 

CHANGE  

FACTOR OF 

CHANGE 
KEY FACTOR 

Local and 

national 

government 

Green market 

adoption trends 

Knowledge Management System (Know How + R&D System) 

Quantification and disaggregation of actual costs per unit 

produced (improved financial information) 

Technological conversion and application of good production 

practices 

Legislation 

perspectives / OT 

Formalisation of the market to ensure fair competition between 

players in the brick sector 

Strictness of public 

health policy 

Knowledge Management System (Know How + R&D System) 

Design of voluntary green standards of the brick sector (GHG 

and BC) as a commercial competitive advantage 

Financial capacity to implement technological changes in the 

brick sector 

NGO / 

Associations / 

Academy 

 

 

Green market 

adoption trends 

Knowledge Management System (Know How + R&D System) 

Technological conversion and application of good production 

practices 

Adaptation of standards and cross-cutting indicators of 

productive efficiency 

Design of voluntary green standards of the brick sector (GHG 

and BC) as a commercial competitive advantage 

Implementation of product standards according to value-

added customer standards 

Development of a line of action to strengthen trade and 

marketing capacities 

Adoption of 

production 

efficiency 

standards (energy 

efficiency and 

technology 

conversion) 

Knowledge Management System (Know How + R&D System) 

Quantification and disaggregation of actual costs per unit 

produced 

Technological conversion and application of good production 

practices 

Adaptation of standards and cross-cutting indicators of 

productive efficiency 

Financial capacity to implement technological changes in the 

brick sector 

Improving the relationship between technology and raw 

material suppliers 

Improves labor capacity to reduce production errors and waste 

flows 

Clients 

/customers 

 

Green market 

adoption trends 

Knowledge Management System (Know How + R&D System) 

Quantification and disaggregation of actual costs per unit 

produced 

Technological conversion and application of good production 

practices 

Adaptation of standards and cross-cutting indicators of 

productive efficiency 

Design of voluntary green standards of the brick sector (GHG 

and BC) as a commercial competitive advantage 

Implementation of product standards according to value-

added customer standards 

Development of a line of action to strengthen trade and 

marketing capacities 
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Improving the relationship between technology and raw 

material suppliers 

Market growth 

prospects for the 

construction 

sector 

Knowledge Management System (Know How + R&D System) 

Quantification and disaggregation of actual costs per unit 

produced 

Implementation of product standards according to value-

added customer standards 

Development of a line of action to strengthen trade and 

marketing capacities 

Improving the relationship between technology and raw 

material suppliers 

Suppliers Raw 

Material 

 

 

Green market 

adoption trends 

Knowledge Management System (Know How + R&D System) 

Technological conversion and application of good production 

practices 

Adaptation of standards and cross-cutting indicators of 

productive efficiency 

Design of voluntary green standards of the brick sector (GHG 

and BC) as a commercial competitive advantage 

Implementation of product standards according to value-

added customer standards 

Development of a line of action to strengthen trade and 

marketing capacities 

Adoption of 

production 

efficiency 

standards (energy 

efficiency and 

technology 

conversion) 

Knowledge Management System (Know How + R&D System) 

Quantification and disaggregation of actual costs per unit 

produced 

Technological conversion and application of good production 

practices 

Adaptation of standards and cross-cutting indicators of 

productive efficiency 

Financial capacity to implement technological changes in the 

brick sector 

Improving the relationship between technology and raw 

material suppliers 

Improves labor capacity to reduce production errors and waste 

flows 
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5. IDENTIFICATION OF EMISSION REDUCTION MEASURES 

 

In accordance with the different projects carried out by the Corporación Ambiental 

Empresarial in the stages of accompaniment of the brick sector, different alternatives for 

direct and indirect action have been compiled (validated through interviews with some 

producers). 

 

The direct action alternatives focus on reducing emissions at source, specifically the 

combustion process in the firing process. In terms of energy efficiency, designs of types of 

furnaces have been established, with or without the addition of support equipment that 

allows for optimization of the recovery of heat generated by the burning of combustible 

material. 

