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Cement industry significantly associated with high greenhouse gas (GHG) emissions. 

Considering the environmental impact, particularly global warming potential, it is 

important to reduce these emissions to air. The aim of the study is to investigate the 

mitigation possibility of GHG emissions in Ethiopian cement industry. Life cycle 

assessment (LCA) method used to identify and quantify GHG emissions during one ton of 

ordinary portland cement (OPC) production. Three mitigation scenarios: alternative fuel 

use, clinker substitution and thermal energy efficiency were applied on a representative 

gate-to-gate flow model developed with GaBi 6 software. The results of the study indicate 

that clinker substitution and alternative fuel use play a great role for GHG emissions 

mitigation with affordable cost. Applying most energy efficient kiln technology, which in 

turn reduces the amount of thermal energy use, has the least GHG emissions reduction 

intensity and high implementation cost comparing to the other scenarios. It was found that 

the cumulative GHG emissions mitigation potential along with other selected mitigation 

scenarios can be at least 48.9% per ton of cement production. 
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1 INTRODUCTION 

 

Global climate change is one of the serious environmental problems facing our planet 

today. Of the many environmental impacts, the effects of greenhouse gases (GHG) have 

received considerable attention and have been studied extensively in the recent years. The 

increasing trend of atmospheric emissions is a driving factor to research and development; 

to overcome challenges facing by climate change. As the result, nowadays most important 

international agenda focus on the reduction of GHG emissions.  

 

The cause for anthropogenic climate change is the accumulation of greenhouse gases in the 

atmosphere, which originates from various human activities. Industrial sector is one of the 

main sources of anthropogenic GHG emissions. As cement industry is highly material and 

energy intensive process it is significantly associated with GHG emissions. The overall 

level of GHG emissions makes cement industry one of the major industry sources of GHG 

emissions, specifically carbon dioxide (CO2) emission. This is because of CO2 emission; 

directly from calcinations process, and indirectly from fossil fuel combustion and 

electricity production. (Wang, et al., 2013) Other greenhouse gases related to global 

warming potential (GWP) are includes methane (CH4) and nitrous oxide or laughing gas 

(N2O).  

 

Despite its major environmental impact, due to its importance as construction material; 

cement is not only globally most produced material, but also the production in the world is 

growing by 2.5% annually (Shen, et al., 2014). The vast majority of the growth is 

occurring in developing countries. A study by (Metz, et al., 2007) shows that in 2004 

developed countries produced 570 Mt cement (27% of world production) and developing 

countries 1560 Mt (73%).  As a consequence of such significant growth in cement 

production, GHG emissions have also risen sharply. The major drawback of these GHG 

emissions associated with cement industry is not only because of its global warming 

potential (GWP), but also the quantity of GHG emissions is so large. According to IEA, it 

amounts for 5% of global GHG emissions (IEA, 2009).  
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Figure 1: Trend in global GHG emissions (Capehart, et al., 2012) 

                                                               

It is more likely that there is no practical alternative to cement for many modern 

constructions. Hence, concerning GHG emissions, it is important ensuring that the overall 

GHG emissions associated with cement production is minimized.  

 

As a matter of fact, the possibility of GHG emissions reductions from cement industry is 

very much depends on technical and economic feasibility of the available mitigation 

options. In this sense, finding the best method to reduce GHG emissions from Ethiopian 

cement industry is essential. Therefore, the study of the possibility of mitigation of GHG in 

cement industry has great importance in the reduction of this emission. 

  

A considerable amount of research has been investigating the possibility of GHG 

emissions mitigation from cement industry; but unlikely, no known studies have been done 

in Ethiopian cement industry.  Without proper investigation and mitigation measure on 

emission from Ethiopian cement industry would probably lead to irreversible 

environmental damage. The problem is more serious especially for developing country like 

Ethiopia with older and outdated cement technology and no strict emission monitoring or 

regulations policy. Thus, to avoid such negative effects and to solve the problem, the study 

on the possibility of GHG emissions mitigation from Ethiopian cement industry is very 

important.  

 



10 
 

The aim of the study is to investigate the mitigation possibility of GHG emissions in 

Ethiopian cement industry. During the study, Life cycle assessment (LCA) is used to 

identify and quantify GHG emissions. Life cycle assessment is one of a valuable tool for 

studying the environmental impact posed by cement production. LCA methodology is an 

internationally accepted method for the assessment and reduction of adverse environmental 

impacts from process and service. For this reason, the use of LCA is an important aspect in 

order to attempt GHG mitigation in cement industry. 

  

Various kind mitigation options exist; but, it is crucial to find the most economical ways to 

reduce GHG emissions. Therefore, to determine the most economical and feasible way of 

GHG emissions reductions from Ethiopian cement industry, different mitigation methods 

has been investigated. The result could help convincing the stakeholder to apply the best 

mitigation method in Ethiopian cement industry to reduce GHG emissions. Based on the 

finding suggestions can be given for policy makers and environmental authority if action 

program is needed to the implementation of mitigation strategy. The study also addresses 

currently available GHG mitigation technology as well as knowledge regarding some 

aspects of mitigation methods. It fills the gaps and would further increase awareness and 

thus facilitate decision making related to mitigation of GHG emissions.  

 

1.1 Background Information about Ethiopia 

 

Ethiopia is the most populated nation in Eastern Africa and the second most populated 

country in Africa after Nigeria with about 80 million inhabitants (2010).The annual 

population growth rate is more than 2% and  estimated more than 120 million people by 

2030. It has a wide variety of climate zones and soil conditions. The capital city Addis 

Ababa is at an elevation of more than 2000 meter. Ethiopia is a landlocked country 

bordered by Somalia, Eritrea, Sudan, Djibouti and Kenya. (Anon., 2011) 

 

Ethiopia aims to achieve middle income status by 2025. Following this development path 

could result in a sharp increase in GHG emissions and unsustainable use of natural 

resources. If Ethiopia were to pursue a conventional economic development path to 

achieve its ambitious targets, the resulting negative environmental impacts would follow 

the patterns observed all around the globe. A study shows that, under current practices, 
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GHG emissions would more than double from 150 Mt CO2  equivalents in 2010 to 400 Mt 

CO2 equivalent in 2030 (Anon., 2011). 

 

1.2 GHG Emissions Outlook  

 

In Ethiopia, more than 85% of CO2 equivalents out of total 150 Mt CO2 equivalents came 

from agriculture and forestry sectors in 2010. They are followed by power, transport, 

industry and buildings, which contributed 3% each.  

 

 

 

Figure 2: Sectorial GHG emissions in 2010 (Anon., 2011) 

 

The study on Ethiopia’s Climate-Resilient Green Economy: Green economy strategy 

(Anon.,2011) shows that with the current pathway for economic development in Ethiopia 

will increase more than 15% GHG emissions from the industrial sector and around 11% 

from transport by 2030.Which means projected to increase more than 12 fold in industrial 

sector while 7 fold in transport sector respectively.  
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Figure 3: Sectorial GHG emissions in 2030 (Anon., 2011) 

 

Among the industrial subsectors, cement industry will be one of the fastest growing, also 

causing the vast majority of GHG emissions. Since cement production and consumption 

are directly related to almost all economic activities, they closely follow economic trends. 

According to the study, Ethiopian cement production will increase 10 fold from 2.7 Mt in 

2010 to 27 Mt in 2015 and more than 65 Mt in 2030. As the result, overall industrial 

emissions are projected to grow by 16% per year from 4Mt CO2 equivalents today to 71 Mt 

in 2030. (Anon., 2011) 

 

Despite the fact that industrial sector comparably shares small portion of the total 

Ethiopian GHG emissions; cement industry is the single largest industrial source of GHG 

emissions which accounts for nearly 2 Mt CO2 equivalents (50%) of the total 4 Mt CO2 

equivalents GHG emissions followed by mining (32%), and the textile and leather industry 

(17%) respectively. (Anon., 2011)  
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Figure 4: Industrial GHG emissions in 2030 (Anon., 2011) 

 

The cement industry faces unique challenge. The fact that the product is essential to the 

society; however, the manufacturing process has huge environmental impacts that must be 

addressed. The GHG emissions in the case of Ethiopian industries, specifically cement 

industry are the major GHG emitters and special attention is required on this specific 

sector.  
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2 CEMENT INDUSTRY IN ETHIOPIA 

 

Economically, Ethiopia is one of the world fastest growing countries.  Currently, there are 

two (Mugher and Messebo) large scale cement plant in terms of production volumes. 

Annual cement production of about 2.85 Mt per year combines with other medium size 

cement plants. Mugher cement factory is the state-owned enterprise, while Messebo 

cement factory owned by Endowment Fund for the Rehabilitation of Tigray (EFFORT). 

These two largest cement factories (Mugher and Messebo) are country’s main player with 

annual cement production capacity of 9 million tons per year per factory with market share 

35% and 30% respectively. (Sutton, et al., 2010)  

 

Table 1: Cement production in Ethiopia (Sutton, et al., 2010) 

 

Name Capacity 
Currently planned output 

Employees 
PPC OPC Total 

Mugher 900000 775000 89000 864000 1500 

Messebo 900000 845000 - 845000 800 

National 300000 300000 - 300000 280 

Jema 240000 - 200000 200000 500 

Abayssina 150000 - 100000 100000 210 

MIDROC 

Derba 
90000 - 90000 90000 - 

Debresina - - - - 104 

Huan Sang 600000 - - - 80 

Red Fox 150000 - 150000 150000 - 

Total 2880000 2020000 629000 2649000 - 

 

The main two products are Ordinary Portland Cement (OPC) and Portland Pozzolana 

Cement (PPC).All factories use limestone, iron ore, gypsum and sandstone as raw 

materials. The largest energy source is either coal or petcock. Currently Messebo cement 

factory switches the energy sources from fuel oil to coal. Mugher uses an outdated 

production technology from Germany which has high energy consumption and dust 

emission. A study conducted by Sutton indicates that Mugher uses close to 35% more 
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kilojoules of energy per ton of cement as compared with a factory in Germany. (Sutton, et 

al., 2010)  

 

Both, namely, Mugher and Messebo have rotary kilns with a four stages and five stage pre- 

heaters kiln respectively. And none of these factories currently has pre-calciners 

technology. (Seboka, et al., 2009) 

 

2.1 GHG Emissions in Cement Industry 

 

The cement production process is the most important driver of GHG emissions. Major 

GHG emissions in cement production process come from the calcination process and 

combustion of fossil fuel. The process related emissions are generally considered as direct 

emissions from cement production, while the combustion and electricity related emissions 

are normally taken account as indirect emission. (Anon., 2011) The amount of GHG 

emissions from combustion depend on the type of fuel used and it may include  other GHG  

such as, methane (CH4), and nitrogen oxide (N2O) (Wang, et al., 2013). 

