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Abstract 

Cement production is one of the most emission-intensive industrial activities, contributing significantly 

to global air pollution and greenhouse gas emissions. This study assesses the effectiveness, limitations, 

and implementation status of air pollution control techniques and their associated occupational health 

impacts at Messebo Cement Factory PLC (MCF) in Northern Ethiopia. A mixed-method design was 

employed, integrating quantitative on-site pollutant measurements (CO₂, NOₓ, SO₂, CO, and particulate 

matter) with qualitative surveys and clinical health data. Field results indicated that pyroprocessing and 

raw material handling were the dominant emission sources. CO₂ emissions increased from 

approximately 78,884 tonnes in 2000/01 to 990,767 tonnes in 2015/16, primarily due to production 

expansion, while per-tonne emissions remained above international best practice benchmarks. 

Particulate matter concentrations at raw milling points reached 240 mg/Nm³, exceeding Ethiopia’s 

national limit of 150 mg/Nm³ and the WHO/IFC guideline of 50 mg/Nm³. Despite the presence of 

baghouse filters and other emission control systems, frequent exceedances revealed operational 

inefficiencies and maintenance deficiencies. Survey data from 1,235 respondents, including factory 

employees and nearby residents, showed that 65% observed visible dust emissions and 76% reported 

receiving no environmental or safety training. Analysis of clinical records from 2013–2017 further 

revealed high incidences of respiratory tract infections (up to 22.4%) and dermatitis linked to particulate 

exposure. The findings demonstrate that current air pollution control and occupational health practices 

at MCF are inadequate to meet regulatory and safety standards. The study recommends upgrading 

filtration systems, adopting cleaner fuels, improving occupational health and safety management, and 

aligning operations with ISO 14001 and IFC/World Bank environmental standards to promote 

sustainable industrial performance. 

Keywords: Air pollution, Cement industry, Emission control, Occupational health, Environmental 

management, Ethiopia 
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CHAPTER 1: INTRODUCTION 

1.1. Background of the Study 

Cement production is one of the most emission-intensive industries worldwide, contributing 

significantly to greenhouse gas (GHG) emissions and air pollution. Globally, the sector accounts for 

approximately 7–8% of total anthropogenic CO₂ emissions, largely due to limestone calcination and 

fossil fuel combustion in high-temperature kilns (IEA, 2020; Andrew, 2018; Liu et al., 2024). In 

addition to CO₂, cement plants release nitrogen oxides (NOₓ), SO₂, particulate matter (PM), CO, and 

volatile organic compounds (VOCs), which adversely affect air quality, public health, and ecosystem 

stability (WHO, 2006; USEPA, 2010). These global concerns have shaped international environmental 

frameworks such as the Paris Agreement, United Nations Framework Convention on Climate Change 

(UNFCCC), and World Health Organization (WHO) air quality guidelines, which increasingly require 

industries to adopt cleaner technologies and reduce emissions. Among the different production stages, 

pyroprocessing is the most energy‑ and emission‑intensive, requiring kiln temperatures above 1400 °C, 

which facilitate NOₓ formation and substantial CO₂ emissions (Van Oss & Padovani, 2002). 

The environmental burden of cement manufacturing has placed the sector under increasing scrutiny 

within global climate frameworks such as the Paris Agreement and the United Nations Framework 

Convention on Climate Change (UNFCCC, 2015). The Intergovernmental Panel on Climate Change 

(IPCC, 2014) emphasizes that cement sector emissions are influenced by population growth, energy 

intensity, and carbon intensity, as illustrated by the Kaya Identity. Accordingly, stricter international 

and national regulatory standards, such as those issued by the World Health Organization (WHO, 2006), 

International Finance Corporation (IFC, 2007), and the Ethiopian Environmental Protection Authority 

(FDRE EPA, 2014), have sought to reduce industrial emissions. 

In Ethiopia, the cement industry has expanded rapidly over the past two decades, driven by 

infrastructure growth and urbanization (Berhe et al., 2014). However, this expansion has been 

accompanied by rising environmental concerns. Local factories frequently struggle to comply with 

emission standards due to reliance on outdated technologies, weak monitoring capacity, and insufficient 

maintenance (Gebreslassie et al., 2023). Messebo Cement Factory (MCF), established in 1999 near 

Mekelle in the Tigray Region, is one of the country’s largest producers, with an annual capacity 

exceeding 2 million tonnes of clinker (Gebrekidan & Abraha, 2022). While MCF plays an important 

role in Ethiopia’s industrial development and post‑conflict reconstruction, its environmental footprint 

has been a persistent concern. Long‑term emission data indicate that CO₂ emissions increased from 
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78,884 tonnes in 2000/01 to nearly 991,000 tonnes in 2015/16, correlating strongly with production 

growth (Berhe et al., 2014). 

Despite the adoption of control technologies such as bag filters and low‑NOₓ burners, surrounding 

communities continue to report dust deposition, reduced visibility, and adverse health effects linked to 

air pollution (UNEP, 2013). Previous studies have primarily focused on aggregate emission levels but 

have not systematically examined the operational performance of control technologies, consistency of 

regulatory compliance, or socio‑environmental consequences. Furthermore, more recent developments 

since 2017, including production line changes, updated regulations, and community grievances, remain 

underexplored. 

Against this backdrop, the present study seeks to provide an integrated evaluation of air pollution control 

techniques at MCF. Specifically, it aims to: (i) quantify gaseous and particulate emissions across 

production stages; (ii) assess the effectiveness of existing mitigation measures against Ethiopian EPA 

and World Health Organization/International Finance Corporation WHO/IFC standards; (iii) analyze 

workers’ and local communities’ perceptions regarding air quality and pollution control measures; and 

(iv) propose evidence based recommendations to strengthen regulatory compliance and promote 

sustainable industrial practices. By addressing both the technological and socio‑environmental 

dimensions, this study fills a critical research gap in Messebo Cement Factory  and contributes to the 

broader discourse on sustainable industrial development. 

1.2. Statement of the Problem 

The MCF, one of Ethiopia’s largest cement producers, has been operating since 2000 GC with a 

production capacity exceeding 2 million tonnes of clinker annually. Despite its economic importance, 

MCF has faced persistent challenges in controlling air pollution. Although bag filters, cyclones, and 

other emission control systems are installed, frequent filter failures, inconsistent maintenance, and 

limited monitoring capacity have resulted in recurring emission levels above permissible limits. Past 

reports and partial assessments have documented rising CO₂ and particulate emissions, but there have 

been no comprehensive evaluations of the actual effectiveness of these control systems or their 

compliance with regulatory standards. 

Nationally, EPA stipulates emission thresholds for CO₂, SO₂, NOₓ, CO, and particulate matter, aligned 

in part with international standards set by WHO and IFC. However, reports indicate that MCF frequently 

surpasses these standards, raising concerns for both environmental quality and public health in the 
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surrounding communities. Residents have reported dust deposition, visibility reduction, and respiratory 

health issues, suggesting that regulatory non-compliance has tangible socio-environmental impacts. 

The unresolved problem is therefore twofold: first, the efficiency and reliability of MCF’s current 

pollution control technologies remain uncertain; and second, there is limited integration of community 

perceptions and health impacts into the evaluation of emission control strategies. Previous studies 

largely focused on aggregate emission trends (2001–2017), with little attention to post-2017 

developments, control system performance, or socio-environmental dimensions. This gap makes it 

difficult to assess whether current mitigation measures are effective or sustainable in the long term. This 

study addresses that gap by systematically evaluating the performance of emission control technologies 

at MCF, benchmarking emission levels against Ethiopian EPA, WHO, and IFC standards, and 

integrating community and workforce perspectives. By combining quantitative emission measurements 

with qualitative assessments, the research seeks to clarify compliance gaps, analyze the cost-

effectiveness of existing measures, and identify evidence-based strategies for improving air quality 

management in Ethiopia’s cement sector. 

While cement production is essential to infrastructure development, it is also one of the leading 

contributors to environmental pollution, particularly through emissions of greenhouse gases and 

airborne particulates. MCF exemplifies this dual challenge. Emissions generated during various 

production phases, including raw material acquisition, pyroprocessing, clinker cooling, and cement 

milling, consist of CO₂, NOₓ, SO₂, CO, and PM. These pollutants have been linked to serious 

environmental and health risks, including respiratory diseases, soil, and water contamination, and global 

warming. Although modern emission control technologies are available and partially implemented at 

MCF, no comprehensive study has been conducted to evaluate their actual effectiveness or adherence 

to national and international air quality standards. In the absence of empirical assessments, it remains 

uncertain whether current mitigation strategies are sufficient to reduce environmental harm. 
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1.3. Objectives of the Study 

1.3.1. General objective 

The general objective of this study is to assess the effectiveness, limitations, and implementation status 

of air pollution control techniques at Messebo Cement Factory PLC, Ethiopia. 

1.3.2. Specific objectives 

 To identify the main sources and types of air pollutants generated by the factory. 

 To measure the levels of  major air pollutants at different stages of cement production of MCF. 

  To evaluate the effectiveness of the existing air pollution control techniques implemented by 

MCF. 

 To identify technical and management-related challenges affecting pollution control 

performance. 
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CHAPTER 2: LITERATURE REVIEW 

 2.1. Cement Manufacturing and Associated Air Pollution 

Cement manufacturing is a vital industrial process supporting global construction and infrastructure 

development (Ali et al., 2015). Despite its economic importance, it is widely recognized as a major 

contributor to environmental pollution. The manufacturing process encompasses several energy-

intensive stages, such as raw material extraction, milling, pyroprocessing in rotary kilns, clinker cooling, 

and finish grinding, all of which release a range of air pollutants into the environment. These emissions 

include particulate matter (PM), nitrogen oxides (NOₓ), sulfur dioxide (SO₂), carbon monoxide (CO), 

and greenhouse gases like carbon dioxide (CO₂), with significant implications for human health, air 

quality, and climate change (Van Oss & Padovani, 2002). In particular, the pyroprocessing stage, where 

limestone is calcined to form clinker accounts for the largest share of CO₂ emissions, due to both fuel 

combustion and the chemical decomposition of calcium carbonate (CaCO₃ → CaO + CO₂). 

Additionally, fugitive dust from material handling, grinding, and storage operations poses significant 

particulate pollution risks. 

2.2. Types of Cement and Their Environmental Implications 

Among the various types of cement, Ordinary Portland Cement (OPC) and Pozzolana Portland Cement 

(PPC) are the most prevalent in construction applications. Their distinct chemical compositions 

influence both mechanical performance and environmental reactivity (Murray & Price, 2008). 

