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ABSTRACT 

 

As increasing the industrial activities, accumulation of greenhouse gas in the atmosphere is 

the most threaten to the environment. Especially CO2 is the outrun gas than others. The fact 

that cement manufacturing basically involves many processes such as mining, transportation 

and fuel combustion, it has been the highest carbon dioxide emissions plant around the 

world. As the other reviews and literatures, 1 ton of cement produce 0.81 ton CO2of as usual. 

There are four difference sources CO2 generated from transportation, electricity, fuel 

combustion and decomposition of limestone. In this study by reducing the fuel consumption 

and electricity utilization in addition substitution of natural pozzolans to the required clinker 

in the new process and implementation to mitigate the CO2 emissions. 

 

LCA is the technique to evaluate the environmental impact by considering cradle to grave 

of the products such as processing, production, usage, disposal and recycling. The LCA 

software Simapro and Recipe (E) midpoint, endpoint are used to evaluate and compare the 

processes. The functional unit of analysis in this thesis is 1 ton of cement producing and the 

limitation is gate to gate of life cycle. The inventory data of raw materials, heat and electricity 

generation by combustion of the fuel are collected from the Kyankhin cement plant, which 

is the case study of the thesis that used wet process production. In the changing of the wet to 

dry process, the new kiln and preheater have replaced belonging the process. The required 

fuel and electricity utilization amount are helped from the Kyouksal dry cement plant. In the 

implementation to the blended cement, the rice husk ash is chosen as the pozzolanic 

materials for the cement substitution. The involving ash are collected from the boiler of the 

rice mill. 

 

By comparing the results through the Simapro software, the result show the blended cement 

is more environmental friendly than the existing process. As the achievement of the study, 

the CO2 emission could be reduced from 895kg till to 411kg in the process implementing. 

The others disposing such as dust and water discharging were the continuous achievement 

of the study. 

 

Keywords: Eco Design, Environmental improvement of cement production, changing 

wet process to dry process and implementation on dry process substitution with rice 

husk ash, blended cement manufacturing. 
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CHAPTER 1  

INTRODUCTION 

 

1.1 Background 

 

The greenhouse gas accruing in the atmosphere is the most menace to the environment. 

Among them, carbon dioxide (CO2) emission is the outrun gas than the others. Since the 

preindustrial time, there has been 290 ppm (parts per million) of carbon dioxide 

accumulation in the atmosphere. As increasing the industrial activities and various kinds of 

transportation, the accumulation was increased 1.1% per year between 1990 and 1999 and 

3.5% per year for 2000-2007 period (Freudenburg, W.R., Muselli, V., 2010).In May 2011, 

it has been reached to 394.35 ppm in the atmosphere (UCSD, 2011). Without changing the 

processes and activities of technology and society, the future (CO2) level is projected to 

amplify to over 800 ppm at the end of century (Feely RA, Sabine CL, Lee K, Berelson W, 

Kleypas J, Fabry VJ, et al., 16 July 2004)   

 

As the cement manufacturing basically involves mining, raw material transportation, 

electricity generation, fuel combustion and manufacturing process, the cement plant have 

been not only the highest emitting of carbon dioxide but also in nitrogen oxides, sulfur oxides 

emission. According to  (Hendriks, C.A.,Worrell, E., Price, L., Martin, N., Ozawa Media, 

L.,) generating of 0.81 ton CO2 per ton of cement produced in an average world carbon 

emissions, nearly 5% of global anthropogenic carbon dioxide originate from cement plant. 

There are four different sources where this amount of CO2 generated: 10% is transportation 

of raw materials and utilization of electricity, 40% is fuel combustion and the remaining 50% 

from decomposition of limestone (CaCO3 =3CaO + CO2) (Mahasenan, N., Smith, S., 

Humphreys, K.K, 2002).Even the technological advancement cement plants have some 

technical problems such as emitting of CO2 in flue gases, thermal heat losses through flue 

gas and hot air streams, losing heat from duct shell, calciner, kiln, cooler stack, cyclones  

(Emad Benhelal, Gholamreza Zahedi, Haslenda Hashim, 2012) 

 

Since the cement production is major attention in mitigation of environmental impact, there 

have various kinds of noteworthy to save the environmental impact as well as in economy. 

For example, (Gabel, K., Tillman, A.M., 2005) proposed a flexible model in cement 

production process. They investigated to replace coal in consuming of alternative fuel and 

recovered materials. By conclusion of this investigation, it can mitigated from 30 to 80% of 

CO2, NOx, SO2, CO, VOC, CH4 and dust emitting on the use of fuel and materials. (Kabir, 

G., Abubakar, A.I., El-Nafaty, U.A.,, 2010) found that the amount of energy losing from the 

exhaust gases and kiln were 27.9% and 11.97% of total initial energy in pyro-processing unit 

of cement plant. By applying WHRSG (Waste Heat Recovery Steam Generator) and 

secondary kiln shell, it can save 5.3 MW of thermal energy. In addition, it could be reduced 

14.10% in GHG (greenhouse gas) emissions.  (Doheim, M.A., Sayed, S.A., Hamed, O.A.,, 

1987) applied the insulation of external surface of cyclones and ducts in preheater process 

and it could be saved 2% of initial energy. (Carvalho, M.D., Nogueiraf, M., 1997) proposed 

the modeling tools such as glass melting furnace and ceramic baking oven, ceramic tunnel 

kiln to expedient. It was concluded that significantly mitigated energy consumption and 

achieved in low cost by using these utilities. According the various investigation, the cement 

plant have the variety of sources to advance the process in environmental impact as well as 

in energy saving. 
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Basically there are two types of cement production processes: wet process and dry process. 

Both processes are similar but wet process is including the step of mixing with water to raw 

materials grinded .As the used of larger kiln to have the dry zone, much fuel consumption 

effected to higher CO2 emissions. In this case, dry process is beneficial and more convenient 

process by comparing with wet process. Nowadays the cement factories that focus to reduce 

the CO2 emission are used only dry process. 

 

In this thesis, Ministry Of Industry No (3) Kyankhin cement factory is the base case study 

that using the wet process. An attempt of this thesis is to design the new process in the kiln 

operation by changing to dry process. Since it is also focus to increase energy saving and 

emission mitigation in the kiln process, LCA method has been used to evaluate and compare 

with the old process of the environmental impact of manufacturing process 

 

1.2 Life-cycle assessment  

 

LCA (life-cycle assessment) is a technique to evaluate the environmental impact by 

including “cradle to grave” of production line. It is the method of performing throughout the 

product’s life from raw materials preparing through processing, production, usage, recycling 

and disposing of the product to assess the environment.  

 

1.3 Statement of the problem 

 

Since the existing process (wet process) was used the large amount of fuels to burn and 

preheat in the drying zone, the result is large amount of carbon dioxide emission from the 

kiln process. In the economical view, the wet process has to use larger size of kiln than the 

dry process, it has been needed large number of labors to maintain and control the kiln. In 

addition, large amount of the fuel consumption tend to be high cost in product. In this thesis, 

a new design of dry process to reduce the environmental impact also in low cost in the 

operation will be developed by considering with LCA method. 

 

1.4 Objectives of the study 

 

There are many ways of clinker production developed and evaluated with LCA method. In 

this thesis, the first priority is to change the wet process to dry process to conclude by 

mitigation of fuel consumption. The second is the consideration of new process with LCA 

method to reduce the emissions to the environment by evaluating and comparing with old 

process. The main objective of this thesis is to improve the environmental impact.  

 

 

 

 

 

 

 

Figure 1.1 Changing and implementation of the existing process 

 

1.5 Scope and limitation of the study 

 

The focus of this thesis is to compare the environmental performance of existing process and 

new process designing in clinker production of Kyankhin cement plant in Myanmar. The 

Blended 

Cement 

Dry 

process 

Wet 

process 

Changing Implementation 
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functional unit of analysis in this thesis is production of 1 ton of cement. The complete life-

cycle assessment was usually performed from ‘cradle-to-grave’. Since the overall scope of 

this study is implementation of new design in kiln operation, the raw materials transportation 

to the factory for the new process are consider similar with the existing process. For both 

processes, the mining, packaging and transportation of the end products are not examined in 

this thesis. In this study, the goal of implementation is “gate to gate” and the LCA software 

SimaPro will use to assess the environmental impact of old process by comparing with new 

design result. The data analysis is start from the output of primary crusher to cement 

manufacturing in this thesis. The amount of fuel and electricity consumption for the 

transportation such as train, conveyor were obtained in Simparo database. In the gaseous 

emissions, the main focus is to reduce the amount of CO2 to the environment during the kiln 

operation. The new kiln replacement is required in the process changing, it is assumed that 

the cost for the new kiln can be recover by reducing in fuel consumption unlikely as the old 

kiln needed more fuel.  

 

 
 

Figure 1.2 Flowchart of the study plan 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Description of the cement production process  

 

2.1.1 The wet process and dry process 

 

There are two types of cement production process are divided as wet process and dry process. 

Generally, the main differences of the two processes are raw materials preparing and kiln 

operation. By following these differences, the fuel consumption and energy usage are differ. 

 

The wet process is the old type process that required large amount of extra fuel to burn and 

evaporate the raw slurry in the kiln operation in figure 2.1. In addition, the wet process 

needed a larger kiln to set the burning zone which is need much length than the others in the 

kiln.  

 

A wet process kiln approximately up to 200m in length and 6m diameter (Understanding 

cement, n.d.). The entering raw materials are slurry condition and pass the high temperature 

to conclude as dry clinker nodules to crush as the result of fine powder. The process of 

clinker production in the kiln have five zones with differences temperature respectively 

(Cement kiln, n.d.). 