 

The total GHG emissions are the sum of emissions released from the raw material 

processing, fuels combustion and electricity. In general, the calcinations process account 

about half (50%) of the total GHG emissions, while the remaining (40%) results from 

thermal energy or fuel usage and approximately (10%) electricity and transport. 

(Huntzinger, et al., 2009; Aranda, et al., 2013)  
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Figure 5: GHG emissions in cement production process 

 

In cement production, limestone is the major raw material used. It is burnt at 1450 °C to 

produce clinker and is then blended with additives. This is called calcination process (the 

decomposition of limestone or calcium carbonate (CaCO3) to lime or calcium oxide (CaO) 

and carbon dioxide). Calcination process known as pyro-processing (is a high temperature 

process in order to bring chemical or physical change). The finished product is finely 

grounded to produce different types of cement. During cement production process, around 

0.92 tons of GHG is released for each ton of clinker produced. This GHG emissions are 

mainly shared between calcination process 0.53 tons, and the combustion of fossil fuels 

0.39 tons. Average GHG emissions associated with grinding processes are 0.1 tons of CO2 

/ton of cement and it is mostly associated with the use of electricity. (Habert, et al., 2010) 

The total CO2 emission per ton of cement ranges from 0.89 to 1.1 tons. According to 

Huntzinger, cement production generate an average world CO2 emission of 0.81/ kg 

cement produced (Huntzinger, et al., 2009). 
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3 GHG MITIGATION METHODS 

 

The UN defines mitigation as a human intervention to reduce the sources or enhance the 

sinks of greenhouse gases. GHG mitigation can be defined as the reductions in the 

concentration of greenhouse gases emission.  

 

Cement sector is an important source of GHG emissions in developing countries. Recent 

research found that the release of greenhouse gases by developing countries has increased 

in a way that may even go beyond the amount released by developed countries between 

2010 and 2020. (Hoveidi, 2013) Given these trends, cement industry remain as a high 

GHG emissions reductions potential, as the same time it is the most difficult industrial 

sector in finding the cost effective GHG emissions mitigation method.  

 

In Ethiopia, cement industry is one of the largest industrial sectors that contribute GHG 

emissions to the atmosphere. Then again the largest GHG emissions mitigation potential 

also located in cement industry followed by mining and textile respectively.  According to 

the study, of the identified Ethiopian industrial GHG emissions reduction potential, around 

70% (16 Mt CO2 equivalent) is concentrated in the cement industry in 2030 (Anon., 2011). 

As the result, GHG emissions mitigation from cement industry is the most important 

environmental target.   

 

 

 

Figure 6: BAU and abatement potential (Anon., 2011) 
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GHG reduction may be achieved by using fuels and electricity more efficiently, and 

switching fossil fuels to renewable energy. Moya reported that currently the main 

progresses GHG mitigation methods used in this sector are improving energy performance, 

clinker substitution, and alternative fuels use. (Moya, et al., 2011) Another way of making 

reductions in GHG emissions would be carbon capture and storage. This technology would 

also be applicable to large plants, such as iron and steel, petroleum refining and certain 

chemical processes. (Gluyas, et al., 2013) 

 

If Ethiopia wants to further develop cement industry without creating much pressure on its 

environment, it is necessary to put in substantial efforts in GHG emissions mitigation. 

Several different studies including International Energy Agency (IEA), European Cement 

Research Academy (ECRA), Cement Sustainability Initiative (CSI), and Intergovernmental 

Panel Climate Change (IPPC) are mainly focused on: thermal and electricity efficiency, 

alternative fuel use, clinker substitution and carbon capture and storage (CCS) for GHG 

emissions reductions from cement industry. The following sections provide scientific 

overview for these mitigation methods, along with a description of mitigation strategies, 

cost efficiency and key examples from the literature. 

 

3.1 Thermal and Electrical Efficiency 

 

Many cement industry in the world still operating at well below the levels of efficiency of 

the best available technology, and this give considerable opportunity for improvement 

(Gartner, 2004). In the same way, there are more cement industry with outdated technology 

in developing countries that is not only thermal and electrical inefficient, but also cause 

high GHG emissions from cement production process. Replacing older and outdated 

cement plants with more modern and efficient technologies and continually modernizing 

existing cement plants can result in improved thermal and electrical performance. Energy 

efficiency improvements lead to reduced fuel consumption in the kiln process, and also 

reduce electricity demand. This provides a significant opportunity for reducing energy use 

and its associated GHG emissions. 

 

Cement manufacturing process is highly energy intensive, in this sense, improving energy 

efficiency consider as important mitigation method to reduce GHG emissions. A 
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significant number of energy efficiency measures are currently has been applying in 

cement industry. The greatest opportunities to reduce energy consumption and lowering 

emissions associated with cement manufacturing process can be obtained with 

improvements in pyro-processing. Of equal importance, energy efficiency can be greatly 

enhanced by effective energy management, upgrading existing equipment, adopting new 

pyro-processing technologies and research and development to innovate completely new 

concepts for the cement manufacturing processes. Waste heat recovery from kilns exit 

gases using steam generator; and kiln shell heat loss reductions can also be considered as 

the pyro-processing improvements. (US EPA, 2010) 

 

Investment in more advanced technologies in thermal and electrical efficiency has been a 

key element over recent decades in cement industry. A significant decrease in specific 

power consumption could be achieved through major technical improvement in cement 

plant (IEA, 2009). Today, the dry process with multistage pre-heating and pre-calcinations 

technology is considered as the best available technology. The percentage of the dry 

process used in the European cement industry production has increased from 78% in 1997 

to 90% in 2008 (Moya, et al., 2011). Most efficient technologies generally provide a cost 

advantage to the producer through lower energy costs. There is a very wide range of 

technologies available, and savings on a per unit basis range from 200-3500 MJ/ton of 

clinker.  

 

Since cement plant efficiency mainly depends on the type of kiln use; the application of 

best available technology can lead to GHG emissions reductions.  One of the most 

efficient, rotary kilns with pre-heater, pre-calciner and heat recovery system burns dry 

materials (3000 MJ/ton clinker). On contrary, the less energy efficient is the long rotary 

kiln burning wet raw materials (5000-6000 MJ/ton clinker).In terms of perspectives, the 

transformation of all cement industry to use dry kiln process with pre-heater and pre-

calciner then can be considered as reasonable. (Habert, et al., 2010) 

 

In practice, the thermal energy requirements for clinker process vary widely from plant to 

plant depending on the type of kiln system used. The most efficient modern pre-heater (dry 

process) plants use as little as 3060 MJ fuel energy per ton of clinker, whereas some older 

wet process can consume more than twice that amount. It is due to that the wet process 
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uses a lot of heat to evaporate moisture. (Gartner, 2004) Modern pre-heater with pre-

calciner (PH-PC) kilns have a higher production capacity, which also contributes to higher 

energy efficiency. Long dry kilns without pre-heater consume around 33% more thermal 

energy and the outdated wet kilns consume up to 85% more energy than PH-PC kilns (CSI, 

2009; CEMBUREAU). This shows that continuous technological innovation in production 

methods will reduce energy use over time. Research recently carried out by Madlool found 

that the amounts of thermal energy savings, electrical energy savings and emission 

reductions can be vary from 3400 MJ/ton, 35 kWh/ton and 212.54 kg CO2/ton, respectively 

(Madlool, et al., 2013). The table below shows the ranges of heat input per kiln type.  

 

Table 2: Heat input per kiln type (US EPA, 2010) 

 

Kiln type Heat input (MJ/ton cement) 

Wet 5802.81 

Long dry 4325.73 

Pre-heater 3692.70 

Pre-Heater/Pre-calciner 3270.67 

 

Modern cement technologies based on the use of a dry rotary kiln with a pre-heater and 

pre-calciner have low GHG emissions ratios of approximately 0.31 kg CO2 / kg of clinker, 

while other less efficient kiln systems and conditions, such as a wet rotary kiln without pre-

heaters or pre- calciners, can produce approximately 0.6 kg CO2 /kg of clinker. (Aranda, et 

al., 2013) 

 

The study shows that, it is possible to save up to 50% of required energy and to reduce 

20% of GHG emissions by shifting from wet process to dry kiln process with calciner 

(Benhelal, et al., 2013). Converting from pre-heaters to pre-calciner kilns, which can 

reduce energy requirements by up to 12%; converting from rotary to grate coolers, which 

can reduce energy requirements by up to 8%. Introducing computerized process control 

and energy management, which can reduce energy requirements by up to 4.5%. (Shpuza, et 

al., 2013) 

 

Many cement plant in Ethiopia are not using the best available kiln technology. Switching 

to any such technology would be additional in GHG reduction from Ethiopian cement 
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industry. The estimated capital cost of multistage preheater is 12.8-34 US$ per annual tons 

cement capacity whereas converting dry kiln to PH-PC is at a range between 7.9-96 

US$/annual tons cement capacity (US EPA, 2010).  