Pozzolana Cement is a blended material composed of Portland cement and pozzolanic substances, 

siliceous or alumino-siliceous materials that, although not cementitious by themselves, react chemically 

with Ca(OH)₂ in the presence of water to form compounds with binding properties. The typical chemical 

constituents of PPC include: silica (SiO₂): 20–35%, alumina (Al₂O₃): 10–25%, iron oxide (Fe₂O₃): 2–

8%, calcium oxide (CaO): 40–60%, magnesium oxide (MgO): 0–10%, sulfur trioxide (SO₃): 1–3% 

(Mishra et al., 2022). The OPC, on the other hand, is manufactured by heating a finely ground mixture 

of limestone and clay or shale to form clinker, which is then blended with gypsum to control the setting 

time. The typical chemical composition of OPC includes: lime (CaO): 60–67%, Silica (SiO₂): 17–25%, 

alumina (Al₂O₃): 3–8%, iron oxide (Fe₂O₃): 0.5–6%, magnesium oxide (MgO): 0.1–4%, sulfur trioxide 

(SO₃): 1–3%. Although both cement types contain similar oxides, their performance and environmental 

behavior differ. Pozzolana cement offers greater durability and enhanced resistance to chemical attacks, 

particularly in aggressive environmental conditions, making it suitable for marine and sewage-related 
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constructions. Conversely, OPC is valued for its high early strength and rapid setting, making it ideal 

for general-purpose infrastructure projects (Neville, 2011; Hewlett & Liska, 2019). 

The selection of cement type and its manufacturing method not only affects the mechanical properties 

of the final product but also significantly influences the magnitude and composition of air pollutants 

released during production. Clinker is the intermediate product in cement manufacturing, formed by 

heating a mixture of raw materials at approximately 1450 °C in the kiln. The primary materials include 

limestone, clay, shale, iron ore, and silica sand. The chemical composition of clinker determines the 

performance characteristics of the final cement, including strength development, setting time, and 

durability. The main chemical components of clinker are tricalcium silicate (C3S), dicalcium silicate 

(C2S), tricalcium aluminate (C3A), and tetracalcium aluminoferrite (C4AF). 

C3S is the most abundant component of clinker and is responsible for the early strength development of 

cement. It reacts quickly with water to form calcium silicate hydrate (C-S-H) and calcium hydroxide 

(CH). C2S is the second most abundant component of clinker and is responsible for the later strength 

development of cement. It reacts more slowly than C3S but produces more C-S-H. C3A reacts quickly 

with water to form calcium aluminate hydrate (C-A-H) and calcium hydroxide (CH). It is also 

responsible for the early setting of cement. C4AF is responsible for the color of cement and contributes 

to its later strength development. 

2.3. Cement Production Process and Emission Sources 

Cement manufacturing is a complex, multi-stage industrial process that contributes significantly to air 

pollution due to its reliance on fossil fuels, high-temperature operations, and extensive material 

handling. The primary stages involved in this process include raw material acquisition and preparation, 

pyroprocessing, clinker cooling and storage, and finish milling and packaging, each of which emits 

specific types of pollutants. The process begins with raw material acquisition and preparation, where 

limestone, clay, shale, silica sand, and iron ore are extracted through surface mining methods such as 

open-pit and open-cast mining,. These raw materials are crushed, blended, and milled to produce a 

homogenous raw meal suitable for kiln feeding. During this stage, PM emissions are the primary 

environmental concern, arising from blasting, crushing, material transfer, and raw milling operations. 

Fugitive dust is particularly high in dry environments and in systems lacking dust enclosures, conveying 

covers, or proper filter technologies. 
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The pyroprocessing stage is the most energy-intensive and environmentally impactful part of the cement 

manufacturing process. It involves the preheating, calcination, and sintering of raw meal in rotary kilns 

at temperatures reaching approximately 1450 °C. During calcination, CaCO₃ decomposes to form CaO, 

releasing CO₂ as a major byproduct. This accounts for roughly 50% of total CO₂ emissions in the cement 

industry, while the remaining CO₂ is produced through combustion of fossil fuels like coal and petcoke. 

Furthermore, NOₓ are formed during high-temperature combustion, particularly where flame 

temperatures exceed 1300 °C, promoting thermal NOₓ formation. SO₂ emissions, although variable, 

depend on the sulfur content in raw materials and fuel, often released when sulfur-bearing compounds 

are oxidized during the preheater and calciner phases. Incomplete combustion or poor mixing of fuel 

and air can also result in CO emissions. 

Following the formation of clinker, it must be rapidly cooled to preserve its mineralogical composition 

and allow for safe handling. During clinker cooling and storage, the hot clinker passes through grate or 

planetary coolers, where ambient air is used for heat recovery. However, this process can also generate 

substantial dust emissions, particularly if the cooler air is not adequately filtered before discharge. The 

cooled clinker is then transported to silos, where additional PM emissions may arise from pneumatic 

conveying and bucket elevator systems. 

In the final phase, finish milling and packaging, the cooled clinker is ground with gypsum and 

sometimes supplementary cementitious materials such as pozzolana or limestone. This grinding process 

produces a fine cement powder, which is then stored in silos and dispatched either in bags or bulk. The 

handling and packaging stages are associated with significant particulate emissions, particularly if 

packaging machinery and loading systems are not enclosed or ventilated. In this stage, PM emissions 

are exacerbated by the very fine particle size of cement, where a large proportion of particles are smaller 

than 10 microns, posing health risks due to their inhalability (USEPA, 2010). Overall, each stage of 

cement production contributes to environmental pollution, both in the form of airborne particulates and 

hazardous gases. Effective emission control technologies such as bag filters, fabric filters, staged 

combustion, low-NOX burners, and improved process control systems are essential to mitigate these 

impacts.The essential steps in cement production include quarrying limestone and other raw materials, 

preparing the raw mix through dosing, grinding, and homogenization, followed by calcination and 

clinkering, where chemical reactions occur between 850 °C and 1450 °C in the kiln. Afterward, the 

clinker is cooled, ground with gypsum and other additives to produce cement, and finally stored, 

packaged, and transported to the end user. 
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MCF produces four types of cement as per the demand of customers, namely OPC (ordinary Portland 

cement), PPC (Portland Pozzolana Cement), PLC (Portland Limestone Cement), and LHHSR (Low 

Heat High Sulfur Resistant) Cement.   

2.4. Raw Materials of the Cement Manufacturing Process 

Raw material of the cement industry is a huge industry, in which its raw material inputs are 

manufactured in three processes, raw material exploration, sources of raw materials, raw material 

mining. The exploration includes evaluation of geological, chemical, and topographical facts through 

the raw material sampling collected from trench and drilling sampling. In the exploration study must be 

include both quantity and quality of cement raw material in the place where selected (Mishra et al., 

2022). The cement industry has six total raw materials as input to produce the final product, cement. 

Those raw materials are explored and mined at different sources of place, where the two main inputs, 

limestone and shale found on the hill of Messebo near the industry. Mining involves extracting raw 

materials from their source. There are two types of mining: underground and surface mining. The 

Messebo Cement Industry's mining department employs the surface mining method, which is furtherly 

divided into two types: Open pit mining: method involves clearing or relocating the overburden material 

before blasting. At Messebo Cement Industry, approximately 11 meters of overburden is removed from 

the land's surface before blasting limestone and shale. The industry employs this surface blasting 

technique for efficient extraction. In open-cast mining, blasting is conducted after removing the 

overburden material from the area to be mined. It is commonly used to extract materials such as gypsum, 

silica sand, iron ore, and pozzolana. 

2.5.  Raw Material Acquisition 

The raw materials used are extracted from the earth through mining and quarrying and can be divided 

into the following groups: lime (calcareous), silica (siliceous), alumina (argillaceous), and iron 

(ferriferous). Since a form of calcium carbonate, usually limestone, is the predominant raw material, 

most plants are situated near a limestone quarry or receive this material from a source via inexpensive 

transportation. The plant must minimize the transportation cost since one-third of the limestone is 

converted to Carbon dioxide during the Pyro processing and is subsequently lost. Quarry operations 

consist of drilling, blasting, excavating, handling, loading, hauling, crushing, screening, stockpiling, 

and storing. 
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Raw Milling 

Raw milling involves mixing the extracted raw materials to obtain the correct chemical configuration 

and grinding them to achieve the proper particle size to ensure optimal fuel efficiency in the cement 

kiln and strength in the final concrete product. Three types of processes may be used: the dry process, 

the wet process, or the semidry process. If the dry process is used, the raw materials are dried using 

impact dryers, drum dryers, paddle-equipped rapid dryers, air separators, or autogenous mills, before 

grinding, or in the grinding process itself. In the wet process, water is added during grinding. In the 

semidry process, the materials are formed into pellets with the addition of water in a pelletizing device. 

 

Figure 1: Line two raw mill excess chimney of MCF cement production 

Pyro-processing 

In Pyro-processing, the raw mix is heated to produce Portland cement clinker. Clinkers are hard, gray, 

spherical nodules with diameters ranging from 0.32 - 5.0 cm (1/8 to 2") created from the chemical 

reactions between the raw materials. The Pyro-processing system involves three steps: drying or 

preheating, calcining (a heating process in which calcium oxide is formed), and burning (sintering). The 

Pyro-processing takes place in the burning/kiln department. The raw mix is supplied to the system as a 

slurry (wet process), a powder (dry process), or as moist pellets (semidry process). All systems use a 

rotary kiln and contain the burning stage and all or part of the calcining stage. For the wet and dry 

processes, all Pyro-processing operations take place in the rotary kiln, while drying and preheating, and 

some of the calcination is performed outside the kiln on moving grates supplied with hot kiln gases. 
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The cement formation process in the kiln may be divided into four stages, correlated with the 

temperature of the materials in the rotary kiln: 

- Uncombined water evaporates from raw materials as material temperature increases to 100 ºC. 

- As the material temperature increases from 100 ºC to approximately 900 ºC, dehydration and 

material heating occur. 

- At 900 ºC, calcination occurs in which CO is liberated from carbonates. 

- Following calcination, a chemical reaction of the dehydrated and decarbonated raw materials 

occurs in the burning zone of the rotary kiln at temperatures of about 1510 ºC, producing clinker. 

About 20% to 25% of the material is molten. 

- The cement clinker continues to change in character as it passes the zone of maximum 

temperature. 

 

Figure 2: Kiln line two of MCF cement production 

Clinker Cooling  

The clinker cooling operation recovers up to 30% of kiln system heat, preserves the ideal product 

qualities, and enables the cooled clinker to be maneuvered by conveyors. The most common types of 

clinker coolers are reciprocating grate, planetary (satellite), and rotary (tube). 