 

Drying zone            70-110˙C  

Preheating zone      400-600˙C 

Calcination zone     650-900˙C  

Burning zone          1300-1450˙C 

Cooling zone           100˙C 

             

 

            

 

 

 

 

 

 

 

Figure 2.1 Flow diagram of the wet process cement production 

 

The development dry process generally consists of 3 stages in clinker production such as 

preheater, kiln and cooler stages to produce a given amount of clinker as shown in figure 

2.2.  

 

Preheater: The gas suspension preheater consists of the 4-6 cyclones which is the vessels 

shape to produce a vortex for passing the hot gas-stream and hot air that came from kiln and 

cooler. As the results of hot gas blown through the cyclones can be effected to get heat to 

raw materials before entering the kiln (Cement kiln, n.d.). 

 

Raw 

materials 

preparing 

 
Slurry 

 

Kiln  

Operation 

 

Finish 

Grinding 

Water Gypsum 
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Kiln: The dry process kiln operation is only burning zone, the other namely pyro processing 

which is occur the chemical reaction of raw materials. The peak temperature 1400-1450˙C 

consume for the kiln operation to burn the raw materials that came out from the preheater. 

 

Cooler: The cooler operation is the same with the wet process’s cooling zone. The 

temperature 100˙C is used to cool down the hot clinker from the kiln operation.  

 

 

 

 

 

 

 

 

Figure 2.2 Flow diagram of the dry process cement production 

 

2.2 Particulate emissions and gaseous emissions  

 

2.2.1 Cement kiln dust (CKD) 

 

In particulate emission, cement kiln dust (CKD) which is result from crushing and grinding 

of raw materials and also from the clinker production. In addition, including of raw materials 

and fuel properties in CKD, it becomes the risk for health and environmental assessment. 

Approximately, 15 to 20% of CKD has been produced of clinker production (Van Oss HG, 

Padovani AC, 2002). Nowadays, most of the cement plants attend to reduce the 

environmental impact are use the CKD by recycling in the clinker operation. 

 

2.2.2 CO2 emissions 

             

Carbon dioxide emission from the cement factory is the largest emitting and approximately 

5% of the total CO2 anthropogenic emissions (Hendriks, C.A.,Worrell, E., Price, L., Martin, 

N., Ozawa Media, L.,). As the previous analysis, (Mahasenan, N., Smith, S., Humphreys, 

K.K, 2002) 10% is transportation of raw materials and utilization of electricity, 40% is fuel 

combustion and the remaining 50% from decomposition of limestone. Totally 0.81 kg of 

CO2 generated in 1 kg of cement production (Hendriks, C.A.,Worrell, E., Price, L., Martin, 

N., Ozawa Media, L.,). To reduce the CO2 emissions for the future, the new technologies or 

implementation in operation process is the significantly benefits as the previous literature 

reviews.             

             

2.2.3 NO2 emissions 

           

 Nitrogen oxide NO2 formed by burning of nitrogen compound (350-750·C) in the preheating 

zone of kiln process. Approximately, there are between 1 and 6.5 kg/ t of clinker or 

maximum 0.7% weight of clinker production. By comparing the NO2 emissions in wet and 

dry processes, since the model kiln (dry process) is shorter raw materials passing times, it 

also have the lower amount of NO2 emissions. In considering the technology advancement, 

recycling CKD, using the waste fuel and injection of water to mitigate the flame temperature 

in the preheating zone of kiln operation are the effective ways to reduce the NO2 emissions 

in cement plant (van Oss HG, Padovani AC, 2003).  
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2.2.4 SO2 emissions 

             

Sulfur oxide SO2 is the cause of acid rain. It is formed in burning zone by combustion of 

sulfur compounds of fuel (eg.FeS2 in coal or various sulfur compounds in fuel oil). The kiln 

is the main burning zone of cement plants. The formation amount and emission place of SO2 

in the kiln is depends on the kiln technology of the plant. The concentration of SO2 in the 

exhaust gas is 100 to 200 ppm approximately and 100 ppm of SO2 in the exhaust gas can be 

able to produce 0.5kg /1 ton of clinker. In the wet process, it produced 4.1 to 4.9 kg/1 ton of 

clinker production. The future way to reduce the SO2 emission is the selecting of low-sulfur 

fuels and raw materials in the operation (van Oss HG, Padovani AC, 2003). Figure 2.3 show 

the process flow diagram of wet process operation describing particulate and gaseous 

emissions. The amount of energy usage in the process will be describe as addition part in the 

next section. 

 

Emissions during wet process production 

 

             

 

 

 

 

 

 

 

 

Emissions during dry process production 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Process flow diagram of wet and dry process operation, describing 

particulate and gaseous emissions 

 

Table 2.1 Related study of new design with LCA in dry process clinker operation 

 

Author Process Method Result Suggestion 

and Failure  

(Deborah 

N.Huntzinger, 

2009) 

Comparing four 

process 

LCA 

(ISO)14040 

Simapro 6.0 

Blended 

cement has 

three quarters 

Assume that 

clinker 

production 

Raw 

materials 

preparing 

 
Slurry 

 

Kiln  

Operation 

 

Finish 

Grinding 

Water Gypsum 

 

Finish 

Grinding 
Cooler 

 

Kiln 

Operation 

Raw 

materials 

preparing 

Preheate

r 

Particulate matter emission 

Gaseous emissions 
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1. Traditional 

portland cement 

2. Blended cement 

(25% natural 

pozzolans, FA) 

3. Portland cement 

when a portion of 

the process related 

emissions are 

captured back 

using sequestration 

in waste materials 

(CKD): and  

4. Portland cement 

when CKD is 

recycled back into 

the kiln.   

of 

environmental 

impact as the 

other three 

processes. 

would 

decrease 0.95 

ton to 0.71 ton 

due to the use 

of pozzolanic 

cements.  

(Masanet E, 

2005) 

Comparing the life 

cycle emissions of 

cement manufacturing 

and total estimated 

(GHG) emissions from 

the manufacturing, use 

and end-of-life stages 

to the annual operation 

of an equivalent 

number of 

automobiles.  

LCA 

 

The most 

significant 

environmental 

burden and 

GHG 

emissions from 

the 

manufacturing 

of cement 

(comparing 

complete life 

cycle of 

concrete) 

Combined use 

of waste fuels, 

blended 

cements and 

the 

implementatio

n of improved 

energy 

efficient 

technology 

can reduce 

GHG 

emissions 

from cement 

manufacturing 

(Diego Garcia-

Gusano, 2013) 

(CSS)post-combustion 

CO 2 capture 

technology using 

monoethanolamine as 

absorbent 

cradle-to-

grave 

LCA study 

(ISO, 2006) 

 (ILCD) 

2011 

midpoint 

method 

improvements 

in global 

warming, 

ozone 

depletion and 

abiotic 

depletion 

potentials 

acidification, 

photochemica

l ozone 

formation, 

eutrophication

, human 

toxicities, 

ionising 

radiation, 

particulate 

matter, 

ecotoxicity, 

and land use 

potentials are 

increased 

(Gartner, 2004) The feasibility of 

replacing portland 

cement with 

No 

described  

Lower total 

CO2 emissions 

per unit 

The cement 

made by 

natural 
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alternative hydraulic 

cements 

volume of 

cement 

produced   

pozzolans for 

stabilizing 

hydrated 

calcium 

sulfates. 

 

2.3 Blended cement  

 

The substitution of pozzlans to reduce the clinker needed in the given amount of cement 

manufacturing is blended cement. Pozzolan is the material which is includes the properties 

of lime. In the case of pozzolans, there are many kinds of pozzolans such as rice husk ash, 

volcanic ash and coal fly ash which is the waste of manufacturing processes. All can be used 

as a partial replacement for Portland cement i.e. blended cement (Bakker, 1999). These 

pozzolans are considered as the benign inputs because some are formed in natural and some 

are formed by existing byproduct. As the result, these pozzolans are not effected to the 

environment not only penalty also beneficially. By using this design, it can only mitigate in 

the materials landfill as well as in the amount of production clinker per ton of cement (JW, 

1997). As the decreasing of clinker production, the gaseous emissions from the kiln 

operation to the environment will be decrease subsequently also in CKD (cement kiln dust) 

emissions. Figure 2.4 shows the three kinds of natural pozzolans.  

 

Table 2.2 Single environmental impact score of Ordinary Portland Cement and 

blended cement  

 

 

Environmental impact 

category 

Ordinary portland cement 

(Pt) 

Blended cement 

(Pt) 

Greenhouse 0.088 0.069 

Eutrophication  0.006 0.005 

Acidification  0.043 0.034 

Heavy metals 0.204 0.161 

Carcinogens 0.003 0.003 

Winter smog  0.039 0.031 

Summer smog 0.009 0.007 

Energy resources  0.050 0.040  
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Figure 2.4 Natural pozzolans 

 

2.3.1 Rice husk overview    

           

Rice is grown in every zone of Myanmar. In the paddy milling, there are 20% of rice husk 

is resulted (Thipwimon Chungsangunsit, 2009 ). In the rice husk, oxygen and carbon are the 

main chemical components of rice husk and includes small amount of nitrogen and sulfur 

content. The others composition are depend on the type of paddy, climate, geographical 

conditions and crop year (Ghassan Abood Habeeb). The properties of rice husk is can be 

change to form an effective energy to get the energy requirement in plant (Thipwimon 

Chungsangunsit, 2009 ). Rice husk is regarded as an environmental friendly fuel which can 

mitigate greenhouse gas especially carbon dioxide emission in the factory by using the 

replacement of conventional energy. Mostly in the rice mill used as fuel to generate steam 

in the boiler of paddy processing (K. Ganesan, 2008).   