 

Pneumatic and mechanical conveyor systems are used throughout cement industry to 

convey kiln feed, kiln dust, finished cement, and fuel. Mechanical systems typically use 

less energy than pneumatic systems, and switching to mechanical conveyor systems can 

save 2.9 kWh/ton of cement. Installation costs for the mechanical conveyor systems are 

estimated to be 4.1 US$/annual tons of cement capacity. (US EPA, 2010) 

 

Table 3: Cost, energy and CO2 saving capacity of thermal and electricity efficiency 

 

Thermal and 

Electricity Efficiency 
Capacity Sources 

Energy savings High  IEA,2009; 

US EPA,2010; CO2 savings Low  

Retrofitting cost High (US$ 328.02 million) 

 

Another area where progress can be made is waste heat recovery. Heat recovery provides a 

major energy efficiency and mitigation opportunities. Due to the large size of cement kilns, 

a significant amount of heat loss can occur through the kiln. Proper insulation is important 

to keep these losses to a minimum. High temperature insulating linings for the kiln may 

reduce fuel usage by 105.51- 327.07 MJ/ton cement. Capital costs of the kiln/pre-heater 

insulation material have been estimated to be 0.46US$/ton annual cement capacity. (US 

EPA, 2010)  

 

Since the cement production process is very energy intensive, waste heat recovery can 

have a significant effect (US EPA, 2010).As an example, a 4100 tons per day cement plant 

in India, installed a waste heat recovery power plant using the exhaust from the pre-heaters 

and clinker cooler. The power plant was rated at 8000 kWh. Capital investment was 18.7 

US$ million and CO2 emission reductions were reported to be 49000 per year. (US EPA, 

2010; Madlool, et al., 2013) In this way, important energy savings can be achieved up to 

30% of the electricity requirements of the plant and an improvement of up to 10% of the 

primary energy efficiency (Moya, et al., 2011).  
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The fluidized bed is a promising technology to improve thermal efficiency and is widely 

used in some other industries. It has yet to prove its suitability at scale in the cement 

industry. (IEA, 2009)  

 

In view of the low energy efficiency cement industry in many developing counties, 

particularly in Africa, application of more advanced technologies and measures can yield 

technical and economic benefit as well as enhance environmental protection. Similarly, the 

application of good management practice and general maintenance on older, outdated, less-

efficient cement plants can yield energy savings of 10-20%. (Metz, et al., 2007) 

 

One of the unique advantages of this GHG emission mitigation method is it is managed by 

the industry itself without large influences by policy and legal frameworks. The more 

efficient technology provides a cost advantage to the producer through reduced energy 

costs. However, installing cleaner technologies alone does not automatically provide the 

highest possible GHG emissions reductions. After installation, plant must be operated 

efficiently and maintained correctly to ensure that the maximum potential savings are 

achieved. (CSI, 2009) 

 

While some estimate that energy efficiency improvements could achieve GHG emissions 

reductions of up to 40%. Without additional financial incentives such as subsidies or a tax 

on carbon, the implementation of the best available technology could be difficult. At the 

same time measures that increase thermal efficiency often need more electrical power. For 

example, installation of modern grate coolers yields a reduction in thermal energy use, but 

increases electrical energy consumption. (CEMBUREAU)  

 

3.2 Alternative Fuel Use 

 

The large number of cement industry still use fossil fuel as energy sources to heat the kiln. 

Fossil fuels such as petroleum coke, coal and lignite has a large impact in GHG emissions. 

For example, petroleum coke is one of the highest GHG emitter and releasing almost 98 

ton of CO2 /MJ of energy produced. Similarly, coal is also a high CO2 emitter, which 

produces 56.1 ton of CO2 /MJ of energy. (Aranda, et al.,2013)  
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Indirect GHG emissions from burning fossil fuels to heat the kiln can be reduced by 

switching to alternative fuels. The most common type of alternative fuels are, namely, 

biomass, rubber tires, plastic wastes, hydraulic oil, industrial wastes, sewage sludge, or 

municipal solid wastes (MSW). Biomass wastes includes forest products, fuel wood, 

foliage, shavings, agricultural crops, cotton stokes and rice straw, sugarcane, flower farm 

wastes and wheat straw are widely used as renewable and carbon-neutral fuels. Burning 

these carbon neutral wastes can be even regarded as a GHG sink because they would 

otherwise decay to form methane which is much powerful GHG than CO2. (Habert, et al., 

2010) Industrial scale animal wastes, such as bones, fats, meats and other animal wastes, 

also fall under the biomass category.  

 

These less carbon intensive fuels could reduce overall cement GHG emissions. The use of 

alternative fuel reduces GHG emissions from the disposal of the wastes, cement industry 

and at the same time reduces the usage of fossil fuels (Moya, et al., 2011). Additionally, 

the use of alternative fuels prevents unnecessary land-filling of wastes. (CEMBUREAU) 

However, any fuel switching scenario will have to consider whether other pollutants, such 

as SOx, NOx increase as a result of the switch (US EPA, 2010). Cement industry also can 

use solar, wind, nuclear, hydro, and or geothermal if it is available (Metz, et al., 2007). 

Such a system may be feasible in general; however, there is no detail research is being 

performed on cement industry and no detail information is available (US EPA, 2010). 

 

The unique process and energy requirements of the cement industry enable the use of 

alternative fuel mixes that would not be suitable for many other industries (CSI, 2009). In 

Europe, the cement industry has replaced a large part of its traditional fossil fuel sources 

with alternative fuel. The share of alternative fuels has been reported as more than 30% in 

Germany, Switzerland and France, and it is presently experiencing an increasing trend. 

Cement industry in the Netherlands use a fuel composition with 70% substitution, and this 

method results a GHG emissions rate of 0.0588 kg CO2/MJ (Xu, et al., 2014). In the United 

State, it is common for cement plants to derive 20–70% of their energy needs from 

alternative fuels (Ali, et al., 2011). Fuel substitutions can be reached up to 80% to 

100%.When considering gross emissions, alternative fossil fuels can be 20-25% less 

carbon intensive (gross) than traditional coal and petroleum coke. However, the use of 

waste materials is limited by their availability. (CSI, 2009)  
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The GHG reduction potential of switching from coal to heavy oil is about 18%. Switching 

to natural gas can reduce GHG emissions by about 40% (Pardo, et al 2011).The use of 

biomass as fuel in cement industry would lead to an overall decrease of 27% in fuel GHG 

emissions. The investment cost to switch from coal to fuel oil has been estimated to range 

from 7.5-22.5 US$ million, with an increase in operating costs about 10-20 US$/ ton 

cement (US EPA, 2010). 

 

Table 4: Cost, energy and CO2 saving capacity of alternative fuel use 

 

Alternative fuel Capacity Sources 

Energy savings Low IEA,2009; 

US EPA,2010; 

  

CO2 savings High  

Retrofitting cost Medium (US$ 7.5-22.5 million) 

 

Ethiopia also has huge renewable energy potential, which is distributed all regions and 

makes the country favorable for renewable power sources. Ethiopia has a capacity of 1350 

GW of energy from wind and 2.199 million TWh from solar energy per annum (Derbew, 

2013). A study on biomass as energy sources for Ethiopian cement factory found that 

increased share of biomass in the mix of energy for production in cement industry, 

potentially decreasing costs and GHG emissions (Anon., 2011). Accordingly, biomass 

fuel-switching specifically coffee residue, cotton residue, saw dust, jatropha plant, castor 

bean, prosopis juliflora, bamboo tree are possible, achievable and beneficial to the 

environment and cement industry that are willing to accept it. An estimated construction 

and equipment cost is about 631995 US$. (Seboka, et al., 2009) If applicable, it may also 

reduce CH4 emissions from unnecessary disposal or uncontrolled burning of biomass 

wastes (Shpuza, et al., 2013). 

 

Table 5: Potential biomass sources in Ethiopia (Seboka, et al., 2009) 

 

Biomass 
Coffee 

residue (t) 

Cotton 

stalk (t) 

Prosopis  

juliflora (ha) 

Bamboo 

tree (ha) 

Saw dust 

(m) 

Total 214299 88922 700000 1000000 24.1 

  



25 
 

Similar study on municipal solid waste (MSW) management in Ethiopia found that both 

unsorted and sorted municipal waste contains carbon of fossil and organic origin (CSI, 

2009). The total amount of waste generation per person estimated between 46 kg to 196 kg 

per year, depending of the income level. Typical MSW waste characteristics include paper, 

card board, plastics, glass, textile, rubber tires, wood and bones. (IGNIS) The rate of per 

capita solid waste generation estimated to be increase from 0.33 kg per person/day in 2010 

to 0.44 kg per person/day in 2030.This will result in the generation of 1.5 million tons of 

solid waste annually in urban areas by 2030. (Anon., 2011) By using these materials as 

alternative fuels in cement industry, MSW disposal as landfill and harmful decomposition 

related emissions such as methane can be avoided (CEMBUREAU). 

 

The same study suggested that if developing counties contributes to solving the climate 

change, Clean Development Mechanism (CDM), Joint Implementation (JI) and Emission 

Treading (ET) should be implemented as emission reduction project and support 

sustainable development in developing countries. (IGNIS) Once implemented, companies 

can also benefit from the generation of carbon credits through the Clean Development 

Mechanism (Seboka, et al., 2009). 

 

GHG reduction potential from alternative fuel use can be significant. Alternative fuel 

substitution for fossil fuels an effective way to reduce global greenhouse gases. In general, 

the use of wastes as alternative fuel decreases the dependency on fossil fuels, reduces the 

production cost of the cement and decreases GHG emissions. Although, technically, 

cement kilns could use up to 100% of alternative fuels, there are some practical limitations. 

In order to use biomass as alternative fuel, it has to be affordable, secure and continually 

available. Substitutions of alternative fuels also depend on the type of alternative fuel used. 

Again, the physical and chemical properties of most alternative fuels differ significantly 

from fossil fuels may cause technical challenges.  For example, low energy value, high 

moisture content, or high concentration of chlorine or other trace substances. The use of 

waste as an alternative energy source is also influenced by the level of development of 

waste legislation, regulatory frameworks and enforcement, waste collection infrastructure 

and local environmental awareness. (IEA, 2009)  
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3.3 Clinker Substitution  

 

Most of the GHG emissions and energy use in the cement industry are related to the 

production of the clinker. Therefore, one of the strategies towards GHG mitigation in 

cement industry is involved in the use of alternative raw materials or commonly known as 

clinker substitution. (Moya, et al., 2011)  

 

Clinker substitution is substituting carbon intensive raw material, namely, limestone, with 

other lower carbon materials, with cement properties. A study made by US Geological 

Survey suggests that materials such as clays, gypsum, iron ores, quartz, chert, coal ash are 

some of the possible alternative raw materials for clinker substitution. (Gartner, 2004) The 

use of alternative raw materials offers numerous benefits. For example, not only reduce 

GHG emissions related to calcination process, but it also reduces the energy needed for 

extraction and processing of natural raw materials as well (Deja, et al., 2010). It also 

conserves natural resources, such as coal and limestone at the same time reduces 

environmental impacts associated with mining of these materials. 