The grate cooler is suited to large clinker capacities (up to 12,000 t of clinker per day). Air sent through 

the clinker to cool it is directed to the rotary kiln, where it nourishes fuel combustion. The fairly coarse 

dust collected from clinker coolers comprises of cement minerals and is restored to the operation. Based 

on the cooling efficiency and desired cooled temperature, the amount of air used in this cooling process 

is approximately 1-2 kg/kg of clinker. The amount of gas to be cleaned following the cooling process 
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is decreased when a portion of the gas is used for other processes, such as coal drying. Electricity 

consumption of the modern grate cooler ranges from 4 to 8 kWh/t of clinker. The economic lifetime is 

estimated at more than 10 years. 

Figure 3: 

Figure -3 Clinker produced and transported 

Clinker Storage 

Although clinker storage capacity is based on the state of the market, a plant can normally store 5 - 25% 

of its annual clinker production capacity. Equipment such as conveyors and bucket elevators is used to 

transfer the clinkers from coolers to storage areas and to the finish mill. Gravity drops and transfer 

points  are typically vented to dust collectors. 

 

Figure 4: Production and transportation of  clinker 
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Finish Milling 

During the final stage of Portland cement production, known as finish milling, the clinker is ground 

with other materials (which impart special characteristics to the finished product) into a fine powder. 

Up to 5% gypsum and/or natural anhydrite is added to regulate the setting time of the cement. Other 

chemicals, such as those that regulate flowability or air entrainment, may also be added. Many plants 

use a roll crusher to achieve a preliminary size reduction of the clinker and gypsum. These materials 

are then sent through ball or tube mills (rotating, horizontal steel cylinders containing steel alloy balls), 

which perform the remaining grinding. The grinding process occurs in a closed system with an air 

separator that divides the cement particles according to size. Material that has not been completely 

ground is sent through the system again. 

Packing and Loading 

Once the production of Portland cement is complete, the finished product is transferred using bucket 

elevators and conveyors to large storage silos in the shipping department. Most of the Portland cement 

is transported in bulk by railway, truck, or barge, or in 43 kg multi-walled paper bags. Bags are used 

primarily to package masonry cement. Once the cement leaves the plant, distribution terminals are 

sometimes used as an intermediary holding location prior to customer distribution. The same types of 

conveyor systems used at the plant are used to load cement at distribution terminals [Jones R., 1993]. 

 

Figure 5: Schematic diagram for  cement production 
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Clinker Storage 

To allow for necessary operational flexibility, a cement plant is usually able to store from 5% to 25% 

of its annual clinker production capacity. The storage requirement largely depends on the shipping 

cycle. Northern plants usually manufacture and store clinker during the inactive winter months for 

grinding during the summer shipping season. 

Cement Milling 

Emissions of PM from mill vents, air separator vents, and material-handling system vents constitute the 

air pollution concerns in the finish mill department. About 30%–40% of the particles of ordinary Type 

I Portland cement are finer than 10 µm. For Type III, high-early-strength Portland cement, the 

percentage of particles finer than 10 µm increases to the 45%–65% range. Typically, about 90% of 

cement will pass a 325-mesh (44-µm) sieve. The potential air pollution problems associated with the 

manufacture, handling, and transportation of cement have their origin in the large proportion of very 

fine particles in the product. 

2.6. Quality control of raw material 

This is ensured by analyzing the chemical composition of the raw materials. 

Table 1 Attainable Raw Material Quality 

Raw material Oxides Attainable composition 

Limestone CaO 48.5 - 52% 

Al2O3 1.6% - 2.9% 

Shale SiO2 24  -  40% 

Al2O3 6  - 15% 

Silica sand SiO2 70 – 80% 

Iron Fe2O3 40% and above 

Gypsum SO3 38 - 48% 

Pozzolana Al2O3,SiO2, Fe2O3s 70% and above 

Basically quality of cement is improved and attained from the scratch of the process, i.e., from mining 

of the raw material. This is done by communicating geologist with the laboratory staff in the time of 

transportation from the quarry site to the crusher and storage. For instance, for the high-grade and low-

grade limestone, it may be above and below the standard in the raw material storage. 
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Energy  

The energy used by the cement industry is estimated at 2% of the global energy consumption; 5% of 

global manmade carbon dioxide emissions originate from cement production. The general 

characteristics of the imported coal considered for initial design purposes are given below. 

Table 2. The General characteristics of the imported coal considered for the initial design purpose 

No. Specification Parameters Value/Range(%) 

1. Total moisture content as received  10- 15 %   

2. Inherent moisture air dry (Maximum) 3.5% 

3. Ash content ( Dry )(Maximum) 17.0% 

4. Volatile matter 24.0 – 30.0% 

5. Gross calorific value (received) (Minimum) 6200 kcal/kg 

6. Net calorific value ( received) (Minimum) 6000 kcal/kg 

7. Sulfur content (Maximum)  1.0% 

8. Grain size range 
0.0 – 50.0mm, Max: 

300mm 

9. Angle of repose 40° 

10 Bulk density (t/m3) 0.72 -0.88  

 

Table 3. Emission Limits of Ethiopia for Cement Manufacturing 

Items Unit Range Pollutant media 

PM Mg/Nm3 >30 Air, Geosphere, person 

CO % <3 Air, Person 

CO2 Ton 44% Air, Geosphere, person 

NOx PPM 200-250 Air, 

SO2 % 0.5-1 Air 

O2 % 3-4 Air, Energy 

Emission at Quarries 

Quarries at cement plants are like other crushed stone quarries. The necessary operations include rock 

drilling, blasting, excavation, loading, hauling, crushing, screening, materials handling, stockpiling, and 

storing. There are many different operating methods, types of equipment, and equipment brands that 

are used to accomplish these tasks. The primary air pollutant associated with open-faced quarry 

operations is PM. 
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2.8. Emission at raw material feeders, stackers, blenders, reclaimers, and mills 

The raw material feeders, stackers, blenders, and reclaimers used to combine the raw materials can 

produce fugitive PM emissions. Transfer points on belt conveyor systems and bucket elevators that 

serve to transport raw materials from storage to the raw mill department  can also generate fugitive PM 

emissions. There are no particulate emissions from the wet grinding process, except for the materials-

handling systems ahead of the mills. Dry raw mills and their auxiliary equipment are all designed to run 

under negative pressure to suppress PM emissions. Nevertheless, poorly designed or maintained seals 

and closures throughout the system can result in fugitive PM emissions. If these systems experience 

positive pressure through a fan failure or other cause, short-term PM emissions can be expected until 

the system can be shut down. During colder weather, the vents from dryers, raw mills, and air separators 

may exhibit a steam plume that is sometimes confused with PM emissions. The condensate will 

dissipate within a few meters of the emission point. Fabric filters in the vent circuits for dryers, raw 

mills, and air separators must be insulated to prevent internal moisture condensation and the resultant 

blinding of bags [ Fistum Consultancy service, 2008]. 

Emission at Pyroprocess  

The historic gaseous pollutants of concern from cement kilns are the oxides of nitrogen (NOX), sulfur 

dioxide (SO2), and carbon monoxide (CO). The emissions of CO2are of increasing interest because of 

concerns about global climate change. In whole or in part, these emissions from cement kiln systems 

are the products of combustion and/or high-temperature processes. “The principal gaseous emissions 

from the Pyroprocessing system in a typical descending order by volume are nitrogen, CO2, water, 

oxygen, NOX, SO2, CO, and hydrocarbons. The volumetric composition range of these constituents is 

from about 73 percent to less than 10 ppm”. Emissions of acid gases (AGs), ammonia (NH3), and 

dioxins and furans (D/Fs) are also of current interest  (F.L. Smidth & Co. As). 

Sulfur dioxide 

Sulfur dioxide results from the oxidation of sulfide or elemental sulfur contained in the fuel during 

combustion. In addition, sulfide or elemental sulfur contained in raw materials may be “roasted” or 

oxidized to SO2 in areas of the Pyroprocessing system where sufficient oxygen is present and the 

material temperature is in the range of 300 °C–600 °C (IPCC, 2005). 
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Carbon Monoxide 

CO is a product of incomplete combustion (PIC) of carbonaceous fuels resulting from insufficient 

oxygen at the combustion site, insufficient mixing of oxygen and fuel at the combustion site, and/or 

rapid cooling of the combustion products to below the ignition temperature of CO  before its complete 

oxidation. CO can be formed unintentionally at any of the combustion sites in the Pyroprocessing 

system. The emission of CO usually represents partially burned and underutilized fuel. However, 

because of using oxygen-deficient combustion in the riser duct or Calciner as a NOX control strategy. 

Carbon Dioxide 

Carbon dioxide results from the combustion of carbonaceous fuel and the Calcination (decarbonization) 

of the calcareous component of the raw material mix, an essentially unavoidable and fixed consequence 

of cement manufacture. Of the total amount of CO2 emitted from a cement kiln, about half of the CO2 

originates from the raw material, while the other half originates from the combustion process. There is 

about one ton of CO2 emitted per ton of clinker produced. More thermally efficient systems emit slightly 

less than one ton, while less thermally efficient systems emit slightly more than one ton. 

Particulate Matter emissions  

PM emissions associated with intermediate and final materials handling and storage (including crushing 

and grinding of raw materials); handling and storage of solid fuels; transportation of materials (e.g., by 

trucks or conveyor belts), and bagging activities. The recommended pollution prevention and control 

techniques include the following:  

• Use of a simple, linear layout for materials handling operations to reduce the need for 

multiple transfer points;  

• Use of enclosed belt conveyors for materials transportation and emission controls at 

transfer points; 

• Cleaning of return belts in the conveyor belt systems; 

• Storage of crushed and preblended raw materials in covered or closed bays;  

• Storage of pulverized coal and petroleum coke (pet–coke) in a silo. 
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2.9. Air Emission Characteristics in Cement Plants 

Cement manufacturing facilities are recognized as major stationary sources of air pollutants due to the 

high-temperature chemical reactions and extensive material handling involved throughout the 

production process. Emissions are generally categorized into gaseous pollutants and particulate 

matter (PM), both of which pose significant threats to environmental and human health if left 

uncontrolled. 