 

2.3.2 Rice husk ash (RHA) 

 

During the burning of husk in the boiler, 25% of ash is resulted. Generally, the rice husk ash 

can cause breathing problem of its characteristics also the methane emissions problem. By 

collecting the rice husk ash to use as in the substitution or addition in the following processes 

can be maximize of its advantages and reduce the drawbacks (ricehuskashthailand , n.d.), 

1. Aggregates and fillers for concrete and board production 

2. Economical substitute for microsilica / silica fumes 

3. Absorbents for oils and chemicals 

4. Soil ameliorants 

5. As a source of silicon 

6. As insulation powder in steel mills 

7. As repellents in the form of “vinegar-tar” 

8. As a release agent in the ceramics industry 

9. As an insulation material for homes and refrigerant 

10. As the additive in cement  

Volcanic ash formed 

by volcano eruption 

Rice husk ash formed by 

combustion of rice hulls 

 

Coal fly ash formed by 

combustion of coal in 

industrial context 
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2.3.3 Pozzolanic activity of RHA 

 

When the husk is fed in to the boiler, it was converted into ash at temperature between 300˙C 

to 500˙C. The ash resulted at below 500 ˙C is incomplete burning condition and unburnt 

carbon was found in this situation (K. Ganesan, 2008). The ash to substitute in the Portland 

cement should be the white ash situation which is burnt at under 700 ˙C of complete burning. 

In this stage, the silica content transform to amorphous phase. The ash contains around 80-

90% of amorphous silica and the pozzolanic activity of rice husk ash is depends on it.  

 

 
 

Figure 2.5 Material balance of boiler operation at power plant 

 

Table 2.3 Comparison (%) of chemical content of ash generating in difference study 

of using difference methods 

 

       Item 

 

 

(M.F.M. 

Zain, 

2011) 

 (Cook 

DJ, 1976) 

 (James 

J, 1986) 

(Mahmud 

HB, 

1997) 

 (Nehdi 

M, 2003) 

 (Zhang 

MH, 

1996) 

(%) 

Silicon dioxide 

(SiO2) 

86.49 93.15 94.43 92.70 94.60 87.20 

Aluminium oxide 

(Al2O3) 

0.01 0.41 - 0.20 0.30 0.15 

Ferric oxide 

(Fe2O3) 

0.91 0.20 1.30 0.40 0.30 0.16 

Calcium oxide 

(CaO) 

0.50 0.41 0.90 0.80 0.40 0.55 

Magnesium oxide 

(MgO) 

0.13 0.45 0.65 0.20 0.30 0.35 

Sodium oxide 

(Na2O) 

0.05 0.08 0.55 0.20 0.20 1.12 

Potassium oxide 

(K2O) 

2.70 2.31 1.32 - 1.30 3.68 

Phosphorus oxide 

(P2O5) 

0.69 - - - 0.30 0.50 
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Titanium oxide 

(TiO2) 

0.00 - - - 0.03 0.01 

Sulfur trioxide 

(SO3) 

- - - - - 0.24 

Magnese oxide 

(MnO) 

0.07 - 0.38 - - - 

Carbon (C)  3.21 - - - 1.00 5.91 

Color  White  - White  - - Black  
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CHAPTER 3 

METHODOLOGY 

 

3.1 Methodology 

 

3.1.1 SimaPro methodology 

 

The LCA software known as SimaPro (8.04) ISO 14043 will use to evaluate and compare 

the two processes result of the environmental impact and economic assessment. The 

inventory data of raw materials, heat generation and electricity generation by the various 

fuel type and processes are obtained in the SimaPro libraries and database. A separate 

process profile can create in SimaPro in order to evaluate and compare the processes.  

 

3.1.2 Simapro database 

              

The most demanding task in performing an LCA is data collection. Although a lot of 

secondary data is available in SimaPro, there have a few processes or materials are not 

available. Depending on the time available, there are a number of strategies to collect missing 

data. It is useful to distinguish between two types of data: 

1. Foreground data: which refers to specific data need to acquire for modeling the 

system. Typically, it is data that describes a particular product system or a specialized 

production system. 

2. Background data: which is data for the production of generic materials, energy, 

transport and waste management. This data can be find in SimaPro databases and 

from literature. 

            The difference between these two data types are not depends on the user’s project of 

LCA. For example if the project is about making the pen, it will probably include the 

transportation to deliver the products as background data. If the transportation is truck used 

to deliver the pen, the truck is not specifically made for the transporting of pen and no need 

to collect other data than the transport distance and the load efficiency. Otherwise, the project 

is about the LCA of trucks, it is probably need to collect the inputs and outputs data which 

is specific to the truck as foreground data. 

 

3.2 SimaPro Method 

             

There are many kinds of method can be used in SimaPro software such as ReCiPe , Eco-

Indicator 99, EPS Method, LIME, and Impact 2002+. For this study, ReCiPe 2008 method 

will be use. This method is the most updated and corresponded indicator available in life 

cycle impact assessment. The primary purpose of the ReCiPe method is to transform the 

long list of life cycle inventory results into a limited number of indicator scores. These 

indicator scores express the relative severity on an environmental impact category. In 

ReCiPe method, two levels are determine, 

1. Eighteen midpoint indicators 

2. Three endpoint indicators .( http://www.pre-sustainability.com/recipe) 

            The Midpoint level contains the midway of the environmental effect such as the 

climate change, ozone depletion, etc. In the Endpoint consideration, it is included that 

consequently effect of the climate change which means that the climate change can be effect 

to the human health, ecosystem and resources. 

Some of the advantages of the ReCiPe framework relative to other approaches include: 

1. The broadest set of midpoint impact categories. 
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2. Where possible, it uses impact mechanisms that have global scope. 

3. Unlike other approaches (Eco-Indicator 99, EPS Method, LIME, and Impact 

2002+) it does not include potential impacts from future extractions in the impact 

assessment, but assumes such impacts have been included in the inventory 

analysis (ReCiPe, n.d.). 

 

3.2.1 Classification  

             

SimaPro can produce a LCI result table depending on the collected data of LCI. There may 

be hundreds of inflow and outflow from LCI. These flows are assigned in the different 

impact categories but some flows are contained in the same categories but different effects 

to the environment is called classification. For example CO2 can cause the climate change 

effect but CFC142b can be included in both climate change and ozone layer depletion for 

the difference environmental effects as shown in table 3.1. (SimaPro8Introduction, n.d.). 

 

Table 3.1 Examples of classification 

 

Inflows & outflows Impact categories 

Climate change Ozone layer depletion Eutrophication 

1 kg CO2 +   

2 g CH4 +   

3 g CFC142b + +  

4 g NO2   + 

 

3.2.2 Characterization  

           

 Characterization is the analyzing of data in the same substances. As the previous statements, 

one emission substance can be causes several impact categories. In the characterization 

stage, the difference substances in the same categories are converting to the same unit to 

determine the problems of impact categories. For the characterization factor of 1 kg of CO2 

in the climate change is 1 kg, for 10 g of CH4 is 5 and for 1 g of CFC142b is 10 respectively. 

This amount means 10 g of CH4 is the same amount with 50 g of CO2, 1 g of CFC142b is 

10 g of CO2 such as shown in table 3.2. In this stage, all inflows and outflows are expressed 

as the same unit by multiply with each characterization factors (CF). 

 

Table 3.2 Examples of characterization 

 

Inflows & outflows Impact categories 

Climate change 

 CF Result 

1 kg CO2 1 1 

10 g CH4 5 0.005 

1 g CFC142b 10 0.01 

Impact category indicator result   1.015 

Unit of result kg CO2 eq 
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3.2.3 Normalization 

            

 Normalization is the interpretation of simplify result. Its results give for each impact 

categories on midpoint and endpoint levels. For examples, if the average annual European 

CO2 emissions level is 1.12E+ kgCO2/yr and this data is the normalized value. The 

normalized value is divided to the impact category indicator results as shown in table 3.3. In 

conclusion, normalization is the converting of environmental impact scores into the relative 

contribution of the product.  

 

Table 3.3 Examples of normalization 

 

Inflows & outflows Impact categories 

Climate change 

 CF Result 

1 kg CO2 1 1 

10 g CH4 5 0.005 

1 g CFC142b 10 0.01 

Impact category indicator result   1.015 

Unit of result kg CO2 eq 

Normalized value 1.12E+4 kgCO2/yr 

Normalized result / yr 9.06E-5  

 

3.3 LCA of cement production 

            

Life cycle assessment (LCA) is a method of evaluating the environmental effects. LCA 

cement production is includes the mitigation of the dust emissions and gaseous emissions to 

the environmental: dust emissions from raw materials grinding and clinker production and 

gaseous emissions from kiln operation. A complete life cycle assessment includes raw 

materials preparing through processing, production, usage, recycling and disposing which 

means “cradle to grave” (Deborah N. Huntzinger a, Thomas D. Eatmon b, 2009). In my 

study, it is consider “gate to gate” by determining start from raw materials extractions to 

production of the cement before packaging and sending to the warehouse. By reviewing 

another study,  (Masanet E, Price L, de la Rue du Can S, Brown R, September 14, 2005.) 

performed the comparison of the life cycle emissions of cement production and the total 

estimated green-house gas GHG emissions from the use and end of life of automobiles. As 

the result, the cement manufacturing is the most significantly effects on environmental 

burden and GHG emissions. Their study suggested the use of waste flues, blended cements 

and the implementation of technology can be reduce the GHG emissions up to 11%. 

Therefore, an attempt of this thesis is to develop the new process and environmental benefits 

in wet process cement factory.  