 

Reduction in the amount of raw materials needed for clinker production can result in 

energy savings of 1181.66 MJ/ton cement. For instance, a study quantified the GHG 

emissions reductions as approximately the same on a ton CO2/ton clinker basis as the 

percent of slag added. (US EPA, 2010) Another study shows that the use of blended 

cement, for example blast furnace slag, fly ash from coal-fired power stations, and natural 

pozzolana, results in lower GHG emissions at more than 7% (Metz, et al., 2007). Blended 

cement could reduce GHG emissions by as much as 20%, but replacement possibility is 

limited by the existence of toxic or heavy metals; the availability of substitute material; and 

some building code and standard restrictions. A potential level of clinker replacement can 

be estimated at 30% either in cement or in concrete. The extreme substitution level can be 

50% and more. However, at higher substitution level, important technological and practical 

changes have to be made to avoid drops in strength and durability. (Habert, et al., 2010)  
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Table 6: CO2 emission and heat input reduced with clinker substitution (US EPA, 2010) 

 

De-carbonated 

feedstock material 

Emission Reduction 

(tons CO2/ton material) 

Capital Costs 

(US$/ton cement) 

Slag (blast furnace, steel) 0.35-0.51 0.75 

Fly ash 0.02-0.20 1.0 

 

In recent years, in Europe about 3-4% of alternative raw material has been used in the 

production of cement.  They are using ashes from lignite or coal, blast furnace slag, 

concrete crusher sand, aerated concrete meal and fractions from demolition wastes. These 

alternative raw materials are already been de-carbonated and thus if the alternative 

materials are de-carbonated, it avoiding GHG emissions. (CEMBUREAU) 

 

The clinker-to-cement ratio in China’s cement industry has dropped from 77% in 2000 to 

62.6% in 2011 (Xu, et al., 2014). In Europe, the use of alternative raw materials in the 

cement industry led to the reduction of the clinker-to-cement ratio from 79% in 1990 to 

76% in 2006. Extrapolating this trend it can be expected that this ratio can decrease to 70% 

by 2030. (Pardo, et al., 2011) A study by (CEMBUREAU) estimated that if clinker-to-

cement ratio reduced to 70%, it resulting in a further GHG emissions saving of 4%. The 

United Kingdom (UK) cement and concrete industry already replace cement clinker with 

alternatives material which possesses cement properties at levels that compete with the best 

in Europe. Some of the UK replacement takes place at the cement industry but most takes 

place at the concrete mixer. Schneider estimated in its study that the level of replacement 

can be increase to 30% by 2050 but this will be largely dependent upon the availability 

alternative raw material. (Schneider, et al., 2011) 

 

According to IEA, even though clinker substitution reduces GHG emissions in the clinker 

production process, but generally require more energy (IEA, 2009). A case study research 

on cement sector greenhouse gas emissions reduction stated that natural pozzolana 

(volcanic ash) may require more energy for drying. The same study suggests that if slag is 

harder than clinker and must be ground finer, it require more energy for grinding. (Loreti, 

2009)  One study reported that for a 15% replacement of raw materials by granulated blast 

furnace slag the decrease in kiln energy consumption may range from 84-335 MJ/ton 

cement. In contrast, electricity consumption may increase by as much as 2 kWh/ton 
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cement. From this, the potential GHG emissions reductions range 0-97.98 kg CO2/ton 

cement from reduced fuel and 0-1.81 kg CO2/ton cement emissions increase may occur due 

to the increased electricity requirements respectively. For clinker with 30-70% by mass of 

granulated blast furnace slag, could reduce energy requirements range from 380-1710 

MJ/ton cement. The resulting GHG emissions reductions may range from 90.7-390.09 kg 

CO2/ton cement. The use of fly ash as a blending material may reduce the energy 

requirements of the kiln by 200-500 MJ/ton cement for a cement with a fly ash content of 

25-35% by mass. This is because its direct uses as a component of blended cement dos not 

require heating to higher temperature in kiln. In general, pozzolana material and fly ash do 

not require pyro-processing and therefore reduce energy requirement. The resulting GHG 

emissions reductions may range from 45.36-127.01 kg CO2/ton cement. Another study 

shows that each ton of steel slag used to replace an equivalent amount of limestone 

reduced GHG emissions by 0.466 tons. The costs associated with implementing this 

method may vary based on the specific equipment modifications needed at each cement 

industry. Investment costs were estimated to be 0.75 US$/ton cement and operating costs 

were estimated to increase by 0.08 US$/ton cement. (US EPA, 2010) 

 

Table 7: Cost, energy and CO2 saving capacity of clinker substitution 

 

Clinker Substitution Capacity Sources 

Energy savings Medium IEA,2009;  

US EPA,2010; 

  

CO2 savings High 

Retrofitting cost Low (US$ 12-18 million) 

 

Pumice is potentially the most readily available additive in Ethiopia. Coal used as the 

major fuel for the cement industry, fly ash might also become readily available. (Anon., 

2011) 

 

Reducing the amount of clinker in blended cement can be considered as one of the most 

effective ways to reduce GHG emissions. It was found that blending cement with 

alternative raw materials to replace clinker has the most remarkable contribution to the 

reduction of GHG emissions.(CSI, 2009)  The global potential for GHG emissions 



29 
 

reductions through the use of alternative raw materials is estimated to be at least 5% of 

total GHG emissions from cement industry (Ali, et al., 2011). 

  

Blending clinker content may change the cement material properties, consequently impact 

on the type of applications the cement can be used for (CSI, 2009). Therefore, to achieve a 

reduction in GHG emissions with clinker substitution it also depends on the availability, 

properties and prices as well as the intended application of the cement, standard and 

market acceptance (IEA, 2009; CEMBUREAU).  

 

3.4 Carbon Capture and Storage 

 

Carbon capture and storage (CCS) is one of the most potentially promising technologies to 

reduce greenhouse gas emissions. According to International Energy Agency (IEA) carbon 

capture and storage is the only large-scale mitigation method available to make a large 

amount of GHG emissions reductions from industrial sectors. Among different industries, 

the cement industry considered as a good opportunity for implementing this method. As it 

is a new technology, CCS in the cement industry is still at the research and development 

stage not yet proven at the industrial scale. (WBCSD, 2013)  

 

CCS removes CO2 from flue gas stream to avoid it from being released to the atmosphere. 

It is a stepwise process which includes capturing of CO2 from its source, transporting and 

storing it away from the atmosphere. There are three methods to capturing the CO2 from 

flue gas stream: pre-combustion, post-combustion and oxy-combustion. The applicability, 

saving potential, technical and economic feasibility, as well as environmental aspect of 

these methods are explained in the next paragraphs. The typical transport systems for 

captured CO2 are pipelines, road, rail tankers and ship. The safe transport of captured CO2 

is crucial. And, many experts agree that pipeline is the most suitable and safe transport 

system. If captured CO2 were to be transported via road or rail tankers, the environmental 

impact of these transport system should have to be taken into consideration. Then, the 

captured CO2 could be stored in depleted oil and gas reservoirs, deep saline formations, 

and un-minable coal seams. (Metz, et al., 2005) Storage sites are typically several 

kilometers under the Earth’s surface. The ability of storage sites to retain injected CO2 is 
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essential in any CCS. Storage sites would therefore have to be very carefully selected and 

monitored to ensure the highest level of confidence in permanent storage. (CEMBUREAU)  

 

Pre-combustion system 

 

In a pre-combustion system, the primary fuel is first converted into gas by heating it with 

steam and air or oxygen. This conversion produces a mixture of gas containing mainly 

hydrogen and CO2, which can be quite easily separated out. Net amount of CO2 saving 

potential is 80-90%. (Metz, et al., 2005) In spite of its large CO2 saving potential currently 

there is no pre-combustion technology applied in cement industry. One of the main reasons 

is that unlike other industrial sector, about half of the CO2 emission in cement industry 

comes from the calcinations process. Therefore, even if pre-combustion technologies were 

used in cement industry, the majority of GHG emissions would not be changed. In 

addition, pure hydrogen has explosive properties and the clinker-burning process would 

need significant modifications. (IEA, 2009)  

 

Post-combustion system 

 

In post-combustion system CO2 is separated from a mixture of gases at the end of the 

production process. Net amount of CO2 saving potential is about 80-90% (Metz, et al., 

2005). In this process CO2 captured from flue gases instead of being discharged directly to 

the atmosphere. Generally, the efficiency of post- combustion abatement technology 

increases with CO2 concentration in the exhaust gas. The CO2 is fed into a storage reservoir 

and the remaining flue gas is discharged to the atmosphere. A chemical sorbet process is 

normally used for CO2 separation. (Ali, et al., 2011) 

 

Post-combustion system is considered as a promising method to reduce CO2 emission from 

cement industry (Benhela, et al., 2013).This technology offers the advantage without the 

requirement of fundamental change in the kiln. In other words, only few changes would be 

required to the current kilns. In addition, post-combustion system is commercially mature 

technology as commonly used in the chemical industry to separate CO2. (US EPA, 2010; 

Moya, et al., 2011; CEMBUREAU) 
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Oxy-combustion system 

 

In oxy-combustion system pure oxygen is used instead of air. It results in a gas mixture 

containing mainly water vapor and CO2. The water vapor is then easily removed from the 

CO2 by cooling and compressing the gas stream. While in this case one must first separate 

oxygen from the air, which is fairly complex process. Net amount of CO2 saving potential 

is about 90 %. (Metz, et al., 2005; Ali, et al., 2011) Using oxy-combustion in cement 

industry 0.9 tons CO2/ton cement may capture and 0.78 ton CO2/ton cement can avoided 

(Rodriguez, et al., 2012). On the other hand, electricity requirements may increase by 92-

96 kWh/ton cement (US EPA, 2010). 

 

Oxy-combustion particularly well suited for CO2 reduction in cement industry. This is 

because most of the CO2 comes from calcinations process (Rodriguez, et al., 2012). Oxy-

combustion is five times more efficient in the cement industry than other industrial sector. 

Even though this technique is the most promising, its high cost would prevent retrofitting 

existing cement industry. (Moya, et al., 2011) 

 

 

 

Figure 7: Schematic CO2 capture systems (Metz, et al., 2005) 

 

It is generally accepted that CCS is key to reducing GHG emissions cement industry. 

However, the widespread application of CCS technology in cement industry and 

transferring it to developing countries would depend on technical maturity, costs, overall 
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potential, regulatory aspects, environmental issues and public perception.( Metz, et al., 

2005) Based on the evidence available, CCS technologies are far from being applicable to 

the cement industry (Schneider, et al., 2011).  