2.9.1. Gaseous Emissions 

Among the gaseous pollutants, CO₂ is the most abundant emission from cement plants. It is released 

from two primary sources: the calcination of limestone (CaCO₃), which decomposes into calcium 

oxide and CO₂ at high temperatures, and the combustion of fossil fuels such as coal and petcoke used 

to heat rotary kilns. According to the emission data from Messebo Cement Factory, approximately 0.52 

tonnes of CO₂ are emitted per tonne of clinker produced, with total quarterly emissions exceeding 

500,000 tonnes during peak production years (MCF, 2016–2017 data, Appendix 3). 

Nitrogen oxides (NOₓ) are another major pollutant formed during pyroprocessing. These gases are 

primarily generated through thermal oxidation of atmospheric nitrogen, which occurs when 

combustion temperatures exceed 1,300 °C—conditions typical in cement kilns. NOₓ formation is 

influenced by burner design, flame temperature, excess air levels, and residence time (Miller & 

Bowman, 1989). High NOₓ emissions contribute to smog formation and respiratory problems in 

humans, and controlling them requires specialized technologies such as low-NOX burners, staged 

combustion, or selective non-catalytic reduction (SNCR) systems. 

Sulfur dioxide (SO₂) emissions originate both from sulfur content in raw materials and from the 

oxidation of sulfur-bearing fuels during combustion. The extent of SO₂ release depends on kiln 

operating conditions and the availability of alkalis in the raw mix that can capture sulfur compounds. 

In precalciner kilns with optimized sulfur absorption, SO₂ emissions can be substantially reduced; 

however, in systems with oxygen-deficient zones or poor fuel mixing, sulfur compounds may escape as 

gaseous emissions (Greer, 2003). CO, on the other hand, is typically released due to incomplete 

combustion of fuels, especially under conditions of low oxygen availability or poor burner performance. 

Although CO is not as long-lived as CO₂, it serves as an indicator of combustion efficiency and can lead 

to local oxygen displacement and toxicity risks. 
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2.9.2. Particulate Matter (PM) 

Particulate matter emissions in cement plants are largely generated during crushing, raw material 

grinding, clinker handling, finish milling, and material transfer operations. These emissions are 

composed of fine mineral dust, kiln ash, and sometimes trace metals, depending on the raw mix. The 

particle size ranges from visible coarse dust to respirable fine particles under 10 microns (PM₁₀), which 

can penetrate deep into the respiratory system and cause significant health issues. Particularly in the 

Messebo Cement Factory, PM emissions were reported during the raw material preparation and clinker 

processing stages, with recorded concentrations exceeding recommended limits in some areas 

(Appendix 1–3). 

Fugitive dust is often released at conveyor transfer points, belt feeders, and silo discharges if enclosures 

and dust collectors are not properly maintained. While fabric filters and baghouse systems are 

commonly used to control PM emissions, their efficiency depends on maintenance practices and system 

design. According to the study, bag filters in MCF achieved removal efficiencies close to 99.95% under 

optimal operating conditions, yet localized dust emissions persisted due to uncovered transport systems 

and inconsistent maintenance. 

2.10. Existing Emission Control Techniques in Cement Manufacturing 

Emission Control at quarries 

Control measures for PM emissions in quarries include water sprays with and without surfactants, 

foams, chemical dust suppressants, wind screens, equipment enclosures, paving, mechanical collectors, 

and fabric filters on operating equipment, and material storage buildings, enclosures, bins, and silos 

with and without exhaust venting to fabric filters. Collected dust is returned to the process. Raw 

materials obtained from off-site locations, including coal or petroleum coke used for fuel, can also 

generate particulate emissions as a result of vehicle loading and unloading, material handling, 

stockpiling, and haulage. 

Emission Control at raw material feeders, stackers, blenders, reclaimers, and mills 

Dust collecting devices in the raw mill and raw mix storage areas include mechanical cyclones, fabric 

filters, and, rarely, electrostatic precipitators (ESPs). When employed, mechanical collectors  are often 

used in series with one of the other, more efficient dust collection devices. The collected dust is returned 

to the mill system or raw material stream. Vertical raw mills are most often closely coupled to the pyro 

processing system. The air pollution control measures for these mills will be found in the following 

section on Pyroprocessing. 
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Emission Control at Pyroprocess 

The following discussion describes some of the existing and potential technologies available for the 

control of the primary air emissions presented above. Included in the discussion are the synergetic and 

counteractive effects that these various technologies will have on these gaseous pollutants, detached 

plumes, and waste disposal (Greer, 2003). A “synergetic” effect would be expected to decrease the 

generation or emission of other pollutants, and a “counteractive” effect would be expected to degrade 

environmental performance or product quality. 

Table 4. Potential Control Technologies for Gaseous Pollutants in Cement Manufacturing 

Existing control technologies Pollutant for which technology was 

intended 

Oxygen / excess air control 

Increase SO2, THC, CO 

Decrease NOX 

Fuel substitution (lower sulfur) SO2 

Pyroprocessing system design SO2 

Low-NOX burner and low-NOX calciner NOX 

Process improvements NOX 

Process control improvements NOX 

Staged combustion NOX 

Pyroprocessing system design THC, CO 

Good combustion practice CO 

Fabric filter absorption SO2 

Oxygen/Excess Air Control (Increase) 

To provide for maximum thermal efficiency, the oxygen concentration in the flue gas at the feed end of 

a rotary kiln and/or the exit of the preheater tower normally is normally held as close as possible to 1%. 

This oxygen concentration may be insufficient to allow for complete combustion, and CO could be 

generated at the combustion site. A slight increase in the amount of air passing through the kiln system 

is often adequate to reduce the excess emissions of organic compounds and CO, and to oxidize sulfur, 

originating in the fuel, to a solid sulfate that is retained in the clinker or expelled from the system with 

the CKD. An increase in oxygen at the combustion site tends to increase thermal and/or fuel NOX. 

Additional fuel is required to heat the excess air to combustion temperatures and resulting in a slight 

increase in CO2 emissions. If there are localized reducing conditions in the kiln because of flame 

impingement or other causes, the increase in oxygen may not reduce SO2 emissions, but NOX emissions 

may increase. Because of the inherently high removal efficiency for fuel-based SO2 in a Calciner, 
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oxygen control at this combustion site would not be expected to improve SO2 removal in Precalciner 

systems. 

Oxygen/Excess Air Control (Decrease) 

For control of NOX originating at the high-temperature combustion site in a rotary kiln, a decrease in 

oxygen (excess air) in the burning zone tends to minimize the generation of thermal and fuel NOX. Both 

mechanisms of NOX formation are oxygen-dependent. The reduction in excess air reduces the strength 

of the oxidizing conditions in the rotary kiln and usually causes an increase in SO2 generated from the 

fuel used in the main flame. If there is flame impingement on the material in the kiln, i.e., localized 

reducing conditions, the decrease in oxygen concentration may further exacerbate SO2 generation. The 

reduction of oxygen concentration at the primary combustion sites in a Precalciner kiln system will also 

tend to reduce the generation of fuel NOX. The decrease in oxygen concentration at combustion sites 

may cause or increase the generation of CO. There is a small energy benefit for reducing excess air in 

the system that will result in a slight decrease in fuel consumption and CO2 emissions. The production 

of cement clinker under generalized or localized reducing conditions usually has deleterious effects on 

product color and performance. 

Fuel Substitution (Lower Total Sulfur) 

In Precalciner kiln systems, the emission of SO2 that originates in the fuel is often nil because of the 

inherent ability of the Calciner and an alkali-bypass equipped kiln to absorb and/or remove sulfur. It is 

intuitive that a reduction in the sulfur content of a solid fuel or the change to a sulfur-free fuel, e.g., 

natural gas, has the potential to reduce SO2 emissions. Because of the complexities of the cement 

pyroprocess, a change in the sulfur content of the fuel does not always result in expected changes in 

SO2 emissions. Whenever a fuel is changed, there may be unintended effects on the process and the 

resulting pollutants. For example, the replacement of coal with natural gas in a long-dry kiln system to 

reduce SO2 emissions will  increase NOX emissions. Because energy costs nominally represent about 

one-third of the cost of cement manufacture, fuel substitution at a particular plant may not be 

economically viable. 
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Pyro Processing System Design 

Unique kiln systems of atypical design can take advantage of the inherent properties of the cement 

manufacturing process to achieve environmental goals under site-specific circumstances. These systems 

often must use additional energy or suffer a lower production rate than traditional designs, but the 

improved environmental performance and the avoidance of problems associated with pollution 

abatement equipment occasionally make such designs acceptable to an owner. At one plant, there is a 

unique combination of a low-calciner, a single-stage preheater, and a dryer crusher that exceeded all 

environmental and production expectations, including very low emissions of SO2. In this case, fuel 

consumption with the attendant NOX and CO2 emissions was higher than would have been experienced 

with a traditional Precalciner kiln system. 

Low-NOX Burner 

Several vendors provide adjustable burners with proprietary designs that are intended to reduce NOX 

generation through the mixing scheme for fuel and primary air by reducing flame temperature, altering 

turbulence in the flame, and establishing oxygen-deficient recirculation zones in the flame. While these 

burners have the capacity to alter the flame velocity and shape for process purposes, they have met with 

mixed success in the documented control of NOX generation. Most often, these burners are installed 

with an indirect-fired coal system as part of a retrofit project for a direct-fired system or as part of a new 

Pyro-processing system. At the conclusion of a successful project, it is impossible to sort out the relative 

contributions of the NOX burner and the indirect-fired coal system to the reduction of NOX generation. 

Low-NOX Calciner 

All vendors of cement Pyro-processing systems offer proprietary Calciner designs that carefully control 

the mixing sequence of fuel, air, and raw materials in the Calciner vessel. The common feature of all 

these systems is an oxygen-deficient initial combustion zone in which free radicals are generated that 

subsequently react with NOX to form molecular nitrogen and other reaction products (Miller and 

Bowman, 1989). At the operating conditions found in the Calciner, CO is also formed. The initial 

combustion zone is followed in the gas flow path by a secondary combustion zone in which residual 

CO in the flue gas is oxidized to CO2. These designs have worked quite well in new installations. When 

applied to Calciner replacement or retrofit projects, physical restraints often limit the ability of the 

vendor to install a fully functional low-NOX Calciner. The result may be an unpredictable and 

disappointing reduction in NOX generation in the Calciner. In all these designs, there is the possibility 

of increased emissions of residual CO if the downstream oxidation is not complete 
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Process Improvements 

Because of the reduced consumption of fuel per unit of production, almost any improvement in an 

existing kiln system that improves the thermal efficiency of the process will be accompanied by a 

reduction in long-term NOX emissions per ton of clinker. To help justify the associated capital 

expenditures, many process improvement projects also result in increased production that tends to 

negate decreases in overall NOX emissions. When compared to a steam boiler or power plant, the high 

variability of NOX emissions from a properly operated cement kiln is well known. Process 

improvements that serve to make the kiln operation more stable without necessarily increasing 

production also accomplish NOX reductions over the short term, the long term, and per ton of clinker. 