 

3.4 Study of life cycle inventory 

 

3.4.1 Life cycle inventory 

             

Ministry Of Industry No (3) Kyankhin cement factory is the case study of the thesis that used 

the wet process in clinker production since 1975 which is located in Myanmar near the 
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Irrawaddy River. It produces 1600 ton of cement per day by operating with four kilns (1 kiln 

produce 400 ton of cement) including of five steps in process control such as 

                              (1) Raw materials preparing 

                              (2) Raw materials grinding 

                              (3) Clinker production 

                              (4) Clinker grinding 

                              (5) Packaging and Transporting of end products as shown in figure 3.1 

 

 
 

Figure 3.1 Process flow diagram of wet process operation (Kyankhin cement plant) 

 

The first step is preparing limestone and iron ore in the primary crusher by crushing to be 

150 mm (6”) and grinding to be 25mm (1”) in the secondary crusher. The second step is 

producing raw mix by mixing the raw materials such as limestone, iron ore, clay and sand 

are sending to the storage hall and milling in to the raw materials grinding mill. The 

consisting of raw materials are mentioned in table 3.4, table 3.5 and table 3.6. By blending 

with 45% of water to form the raw mix that came out from the raw grinding mill is concluded 

as slurry as shown in figure 3.2 and providing to the kiln by passing the slurry basin in the 

third stage. The product from the kiln is clinker and the fourth stage is to grinding and mixing 

of clinker and gypsum in the finished grinding mill. The finishing products are sending to 

the packaging plant and transport to the warehouse in the last stage.  

 

 
Figure 3.2 Slurry 
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Table 3.4 Raw materials components and composition for 1 ton of raw mix 

 

Raw materials Components Compositions (ton) 

Limestone CaO, MgO  0.96 

Iron ore  Fe2O3 0.0225 

Clay  Al2O3 0.01 

Sand  SiO2 0.0075  

1 ton of Raw mix  

      

Table 3.5 Raw materials components and composition for 1 ton of clinker 

 

Raw materials Compositions (ton) 

Raw mix 0.55 

Water  0.45  

1 ton of Clinker 

 

Table 3.6 Raw materials components and composition for 1 ton of cement 

 

Raw materials Compositions (ton) 

Clinker 0.94 

Gypsum 0.06 

1 ton of Cement 

 

3.4.1.1 Kiln operation  

                                     
 

Figure 3.3 Wet process kiln size used in Kyankhin cement plant 

 

The kiln operation is the main attempt of new design implementation in this thesis. The kiln 

size that used in this case study is 125m length, 3.5 diameter and 3.35 slope as shown in 

figure 3.3. The slurry which is the end products from the slurry basin has been driven to the 

kiln. In the kiln stage, the slurry has passed the five sections to conclude as clinker. 
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Figure 3.4 Wet process kiln with the heat consumption used in Kyankhin cement plant 

 

            The first section called dry zone is to start the heating of hydrated slurry in 100˙C of 

temperature. After passing the dry zone, the slurry was adhesive condition and entered to the 

preheating zone subsequently to heat with 500˙C of temperature. From this stage, the slurry 

passed to the calcination zone with 1000˙C of temperature. As the nature of limestone is 

react under the 1000˙C temperature, the ingredients of raw materials are started reacting to 

become the clinker. The products that came from this section were through the burning zone 

in 1450˙C of temperature and concluded as the compound of typical raw materials 

(CaO+MgO+Al2O3+Fe2O3+SiO2) others namely (C2S, C3S, C3A, C4AF) as shown in table 

3.4. After passed these four sections, there have the cooling zone to cool down to 80˙C.The 

cold clinker shown in figure 3.4, then sent to the storage hall and grinded to blend with 

gypsum. The heat consumption in process are described in figure 3.2 

 

Table 3.7 Chemical and physical reaction on temperature degree 

 

Reaction condition  Reaction  Temperature (˙C) 

Calcination CaCO3=3CaO + CO2 700-900 

Calcination MgCO3=MgO + CO2 700-900 

C2S formation 2CaO+ SiO2= C2S 900-1200 

C3S formation 3CaO+ SiO2= C3S 1200-1280 

C3A formation  2CaO+ Al2O3= C3A 1200-1280 

C4AF formation  4CaO+ Al2O3 + Fe2O3 = C4AF 1200-1280 

 

                  

                 C3S = Tricalcium silicate           C3A = Tricalcium aluminate 

C2S = Dicalcium silicate            C4AF = Tetracalcium alumino-ferrate 

80˙

Cooling 

zone 100˙

C 

Dry 

zone 500˙

C 

Preheating 

zone 

Calcination 

zone 
1000˙

C 

Burning zone 

1450˙

C 

  125 m 
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Figure 3.5 Clinker (product of kiln operation) 

 

3.4.2 Methodology of LCI data analyzing  
 

3.4.2.1 Data definition  
            

 In the stage of data collection in LCI contain the product system, the amount of materials, 

the transportation of raw materials, the energy consumption and the emissions to the 

environment during the process. The data used in this thesis is system process. The collecting 

data include input and output of the processes such as raw materials crushing with input 

electricity is 0.45 kWh and the output of emissions in dust 0.041 mg and heat 0.0034 kWh. 

The input amount of raw materials, fuel usage (electricity and heat) and the output of 

emissions to the air, water are collected from the life cycle inventory Kyankhin cement plant 

by engineering calculation. The transportation vehicles such as the conveyor belts, lorry and 

electricity train are recorded form the Simapro database. 

 

3.4.3 Gate-to-gate life cycle 
            

For the data analysis of LCI, (8) processes are divided to study that including fuel 

consumption, energy considering (heat and electricity) and transportation as shown in figure 

3.5. 

1. Limestone preparing (gate to gate) 

2. Iron ore preparing (gate to gate) 

3. Raw milling  

4. Water supply  

5. Slurry production  

6. Kiln operation 

7. Gypsum crushing  

8. Finish grinding 
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Figure 3.6 Division of (8) processes in wet cement for input data in SimaPro 

 

3.4.3.1 Limestone preparing (gate to gate)   
 

In case of limestone preparing, it is assume that the limestone output from the primary 

crusher to storage hall (gate to gate analysis). The input data for primary crusher are recorded 

from Simapro Database which is included energy usage and fuel consumption in mining, 

K 

I

L

N 
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transportation to primary crusher. The source of limestone (mining) for Kyankhin cement 

plant are 5 ½ mile far from the plant. The primary crusher is setup in the mining place. The 

output of primary crusher are transported to the ore bin with (750mm× 470.8m) conveyor. 

The train with 30th coaches (15ton/1coache) is used to transport from the ore bin to hopper 

at factory. After sending to factory, the (1050mm×412.3m) conveyor is used to bring to the 

secondary crusher to be crush to 25mm size limestone. The fuel usage for the transportation 

are included in Simapro database. The output limestone nodules from the secondary crusher 

are sent to the storage hall with (600mm×374m) conveyor. Figure 3.6 shows the input and 

output data during the process.  

 

 
 

Figure 3.7 Input and output data in limestone preparing to produce finish limestone 

for 1 ton of cement production 

 

3.4.3.2 Iron ore preparing (gate to gate)   

             

In the iron ore preparation, the energy and fuel composition and crushing are the similar 

process with limestone. The only difference is the distance of transport to hopper at factory. 

In this situation, the data can used the same with limestone process except the transportation. 

Figure 3.7 shows the input and output data during the process 

 

 
 

Figure 3.8 Input and output data in iron ore preparing to produce finish iron ore for 

1 ton of cement production 
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3.4.3.3 Raw milling  
             

Before the raw mill, clay and sand are transported to the storage hall. The LCI received the 

clay which is far 1 mile from the factory and 4 ½ miles for the sand. Both raw materials are 

transported with lorry till to the storage hall in factory. After preparing the require amount 

of ingredients in the storage hall, the conveyor belt (750mm×295m) are transported the raw 

materials to the raw milling. The electricity consumption in the raw mill are shown in figure 

3.8 also including the input and output during the process. 

 
 

Figure 3.9 Input and output data in raw milling to produce raw meal for 1 ton of 

cement production 

 

3.4.3.4 Factory water 
             

The water needed for the factory used river water by transforming and purifying. The river 

water are pumped up with the pipeline to the Pontoon near the river. The Pontoon water are 

transported to the settling tank to settle the mud and others. After the settling stage, the 

factory tank received the water by transporting with the pipeline from the settling tank. 

Figure 3.9 shows the input and output data of water supply from the river to factory tank. 

 

 
 

Figure 3.10 Input and output data in supplying the water to produce finish water for 

1 ton of cement production 
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3.4.3.5 Slurry silo  
            As the previous description, the slurry make before the kiln stage. The slurry is 

mixing and milling with raw mill and water. The electricity usage in the milling are show in 

figure 3.10 also containing the input and output data during the process. In this process, there 

have a few dust emission are neglected. 

 
 

Figure 3.11 Input and output data in slurry making to produce slurry for 1 ton of 

cement production 

 

3.4.3.6 Kiln operation (clinker) 
             

The kiln operation is the major process of cement production also in this thesis which is 

specialized to implement the process. In the kiln stage, much of electricity and natural gas 

are used to burn and heated the hydrated slurry. In this stage, the chemical ingredients in the 

raw materials are reacted and transmitted to be the gaseous emission also the dust and heat. 

The input and output data are shown in figure 3.11 which is collected from the LCI.  

 

 

 
 

Figure 3.12 Input and output data of kiln operation to produce clinker for 1 ton of 

cement production 
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3.4.3.7 Gypsum preparing 

             

The gypsum crushed are needed to mix with the final product of kiln. The required gypsum 

are received 13 ½ miles far from the factor transported by the waterway and road. The arrived 

raw are sent to the gypsum crusher and transferred to the finish grinding to mix with the 

clinker crushed. The gypsum preparing till the crusher are shown in figure 3.12 by showing 

the input and output data during the process. 