 

Cement industry are active in research and development of CCS technology. In spite, there 

are still some uncertainties and knowledge gaps regarding the technical aspects of CCS 

technology. Through time, the increasing in knowledge and experience would reduce these 

uncertainties and thus facilitate the application of CCS technology in cement industry. 

(Metz, et al., 2005) It is important to understand that CCS technology is applied in cement 

industry only when the full chain of CCS is available, means suitable transport system, 

access to suitable storage sites, and a legal framework for monitoring (IEA, 2009). As the 

result, from a technical point of view, carbon capture technology in cement industry is not 

likely to be applicable any time soon (IEA, 2009). 

 

Besides technical aspects, the cost of CCS technology will also be a decisive factor in 

future applications in the cement industry. Building new cement plant equipped with CCS 

technology or retrofitting existing plants requires a substantial capital investment 

consequently significantly increase the operation costs. Nonetheless, in the future it is 

expected that the cost of CCS will decrease with technical and scientific progress. 

(CEMBUREAU)   It has been estimated that application of CCS technology in cement 

industry would increase power consumption (IEA, 2009). Additional energy, 10-40% may 

require for the same output with capture efficiency of 85-95% and net CO2 reduction 

between 80-90% (Metz, et al., 2005). Accordingly, current estimated costs for CO2 capture 

are high, it range from 20€ to 75€/ton of CO2 captured (IEA, 2009). 

 

Table 8: Cost, energy and CO2 saving capacity of CCS 

 

CCS Capacity Sources 

Energy savings   IEA,2009; 

US EPA,2010; 

Benhelal, et al,2013; 

CO2 savings High (80-90%) 

Retrofitting cost High (US$ 495-540 million) 
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From environmental point view, public awareness of CCS technology and the risk of 

carbon leakage is currently low (IEA, 2009). Currently most research and development 

focused on post-combustion and oxy-combustion CCS technologies in the cement industry, 

instead of pre-combustion as it is not suitable because it does not allow the capture of CO2 

from the calcination process (Xu, et al., 2014).  

 

What is clear, then, is that the deployment of CCS technology cannot succeed in near 

future, particularly, in developing countries like Ethiopia. Nevertheless, with the progress 

in science and technology, the cost is expected to decrease in the future. If this were so, the 

CCS technology research should expand and cover developing countries, where an 

estimated 80% of all new cement industry will be located by 2050. (IEA, 2009) 
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4 METHODOLOGY 

 

4.1 Life Cycle Assessment 

 

Accelerating industrial development are adding a significant pollution to the environment 

as well as depleting natural resources at an alarming rate. Cleaner production and green 

design of products are obviously the best preventative measures to ensure sustainable 

industrial development. To measures this effect one needs to use of a life cycle assessment 

(LCA) approach. 

 

LCA is an analytical tool or method for assessing the environmental impacts of a product 

or process by identifying and quantifying energy and material used and wastes released to 

the environment. It is an internationally accepted method and used widely. It has a 

standardized methodology for addressing all the environmental concerns derived from the 

production process or service by evaluating the potential environmental impacts associated 

with its life cycle. International Standards Organization (ISO) provides the following 

useful framework and methodology for estimating and comparing the environmental 

performance of systems, namely, International standards for LCA: Environmental 

management-Life cycle assessment-Principles and framework (ISO 14040) and 

Environmental management-Life cycle assessment-Requirements and guidelines. (ISO 

14040, 2006; ISO 14044, 2006)   

 

LCA is one of the most comprehensive and high performance tools of environmental 

management. There are several benefits in LCA. It has the ability to evaluate the material 

and energy efficiency of a system, identify pollution burden between operations, and 

provide benchmarks for improvement (Huntzinger, et al., 2009). It is also a useful 

technique particularly for comparing two or more alternative options in terms of their 

combined potential in environmental impacts as well as ecological sustainability (Özeler, 

et al., 2006). Life cycle analysis assists planners and decision makers by providing 

information such as improvement possibilities and marketing opportunities.  

 

LCA can discover important product improvements and new approaches for process 

optimization. The use of LCA result can help to ensure that a companies, designers, 
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governments and non-government organization make a right decision for implementing 

sustainable development. It also use for the purpose of strategic planning, priority setting 

or implementing an eco-labeling scheme, and making an environmental claim. 

 

4.2 Main Phases in LCA 

 

According to ISO 14040, the complete LCA assessment consists of four interlinked 

phases:  

1) Goal and scope definition  

2) Life Cycle Inventory (LCI)  

3) Life Cycle Impact Assessment (LCIA)  

4) Interpretation 

 

 

 

Figure 8: LCA framework (ISO 14040, 2006) 
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1)  Goal and Scope definition 

 

Goal defines the reason of the study, the intended application of the results and target 

audience. While, scope defines the product system to be study, the functional unit, system 

boundary and allocation procedures. 

 

A functional unit is a quantified definition of the function of the product systems. The term 

functional unit refers to the expression of the system in quantitative terms. Depending on 

the process or products, the functional unit could be a mass (kg), volume (m
3
) and so on. It 

corresponds to a reference flow of the system. System boundary defines the system that is 

studied. It specify which processes will be included in or excluded from the system or in 

other word it define the unit processes that will be included in the study.  

 

Allocation defines as the act of partitioning the input or output flows of a process or a 

product system under study. Allocation is the most crucial process in LCA. The ISO 14044 

(2006) provides stepwise allocation procedure: 

 

Step-1: Wherever possible allocation should be avoided either through dividing into two or 

more sub process or system expansion approach to include the additional functions related 

to them. 

 

Step-2: If it is impossible to avoid allocation, then the inputs and outputs of the system 

have to be assigned in a way that the basic physical relations are reflected between them. 

For example, mass, volume or energy content.  

 

Step-3: If allocation cannot be resolved in physical relations, the allocation can take place 

on the basis of other relations between them, for instance economic value.  

 

2)  Life Cycle Inventory (LCI) 

 

Once the goal and scope of LCA is set, the next phase is LCI analysis. LCI is the 

fundamental parts of life cycle assessment. The key steps in LCI are: developing a flow 

diagram of the system followed by planning of data collection and then collect data. It 
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involves gathering and quantifying of data according to the functional unit of all inputs 

from the environment to the system and outputs from the system to the environment. The 

inputs to the system are for example energy and raw materials, whereas the outputs from 

the system can be emissions from processes during manufacturing, transports and or raw 

material acquisition. At the end, the collected data can be analyzed with LCA specific 

software such as GaBi 6 software. LCI analysis result is the sum or balance of all inputs 

and outputs involved within the system boundary.  

 

3)  Life Cycle Impact Assessment (LCIA) 

 

LCIA is the third phase of LCA. LCIA is a process to characterize and assess the potential 

human health and environmental impacts of the inputs and outputs identified in the LCI 

analysis phase.  

 

Identifying the relevant impacts categories is one of the first key steps in LCIA. Then the 

environmental burdens with the same environmental impact are grouped together. This is 

called classification. In the classification different inputs and outputs are assigned to 

different impact categories. The impact categories often included in LCA are: Global 

Warming Potential, Ozone Depletion Potential, Acidification Potential, Eutrophication 

Potential, Human Toxicity Potential, Eco-toxicity Potential and Land use change Potential. 

An analysis and quantification of each impact category is made in the characterization 

process. There are different methods that can be used to perform characterization; 

however, the most commonly applied methods, Tool for the Reduction and Assessment of 

Chemical and other Environmental Impacts (TRACI) and Centre of Environmental Science 

of Leiden University (CML) are used   the problem-oriented approach (midpoint) and the 

damage-oriented approach (end point). (ISO 14044, 2006)  

 

All steps, selection of relevant impact categories, classification and characterization are 

mandatory element in LCIA, except normalization, grouping and weighting are optional. 

Normalization is expressing potential impacts in way that can be compared, while 

grouping is sorting or ranking the indictors and weighting is emphasizing the most 

important potential impact. 
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The most common impact assessment considers all economic, social and environmental 

impacts. Economic impacts can be cost and balance of foreign payments. Environmental 

impacts are, such as soil, water, air pollution; and other impacts on the earth atmosphere 

system. Social impacts are related to satisfaction of need, impacts on health and work 

environment, and risks of accidents. (Sorensen, 2011) 

 

Impacts are can be positive or negative. The positive impacts are generally the benefits of 

the activity, notably the products or services associated with energy use, while the negative 

impacts are a range of environmental and social impacts. 

 

4) LCA Interpretations 

 

Life cycle interpretation is the last phase of the LCA process. It is a systematic technique 

to check and evaluate the LCI and LCIA results to see that they are consistent with the goal 

and scope of the study. The key steps to interpreting the LCA results are: identifying the 

significant issues, proceeds completeness, sensitivity and consistency checks and finally 

based on the finding, reach conclusion, explain the limitations and provide 

recommendations. 

 

4.3 Limitation of LCA 

 

Depending on data required and availability, LCA can be resources and time intensive. The 

quality of the data greatly affects the accuracy of the LCA results. Depending on the goal 

and scope of the study, allocations method and system boundary can lead to data 

inconsistencies. There are a number of ways to conduct LCA and there is no single method 

for conducting LCA study. LCA does not directly consider future changes in technology 

and demand. It represents or considers only potential impacts and it does not reveal actual 

impacts on the state of the environment. There is a possible that LCA may tend to 

aggregations certain impacts with minor significance. It is also difficult to adapt the LCA 

tool for the analysis of complex products. (Guinee, 2002)  
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5 APPLYING THE METHODOLOGY 

 

In this section, the life cycle assessment method discussed in previous chapter is applied. It 

follows the international standards, namely, Environmental management-Life cycle 

assessment-Principles and framework (ISO 14040:2006) and Environmental management-

Life cycle assessment-Requirements and guidelines (ISO 14044:2006), whereas the LCIA 

is based on the methods and data compiled by the Centre of Environmental Science at 

Leiden University, (CML 2001-Apr. 2013). The model flow chart is developed by using 

GaBi 6 life cycle assessment (LCA) software.  

 

Goal and Scope Definition 

 

The goal of the study is applying LCA methodology to determine the environmental 

impacts, specifically global warming potential (GWP) from the production of OPC. On the 

basis of investigation, three selected mitigation scenario will be compared. This helps to 

find out the estimated amount of GHG emissions reductions potential for each mitigation 

methods numerically if applied in Ethiopian cement industry. 