Any process improvement project should be evaluated for its effect on the generation and emission of 

all pollutants. 

Process Control Improvements 

Process control improvements are characterized by the installation of new or better instrumentation 

and/or process control systems. In older kiln systems, the improvement might mean replacing an analog 

process control system with a digital computer. In newer kiln systems with an adequate digital computer, 

the use of one of the expert or fuzzy logic control systems and the necessary process instrumentation 

could represent a significant process control improvement. In essence, the expert systems are satellite 

computers that guide the process computer in controlling the kiln system. They  can detect subtle 

changes in the process and to take corrective actions of the appropriate magnitude more rapidly than 

the central control room operator. The common purposes of most process control improvements on kiln 

systems are to improve thermal efficiency and the clinker production rate. However, if a process control 

improvement project simply results in a more stable Pyroprocessing system, lower NOX emissions over 

the short term and the long term, per ton of clinker will result. Any process control improvement project 

should be evaluated for its overall effect on the process and on the generation and emission of all 

pollutants. 

Staged Combustion 

The function of staged combustion (sometimes called secondary firing) in preheater or Precalciner kiln 

systems is to develop a reducing zone in the flue gas flow path after the burning zone in which free 

radicals produced during staged combustion of hydrocarbon fuels react with NOX from the burning zone 

to form molecular nitrogen and other reaction products. The most prevalent location for staged 

combustion is in the riser duct between the discharge of the rotary kiln and the Calciner vessel. 

Typically, natural gas is the most convenient fuel, but pulverized (powdered) coal, used oil, and waste-
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derived fuels are also used for this purpose. Worn or rejected whole passenger car tires are also inserted 

into the feed end of the rotary kiln to accomplish NOX reduction through staged combustion. In 

preheater kiln systems, there is a high probability of increased CO emissions unless there is a source of 

air (oxygen) to oxidize residual CO downstream of the staged combustion site in the flue gas flow path. 

In Precalciner kiln systems, the residual CO from staged combustion has an opportunity to be burned 

in the Calciner vessel, so the probability of increased CO emissions resulting from staged combustion 

is reduced but not necessarily eliminated. 

Pyroprocessing System Design (CO Control) 

Because the emission of CO from unburned fuel represents an economic loss, most cement 

Pyroprocessing systems are designed to ensure the complete combustion of fuels. In those situations 

where CO generation occurs simultaneously with the deliberate generation of free radicals used as 

reducing agents to minimize NOX emissions, the process  is normally designed to oxidize residual CO 

to CO2 once the NOX reduction has been accomplished. Each vendor of cement kiln systems has several 

proprietary designs intended to minimize CO emissions while accomplishing other process and 

pollution abatement objectives. For example, in a low-NOX Calciner, the fuel and tertiary air are 

introduced appropriately to the vessel to minimize residual CO. In staged combustion, an oxidizing zone 

sequentially follows a combustion zone that operates in an oxygen-deficient environment. 

2.11. Potential and Innovative Pollution Control Technologies 

Fabric Filter Absorption  

Older literature suggests that SO2 is removed from cement kiln flue gas in a fabric filter PMCD. This 

removal seldom has been observed in practice because the bulk of the material on the filter, i.e., calcium 

carbonate, is not reactive with SO2 at the temperature and humidity conditions in the fabric filter. If 

calcium oxide is present on the filter medium, e.g., in an alkali-bypass PMCD, a small but measurable 

reduction in SO2 concentration in the flue gas may be observed. If a scrubbing reagent, e.g., hydrated 

lime, were added to the flue gas stream ahead of the PMCD, some adsorption of SO2 might be observed.  

Bag Filters Operation  

The origin of dust in the cement production process in different sections, such as preparation of raw 

materials, raw material grinding, readiness of raw materials combination, clinker cooler, clinker storage, 

final milling, packing, and loading, shall be worth of consideration with dust formation. One of the 

important dust control devices in the cement industry is the application of fabric filters with a diameter 

of 300mm or less and with a height of 15m. These fabric filters are generally made from woven and 
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needle felt of natural or artificial fibers. Fabric filters absorb soft micron particles with a considerable 

operation efficiency of 99.95% [9]. 

Bag filters are important equipment in a cement factory. In these filters flow that includes gas and dust 

passes through the pores in the filter material, and the is filtered by the remaining on the bag. Afterwards, 

due to dust increase on the bag, the filter is shaken until the collected dust leads to the exit hopper. To 

obtain better operation after introducing the operation mechanism, the same step as creating a good 

situation for maintain and maintenance and repairs, by considering important fragments and appointing 

a minority of stock in the stores to carry out the planning of the maintenance and repairs improvement 

of stockis mandatory. 

 

Figure 6: Baghouse filter components 

The law of conservation of mass leads to what is called a mass or a material balance. 

Mass In = Mass Out + Mass Stored (returned) 

Raw Materials = Products + Wastes + Stored Materials. 

ΣmR = ΣmP + Σ mW + ΣmS 

(Where Σ (sigma) denotes the sum of all terms). 

ΣmR = ΣmR1 + Σ mR2 + ΣmR3 = Total Raw Materials 

ΣmP = ΣmP1 + Σ mP2 + ΣmP3 = Total Products. 
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ΣmW= ΣmW1 + Σ mW2 + ΣmW3 = Total Waste Products 

ΣmS = ΣmS1 + Σ mS2 + ΣmS3 = Total Stored Products [23]. 

Table 5. Limit Values of parameters for Emission ( National and international emission 

standards) 

 

Pollutant Ethiopian Standard (mg/Nm³) WHO/IFC Guideline 

Total PM 150 30–50 (depending on tech) 

SO₂ 1000 500 

NOₓ (as NO₂) 2000 800 

CO (as %) <3  
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CHAPTER 3: METHODOLOGY 

3.1. Description of study area 

This study was conducted at MCF, one of Ethiopia’s largest cement producers, located approximately 

11 km northwest of Mekelle City in the Tigray Region, Ethiopia. Geographically, the factory lies at an 

altitude of 2,050 m above sea level and is positioned along the Mekelle–Abi-Adi asphalt road. MCF 

occupies a strategically important location due to its proximity to abundant limestone and shale deposits, 

which are the primary raw materials for cement production. The factory operates multiple production 

lines and includes raw material mining, preparation, pyroprocessing, clinker cooling, cement milling, 

and packaging units, all of which are potential sources of air pollution. 

 

Figure 7: Satellite Map of MCF(arcGIS) 
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Figure 8: Picture of MCF 

3.2 Samples and Data Collection and Design 

A mixed-method approach integrating both quantitative and qualitative techniques was employed to 

ensure a comprehensive evaluation of air pollution control practices at MCF. The research design was 

structured  into identifying major emission sources,  quantifying pollutant levels at each production 

stage, and  evaluating the effectiveness of existing pollution control technologies. 

 3.2.1 Primary Data Collection 

Primary data collection involved direct environmental measurements, structured field observations, and 

stakeholder surveys. Air quality monitoring was carried out at critical emission hotspots within the 

factory premises, including the coal mill, raw material storage, kiln feed area, clinker cooler, and cement 

mill. Measurements focused on key pollutants such as CO₂, CO, SO₂, NOₓ, and PM₁₀. A structured 

questionnaire was administered to 1,235 participants, including factory employees and residents in the 

vicinity, to gather perceptions on emission visibility, control effectiveness, environmental awareness, 

and training. This decision was based on the manageable size of the population, the high likelihood of 

varied exposure to air pollution across job roles, and the need for comprehensive and representative 

data. To ensure validity, the questionnaire underwent expert review by environmental specialists and 

was pilot-tested with 30 randomly selected employees. Feedback from the pilot phase led to 

improvements in question clarity and structure. The internal consistency of the questionnaire was 

assessed using Cronbach’s Alpha, which yielded a score of 0.82, indicating strong reliability. 
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Qualitative visual assessments were performed to identify dust accumulation, visible emissions, and the 

condition of filtration and enclosure systems. 

3.2.2 Secondary Data Collection 

Secondary data was collected from internal factory records, government regulatory reports, and 

published scientific literature. This included: daily production reports (DPR), clinker and cement output 

data from 2000 to 2017, historical emission logs, environmental impact reports, and national and 

international emission standards (e.g., WHO, IFC, FDRE EPA). This dual approach enabled 

longitudinal analysis of emission trends and helped contextualize primary measurement results within 

broader regulatory and industrial frameworks. 

3.3. Data Collected 

The data collected for this study were systematically categorized into five principal components to 

ensure comprehensive assessment of the plant’s environmental performance. Gaseous emissions, 

including CO₂, CO, SO₂, and NOₓ, were measured at selected production stages using a calibrated 

Yuante multi-gas detector to determine the concentration levels of key atmospheric pollutants. Ambient 

dust concentrations were monitored employing TM Data (Sk-version) devices, with specific attention 

given to both fine and coarse particulate matter (PM) fractions to evaluate airborne dust dispersion. 

Standard industrial temperature sensors and digital sound level meters were utilized to record thermal 

and acoustic conditions throughout major operational phases. Furthermore, structured survey 

questionnaires were administered to gather data on workers’ and nearby community perceptions 

concerning the effectiveness of emission control measures, dust visibility, community health impacts, 

and the adequacy of environmental training programs. 

In addition to field measurements and survey data, secondary information was obtained from plant 

operational records, including historical clinker production volumes, cement type distributions (OPC, 

PPC, and PLC), fuel types and consumption rates, and the emission control systems currently in 

operation. These combined datasets provided a robust foundation for analyzing the environmental 

conditions and management practices at Messebo Cement Factory. 
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3.4 Data Analysis 

3.4.1 Quantitative Analysis 

In the quantitative analysis phase, environmental monitoring data collected from  MSF were processed 

using both descriptive and inferential statistical methods to ensure accurate interpretation. Continuous 

gas concentration profiling and emission trend analysis were conducted using the FLS Airloq A/S Gas 

Analyzer, which enabled high-resolution monitoring of gaseous pollutants over time. In parallel, the 

SDR computer system was employed to record real-time data for key emissions, including CO₂, NOₓ, 

SO₂, and CO, across various production units. These measured values were systematically compared 

with both national standards set by the FDRE EPA and international benchmarks from the WHO and 

IFC to assess regulatory compliance. Furthermore, emissions data were subjected to detailed analysis 

using the Intergovernmental Panel on Climate Change (IPCC) Tier 1 and Tier 2 methodologies, 

enabling the estimation of total CO₂ emissions attributable to clinker production and calcined cement 

kiln dust (CKD). The CO₂ emission factor was calculated based on the proportion of clinker content in 

cement, CaO concentration in raw materials, and the thermal characteristics of the raw meal combustion 

process.  