 

 
 

Figure 3.13 Input and output data in gypsum preparing to produce finish gypsum for 

1 ton of cement production 

 

3.4.3.8 Finish grinding 
             

In the finishing stage, the clinker which is resulted from the kiln operation and the gypsum 

crushed are grind together to get the final product cement. The conveyor belt are used to 

curry the prepared materials to the finish grinding. The electricity used in the grinding are 

shown in figure 3.13. 

 
 

Figure 3.14 Input data for 1 ton of cement production 
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Figure 3.15 Schematic diagram of Mass balance to produce 1 ton of wet process 

cement 
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3.4.4 Transportation 
             

As the thesis is about the LCA cement production, the transportation during the process are 

included. In the consideration of data in transportation, the vehicles or industrial equipment 

data needed from the LCI are the transport distance and load efficiency and the others are 

recorded from the Simapro database. Table 3.8 shows the usage of vehicles and its loading 

efficiency, the distance of usage and the process included of each.  

 

Table 3.8 Inventory data of transportation of materials to produce 1 ton of wet 

process cement recorded from ecoinvent of SimaPro 

 

Process Materials Quantity 

(ton) 

Distance 

 

Weight 

distance 

Transporting 

Vehicle 

 
 

Limestone 

preparing 

Mined to ore bin 0.96 1.13 m 1.084 t*m 

0.20 kWh 

Conveyor belt 

Ore bin to hopper  0.96 0.013 mile 0.01248 t*mil Electricity freight 

train  

Hopper to 

secondary  

Crushing 

0.96 0.98 m 0.9418 t*m 

0.30 kwh 

Conveyor belt  

Secondary crusher 

to SH1 

0.96 0.93 m 0.8928  t*m 

0.15 kWh 

Conveyor belt 

 

 

Iron ore 

Preparing 

Mined to ore bin 0.0225 0.026 m 0.585E-3  t*m 

0.004 kWh 

Conveyor belt 

Ore bin to hopper  0.0225 0.00076 mile 0.0171E-3 t*mil Electricity freight 

train  

Hopper to 
secondary  

Crushing 

0.0225 0.0002 m 0.45E-5  t*m 
0.005 kWh 

Conveyor belt  

Secondary crusher 

to SH1 

0.0225 0.021 m 0.4725E-3 t*m 

0.001 

Conveyor belt 

 
 

 

Raw mill 

Clay at mined to 

SH1 

0.01 0.001 mile 0.01E-3 t*mil Freight lorry 

>32 metric ton  

Sand at mined 

to SH1  

0.0075 0.0033 mile 0.2475E-4 t*mil Freight lorry 

 >32 metric ton 

SH1 to raw mill 1 0.73 m 0.73  t*m 

0.156 kWh 

Conveyor belt 

 

 
 

Factory 

water 

River water to 

Pontoon 

0.45 0.03 m 0.0135  t*m Piping 2.735E12 

metric ton*km 

Pontoon to 

settling tank  

0.45 0.48 m 0.216  t*m Piping 2.735E12 

metric ton*km 

Settling tank to 

factory tank 

0.45 1.6 m 0.72  t*m Piping 2.735E12 

metric ton*km 

 

Slurry silo 
 

Water supply 

factory tank to 

silo 

0.45 0.73 m 0.3285  t*m Piping 2.735E12 

metric ton*km 

 

Gypsum 

preparing 

Gypsum mined to  

crusher  

0.06 0.0043 mile 0.258E-3 t*mil Freight inland 

waterway barge 

4 metric ton*km  
 

Gypsum mined to  

Crusher 

0.06 0.0040 mile 0.24E-3 t*mil Freight lorry 

>32 metric ton 
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Finish 
grinding 

 SH2 to grinding 0.94 0.53 m 0.4982  t*m 

0.078 kWh 

Conveyor belt 

Gypsum crusher 

to grinding  

0.06 0.94 m 0.0564  t*m 

0.08 kWh 

Conveyor belt 

 

3.4.5 Natural gas calculation for wet process 

              

As the result of the data collection in Kyankhin cement plant, the natural gas usage for 1 ton 

of clinker is 14000 cuft (953.96 m3) and 1 cuft of natural gas can be produce 712.23 BTU of 

heat. So, the required heat to produce 1 ton of clinker is (712.23 × 14000) BTU.  

 

Table 3.9 Inventory data of natural gas usage per month in 2014 (Kyankhin cement 

plant) 

 

Months/ 2014 MMBTU (MJ) 

April 44640.6837 (47098.37E+3) 

May 165702.8149 (174825.58+3) 

June 127134.7502 (134134.15+3) 

July 142598.6793 (150449.44+3) 

August 165823.5844 (174953.00+3) 

September 150869.7537 (159175+3) 

October 170242.0208 (179614.69+3) 

November  111528.6343 (117668.84+3) 

Total 1078540.9213 (1137919.992+3) 

 

Table 3.10 Chemical composition of natural gas used in Kyankhin cement plant 

 

Chemical composition Components VOL% 

METHANE C1 95.77 

ETHANE C2 3.07 

PROPANE C3 0.10 

ISO-BUTANE IC4 0.37 

N-BUTANE NC4 0.14 

ISO-PENTANE IC5 0.14 

N-PENTANE NC5 0.01 

Carbon dioxide CO2 - 

Nitrogen N2 0.46 

Oxygen 

 

O2 - 

Total 100 
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3.4.6 Electricity consumption Kyankhin cement plant          

             

The electricity usage in Kyankhin cement production is equipped kilo watt hour shown in 

table 3.11 to observe the operations of machines and to measure the electricity consumptions 

of every process operations such as in grinding and crushing. The collected data of electricity 

consumption is producing 400 ton of cement. As the functional unit of this study is to 

produce 1 ton of cement, figure 3.15 shows the calculated results of total consumption in 1 

ton of cement producing. 

 

Table 3.11 Electricity consumption per month in Kyankhin cement plant in 2014 

 

Months/2014 Unit (kWh) 

April 1121510 

May 2221860 

June 1746190 

July 1822130 

August 2007550 

September 2110050 

October 2360020 

November  2115110 

Total 15504420 
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Figure 3.16 Schematic diagram of total Electricity consumption to produce 1 ton of 

wet process cement 

 

3.5 Dry process data 
            

In the replacing of the operation process, the preheater, cooler and the small kiln will be used 

instead of large wet cement kiln. As the previous description, the water usage in the kiln 

operation is not included in dry process cement production. The data used of machines (such 
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as electricity, fuel and water) in this dry process are collected from the No (3) Kyouksal 

cement plant in Myanmar.  

 

 

 
 

Figure 3.17 Input and output data of preheating and kiln operation to produce 

clinker for 1 ton of cement production 

 

The raw meal which is concluded from the raw milling doesn’t contain too much moisture 

and it can be dried in the preheater. As the knowledge of the preheater, the main operation 

is the cyclone. The cyclone is a cone-shaped vessel which is the gas stream is passed through 

to heat the raw meal and dropped down outside of the vessel after heated process. There are 

various numbers of cyclone stages such as till to 6 stages. In order to get the heat to cyclone, 

the much numbers of cyclones needed the more power of fan and energy by exceeding the 

advantages gained. The preheater used in the factory is 5 stages cyclone preheater with 125 

× 52 m. The energy consumption for the preheater is natural gas. When the raw meal is fall 

into the tower, it is start heated from 350˙C and till to 1000 ˙C. As the moisture evaporates, 

decarbonation reaction is occurs and some phases of CaO, Al2O3 are appear (Understanding 

cement, n.d.). The required temperature for each stages are  

1st stage 350˙C 

2nd stage 450-500 ˙C 

3rd stage 500-650 ˙C 

4th stage 650-800 ˙C 

5th stage 800-1000 ˙C.  

             

After passing the preheater, the raw materials are dried enough to make the clinker. The raw 

meals are sent to the kiln (52 × 3.2) m long which is smaller than the wet kiln. The kiln is 

heated with large concentric flame by blowing of gas through the burner pipe from the other 

part of the kiln tube. The result of the kiln are fall downed in to the cooler (3.2×50) m which 

is designed to drop the temperature of clinker around from 1000 ˙C to 100 ˙C. The clinker 

nodules are sent to the finished grinding by mixing with gypsum crushed to produce the dry 

process cement. 
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Figure 3.18 Schematic diagram of total Electricity consumption to produce 1 ton of 

dry process cement 
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Figure 3.19 Division of (6) processes in dry cement for input data in SimaPro 
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Table 3.12 Total natural gas, water and electricity utilization in wet and dry cement 

production 

 

 Wet process Dry process 

Natural gas 14000 cuft   9000cuft 

Water  0.45 ton  0.44 ton  

Electricity  95.81 kWh 73.81 kWh 

 

Table 3.13 Difference processes contribution in wet and dry cement production 

 

 Wet process Dry process 

Limestone preparing  + + 

Iron ore preparing  + + 

Raw milling + + 

Factory water  + ̠ 

Slurry silo  + - 

Preheating  - + 

Kiln and cooler  + + 

Gypsum crushing  + + 

Finished grinding  + + 

* (+) means that containing process, (-) means removing process.  