  

The overall scope of this study includes the steps outlined in the simplified OPC 

production process diagram. In the representative simplified OPC production diagram, 

several of the processing stages have been combined to simplify the analysis and the 

calculation of inventory elements. As the quarry is often close to the cement plant, the 

emission from transportation is not included in this study.   

 

 

 

Figure 9: Simplified OPC production process 
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System Boundary and Description 

 

Efforts were made to obtain a specific inventory model flow chart that is well suited to the 

goal of the study. The model flows chart below represents gate-to-gate life cycle 

assessment. In this type of life cycle assessment only parts of the system or a specific 

production sites or unit process have taken into consideration. Therefore, the study 

boundary is scoped by identifying the process which is a key to the analysis, which 

includes raw materials preparation, processing of the raw materials and manufacturing of 

cement.  

 

As shown in the figure below, system boundary for cement production process divided in 

to three main stages. The first part is raw material preparation which includes crushing, 

blending, grinding, followed by kiln or the production of clinker which includes 

combustion and calcination process and the final part called cement production which 

includes blending with gypsum, grinding and finish. Thus, as defined in the previous 

paragraph, this gate-to-gate life cycle assessment, examines the environmental impact 

generated from these specific production sites only. 

 

 

 

Figure 10: Model flow chart for baseline scenario 

                                                                                             

Functional Unit 

 

The functional unit used in this study is the production of one ton of OPC. This type of 

cement has been chosen as it is composed about 64-67 % of the primary reactive 

compound of clinker in kiln is limestone. Therefore, focusing on OPC is a way to study the 

type of cement that has the highest environmental impact, with respect to all the other type 

of cements produced. All emissions, energy consumption, and materials flows are based on 

this functional unit. 
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Data Collocation  

 

The main difficulty encountered in data collection is the lack of real data from Ethiopian 

cement industry. Without data it is difficult estimating material and energy flows of the 

intermediate process steps.  This is because of, the values of input and output may vary 

depending on the system boundaries and the production system of cement industry.  

 

The data in this study, therefore, collected from different literature sources such as research 

studies and papers published in peer reviewed journal. In case there is no data available the 

author either estimated based on the relevant background information or calculated or 

taken from GaBi 6 software database. Nevertheless, the overall input data represent and 

corresponding to the majority of average world traditional OPC production data. 

 

For all unit processes, the average value needed for the production of one ton of OPC 

inserted on the basis of mass (kg) unit. Therefore, all raw material and energy flow existed 

within the system boundary is based on the production of one ton of OPC. As the result, all 

unit process and flows are related to and compared with this functional unit. 
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Table 9: Input vales for the production of one ton OPC 

 

Inputs Sources 

Raw Material Composition  

Josa,et al.,2004; 

Huntzinger, et al.,2009; 

Chen, et al.,2010; 

Habert, et al., 2010; 

US EPA,2010; 

Cochez, et al., 2010; 

Nigri, et al.,2010; 

Li,et al.,2014; 

Hendriks,et al.,1998; 

Cochez,et al.,2010; 

Dinku,et al.,2002; 

Hailu,et al.,2012; 

Shpuza, et al., 2013; 

Seboka,et al.,2009 

Clay 20.30 % 

Limestone 78.50 % 

Iron ore 1.20 % 

Total 1.65 tons 

Kiln Composition 

Calcium Oxide 64.15 % 

Magnesium Oxide 1.72 % 

Iron (III) Oxide  3.87 % 

Aluminum(III) Oxide 5.24 % 

Silicate Oxide 21.23 % 

Total 1.598 tons 

Energy Composition 

Electricity  780MJ 

Thermal  4616MJ 

Total 5396 MJ  

 

The table above shows the average material and energy inputs for the production of one 

ton of OPC. As many cement industry following very closely related process, it assumes 

the input value will not differ much when local data becomes available. To ensure that all 

the output are represent the average GHG emissions from Ethiopian cement industry, the 

input data being assessed to make sure that such comparisons are reasonable and made on 

a common basis. 

 

Scenarios 

 

Baseline Scenario 

 

For baseline scenario inventory analysis, the average input value collected from different 

sources being applied and assessed. It can be seen from table 9 above, during the 

production of one ton of cement; 1.65 tons raw material used and 1.598 tons of raw meal 

for kiln is produced. The total energy required is estimated as 5396 MJ. This energy 
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requirement is split between thermal and electricity energy. The thermal energy accounts 

about 4646 MJ, the latter accounts for around 780MJ per ton respectively. It is important to 

note that the assumption in this baseline scenario is the production of conventional OPC 

and therefore coal used as energy source in wet kiln system. The associated GHG 

emissions results from baseline scenario presented in the Result and Analysis sections.  

 

Mitigation Scenarios  

 

The basic idea for mitigation scenarios in this context is that any GHG emissions reduced 

or avoided resulting from the application of selected mitigation scenario is reduced or 

subtracted from the total GHG emissions of baseline scenario. In other word, GHG 

emissions reductions potential of selected mitigation scenario were assessed and estimated 

on baseline scenario as it is regards as a benchmark. 

 

The proposed alternative mitigation scenarios for GHG mitigation from cement industry 

that make possible to reduce GHG emissions are, namely, thermal efficiency scenario, 

alternative fuel scenario and clinker substitution scenario. To evaluate how much scenario 

based GHG emissions reduction obtained from cement industry, life cycle inventory (LCI) 

analysis was conducted on flow model designed based on the goal of the thesis. The 

corresponding results from each mitigation scenarios will be compiled, compared and 

interpreted in chapter 6.  

 

 

 

Figure 11: Model flow chart for mitigation scenarios 
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Cost is one of the main bottlenecks in the implementation GHG emissions mitigation in 

cement industry. Therefore, before moving on the next chapter, it is important to review 

the estimated mitigation costs collected from different literature sources. 

  

Table 10: Estimated retrofitting costs of mitigation methods 

                                                                          

Mitigation option 
Retrofitting cost 

(million US$) 
Sources 

Alternative fuel use 7.5-22.5 
IEA,2009; 

US EPA,2010; 

Benhelal, et al,2013 

Thermal and electrical efficiency 328.02 

Clinker substitution 12-18 

CCS 495-540 

 

In comparison, CCS requires high capital cost, 495-540 million US$. Followed by, thermal 

and electricity efficiency, 328.02 million US$. On contrary, clinker substitution and 

alternative fuel use requires rather low to medium capital cost, which is equals to 12-18 

million US$ and 7.5-22.5 million US$ respectively. The above comparison made is based 

solely on the reference cost of implementation presented in table 10. A broad comparison, 

among GHG mitigation methods, including retrofitting cost, GHG emissions reductions 

potential as well as other ecological benefits will be discussed in the chapters 7. 
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6 RESULTS AND ANALYSIS 

 

The corresponding outputs results of the inputs in inventory phase of the analysis were 

taken from GaBi 6 software. The output analysis considered the following three major 

GHG emissions: CO2, CH4, and N2O to air. Since, this LCA study focused on GHG 

emissions and mitigation method, the environmental impact assessment category for the 

system mainly related to Global Warming Potential (GWP 100 Years). The amounts of 

these three principal GHG emissions contributors are determined separately for each of the 

main unit processes of cement production responsible for them. Then, GHG emissions 

conversion factors used for calculating CO2 equivalent from calcination and energy 

consumption has taken from 2006 Intergovernmental Panel on Climate Change Guidelines 

for National Greenhouse Gas Inventories. Accordingly, all GHG emissions are 

characterized into kg of CO2 equivalent.  

 

6.1 Baseline Scenario 

 

Table 11 gives the overall results of the inventory analysis of baseline scenario when 

applying the average value of the collected input data in designed flow model. It can be 

seen from the table below, greenhouse gas from production of one ton of OPC includes 

CO2, CH4 and N2O. The emission of CO2 is quite big. Unlike CO2 emission, the amount of 

CH4 and N2O emission seem to be insignificant per ton of cement produced. However, it is 

always important to remember that the annual cement production from Ethiopian cement 

industry estimated as 2.85Mt per year.  

 

Table 11: Baseline scenario GHG composition 

 

Outputs GHG Emissions (Kg) 

Sources 
Carbon dioxide 

(CO2) 

Nitrous oxide  

(N2O) 

Methane 

(CH4) 

Electricity  76.6736532 0.001169995 0.000779996 

Thermal Energy 451.5664174 0.006923883 0.004615922 

Calcination 510.0188598 0 0 

Total 1038.25893 0.008093878 0.005395918 
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In this scenario, the total GHG emissions equals to 1040.81 kg CO2 equivalent per ton of 

cement, which is calculated with coal as thermal energy source and clinker composed with 

64.15 % limestone. The total GHG emissions equals to 995.37 kg CO2 equivalent per 

clinker produced. The emissions in the kiln result from calcination of limestone as well as 

the burning of coal. Calcination contributes 510.02 kg CO2 equivalent and combustion 

453.73 kg CO2 equivalent respectively. The lower amount GHG emissions comes from 

electricity which is equals to 77.04 kg CO2 equivalent. 

 

 

 

Figure 12: GHG emissions of baseline scenario 

 

The figure above represents GHG emissions of baseline scenario. Over 49% of the process 

related GHG emissions were comes from calcination process during clinker production, 

and the less amount 7.4% GHG emissions were come from electricity consumption. About 

43.59% thermal energy related GHG emissions were generated from burning of coal in 

kiln.  

 

6.2 Mitigation Scenarios 

 

As stated in the introduction, the aim of study is finding the best GHG emissions 

mitigation method from Ethiopian cement industry. In order to fulfill this objective, it is 

meaningful to analysis the results from mitigation scenarios, this in turn helps to give 

proper conclusions and recommendations. Hence, in the next sections, LCA results from 
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the application of selected mitigation scenarios briefly analysis and presented. The reasons 

for the level of GHG emissions reductions varies with the type of mitigation method 

chosen are also explained in detailed. In addition, absolute and relative comparison and 

interpretation also carried out. 

 

Alternative Fuel Scenario 

 

The production of clinker is the most energy intensive step in the cement manufacturing 

process and causes a large amount of GHG emissions. As seen in the baseline scenario, 

combustion contributes about 43.59 % of the total GHG emissions during one ton of 

cement production. Therefore, the use of alternative fuels might have a great potential for 

reducing GHG emissions from Ethiopian cement industry. 