3.4.2 Qualitative Analysis 

Data from surveys and field observations were thematically analyzed to identify behavioral patterns, 

systemic gaps, and stakeholder concerns regarding emission control. Observational notes were used to 

corroborate quantitative findings, especially in cases of visible dust plumes and unsealed transport 

systems. Photographic documentation, anecdotal worker feedback, and expert interviews with factory 

engineers and environmental officers were synthesized to draw meaningful interpretations about 

operational efficiency and technological limitations. 

3.5 Quality Assurance and Calibration 

All instruments used in this study were calibrated according to manufacturer guidelines  before 

deployment. Routine checks and recalibrations were performed to ensure data integrity and minimize 

instrumental error. Environmental readings were taken multiple times at each site to account for 

temporal variations and ensure reproducibility.  
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Table 6. Parameters measured and instruments used 

Parameter Instrument Used 

CO₂, CO, SO₂, NOₓ (Gases) Yuante Gas Detector 

Dust/Particulate Matter TM Data (Sk-version) 

Noise Levels Digital Sound Meter 

Temperature Standard Industrial Sensors 
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CHAPTER 4: RESULTS AND DISCUSSION 

4.1. Results 

4.1.1 Survey result on Emission Control Effectiveness, Air Quality Perception, and 

Community Awareness 

Table 7 summarizes respondents’ views on dust visibility, emission control effectiveness, emission 

frequency, perceived improvements, preferred mitigation measures, environmental training, and 

community awareness regarding air pollution at MCF. Approximately 65% of respondents frequently 

observe visible dust or emissions, indicating that particulate pollution is a widespread and persistent 

issue in the area. Only 7% reported rarely or never noticing emissions. Similarly, around 65% perceive 

current dust control measures as ineffective, with only 35% considering them somewhat effective. In 

terms of progress, over half of the respondents saw little to no improvement in air pollution control, 

while only 36% acknowledged some improvement, including a small portion (16%) who noted 

significant progress. This variation may relate to respondents’ proximity to the emission source, with 

those farther away perceiving greater change. 

Regarding preferred solutions, water spraying (32%) and upgraded filtration systems (24%) were 

identified as the most effective control methods, followed by material covering (20%). In contrast, 

softer approaches like planting vegetation (12%) and equipment maintenance (8%) were seen as less 

impactful, highlighting a preference for visible and immediate control measures. A notable gap was 

found in environmental training: 76% of respondents had received no training, suggesting limited 

awareness-building efforts. This aligns with findings on community awareness—over half of the 

respondents perceived public understanding of air pollution issues as low, with only 12% rating it as 

high. 

 

 

 

 



 

39 

Table 7  Summary respondents’ on emissions at MCF 

Item Option Number of 

Responses 

Percentage 

(%) 

Do you observe visible dust 

or emissions from the MCF 

facility?” 

Yes 800 65 

No 350 28 

Not Sure 85 7 

How effective do you find 

the current dust and 

emission control measures 

at MCF? 

Very effective 100 8 

Moderately effective 335 27 

Not effective 800 65 

How often do you witness 

dust or smoke emissions 

from MCF’s operations? 

Frequently 800 65 

Occasionally  250  20 

Rarely 150 12 

Never  35 3 

In your view, has air 

pollution control at MCF 

improved in recent years? 

Significant improvement 200 16 

Moderate improvements 500 40 

   

No improvements 500  40 

Not Sure 35 3 

Which dust/emission 

control measure do you 

believe is the most effective 

for MCF to use? 

Regular water spraying of 

roads & work areas 

400 32 

Upgrading or installing 

advanced filtration systems 

300 24 

Covering transport and 

storage (enclosures) 

250 20 

Planting trees/vegetation as a 

buffer 

150 12 

Improved maintenance and 

housekeeping 

135 11 

Have you ever received 

training in environmental 

management or 

dust/emission control 

practices related to MCF? 

Yes 300 24 

No 935 76 

How would you rate the 

general community’s 

awareness of air pollution 

and dust issues related to 

MCF’s operations? 

High awareness 150 12 

Moderate awareness 400 32 

Very low/Not aware at all  650 53 

Not Sure 35 3 

The findings from both the questionnaire responses and field observations at MCF consistently indicate 

that dust pollution is a serious and ongoing issue. This aligns with field observations, which revealed 

extensive airborne dust across various stages of production—from raw material extraction to final 

product handling. Observations showed dust accumulation on plant equipment, nearby buildings, and 
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vegetation, clearly indicating the inefficiency or absence of proper dust management systems. Although 

36% of respondents acknowledged some improvement in pollution control, only a small percentage 

(16%) reported significant progress. This could be attributed to geographic differences in exposure; 

those farther from the emission source may perceive relative improvements, while those closer remain 

heavily affected. The questionnaire responses, supported by the researcher’s physical observations 

within the factory premises, indicate that the existing environmental control measures are either 

inadequately implemented or insufficient in scale to effectively mitigate emissions and workplace 

exposure risks.The persistent presence of visible dust plumes and uncovered raw materials indicates 

insufficient investment in advanced emission control technologies, such as baghouse filtration units 

and material enclosure systems. Furthermore, the absence of adequate environmental education and 

awareness programs limits proactive behavior among workers and nearby communities, thereby 

perpetuating unsafe operational and handling practices. 

 

Figure 9: Observation of surrounding processes at MCF during the research study 
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4.1.2. CO2 emission Analysis 

The data in Table 6, from 2001 to 2017, demonstrates a consistent upward trend in clinker production 

and corresponding CO₂ emissions at MCF. Over this period, CO₂ emissions rose from approximately 

78,884 tonnes in 2000/01 to a peak of 990,767 tonnes in 2015/16, reflecting the factory’s increasing 

production capacity and demand. This steady growth parallels a similar rise in raw mill consumption, 

which expanded from 197,210 tonnes to nearly 2.48 million tonnes over the same period. The sharpest 

increases in both clinker output and CO₂ emissions occurred between 2012/13 and 2015/16, indicating 

significant production scale-up during these years. The highest annual CO₂ emission was recorded in 

2015/16, closely followed by 2014/15, aligning with the highest clinker production volumes of over 

1.5 million tonnes. A slight decline was observed in 2016/17, possibly due to operational adjustments 

or capacity limitations. 

Table 8 The CO2 emission of MCF from 2001-2017 

Year Clinker production, 

tonnes 

CO2 emission, tonnes Raw mill, tonnes 

2000-01 123,256 78,883.84 197,209.6 

2001-02 184,672 118,190.08 295,475.2 

2002-03 318,387 203,767.68 509,419.2 

2003-04 326,123 208,718.72 521,796.8 

2004-05 564,875 361,520 903,800 

2005-06 616,184 394,357.76 985,894.4 

2006-07 642,657 411,300.48 1,028,251.2 

2007-08 707,219 452,620.16 1,131,550.4 

2008-09 621,699 397,887.36 994,718.4 

2009-10 489,492 313,274.88 783,187.2 

2010-11 680,932 435,796.48 1,089,491.2 

2011-12 679,932.3 435,156.67 1,087,891.7 

2012-13 890,816.5 570,122.56 1,425,306.4 

2013-14 1,090,188.9 697,720.9 1,744,302.3 

2014-15 1,533,088.8 981,176.85 2,452,942.1 

2015-16 1,548,073 990,766.72 2,476,916.8 

2016-17 1,120,337 717,015.68 1,792,539.2 
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Figure 10: CO2 emission trend at different cement Production of MCF 

4.1.3. Air Pollution in Various Production Stages 

Air quality measurements were conducted using a Yuante gas detector (see Appendix 1) to assess the 

concentration of various pollutants in the surrounding environment of key operational areas within 

MCF. These areas included the coal mill, coal storage, material storage, raw mill, cooler, and kiln. 

Measurements were taken during the entire study period to evaluate the levels of gaseous emissions 

(CO2, CO, SO2, and NOx) and particulate matter (PM) released into the atmosphere. The results of the 

air quality assessment are presented in Tables 9-14, which detail the measured concentrations of major 

pollutants, including CO₂, CO, SO₂, NOₓ, and PM. These measured values were then compared against 

the permissible emission limits outlined in Table 5 to determine compliance with environmental 

standards. 

4. 1.3.1. Acquisition of raw materials 

The ambient air pollution data collected from MCF during raw material acquisition reveal notable 

variations in CO₂ concentrations, PM, and the limited presence of other pollutants across three key 

locations: the coal mill, coal storage, and material storage areas (Table 9). At the coal mill, CO₂ levels 

remained relatively stable, ranging from 350 to 360 ppm in January and February, with a slight decrease 
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to 356 ppm in March, accompanied by a marginal drop in CO₂ volume. No detectable levels of CO, 

SO₂, NOₓ, or PM were recorded at this site. In the coal storage area, CO₂ concentrations increased from 

359 ppm in January to 490 ppm in March, with a significant peak in February (389 ppm) accompanied 

by a detectable CO level, indicating possible incomplete combustion or leakage. The gradual reduction 

in oxygen levels suggests a rise in combustion-related activity. At the material storage site, the highest 

CO₂ concentration was recorded in January (416 ppm), with declining values through March. This 

location was also the only site where SO₂ (0.16%) and particulate matter (PM) were detected, with PM 

levels progressively increasing from 0.64 mg/m³ in January to 1.77 mg/m³ in March, signaling a buildup 

of airborne dust and pollutant accumulation in this area. Overall, the results highlight material storage 

as a key hotspot for air quality concerns due to its elevated gas and particulate emissions, suggesting 

the need for targeted dust and gas mitigation strategies in that zone. 