 
3.6 Case study of rice husk ash generating  

             

Boiler-fired rice husk ash was collected from the rice mill at Maeupin in Irrawaddy region, 

Myanmar. In the boiler operation, approximately 1 ton of rice husk resulted the white ash 

and bottom ash of 0.15 ton and 0.01 ton respectively and generated 187.5 kWh of electricity 

in under 500˙C temperature. The electricity produced are used in the paddy mill. The water 

content for 1 ton of rice husk to generate the steam in the boiler is 0.21 ton. The other 

emission during the operation is the silica form. The balance of input and output for to 

generate the white ash required for the cement additive are shown in figure 3.19. 

 

 
 

Figure 3.20 Input and output data of steam generating to produce electricity in rice 

mill (rice husk ash collecting) 
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Since the rice mill is located 272 miles far from the Kyankhin cement plant by road. Since 

the plant is located near the river, it can be held in two ways in transportation of rice husk 

ash for instance barge and lorry. There are Table 3.14 shows the Simapro result of the two 

transporting of ash in 1 ton of blended cement production. 

 

Table 3.14 Analyzing the impact in two transportation 

 

 

Vehicle 

Impact assessment (Single score) (Pt) 

Burge (320 miles) Lorry (272 miles) 

Human Health (DALY) 13.7 14 

Ecosystems (species.yr) 14.8 15.2 

Resources ($) 8.69 8.98 

Total 37.1 38.1 
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CHAPTER 4 

RESULTS AND DISCUSSION 
 

4.1 SimaPro result  

             

As the previous explanation of SimaPro software, the collected data are input and output 

data to determine the environmental impact of LCI. The method of this study is use ReCiPe 

2008 because this method has a limited validity for all region.  

 
4.2 Wet and dry process results 

 

4.2.1 Midpoint level 

 

4.2.1.1 Characterization (Midpoint) 

             

In the midpoint characterization results, several impact categories are analyzed. As the table 

4.1and figure 4.1, the climate change results are shown with kg of CO2 equivalent and the 

indicator addressed is infrared radioactive forcing. As the result, the impact category of 

Climate change for wet cement is equal to 909 kg of CO2 equivalent and for the dry process 

816 respectively as shown in figure 4.2. This result is concluded because of the clinker 

production of wet process consume more natural gas than the dry process.  Moreover by the 

features of wet process, the water depletion impact is the reason of water consumption such 

as 14.2m3 of dry process and 22.1 m3 of wet process of water discharging as in figure 4.3. 

In addition from figure 4.4, the wet process required heat is larger than the dry, the fossil 

depletion for both process are 312 of wet and 202 dry respectively in 1 ton of cement 

manufacturing.   

             

The previous paragraph described wet process cement is more effected to the impact 

assessment than the dry process. But in some of the impacts, dry process is larger emitted 

than the wet process such as in the terrestrial acidification, photochemical oxidant formation, 

particulate matter formation and metal depletion. The dry process is more dominate by 

comparing with the wet process because of the larger amount of nitrogen dioxide and hazard 

weighted concentration such as dust content in dry process. For example dry process 

particulate matter formation to the environment is 2.94 PM10 to air while the wet process is 

1.2 PM10 as shown in figure 4.5.  

 

Table 4.1 Characterization of environmental impact category of 1 ton of cement 

manufacturing, by using SimaPro ReCiPe (E) Midpoint Method 

 

 Impact category Unit Unit factor Total 

Dry Wet 

1 Climate change kg CO2 eq kg (CO2 to air) 816 909 

2 Ozone depletion kg CFC-11 

eq 

kg (CFC-11 to air) 1.63E-6 2.07E-6 

3 Terrestrial acidification kg SO2 eq kg (SO2 to air) 4.09 0.0757 

4 Freshwater 

eutrophication 

kg P eq kg (P to freshwater) 0.000235 0.000346 

5 Marine  eutrophication kg N eq kg (N to freshwater) 0.223 0.0022 



35 

 

6 Human toxicity kg 1,4-DB 

eq 

kg (14DCB to urban 

air) 

229 154 

7 Photochemical oxidant 

formation 

kg 

NMVOC 

kg (NMVOC to air) 5.71 0.0699 

8 Particulate matter 

formation 

kg PM10 

eq 

kg (PM10 to air) 2.94 1.2 

9 Terrestrial ecotoxicity kg 1,4-DB 

eq 

kg (14DCB to 

industrial soil) 

0.0047 0.00633 

10 Freshwater  ecotoxicity kg 1,4-DB 

eq 

kg (14DCB to 

freshwater) 

0.0161 0.0127 

11 Marine  ecotoxicity kg 1,4-DB 

eq 

kg (14DCB to 

marine water) 

56 38.3 

12 Ionising radiation kBq U235 

eq 

kg (U235 to air) 1.88 2.38 

13 Agricultural land 

occupation 

m2a m2×yr (agricultural 

land) 

0.0582 0.0842 

14 Urban land occupation m2a m2×yr (urban land) 0.117 0.162 

15 Natural land 

transformation 

m2 m2 (natural land) 0.0259 0.0406 

16 Water depletion m3 m2 (water) 14.7 22.1 

17 Metal depletion kg Fe eq kg (Fe) 10.5 6.4 

18 Fossil depletion kg oil eq kg (oil) 202 312 
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Figure 4.1 Comparison Midpoint characterization impact results of dry and wet process in 1 ton of cement manufacturing, by using 

SimaPro ReCiPe (E) Midpoint Method 
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Figure 4.2 Comparison of Climate change impact in dry and wet process 
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Figure 4.3 Comparison of Fossil depletion impact in dry and wet process 
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Figure 4.4 Comparison of Particulate matter formation impact in dry and wet process
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4.2.1.2 Normalization (Midpoint)  
             

The midpoint characterization results are divided with the average of the population yearly 

environmental impact in each environmental impact categories are called normalization 

result. This result is always shown with per year and per person. The normalization other 

means the average yearly impact by considering with world population. The point sign in 

the normalization unit (p.yr) is represents the average in a category is caused by a person in 

a year in the world. 

              

Table 4.2 shows the normalization results. In the two processes, there are some impacts of 

wet process are greater than the dry such as ozone depletion, freshwater eutrophication and 

agricultural land occupation as shown in figure 4.7. For example in the impact of the land 

use, the agricultural land occupation of wet and dry processes are equivalent to 1.86E-5 and 

1.29E-5 population for 1 ton of cement producing as shown in figure 4.6. 

             

By comparing the two process, the terrestrial acidification of dry process is equivalent to 

0.106 population while the wet process is 0.00197 population. In addition, photochemical 

oxidant formation and particulate matter formation, the dry cement process is more effected 

to the world population per year because of its characteristics as shown in figure 4.8. 

 

Table 4.2 Normalization of environmental impact category of 1 ton of cement 

manufacturing, by using SimaPro ReCiPe (E) Midpoint Method 

 

 Impact category Unit Total 

Dry  Wet  

1 Climate change kg CO2 eq/p/yr 0.0841 0.0937 

2 Ozone depletion kg CFC-11 eq/p/yr 7.4E-5 9.4E-5 

3 Terrestrial acidification kg SO2 eq/p/yr 0.106 0.00197 

4 Freshwater eutrophication kg  eq/p/yr 0.000567 0.000833 

5 Marine  eutrophication kg N eq/p/yr 0.022 0.000217 

6 Human toxicity kg 1,4-DB eq/p/yr 0.0512 0.0345 

7 Photochemical oxidant formation kg NMVOC/p/yr 0.101 0.00123 

8 Particulate matter formation kg PM10 eq/p/yr 0.197 0.0808 

9 Terrestrial ecotoxicity kg 1,4-DB eq/p/yr 0.000335 0.000452 

10 Freshwater  ecotoxicity kg 1,4-DB eq/p/yr 0.00138 0.0019 

11 Marine  ecotoxicity kg 1,4-DB eq/p/yr 0.0221 0.0151 

12 Ionising radiation kg U235 eq/p/yr 0.000301 0.00038 

13 Agricultural land occupation m2a/p/yr 1.29E-5 1.86E-5 

14 Urban land occupation m2a/p/yr 0.000288 0.000399 

15 Natural land transformation m2/p/yr 0.16 0.251 

16 Water depletion m3/p/yr - - 

17 Metal depletion  kg oil eq/p/yr 0.0146 0.00896 

18 Fossil depletion  kg Fe eq/p/yr 0.13 0.2 
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Figure 4.5 Comparison of Midpoint normalization impact results of dry and wet process in 1 ton of cement manufacturing, 

by using SimaPro ReCiPe (E) Midpoint Method
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Figure 4.6 Comparison of Ozone depletion impact in dry and wet process 
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Figure 4.7 Comparison of Photochemical oxidant formation impact in dry and wet process                                       
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4.2.2 Endpoint level 

 

4.2.2.1 Characterization (Endpoint) 

             

As the earlier description of endpoint level, the result are considered on the three impact 

categories namely human health, ecosystem and natural resources. The impact on the human 

health are show with the DALY unit means disability-adjusted loss of life years.For example, 

1 DALY of impact to human health refers to the decrease of 1 year of life on overall 

population.  

             

As the ReCiPe endpoint of characterization result from table 4.3, the total impact of human 

health from 1 ton of wet and dry cement production are 3.030E-3 DALY and 3.611E-3 

DALY means 3.030E-3 and 3.611E-3 years of life on overall population are decrease 

considered on the overall not per person (Humbert S. M., 2005).  As the result, the dry 

process is mostly effected damage to the life of population.  

             

Damage to the ecosystem unit shown with species.yr means the fraction of the species loss 

on 1 m2 of earth surface in one year (Humbert S. M., 2005). For example 1 species.yr loss 

represents 100 percent of species are loss on 1 m2 of earth in one year. As the ecosystem 

results through the ReCiPe endpoint method in 1 ton of wet process cement production 

effected to loss 17.303E-6 percent of species on 1 m2 in a year while the dry process is 

15.600E-6 percent of species. This amount of damage from wet process is mostly dominated 

by marine ecotoxicity ecosystems than the other impact categories. 