 

In this scenario, different types of alternative fuel were applied to measure the potential 

amount of GHG emissions reductions. The fuel types applied as alternative fuels are 

biomass, fuel oil, and natural gas. Since these fuels have a lower GHG emissions intensity, 

such switching can help to mitigate the total GHG emissions, meanwhile contributing to 

better waste management in the local areas as well as reduce the use of non-renewable 

fossil fuel. 

 

 

 

Figure 13: GHG emissions of alternative fuel 
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The figure above shows that the GHG emissions from different alternative fuel use. The 

replacement of 30% biomass to coal reduces 11.5% GHG emissions relating to thermal 

energy use. Fuel switching from coal to fuel oil reduces 23.22% of the GHG emissions 

relating to thermal energy use. Likewise, shifting coal to natural gas has a potential to 

reduced 40.53 % GHG emissions, whereas the replacement of coal with 30% biomass and 

70% fuel oil reduce approximately 27.81% of GHG emissions relating to thermal energy 

use respectively. 

 

In general, it is always possible the higher levels fuel switching, to achieve the largest 

amount of GHG emissions reductions. However, it may then become increasingly difficult 

for the cement industry to source significant quantities of biomass throughout the year.  

 

Clinker Substitution Scenario 

 

The large amount of GHG emissions in cement industry are caused not only from thermal 

energy used, but also CO2 emissions from the calcination process in kiln. In particular, 

CO2 emissions from calcination process significantly contributed to the total GHG 

emissions. According to literature reviews and baseline scenario result, calcination 

contributes about 49 % of the total GHG emissions per ton of OPC production. Resulting 

from this, clinker substitution could be another most important area of interest to be taken 

under consideration for GHG emissions reductions from Ethiopian cement industry.  

 

In clinker substitution, a portion of the clinker can be replaced by alternative raw material 

with low carbon contents materials such as fly ash, blast furnace slag, natural pozzolana, 

pumice and other cementitious materials (minerals similar in nature to clinker or cement).  

 

For purpose of analysis, in this scenario, it is assumed that the substituted material required 

neither additional amount of thermal energy nor additional amount of electricity. In 

practice, depending on the material substituted the clinker may require some amount of 

thermal or electrical energy. Therefore, in this study, the amount of the GHG emissions 

reductions due to clinker substitution must be considered as the maximum possible GHG 

emissions reductions for the corresponding amount or percent of clinker substituted. 
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Figure 14: GHG emissions from clinker substitution 

 

As seen in the figure above, clinker substitution reduce GHG emissions both from thermal 

energy use and calcination. For instance, 30% clinker substitution can reduce exactly the 

same amount (30%) kg of CO2 equivalents from calcination and at same time 30% GHG 

emissions from thermal energy use as it is considered that the substituted material required 

no additional thermal energy or electricity. Although it could be difficult to make a strong 

case, but, many experts agree that one of the main reason is, since blended cement has 

much lower clinker to cement ratio compared to OPC, it needs less thermal energy. In 

addition, it has reported that the use of fly ash and pozzolana material in blended cement 

do not require grinding and pyro-processing respectively. As the result, CO2 emission due 

to the calcination process, which is the source of almost half of GHG emissions in cement 

production, are reduced for this type of cement. In the process, the less or equivalent 

amount of GHG emissions reductions is achieved from the reduction of thermal energy 

use.  

 

Technically, a higher substitution rate up to 70% and more clinker substitution is possible. 

Thus, this leads to achieve a larger amount of GHG emissions reductions both from 

thermal energy and calcination process. However, the quality (mechanical strength) more 

likely will decrease and resulting from this the application of this kind of cement might be 

limited to specific construction use. In addition, the production and application of blended 
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cements depends on the availability of cementitious materials, national standards and 

legislative requirements. 

 

Thermal Efficiency Scenario 

 

By far, the largest proportion of energy consumption in cement production process exists at 

kiln heating. The estimated thermal energy requirement in baseline scenario is equivalent 

to 4616 MJ per ton of OPC produced. In this respect, thermal energy efficiency measures 

may play a key role in reducing GHG emissions. In such a case, improving thermal energy 

and electricity efficiency can be consider as another mitigation approach for reducing GHG 

emissions from Ethiopian cement industry. Improvement may be attained by applying 

more energy efficient kiln system or by replacing outdated cement plant with new and 

more advanced technology.  

 

Because the aim of this mitigation scenario is to analysis the potential GHG emissions 

reductions of thermal energy efficiency, the decisive factor has been the thermal energy 

requirement of different kiln technologies. Two kiln technologies, namely, dry kiln with 

pre-heater (PH) and dry kiln with pre-heater and pre-calciner (PH-PC) have been chosen 

and applied in the flow model. According to the information collected from various 

sources, the typical dry kiln with pre-heater (PH) required 58.23% less thermal energy than 

wet process, whereas dry kiln with pre-heater and pre-calciner (PH-PC) required 54.26% 

less thermal energy than wet process respectively.  
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Figure 15: Thermal efficiency scenarios 

 

As noted in the figure above, wet process tends to be somewhat less energy efficient. The 

technology transition either from the wet to dry kiln with pre-heater (PH) or dry kiln with 

PH-PC corresponds with a decrease in  total GHG emissions. When the thermal energy 

efficiency potentials described above applied in the flow model, it lead to reduce GHG 

emissions related to thermal energy use.  The most advanced and more energy efficient dry 

kiln with PH technology reduced thermal GHG emissions by 41.77%. Today pre-heater 

with pre-calciner (PH-PC) kiln is the best available technology and reduces thermal GHG 

emissions by 45.74%. Barring in mind that it is often stated that most cement industry in 

Ethiopia use electricity from hydropower, therefore, in this case, it is only GHG emissions 

reduction due to thermal energy efficiency has taken into account rather than GHG 

emissions reductions due to electricity efficiency. 

 

It is obvious and noteworthy to state that technological improvement measure by updating 

cement plant with more energy efficient technology can reach GHG emissions reductions. 

And, it is also clear that the type of kiln technology used in cement plant plays an 

important role in determining the amount of GHG emissions. Although, the evidence 

indicates that in comparison to alternative fuel use and clinker substitution scenarios, 

thermal efficiency scenario appear to be less significant in GHG emissions reductions. 
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6.3 Interpretation of the Results 

 

After the life cycle inventory (LCI) and life cycle impact assessment (LCIA) an 

interpretation was done to quantitate relative and cumulative GHG emissions reductions 

potential of mitigation methods in comparison with baseline scenario. For purpose of 

interpretation, GHG emissions results from each scenario were gathered and compared to 

each other. 

 

Three mitigation scenarios have been discussed so far are alternative fuel use, clinker 

substitution and thermal efficiency. The interpretation results of these scenarios presented 

in kg of CO2 equivalent and shown in figure 16. For clarity purposes and better 

understanding of the principles of cumulative GHG emissions reductions, the order of 

priority follows: clinker substitution, alternative fuel use and thermal energy efficiency. 

The order of priority is based on retrofitting cost and GHG mitigation potential.  

 

In comparison, as it can be seen in the figure below, the production of blended cement 

(30% clinker substitution) have the largest GHG emissions reductions potential, which 

account 22.1% of total kg CO2 equivalent per ton of cement production. Following, 

alternative fuel use (here natural gas used as alternative fuel) has GHG emissions 

reductions potential equals to 18.9% of the total kg CO2 equivalent per ton of cement 

production. Then, thermal efficiency, in other word converting the wet kiln process into 

dry kiln with PH-PC reduced the least amount, approximately 7.9% from total GHG 

emissions. What is clear, then, is that a cumulative GHG emissions abatement potential 

along with other mitigation scenarios it can be said up to 48.9% of total GHG emissions 

per ton of cement produce.   
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Figure 16: Cumulative GHG emissions reductions 

                                                                      

As described so far, concerning GHG emissions, there is a strong evidence to suggest that 

all three mitigation scenarios applied in this study have the ability to reduce GHG 

emissions from Ethiopian cement industry. Particularly, alternative fuel use and clinker 

substitution can be considered as the most possible ways for large amount of GHG 

emissions reductions. These measures could also reduce the environmental impacts along 

with the overall non-renewable natural resources use. Even through, GHG emissions 

reductions potential of thermal efficiency is not nearly as big as alternative fuel use and 

clinker substitution, its contribution in GHG emissions reductions from cement industry 

should not be underestimated.  

 

What emerges from assessment is that Ethiopian cement industry has a large potential for 

energy saving as well as GHG emissions reductions. It would reduce the emissions at 

estimated minimum 48.9% per ton of cement production. 
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7 DISCUSSIONS AND CONCLUSIONS 

 

7.1 Discussions 

 

This chapter has a brief discussion on the key outcomes of the study. Cost is an important 

issue and one of the main barriers for the application of GHG emissions mitigation method 

in cement industry. Therefore, in order to cope with this study and better comparable, the 

implementation cost of GHG mitigation methods are also discussed.  

 

It is important to notice that it was identified that there are several effective mitigation 

measures that can be applied in Ethiopian cement industry in order to achieve GHG 

emissions reductions. In the same way, the study suggests that there is a great opportunity 

to reduce non-renewable energy consumption as well as contribute a better solid wastes 

management which otherwise would lead to environmental pollution.  

 

In general, all three mitigation measures, alternative fuel use, clinker substitution and 

thermal efficiency, were conducted to evaluate GHG emissions reductions potential shown 

to be effective ways to improve the energy efficiency and reduce GHG emissions. 

According to the results, the percentage of GHG emissions reductions of clinker 

substitution 22.1%, alternative fuel use 18.9% and thermal efficiency 7.9% per ton of 

cement respectively. This implies that the contribution of clinker substitution and 

alternative fuel use are essential for the achievement of greater GHG emissions reductions. 

In this case, however, the extent very much depends on the amount and types of clinker 

material substituted as well as alternative fuel used. In other word, it is also possible to 

achieve further GHG emissions reductions through, extreme clinker substitution and 

extreme alternative fuel use.  

 

It is necessary to highlight that one of the most direct, easy and effective way to reduce 

GHG emissions from cement industry is clinker substitution. As mentioned in the literature 

reviews, the estimated retrofitting cost of clinker substitution is 12-18 million US$. 