 

On the other hand, according to the analysis of field experiences, working on the kiln is 

not the only possibility of reducing emissions, and it is possible to guarantee an 

improvement in the efficiency of the kiln and the quality of the product, by standardizing 

the conditions under which the clayey material enters the kiln. In this sense, the support 

of the mineral material maturing and mixing systems and the availability of raw materials 

(both earth minerals and water) can condition the burning options (insofar as the 

financial conditions of production have been identified as part of the working barriers). 

 

In this way, conditions of better production practices can be found that can optimise the 

consumption of materials and allow the generation of pollutants to be understood as a 

synergy in the life cycle of the brick sector. Likewise, there is the possibility of finding 

information opportunities to improve such synergies, such as the influence of meteorology 

on the production process throughout a year of operation (as well as the conditions of 

climate variability that can economically condition production and go against the 

environmental improvement of the operation). 

 

Direct mechanisms for better combustion by changing of the kiln 

 

As documented by the Clean Air and Climate Coalition's (CCAC) Brick Production 

Initiative programs, different fuel burning/firing technologies and designs have been 

compiled depending on the type of operation the production plant has 

 

 

 

Intermittent systems 
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Unlike the Arab, Artisanal and open fire  kilns, it has been found that the Inverted Firing 

Kiln type systems can improve the production efficiency by 2.8 - 3.5 MJ/kg of fed clay, 

with a burning efficiency between 60 - 80% (similar to the production efficiency of a 

beehive kiln). The level of investment is between USD$ 18,900 and a net present value of 

USD$ 21,000 (with a return rate of 56% and a payback period of 1.8 years), with a 

production capacity between 7,000 and 12,000 pieces. 

 

Advantages: 

 

- Possibility of increasing production capacity. 

- Decrease in labor costs. 

- Better working and health conditions. 

- Possibility of making new products. 

 

Disadvantages: 

 

- Requires an increase in process control. 

- Increase in maintenance costs and electricity consumption. 

- Increase in formalization costs and fiscal commitments. 

 

On the other hand, if the producer has a greater investment capacity, there is the 

possibility of installing a dome kiln type system. With an energy consumption between 2.5 

- 3.8 MJ/kg of fed clay, the investment level is between USD$ 40,000 and a net present 
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value of USD$ 42,350 (with a return rate of 42% and a recovery period of 32 months), with 

a production capacity between 60,000 and 110,000 pieces. 

 

Advantages: 

 

- Attractive technological option for companies with less working capital. 

- Potential fuel consumption of 25% compared to artisanal systems and less efficient 

intermittent ovens. 

- Increase in product quality improvement, with an increase in sales between 10 - 20%, 

and an increase in income between 20 - 40%. 

 

Disadvantages: 

 

- Requires an increase in process control. 

- Increase in maintenance costs and electricity consumption. 

- Increase in formalization expenses and fiscal commitments. 

 

Semi-continuous systems 

 

The systems with the greatest inefficiencies in fuel consumption are between the Wagon 

and Zig-Zag kiln s. In this sense, the first possibility of change in the burning system is the 

conversion to a chamber-type kiln, whose main advantage is the use of the firing 

chambers for drying raw material. The energy consumption is around 1.7 - 2.3 MJ/kg of 

incoming clay, the investment level is between USD$ 172,200 and a net present value of 
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USD$ 8,002,200 (with a return rate of 56% and a recovery period of 50 months), with a 

production capacity of between 120,000 pieces per month (600 Ton clay /month).

 

Advantages: 

 

- Increase in production between 15 and 25%, with a reduction in the use of fuel. 

- Production increase between USD$ 100.000 - 130.000 per year. 

- Potential for replication and increase in the number of cameras (depending on 

the operating capacity of the plant and availability of area for other processes). 

- Emissions reduction capacity of around 20%. 

 

Disadvantages: 

 

- Increased exposure of workers to high temperatures. 

- Increased temperature control is required. 