             

In the result of damage on natural resources show the increase expanding in cost (the total 

cost in all years) in the future use of natural resources. The table 4.3 shows the results of 

total increasing cost for production of 1 ton in wet cement is 51.95 $ and 34.148 $ for the 

dry cement on the use of natural resources and this amount is mostly dominated by fossil 

depletion.  

 

Table 4.3 Characterization of environmental impact category of 1 ton of cement 

manufacturing, by using SimaPro ReCiPe (E) Endpoint Method 

 

 Impact category Unit Total 

Dry  Wet  

1 Climate change human 

health 

DALY 0.00287  

3.030E-3 

0.00319  

3.611E-3 

2 Ozone depletion DALY 4.8E-9 6.62E-9 

3 Human toxicity DALY 0.00016 0.000108 

4 Photochemical oxidant 

formation 

DALY 2.23E-7 2.73E-9 

5 Particulate matter 

formation 

DALY 0.000764 0.000313 

6 Ionising radiation DALY 3.09E-8 3.9E-8 

7 Climate change 

Ecosystems 

specie.yr 1.53E-5  

 

 

 

1.7E-5  

 

 

 
8 Terrestrial acidification specie.yr 5.82E-8 1.08E-9 

9 Freshwater eutrophication specie.yr 1.05E-11 1.54E-11 
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10 Terrestrial ecotoxicity specie.yr 7.07E-10 15.600E-6 9.52E-10 17.303E-6 

11 Freshwater  ecotoxicity specie.yr 1.39E-11 1.09E-11 

12 Marine ecotoxicity specie.yr 9.85E-9 6.74E-9 

13 Agricultural land 

occupation 

specie.yr 7.41E-10 1.07E-9 

14 Urban land occupation specie.yr 2.42E-9 3.36E-9 

15 Natural land 

transformation 

specie.yr 2.29E-7 2.9E-7 

16 Metal depletion $ 0.748  

34.148 

0.458  

51.95 17 Fossil depletion $ 33.4 51.5  

 
4.2.2.2 Normalization (Endpoint)  

             

The endpoint normalization is the result of total damage score. For example, in the impact 

of the human health, the damage due to the emissions and extraction in the world are divided 

by the world population (person). This results give the reduction of life expectancy per year 

and per person (DALY/p/yr) (Humbert S. M., 2005).  

             

Table 4.4 and figure 4.4 show the results of each categories in equivalent with world 

population. By comparing the two processes; the impact categories of human toxicity, 

particulate matter formation, freshwater ecotoxicity, marine ecotoxicity and urban land 

occupation of dry cement process is mostly effected damage than the wet process because 

of the feature of hazard weighted concentration in dry process.  

             

On the other hand, terrestrial acidification and natural land transformation of wet process are 

the most effected impacts than the dry process and these impacts from 1 ton of wet process 

cement production are equivalent with 9.47E-7 and 0.00106 population respectively. 

 

Table 4.4 Normalization of environmental impact category of 1 ton of cement 

manufacturing, by using SimaPro ReCiPe (E) Endpoint Method 

 

 Impact category Unit Total 

Dry  Wet 

1 Climate change human health DALY/p/yr 0.0696 0.0776 

2 Ozone depletion DALY/p/yr 1.17E-7 1.61E-7 

3 Human toxicity DALY/p/yr 0.00389 0.00262 

4 Photochemical oxidant formation DALY/p/yr 5.41E-6 6.63E-8 

5 Particulate matter formation DALY/p/yr 0.0186 0.0076 

6 Ionising radiation DALY/p/yr 7.5E-7 9.47E-7 

7 Climate change Ecosystems specie.yr/p/yr 0.0556 0.0619 

8 Terrestrial acidification specie.yr/p/yr 0.000212 3.92E-6 

9 Freshwater eutrophication specie.yr/p/yr 3.81E-8 5.6E-8 

10 Terrestrial ecotoxicity specie.yr/p/yr 2.57E-6 3.47E-6 

11 Freshwater  ecotoxicity specie.yr/p/yr 5.05E-8 3.98E-8 

12 Marine ecotoxicity specie.yr/p/yr 3.58E-5 2.45E-5 
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13 Agricultural land occupation specie.yr/p/yr 2.7E-6 3.9E-6 

14 Urban land occupation specie.yr/p/yr 8.82E-6 1.22E-5 

15 Natural land transformation specie.yr/p/yr 0.000834 0.00106 

16 Metal depletion $/p/yr 0.00242 0.00148 

17 Fossil depletion $/p/yr 0.108 0.167 
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Figure 4.8 Comparison Endpoint normalization impact results of dry and wet process in 1 ton of cement manufacturing, by using 

SimaPro ReCiPe (E) Endpoint Method 
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4.2.2.3 Single score  

               

The single value as previously mentioned, the score for each categories shown with point. 

By analyzing the result from table 4.5, the impacts of fossil depletion, climate change of 

human health and climate change of ecosystem are the significant than the others. In the 

climate change of human health, it is dominated with 27.9 point in dry process, 31 in wet 

process and assume that this impact is came from the carbon emissions. The climate change 

of ecosystem for both process are the same point situation as shown in figure 4.10. Moreover, 

the wet process affected most on fossil depletion due to the higher heat emissions than the 

dry process. 

             

In addition, the particulate matter formation of dry process has more effected because of its 

dust emission amount is greater than the wet process. The water consumption can be reduce 

the dust emitted in this situation in wet process.  

 

Table 4.5 Single score of environmental impact category of 1 ton of cement 

manufacturing, by using SimaPro ReCiPe (E) Endpoint Method 

 

 Impact category Unit Total 

Dry  Wet 

1 Climate change human health Pt 27.9 31 

2 Ozone depletion Pt 4.66E-5 6.44E-5 

3 Human toxicity Pt 1.56 1.05 

4 Photochemical oxidant formation Pt 0.00217 2.65E-5 

5 Particulate matter formation Pt 7.43 3.04 

6 Ionising radiation Pt 0.0003 0.000379 

7 Climate change Ecosystems Pt 22.2 24.8 

8 Terrestrial acidification Pt 0.0847 0.00157 

9 Freshwater eutrophication Pt 1.53E-5 2.24E-5 

10 Terrestrial ecotoxicity Pt 0.00103 0.00139 

11 Freshwater  ecotoxicity Pt 2.02E-5 1.59E-5 

12 Marine ecotoxicity Pt 0.0143 0.00982 

13 Agricultural land occupation Pt 0.00108 0.00156 

14 Urban land occupation Pt 0.00353 0.00489 

15 Natural land transformation Pt 0.334 0.422 

16 Metal depletion Pt 0.484 0.297 

17 Fossil depletion Pt 21.7 33.4 

 Total  Pt 81.7 94 
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Figure 4.9 Comparison single score results of dry and wet process in 1 ton of cement manufacturing, by using SimaPro ReCiPe (E) 

Endpoint Method 
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4.3 Single score comparison of dry process and ecoinvent Portland cement  
             

Figure 4.11 shows the single score result of 1 ton of cement production for the differences cement 

plant from the ecoinvent of SimaPro by comparing with the dry process of the study. As the result, 

the climate change to human health, particulate matter formation and climate change ecosystems 

for each processes are the similar point because of the carbon dioxide emissions is the signature of 

cement production.  

             

In the fossil depletion, the dry process of the study is most dominated than the others. The reason 

because of the large amount of natural gas consumption compare with the other processes.In the 

ozone depletion, the US cement plant is the highest impact but there is less metal depletion by 

comparing with the Europe plant as shown in figure 4.11.  

             

For overall analyzing, highest score was (d) the US plant with 90 Pt, followed by (a) dry cement 

of the study with 77.5 Pt, (b) the Europe plant with 77 Pt and (b) the China plant with 73 Pt as the 

least impact of the comparison. It can be seen that the distinctive impacts for all cement plant is 

climate change to human health which is cause by large amount of carbon dioxide and particulate 

emission. In the order of analyzing the result, it can be assume that carbon dioxide and dust 

emissions are the main problems for all the cement plants. 
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Figure 4.10 Comparison single score results of dry process and ecoinvent Portland cement in 1 ton of cement manufacturing, by using 

SimaPro ReCiPe (E) Endpoint Method 
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4.4 Blended cement results 

 

4.4.1 Midpoint level 

 

4.4.1.1 Characterization (Midpoint) 
             

In blended cement analyzing, the climate change is the most significant impact as shown in table 

4.6. It can assume that there are 365 kg CO2 equivalent in climate change from blended cement 

production as shown in figure 4.13. Moreover, agricultural land occupation is the second most 

effected to the environment such as 158 m2 of an area is occupied during a year. The use of ash 

can be create the metal depletion, assume that 79.61 kg of oil equivalent.  

             

On the other hand, there are avoided emission impacts such as ozone depletion, human toxicity, 

marine ecotoxicity, urban land occupation, natural land transformation and water depletion as 

shown in figure 4.14. These avoided impact are the reason of reducing the clinker composition. In 

addition, the required rice ash is collect from the electricity generating by using the rice husk 

process in the rice mill.  