Table 9 Ambient air pollution levels during raw material acquisition at MCF 

SN Site GPS X GPS Y Elevation 

(m) 

Month CO₂ 

(ppm) 

CO 

(ppm) 

SO₂ 

(%) 

NOₓ 

(ppm) 

O₂ (% 

Volume) 

PM 

(mg/m³) 

1 

Coal Mill 

551239 1500071 11 Jan 350 – – – 20.93 – 

Feb 360 – – – 20.93 – 

Mar 356 – – – 19.96 – 

2 Coal 

Storage 

551149 1500201 9 Jan 359 389 – – 20.93 – 

Feb 389 – – – 20.93 – 

Mar 490 – – – 19.92 – 

3 Material 

Storage 

551275 1500257 11 Jan 416 – 0.16 – 20.93 0.64 

Feb 371 – – – 20.93 1.07 

Mar 355 – – – 19.97 1.77 

 

 Line Graphs: Ambient Air Pollution at MCF 

The following graphs illustrate ambient air pollution levels at Messebo Cement Factory (MCF) during 

the raw material acquisition phase. Trends in CO₂ concentrations across different sites and the 

progression of PM levels at the material storage site are presented. 
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Figure 1: CO₂ concentration trends at coal mill, coal storage, and material storage sites (Jan–Mar). 

 

Figure 2: PM concentration trend at material storage site (Jan–Mar). 

4. 1.3.2. Preparation of raw materials  

The ambient air pollution data from the raw mill section of MCF shows a rising trend in CO₂ levels 

from January to March, increasing from 363 ppm to 401 ppm (Table 10). This suggests heightened 

combustion or process activity in the raw material preparation stage. Oxygen levels concurrently 
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decreased from 20.93% to 19.94%, consistent with increased CO₂ emissions. Notably, PM 

concentrations remained consistently high at 94.03 mg/m³ in both January and February, with data for 

March unavailable. These elevated PM levels indicate persistent dust generation during the raw milling 

process, which could pose respiratory risks to workers and contribute to localized air quality 

degradation. Effective dust control measures and emission monitoring are essential to mitigate these 

environmental and health impacts. 

Table 10. Ambient Air Pollution in Preparation of Raw Materials at MCF 

SN Site GPS X GPS Y Elevation 

(m) 

Month CO₂ 

(ppm) 

CO 

(ppm) 

SO₂ 

(%) 

NOₓ 

(ppm) 

O₂ (% 

Volume) 

PM 

(mg/m³) 

1 Raw 

Mill 

0551132 15001457 11 Jan 363 – – – 20.93 94.03 

Feb 380 – – – 20.49 94.03 

Mar 401 – – – 19.94 – 

4.1.3.3. Pyroprocessing (kiln feed) 

The kiln and cooler sections exhibited CO2 emissions ranging from 350 ppm to 448 ppm, with O2 levels 

remaining relatively stable at around 20.93%, suggesting efficient combustion. However, the lack of 

data on NOx and SO2 levels, emissions were not consistently measured, suggesting that further 

investigations are required to assess combustion-related emissions. 

Table 13: Ambient air Pollution in the pyro-processing of kiln feed of MCF 

SN. 
Messebo 

Site 

GPS Location 
Time 

PPM % Volume 

X Y Z CO2  CO SO2 NOx O2 

1 Cooler 0551272 1500009 10 

Jan 360 - - - 20.93 

Feb 369 - - - 20.93 

Mar 366 - - - 19.96 

2 Kiln  0551246 1500038 9 

Jan 350 - - - 20.93 

Feb 422 - - - 20.93 

Mar 355 - - - 19.55 

Feb 448 - - - 20.93 

Mar 350 - - - 20.93 
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4.1.4. Identification of Major Air Pollution Sources 

Based on a comprehensive analysis of the data collected from MCF, the following major sources of air 

pollution within the cement manufacturing process were identified (Table 11). These sources are 

categorized by operational stages and the predominant pollutants they contribute, along with 

corresponding recommendations for mitigation. 

Table 11. Major sources of air pollution within the Messebo Cement Factory manufacturing 

process 

Source Stage Primary 

Pollutants 

Key Emission Activities Recommendations 

Raw Material 

Handling 

Particulate Matter 

(PM) 

• Mining, drilling, blasting 

• Crushing and grinding 

• Transport and storage of 

raw materials 

• Homogenization and 

dosing 

• Optimize water spraying 

systems 

• Enclose conveyors 

• Upgrade and maintain 

baghouse filters 

Pyroprocessing 

(Kiln Stage) 

CO₂, NOₓ, SO₂ • Limestone calcination 

(CaCO₃ → CaO + CO₂) 

• Fossil fuel combustion at 

>1400°C 

• Emissions from sulfur-

bearing fuels and materials 

• Improve combustion 

efficiency 

• Use alternative low-sulfur 

fuels 

• Adopt SCR or SNCR NOₓ 

control technologies 

Clinker Production 

& Cooling 

Particulate Matter 

(PM), Trace CO & 

SO₂ 

• Material handling during 

clinker transfer 

• Dust from cooling fans and 

conveyors 

• Residual emissions during 

clinker formation 

• Install enclosed transfer 

systems 

• Maintain cooling systems 

• Use efficient dust collection 

units 

Bag Filter 

Operations 

Particulate Matter 

(PM) 

• Material handling, 

crushing, and packaging 

• Notable emission areas: 

raw mills, coal mills, and 

clinker units 

• Expand filter coverage in 

packaging areas 

• Regularly maintain existing 

bag filters 

• Monitor filter performance 

for efficiency 
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Table 12 Dust control methods for each emission source activity at MCF 

Emission sources Dust control method 

Limestone Unloading No method 

Limestone Crushing No method 

Limestone belt conveyor transfer point Covered by an aluminum sheet 

Limestone stacker/ reclaimer No method 

Coal Unloading No method 

Coal Crushing Bag filter  

Coal belt conveyor transfer point Covered by an aluminum sheet and bag filters 

Coal stacker/reclaimer No method 

Gypsum unloading operation No method 

Gypsum crusher Bag filter 

Gypsum belt conveyor transfer point Covered by an aluminum sheet 

Additive unloading No control 

Road dust Paved road, clean, and wetting of unpaved 

roads  

Coal Yard No control  

Clinker TP Bag filter 

Clinker Open Stockpiles Cover Sheet  

Silo Vents Bag filter 

Table 13 Activities with their bag filter 

 

 

Activities with bag filters Number of activities Total number of bag filters 

Crusher raw material 3 5 

Transfer Points 4 2 

Surge bin 1 2 

Crusher Coal 1 1 

Raw Mill 2 3 

Coal Mill 2 6 

Clinker 2 3 

Cement Mill 5 7 

Calciner 2 1 

Packaging 8 4 

Total  34 
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4.1.5. Analysis of Diseases trends at MCF 

This section provides a detailed analysis of disease incidence and trends recorded at the MCF clinic 

between 2013 and 2017. 

Respiratory Tract Infections (RTIs) : RTIs were the most prevalent condition at MCF, with annual 

cases ranging from 1,366 to 2,136. Percentages fluctuated between 17% and 22.4%, reflecting 

persistent exposure to airborne irritants such as dust, fine particulates, and chemical emissions. The 

peak in 2013 (22.4%) may reflect higher operational intensity or limited early mitigation, while 

subsequent reductions suggest slight improvements in workplace controls or reporting variations. 

Dermatitis : Dermatitis was absent in 2013 but appeared in 2014 with 739 cases (9%) and remained 

steady through 2017 (732–795 cases, 8.6–10%). This emergence may indicate either increased skin 

sensitivity due to airborne chemical exposure or improvements in reporting practices. The persistent 

presence highlights the need for personal protective equipment (PPE) and hygiene interventions. 

Ophthalmic Conditions: Eye-related cases were consistently reported, peaking at 978 cases (11.5%) 

in 2017. This trend suggests ocular irritation from dust, fumes, or poor ventilation, emphasizing the 

importance of eye protection and air quality management. 

Intestinal Parasitosis (I/P) and Arthritis :I/P cases ranged from 804–956 annually (≈9–11%), while 

arthritis cases were generally lower, peaking at 702 (8%) in 2015. These conditions are less directly 

related to airborne exposure but indicate other occupational and health challenges, such as sanitation, 

nutrition, and ergonomic factors. 

Genarlly, the dominance of RTIs, alongside emerging dermatitis and increasing ophthalmic conditions, 

strongly indicates that airborne exposure is a critical health risk at MCF. While partial improvements 

are evident, persistent exposure to dust, particulates, and chemical emissions continues to affect worker 

health. Non-airborne conditions highlight the importance of comprehensive occupational health 

measures, including both environmental control strategies and general health promotion interventions. 
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Table 14 Summary of Disease Cases and Corresponding Percentages Recorded at MCF 

Year Respiratory 

Tract 

Infection  

(RTI)Cases 

RTI 

% 

Intestinal 

Parasitosis 

(I/P) 

Cases 

I/P 

% 

Dermatitis 

Cases 

Dermatitis 

% 

Ophthalmic 

Conditions 

Cases 

Ophthalmic 

% 

Arthritis 

Cases 

Arthritis 

% 

2013 2136 22.4 943 10 NA NA 847 9 NA NA 

2014 1366 17 804 10 739 9 795 10 NA NA 

2015 1742 18 956 11 795 10 771 12 702 8 

2016 1749 20.9 894 10.6 778 9.3 768 9.2 604 7.2 

2017 1630 19.1 809 9.5 732 8.6 978 11.5 NA NA 

 

4.2. Discussion 
The findings of this study reveal that air pollution at Messebo Cement Factory PLC (MCF) presents 

both environmental and occupational health challenges. The analysis of air pollution control techniques 

and clinical health records collectively demonstrates that the current emission management strategies 

are inadequate to ensure regulatory compliance or safeguard worker health. 

Emission Characteristics and Source Identification 

The emission profile of MCF is consistent with global trends in cement manufacturing, where 

pyroprocessing and raw material handling remain the dominant sources of pollutants. Field 

measurements using the Yuante Gas Detector recorded high concentrations of CO₂, NOₓ, SO₂, CO, and 

particulate matter (PM), particularly during rotary kiln operations. This aligns with the findings of Van 

Oss and Padovani (2002), who identified these production stages as the most emission-intensive. CO₂ 

emissions at MCF increased sharply from approximately 78,884 tonnes in 2000/01 to nearly 991,000 

tonnes in 2015/16, tracking the expansion in clinker output and energy use. This trend supports the 

IPCC (2014) assertion that emission growth in the cement sector is directly linked to production 

intensity and fuel combustion. 

The recorded PM concentrations at key points such as raw milling, pyroprocessing, and clinker storage 

reached up to 240 mg/Nm³, exceeding both Ethiopia’s national limit of 150 mg/Nm³ and the WHO/IFC 

guideline of 50 mg/Nm³. Despite the installation of baghouse filters and fabric filters, these exceedances 
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indicate gaps in system efficiency, maintenance, and operational control. The presence of visible dust 

accumulation in unenclosed or poorly ventilated sections further highlights fugitive emissions. Such 

findings confirm that, while the factory possesses modern emission-control technologies, performance 

is hindered by inadequate maintenance, weak enforcement, and insufficient environmental 

management practices. 