Therefore, clinker substitution is more likely one of the most cost effective ways for 

reducing GHG emissions from cement industry and may play a major role in the reduction 

of a substantial amount of GHG emissions from Ethiopian cement industry. 
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In case of developing countries like Ethiopia, the easier way to meet GHG emissions 

reduction goal, possibly the biggest potential for GHG emissions reductions in the cement 

industry seems to lie in the replacement of the amount of clinker with material possess 

cement properties such as pozzolana, fly ash and slag. It was found that replacing clinker 

with other cementitious material has the most remarkable contribution to the reduction of 

GHG emissions. This is because fly ash has the advantages that do not require additional 

energy for grinding and pozzolana materials do not require pyro-processing, and therefore 

it saves a significant amount of thermal energy use. Considering the factors mentioned 

above, it can be suggested that cement industry should use such alternative raw material 

for clinker substitution. Introducing this low-carbon blended cement, not only reduce CO2 

emissions from calcination process, but also would reduce GHG emissions caused by 

thermal energy use.  

 

Alternative fuel use is another promising approach to simultaneously reduce the 

consumption of fossil fuel and GHG emissions from cement industry. The low retrofitting 

cost (estimated 7.5-22.5 million US$) is an additional benefit gain from alternative fuel use 

in cement industry is evident from the discussion in the preceding section. Cement industry 

in Ethiopia have to consider the option of utilizing biomass fuels and thereby replacing 

some portion of the fossil fuels they are currently using. Since, alternative fuels are often 

cheaper than conventional fossil fuels; the production price can become more competitive. 

The use of alternative fuels in cement industry is also ecologically beneficial for reduction 

of waste and landfill requirements or land use change.  

 

During literature reviews, it was observed that almost all cement industry in Ethiopia use 

coal or petcock as a major thermal energy source. The replacements of traditional non-

renewable fossil fuels with alternative fuels in the cement kiln lead to lower GHG 

emissions. Therefore, fuel substitution then can be considered as an alternative option to 

reduce GHG emissions as well as environmental pollution. However, the availability of 

alternative fuel would be the first challenge needs be resolved in order to a widespread 

utilization of alternative fuel in Ethiopian cement industry.  

 

A wet kiln technology is still use in some cement industry in Ethiopia. Therefore, for 

successful overall thermal energy consumption reduction and GHG emissions mitigation, it 
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could be replaced or upgraded with more advanced energy efficient kiln technology. 

However, in regards to upgrading wet kiln technology to dry kiln with PH-PC, the 

investment cost is the key barriers and might be difficult to implement it in the short term 

as it needs high retrofitting cost (estimated 328.02 million US$). 

 

Three main GHG mitigation methods have been presented in this thesis. As discussed so 

far, all mitigation measure applied in this study can be considered as effective method 

based on Ethiopian cement conditions except retrofitting the outdated wet kiln technology 

to more advance or the best available technology. The study shows that it seems possible to 

reduce total GHG emissions by half through the combination of all mitigation scenarios 

analysis in this paper. Alternative fuel use and clinker substitution can be considered as is 

one of the most cost effective GHG mitigation method and most probably the best possible 

GHG emissions abatement from cement industry in Ethiopia. Although, the evidence 

indicates that in comparison to alternative fuel use and clinker substitution scenarios, 

thermal efficiency scenario is less significant in GHG emissions reductions as well as cost 

efficiency. Taking in account the threat of global warming and climate change, regardless 

of high retrofitting cost, the contribution of thermal efficiency in GHG emissions 

reductions from cement industry must not be forgot. 

 

CCS has potential to separate and store larger proportion of CO2 emissions from cement 

industry. However, due to various technical barriers, especially in term of high 

implementation cost (495-540 million US$), it is considered as far from being applicable to 

cement industry in Ethiopia. 

 

7.2 Conclusions 

 

It must be accepted that GHG emissions from Ethiopian cement industry will increases 

with increasing cement production, especially if there is no significant mitigation measure 

taken into consideration. From the analytical point of view, this study identifies the most 

economical and environmentally favorable mitigation option, while considering the GHG 

mitigation from Ethiopian cement industry, in general.  
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It can conclude that clinker substitution and alternative fuel use are the key parameters for 

GHG emissions reductions with affordable cost. This perspective would allow a significant 

amount of GHG emissions reductions. Therefore, it is recommended that the 

implementation of these mitigation measures should be encouraged. The challenge in 

technological upgrade for thermal and electrical efficiency option is that it is less 

significant in GHG emissions reduction and economically more expensive. CCS can 

contribute a significant amount of CO2 reduction, but considering its higher costs may not 

be applicable, unless financial and technological assistance from government and 

international environmental agency. Bilateral support from industrialized countries is very 

important in this regard. 

 

A concrete effort seems necessary to convince the economic and ecological benefits of 

GHG mitigation measures for cement producer. In terms of implementation, it makes sense 

that cement industry start with clinker substitution and alternative fuel use then 

sequentially upgrades the more energy efficiency technology. However, if enough 

financing is available it may be better to upgrade the technology straight away including 

clinker substitution and alternative fuel use. 

  

The study has limitation, while collecting data. Therefore, data from cement industry 

should be collected and regulate, so that more comprehensive assessment can be achieved. 

In other word, implementing such regulation and monitoring would give a wide potential 

for further reduction of GHG emissions. 
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8 SUMMARY 

 

The large amount of greenhouse gas (GHG) emissions released from cement industry 

causes an immeasurable impact on the environment. These GHG emissions to the 

environment have a potential to contribute global warming and climate change. This study 

analyzed and examined the GHG emissions and reduction potential in Ethiopian cement 

industry through applying of different mitigation scenarios.  

 

The thesis first introduced the global and national GHG emissions outlook. Then, it 

reviewed the current cement industry condition in Ethiopia in general. Following this, the 

thesis has identified and included the detailed descriptions of the main possible alternative 

GHG mitigation methods that can be applied in cement industry, which includes 

alternative fuel, clinker substitution, thermal efficiency and electricity efficiency and 

carbon capture and storage (CCS). In parallel, the thesis attempts to analysis the cost that 

need to be taken into consideration in implementing the strategic GHG mitigation methods 

in cement industry through a systematic literature reviews. Similarly, the study has looked 

at the technical challenges relating to the implementation of these mitigation methods. In 

addition, the ecological benefits gains from the use of these GHG emissions mitigation 

methods were also highlighted.  

 

The thesis was done with the aim to analysis the possibility of GHG mitigation in 

Ethiopian cement industry. The study followed the life cycle assessment (LCA) 

methodology procedure. GaBi 6 LCA modelling software has been used to study the 

empirical GHG emissions reductions potential of each mitigation methods. 

 

Based on the analysis as well as factors contributing to GHG emissions throughout the 

whole cement production process, three strategic GHG mitigation scenarios were selected. 

CCS has a potential to separate and store large amount of carbon dioxide (CO2) emission 

from cement industry. However, considering its technical barrier and higher 

implementation cost, it is assumed that CCS has little or no significant GHG abatement 

potential from Ethiopian cement industry. Therefore, the three selected mitigation 

scenarios are thermal energy efficiency, clinker substitution and alternative fuel use.  
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Then, the GHG emissions reductions potential of the selected mitigation methods, which 

quantified with GaBi 6 life cycle assessment modelling software, was presented.  

 

The results obtained indicate that the highest GHG emissions reductions figure, 22.1% 

came from clinker substitution. The reason why clinker substitution reduces a considerable 

amount of GHG emissions is, due to it simultaneously reduce CO2 emissions from 

calcination process as well as GHG emissions from reduces thermal energy use in kiln. 

When shifting from fossil fuel to alternative fuel it reduced 18.9% of GHG emissions per 

ton of cement. This method not only reduces a significant amount of GHG emissions, but 

also offers an opportunity to reduce the non-renewable energy consumption as well as 

dependency on fossil fuels. In contrast, in case of thermal energy efficiency, the 

contribution for GHG emissions reductions is less significant than both clinker substitution 

and alternative fuel use. The result shows the least 7.9% GHG emissions reductions per ton 

of cement. Through the analysis it is observed that the estimated cumulative GHG 

emissions reductions potential along with other mitigation scenarios applied in this study 

reached to 48.9% of the total GHG emissions per ton of cement. 

 

Meanwhile, the other aspect which determines the applicability of the mitigation methods 

that covered by this study is cost of implantation. From literature review it was found that 

alternative fuel use 7.5-22.5 million, clinker, substitution 12-18 million, thermal efficiency 

328.02 million and CCS 495-540 million US$ respectively. From this, it follows that the 

potentials toward GHG emissions reductions from Ethiopian cement industry were 

discussed and compared. 

 

Since, the study focused on finding the best mitigation method the study made a broad 

comparison among the mitigation methods including retrofitting cost. This is mainly due to 

the fact that the amount of GHG can be reduced and capital cost required are crucial factor 

to determine the most feasible mitigation methods. At the same time, it helps policy 

makers to make right the decision on GHG emissions, mitigation and regulations. 

 

Finally, the study concluded that from the aspect of GHG emissions reductions, all 

mitigation methods: clinker substitution, alternative fuel use and thermal efficiency have a 

potential to reduce GHG emissions from Ethiopian cement industry. However, in term of 
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applicability thermal efficiency considers as the least feasible to be applied in Ethiopian 

cement industry due to its high implementation cost. Here, the study emphasized that 

technical and economic challenges play a great role toward the widespread implementation 

of such GHG emissions mitigation approaches in Ethiopian cement industry. Eliminating 

or reducing the impact of such barriers would allow Ethiopian cement industry to apply 

GHG mitigation methods in the large scale. 
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APPENDICES 

 

Appendix 1: Detail on Calculation 

 

GHG Emissions = Fuel (kg)*Emission Factor (kg/MJ)*Energy Content (MJ/kg) 

Emission Factor for Clinker (EF) = 0,508 ton CO2 per ton of clinker 

 

Table 1:  Default emission factors for selected fuel energy (kg of GHG/TJ on net a calorific basis) 

 

Fuel Type Energy Content 
Default Emission Factors (EF) 

CO2(Inorganic) N2O CH4 

Coal 29.3MJ 98300 1.5 1 

Biomass 18.123MJ 0 4 30 

Natural Gas 54.9MJ 56100 0.1 1 

Fuel Oil 43.8MJ 74100 0.6 3 

 

Appendix 2: Important Schematic System Process Steps 

 

 

 

Figure 1: Schematic dry and wet cement production steps (source: Seboka, et al., 2009) 
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                            Figure 2: Schematic clinker production process (Sources CSI, 2011) 

 

 

                                  

Figure 3:  Waste heat recovery system in cement industry 