- Increase in maintenance costs and electricity consumption. 

 

One of the most common combustion systems at an industrial level is the use of Hoffman 

type kilns, which are versatile in terms of firing material handling capacity, with an energy 

consumption of around 1.7 - 2.7 MJ/kg of input clay. The level of investment is referenced 

between USD$25,000 - 150,000 (depending on the area of infrastructure occupied by the 

system). The rate of return is similar to the kiln chambers, with a payback period of 15 

months. The production capacity is around 15,000 units/day. 
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Advantages: 

 

- Loss rate less than 15%. 

- Better fuel consumption, as it incorporates automated dosing systems. 

- Increase in the quality of the product generated, with potential for increased 

sales. 

 

Disadvantages: 

 

- Greater exposure of workers to high concentrations of contaminants. 

- An increase in temperature control and fuel supply is required so as not to 

destabilize the burning system. 

- Increased maintenance costs and electricity consumption. 

 

Within the possibilities of implementation with a greater capital is the use of systems type 

Mobile Kiln, being a technology used in several countries of Latin America. According to 

nominal conditions, the energy consumption of this type of system is between 1.6 - 2.2 

MJ/kg of clay input. With an investment between USD$ 2010.000 - 730.000 (being an ideal 

technology for industries with a high working capital), the net present value of the 

investment is around USD$1.700.000, with a return on investment rate of 19% and a 

payback period of 6 months. 
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Advantages: 

 

- Significantly reduces thermal energy demand. 

- Increases the proportion of high quality product (with losses less than 2%). 

- Increases the speed of production, with a reduction in emissions. 

- Allows a 20% increase in sales, and net income between 20 and 30%. 

 

Disadvantages: 

 

- Requires a production between 1,400,000,000 parts / month to be profitable. 

- It requires an increase in temperature control and fuel supply so as not to 

destabilize the burning system. 

- Increase in maintenance costs and electricity consumption. 

 

Continuous systems. 

 

Finally, in terms of applied technology, the best possible alternative in terms of replicable 

business knowledge is the use of a Tunnel Kiln system, which allows a high capacity of 

production automation, both in the entry of material for drying and its subsequent entry 

into firing, with an energy consumption between 1.0 - 1.5 MJ/kg of entered clay. The 

capital investment is around USD$1,000,000 with a return period of approximately 2 years. 

In order to be profitable, a production of 50,000 bricks/day is required, although it has the 

capacity to produce about 15,000,000 bricks per year. 
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Advantages: 

 

- The level of optimization of the burning system allows for lower emissions, as long as 

temperature stabilization is guaranteed. 

- Material losses are less than 3%. 

- Workers' exposure to high temperatures is low. 

- The risk of accidents associated with furnace operation is low. 

 

Disadvantages: 

 

- The capital investment and financial effort of the producer is high compared to other 

baking systems. 

- Increased temperature control and fuel feed control are required so as not to destabilize 

the burning system. 

- Increase in maintenance costs and electricity consumption. 

 

Direct support mechanisms that allow improvements in cooking efficiency 

 

Among the elements identified according to the support work of the energy efficiency 

project and NAMA Industry project of CAEM with the brick sector, there are different 

alternatives that can be incorporated into the production process to improve the 

capacity for energy recovery in the burning of fuels in the combustion operations.  

 

Maximum use of fuel significantly reduces the generation of by-products, such as waste 

or pollutants, which, if not properly treated, can increase the levels of inefficiency in the 

overall production process. 
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Air injection systems: 

 

- Incorporation of forced air injection systems 

- Measurement of excess air conditions in the combustion system. 

 

Forced drying systems: 

 

- Incorporation of forced drying systems, improved by using heat flows recovered from 

the furnace. 

- Recovery of residual heat for drying systems or use in kilns. 

- Revision of material entry and exit times to the drying system. 

- Conservation of dryer conditions before, during and after the drying process. 

Sistemas de suministro de combustible a horno: 

 

- Increasing the available combustion area of the fuel (chopping and spraying of 

the fuel). 