Evaluation of Control Techniques and Institutional Performance 

Although MCF employs standard emission control systems—such as bag filters and low-NOₓ burners; 

their operational effectiveness appears limited. The study observed discrepancies between 

technological capability and actual performance: filters with rated efficiencies above 99% failed to 

maintain regulatory compliance. This suggests either poor system upkeep, improper sealing of ducts, 

or suboptimal process control. Similar observations have been reported in UNEP (2013) and Greer 

(2003), which emphasize that installation of advanced equipment alone does not guarantee pollution 

reduction without proper maintenance, training, and monitoring. 

Survey data reinforced this conclusion, revealing that 65% of respondents frequently observed visible 

dust emissions, while 76% had never received environmental or safety training. Only 8% rated current 

mitigation measures as “very effective.” These findings point to institutional weaknesses—notably 

limited environmental awareness, inadequate staff capacity, and insufficient regulatory follow-up. The 

reliance on high-sulfur coal as a primary fuel further exacerbates SO₂ emissions, reflecting missed 

opportunities for cleaner alternatives such as natural gas or biomass. Moreover, the absence of a 

continuous emissions monitoring system  limits the factory’s ability to track real-time performance and 

respond promptly to emission spikes. 

Occupational Health Implications 

The clinical data analysis provides strong evidence linking air quality deficiencies to occupational 

health outcomes. Respiratory Tract Infections (RTIs) consistently represented the most prevalent health 

condition among factory workers, peaking at 22.4% in 2013 and remaining above 17% throughout the 

study period (2013–2017). The emergence of dermatitis and the increasing incidence of ophthalmic 

conditions indicate chronic exposure to airborne particulates and chemical irritants. These patterns align 

with global occupational health literature, which identifies cement dust as a primary cause of respiratory 

irritation, mucosal inflammation, and dermal reactions in industrial environments. 
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The absence of dermatitis data in 2013 likely reflects underreporting or late recognition rather than an 

actual absence of cases. The upward trend in eye-related conditions suggests continuous exposure to 

fine particulates affecting mucosal membranes. Together, these health outcomes substantiate the 

environmental monitoring results, confirming that airborne exposure remains a critical risk at MCF. 

The parallel increase in emissions and disease prevalence underscores the interdependence between 

environmental control performance and worker health protection. 

Integrated Interpretation and Implications 

The combined environmental and health evidence demonstrates that MCF’s air pollution management 

approach remains largely reactive rather than preventive. Although advanced pollution control 

technologies exist on-site, their effectiveness is compromised by operational inefficiencies, inadequate 

maintenance, and limited environmental governance. The findings emphasize that true emission 

reduction requires an integrated strategy combining engineering controls, institutional commitment, 

and occupational health management. 

This study supports the view that sustainable emission control in the cement industry cannot rely solely 

on end-of-pipe technologies. Instead, it demands systemic interventions such as fuel substitution, 

process optimization, regular maintenance, continuous monitoring, and capacity building. 

Implementing structured training programs, enforcing PPE use, and institutionalizing health 

surveillance will significantly reduce exposure risks. Aligning MCF’s practices with ISO 14001 and 

IFC/World Bank Environmental, Health, and Safety  guidelines would enhance compliance and move 

the factory toward sustainable industrial performance. 
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Chapter 5: CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion  

This study demonstrates that Messebo Cement Factory PLC (MCF), while vital to Ethiopia’s industrial 

development, remains a significant contributor to air pollution and occupational health risks. The 

factory emits substantial levels of CO₂, NOₓ, SO₂, CO, and particulate matter (PM), with 

pyroprocessing identified as the most emission-intensive stage due to limestone calcination and high-

temperature combustion. Persistent fugitive dust from raw material handling and storage further 

exacerbates PM pollution, posing visible and measurable risks to workers and surrounding 

communities. 

Three central challenges emerge from the findings. First, emission levels consistently exceed national 

and international standards, highlighting systemic regulatory non-compliance. Second, the partial 

deployment of pollution control technologies—such as baghouse filters and low-NOₓ burners—is 

undermined by poor maintenance, inadequate monitoring, and limited staff training. Third, the rising 

CO₂ emissions, closely correlated with clinker output, underscore the climate burden of Ethiopia’s 

fossil-fuel-intensive cement sector. 

These environmental issues are compounded by occupational health concerns. Respiratory tract 

infections, dermatitis, and ophthalmic conditions are prevalent among factory workers, reflecting 

chronic exposure to airborne particulates and chemical irritants. The sustained prevalence of these 

conditions over multiple years underscores the urgent need for systemic interventions to protect worker 

health. 

The combined evidence indicates that, while MCF has established a basic framework for pollution 

control, its effectiveness remains limited. Immediate corrective actions such as strengthening emission 

monitoring, improving dust management, and enhancing occupational health and safety programs are 

required. Concurrently, long-term structural reforms, including investments in cleaner technologies, 

alternative fuels, and staff capacity building, are essential to align MCF with sustainable industrial 

practices, safeguard worker well-being, and support Ethiopia’s commitments to climate resilience and 

public health. 
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5.2. Recommendations 
Based on the findings of this study, the following recommendations are proposed to enhance 

environmental performance, reduce air pollutant emissions, and safeguard occupational health at 

Messebo Cement Factory PLC (MCF), while promoting sustainable operations and regulatory 

compliance: 

 Upgrade of Air Pollution Control Systems : MCF should replace or retrofit existing baghouse 

filters with high-efficiency, self-cleaning fabric filters capable of capturing more than 99.99% 

of particulate matter (PM), particularly at critical emission points such as the kiln, mill, and 

cooler. These upgrades will reduce PM emissions, improve local air quality, and ensure 

compliance with national and international standards. 

 Implementation of Continuous Emission and Health Monitoring Systems 

 Environmental Monitoring: Install Continuous Emission Monitoring Systems to track key 

pollutants (CO₂, NOₓ, SO₂, PM) in real time, enabling process optimization, regulatory 

compliance, and timely corrective actions. 

 Occupational Health Monitoring: Establish scheduled respiratory, dermatological, and 

ophthalmic health screenings for all employees to detect early signs of exposure-related 

illnesses. Integration of air quality monitoring with real-time alerts will allow prompt 

intervention to protect worker health. 
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 Optimization of Kiln and Process Operations : introduce low-NOₓ burner optimization, oxygen 

injection systems, and staged combustion techniques to minimize NOₓ and CO emissions. The 

deployment of Advanced Process Control (APC) systems is recommended to stabilize critical 

operating parameters, reduce energy consumption, and further lower pollutant formation. 

  Transition to Cleaner Energy and Alternative Materials : gradually replace high-sulfur coal 

with lower-emission fuels, such as biomass, natural gas, or waste-derived energy, to reduce 

gaseous emissions. Additionally, incorporating supplementary cementitious materials (e.g., 

calcined clay, slag, or fly ash) can lower the clinker-to-cement ratio and decrease CO₂ emissions 

from clinker production. 

  Control of Fugitive Dust Emissions :  all material transfer points should be enclosed, with dust 

suppression systems (e.g., water misting or foaming agents) installed in high-risk areas. Regular 

maintenance and sealing of conveyor belts, silos, and crushers are essential to minimize fugitive 

PM emissions. 

 Institutional Strengthening and Capacity Building : establish a dedicated Environmental and 

Occupational Health Compliance Unit to oversee monitoring, reporting, and implementation of 

mitigation measures. Conduct regular environmental and safety training programs for 

employees, covering emission control, waste management, and occupational health practices. 

 Stakeholder Engagement and Regulatory Collaboration :engage periodically with local 

communities through consultations and environmental impact assessments to address public 

concerns. Strengthen collaboration with regulatory bodies, such as the FDRE Environmental 

Protection Authority (EPA), to ensure compliance with evolving standards and to leverage 

technical support for innovative pollution control technologies. 

Overall, the integrated implementation of these recommendations is both technically and economically 

feasible. They align with national environmental objectives and international best practices, while 

simultaneously improving worker health, reducing environmental impacts, and advancing MCF toward 

sustainable and responsible cement production operations. 
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Appendix 1: Daily Production and Material Stock Report of Line 1
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Appendix 2: Daily Production and Material Stock Report of Line 2
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Appendix 3: Airborne Dust Levels Across Cement Production Stages at Messebo Cement Factory, Tigray 

Introduction 

The objective of this section is to integrate observational data with corresponding survey findings to provide a comprehensive assessment of workplace 

environmental quality. Specifically, it aims to define the total population and sample size utilized in the study, thereby ensuring the methodological rigor, 

reliability, and validity of the data analysis. This approach supports evidence-based evaluation and strengthens the credibility of the overall research 

outcomes. 

1. Position: ______________________ Sex: _____________     Age: _________  

2. Work Experience: ______________________      

3. Which area of the factory do you work in or are familiar with? 

Raw material acquisition      Production line 

Clinker production and cooling    Waste management and disposal 

General management/Other     Not applicable 

4. Have you noticed visible dust or emissions from the factory as staff member? 

Yes  No      Not Sure 

5. In your opinion, how effective are the current dust and emission control measures at MCF? 

Very effective     Moderately effective 

Slightly effective    Not effective 

  Not Sure    

6. How frequently do you observe dust emissions similar to those shown in Figure 9 during your daily operations? 

Very frequently     Frequently     Occasionally        Rarely 

Never 

 

7. Have there been any improvements in air pollution control at MCF over the past year? 
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Significant improvements         Moderate improvements 

Minor improvements     No improvements     Not Sure 

8. Which of the following measures do you believe would most effectively reduce emissions and dust at MCF? (You may select more than one.) 

Improved filtration systems   Regular maintenance of equipment 

Training for employees on environmental best practices 

Better raw material handling procedures 

Enhanced monitoring and enforcement of environmental standards 

Investment in new technology 

9. Have you received training on environmental management and pollution control? 

Yes  No   Not Sure 

10. Would you say that the surrounding community is aware of the air pollution issues at MCF? 

Very aware    Somewhat aware    Barely aware    Not aware 

Not Sure 

11. How supportive do you think management is regarding initiatives to improve air quality at the factory? 

Very supportive     Somewhat supportive 

Neutral     Not supportive     Not Sure 

 

 

 

 

Appendix 4: Report from clincal: Disease Cases and Percentages (2013–2017),MCF 
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Appendix 5: Enviromental Policy 
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Appendix 6: Quality Plan Flow Diagram 
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