- Use of dosing devices in the air-fuel mixture. 

- Measurement by means of indicators of real fuel consumption by installed feeding 

system. 

- Monitoring of temperatures in the furnace body and chimney outlets. 

- Adaptation of air intake points in automated metering systems, to optimize 

combustion conditions. 

 

Heat recovery in equipment with heat transfer: 

 

- Better accommodation of baked goods. 

- Design and improvement of the furnace's thermal insulation system. 

- Verification of heat loss points in the body and entry - exit points of material. 

I 

mprovements in equipment and support processes: 

 

- Use of hard ceramic nozzles for moulding parts. 

- Conversion of extruder and mill systems.Instalación de sistemas de 

automatización, para reducir tiempos muertos que generen desestabilización del 

sistema de combustión. 

- Installation of capacitor banks to reduce losses of reactive electrical 

energyInstalación de protectores eléctricos para la operación de equipos. 

- Replacement of obsolete motors with IE2 and IE3 high efficiency systems 



 

DELIVERABLE 
1.1.2  

 

          Página 71 de 76 

- Installation of frequency converters in motors to optimize energy consumption 

through speed control. 

 

Industry best practices: 

 

- Use of ceramic residues. 

- Preventive maintenance on corrective maintenance of kilns, dryer and support 

equipment. 

- Verification of air infiltration conditions in the kiln body. 

- Verification of quality conditions of the stored fuel (possible increase of excess 

humidity due to exposure to the environment). 

 

Indirect support mechanisms that allow improvements in the productivity of the cooking 

operation 

 

Weather conditions 

 

During the interview exercise with producers, the possible relationship between the 

production process and the weather conditions of the region was reviewed. In this sense, 

the businessmen indicated that processes that do not have forced drying systems (that 

is, they leave the clayey material outdoors for several days until it has the ideal apparent 

humidity conditions to enter the kiln, so that the humidity contained in the center of the 

mass of material does not expand during the firing and generates losses due to the unit's 

explosion) have a greater risk of production problems at the times of the year when the 

conditions are drier or more humid. 

 

In the case of very wet conditions, there is a risk that the material will be delayed 

considerably until it is suitable for entry into the kiln. This represents a bottleneck that can 

lead to increased coal consumption in order to level out inventories for sale. 

 

On the other hand, during dry season conditions, there is a risk of not being able to have 

raw material (reservoir water), which can increase production costs by requiring a third 

party to bring water to the production plant. 

 

In this sense, and taking into account the tendencies to climatic changes with high 

variability, it is proposed to develop a meteorological early warning system in the brick 

producing areas, so that it will facilitate production planning, optimizing seasonal 

conditions and preparing its operation in the face of adverse conditions. 
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Knowledge Management 

 

Another element observed during interviews with entrepreneurs, taking into account the 

barriers identified in financial terms with outsiders, is the willingness to work on their own to 

build and/or adapt new equipment within the infrastructure of the production plant. In 

this sense, gathering knowledge of the sector for application by the producers themselves 

becomes a reasonable possibility. 

 

Although there is currently a repository with information on the different technologies 

applicable to the brick sector, the development of specific knowledge for each 

organization is the responsibility of the owner of the organization. There is no objective 

decentralization of information that allows its analysis in terms of community learning. 

 

In this sense, it is proposed that a research centre be created under the auspices of the 

sector at the national level, which would allow research and development (and 

innovation) to be carried out, taking into account the capacities of the more traditional 

organizations (the companies with the most capital have laboratories for analyzing 

information on their processes, which allows them to be more competitive than 

companies with artisanal or small-scale work). 

 

Investment in improving knowledge of clay mixtures, verification of fuel conditions, new 

ways of using ceramic materials, development of standards that promote better prices, 

and even centralization of data on limiting legislative conditions (which better practices 

allow for reducing problems associated with environmental non-compliance), can 

reduce the investment uncertainty gap for the industrialist, with results that are grounded 

in the needs of environmental change. 
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