 

Table 4.6 Characterization of environmental impact category of 1 ton of blended cement 

manufacturing, by using SimaPro ReCiPe (E) Midpoint Method 

 

 Impact category Unit Total Unit factor  

1 Climate change kg CO2 eq 365 kg (CO2 to air) 

2 Ozone depletion kg CFC-11 

eq 

-1.93E-7 kg (CFC-11 to air) 

3 Terrestrial acidification  kg SO2 eq 4.32 kg (SO2 to air) 

4 Freshwater eutrophication kg P eq 0.0133 kg (P to freshwater) 

5 Marine  eutrophication kg N eq 1.5 kg (N to freshwater) 

6 Human toxicity kg 1,4-DB eq -166 kg (14DCB to urban air) 

7 Photochemical oxidant 

formation 

kg NMVOC  2.92 kg (NMVOC to air) 

8 Particulate matter formation  kg PM10 eq 1.44 kg (PM10 to air) 

9 Terrestrial ecotoxicity  kg 1,4-DB eq 2.38 kg (14DCB to industrial 

soil) 

10 Freshwater  ecotoxicity kg 1,4-DB eq 0.482 kg (14DCB to freshwater) 

11 Marine  ecotoxicity kg 1,4-DB eq -50.5 kg (14DCB to marine water) 

12 Ionising radiation  kBq U235 eq 0.339 kg (U235 to air) 

13 Agricultural land occupation  m2a 158 m2×yr (agricultural land) 

14 Urban land occupation  m2a -0.316 m2×yr (urban land) 

15 Natural land transformation  m2 -0.0151 m2 (natural land) 
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16 Water depletion m3 -72 m2 (water) 

17 Metal depletion  kg Fe eq 3.61 kg (Fe) 

18 Fossil depletion  kg oil eq 79.61 kg (oil) 
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Figure 4.11 The Midpoint characterization impact results of blended process in 1 ton of cement manufacturing, by using 

SimaPro ReCiPe (E) Midpoint Method 
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Figure 4.12 (a) Climate change impact category (b) Agricultural land occupation impact category (c) Fossil depletion impact 

category in 1 ton of blended cement manufacturing 

(a) 

 
(b) 

(c) 
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Figure 4.13 (a) Ozone depletion impact category (b) Human toxicity impact category in 1 ton of blended cement 

manufacturing 

 

(a) (b) 
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Figure 4.14 (c) Urban land transformation impact category (d) Natural land transformation in 1 ton of blended cement 

manufacturing

(c) (d) 
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4.4.1.2 Normalization (Midpoint) 

             

As mention earlier, the normalization result shows the average impact of the world population. 

The ozone depletion. Human toxicity, marine ecotoxicity, urban land occupation and natural land 

occupation are the avoided emission as the similar result of the characterization level as shown in 

figure 4.15.  

             

From table 4.7, the most dominated impact category is the Ionising radiation which is cause by it 

characteristics of absorbing and assume that the annual ionising radiation from 1 ton of blended 

cement production is equivalent 5.42E-5 population while the rest of impact categories are small.      

 

Table 4.7 Normalization of environmental impact category of 1 ton of blended cement 

manufacturing, by using SimaPro ReCiPe (E) Midpoint Method 

 

 Impact category Unit Total 

1 Climate change kg CO2 eq/p/yr 0.0376 

2 Ozone depletion kg CFC-11 eq/p/yr -8.76E-6 

3 Terrestrial acidification  kg SO2 eq/p/yr 0.112 

4 Freshwater eutrophication kg  eq/p/yr 0.032 

5 Marine  eutrophication kg N eq/p/yr 0.148 

6 Human toxicity kg 1,4-DB eq/p/yr -0.0372 

7 Photochemical oxidant formation kg NMVOC/p/yr 0.0513 

8 Particulate matter formation  kg PM10 eq/p/yr 0.0964 

9 Terrestrial ecotoxicity  kg 1,4-DB eq/p/yr 0.17 

10 Freshwater  ecotoxicity kg 1,4-DB eq/p/yr 0.0413 

11 Marine  ecotoxicity kg 1,4-DB eq/p/yr -0.0199 

12 Ionising radiation  kg U235 eq/p/yr 5.42E-5 

13 Agricultural land occupation  m2a/p/yr 0.035 

14 Urban land occupation  m2a/p/yr -0.000776 

15 Natural land transformation  m2/p/yr -0.0937 

16 Water depletion m3/p/yr - 

17 Metal depletion  kg oil eq/p/yr 0.00505 

18 Fossil depletion  kg Fe eq/p/yr 0.0512 
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Figure 4.15 The Midpoint normalization impact results of blended process in 1 ton of cement manufacturing, by using 

SimaPro ReCiPe (E) Midpoint Method 
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4.4.2 Endpoint level 

 

4.4.2.1 Characterization (Endpoint) 

             

From table 4.8, the total damage to the human health is 1.537E-3 DALY which means 1.329E-3 

year of life loss on the overall population. This large amount is leads of ionising radiation. 

             

As analyzing the ecosystems damage, the total damage is 1.012E-5 specie.yr can be assume that 

1.012E-5 percent of specie on 1 m2 of earth surface are lose in a year. This damage is mostly 

influenced by the climate change ecosystems and terrestrial acidification.  

             

For the damage to resources, it can be seen that fossil depletion is the most effected and it is assume 

that 13.458$ will be increase in the cost of production. 

             

On the other hand, ozone depletion, human toxicity, marine ecotoxicity, urban land occupation 

and natural land transformation are the avoided impact categories as the result of figure 4.16.   

 

Table 4.8 Characterization of environmental impact category of 1 ton of blended cement 

manufacturing, by using SimaPro ReCiPe (E) Endpoint Method 

 

 Impact category Unit Total 

1 Climate change human health DALY 0.00128  

 

  1.537E-3 
2 Ozone depletion DALY -5.47E-10 

3 Human toxicity DALY -0.000116 

4 Photochemical oxidant formation  DALY 1.14E-7 

5 Particulate matter formation  DALY 0.000373 

6 Ionising radiation  DALY 5.56E-9 

7 Climate change Ecosystems specie.yr 6.82E-6 1.012E-5 

8 Terrestrial acidification specie.yr 6.15E-8 

9 Freshwater eutrophication  specie.yr 5.87E-10 

10 Terrestrial ecotoxicity specie.yr 3.58E-7 

11 Freshwater  ecotoxicity  specie.yr 4.14E-10 

12 Marine ecotoxicity specie.yr -8.89E-9 

13 Agricultural land occupation specie.yr 3.15E-6 

14 Urban land occupation specie.yr -6.53E-9 

15 Natural land transformation  specie.yr -2.46E-7 

16 Metal depletion  $ 0.258 13.458 

17 Fossil depletion  $ 13.2 
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Figure 4.16 The Endpoint characterization impact results of blended process in 1 ton of cement manufacturing, by using 

SimaPro ReCiPe (E) Endpoint Method
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4.4.2.2 Normalization (Endpoint) 

             

The normalization factors for the endpoint level is shown the total damage score. In table 4.9, the 

most effected impacts are freshwater eutrophication and terrestrial ecotoxicity which are the 

amount of 2.76E-6 and 2.14E-6 population. On the other side, the avoided impact categories such 

as ozone depletion, terrestrial acidification, ionising radiation, urban land occupation and natural 

land transformation as shown in figure 4.17.  

 

Table 4.9 Normalization of environmental impact category of 1 ton of blended cement 

manufacturing, by using SimaPro ReCiPe (E) Endpoint Method 

 

 Impact category Unit Total 

1 Climate change Human Health  DALY/p/yr 0.0311 

2 Ozone depletion DALY/p/yr -1.33E-8 

3 Human toxicity  DALY/p/yr -0.00282 

4 Photochemical oxidant formation  DALY/p/yr 2.76E-6 

5 Particulate matter formation  DALY/p/yr 0.00595 

6 Ionising radiation DALY/p/yr 1.35E-7 

7 Climate change Ecosystem  specie.yr/p/yr 0.0248 

8 Terrestrial acidification specie.yr/p/yr 0.000224 

9 Freshwater eutrophication  specie.yr/p/yr 2.14E-6 

10 Terrestrial ecotoxicity  specie.yr/p/yr 0.0013 

11 Freshwater  ecotoxicity  specie.yr/p/yr 1.51E-6 

12 Marine  ecotoxicity specie.yr/p/yr -3.23E-5 

13 Agricultural land occupation  specie.yr/p/yr 0.0115 

14 Urban land occupation  specie.yr/p/yr -2.38E-5 

15 Natural land transformation  specie.yr/p/yr -0.000895 

16 Metal depletion  $/p/yr 0.000836 

17 Fossil depletion  $/p/yr 0.0426 
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Figure 4.17 The Endpoint normalization impact results of blended process in 1 ton of cement manufacturing, by using 

SimaPro ReCiPe (E) Endpoint Method 
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4.5 Single score comparison in 1 ton of cement manufacturing of different amount of 

pozzolan content cements and blended cement with rice husk ash  

             

Figure 4.18 shows the comparison of single score results of blended cement of the study and others 

ecoinvent pozzolano cement processes. In the comparison, the score is depends on the content of 

pozzolan materials. As shown in figure, the cement plant which is 5-15% of pozzolan 

concentration is the most effected to the environment. The second effected is the 15-40% and 11-

35% pozzolano cement. As the result, the blended cement with 25% of pozzolano (rice husk ash) 

and 36-55% concentration cement are the least effected to the environment.  

             

The difference between all processes is the agricultural land occupation impacts from the blended 

cement of the study. This impacts concluded because of the rice husk and rice occupation are 

included in the process.  
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Figure 4.18 Comparing single score result of 1 ton of pozzolano cement producing from (a) Blended cement from Kyankhin 

cement plant 25% pozzolan (b) 11-35% pozzolana (c) 15-40% of pozzolana (d) 36-55% pozzolana (e) 5-15% pozzolan by using 

SimaPro ReCiPe (E) Endpoint Method 

(a) (b) (c) (d) (e) 
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4.6 Comparison of wet, dry and blended cement of the study  

            

 By comparing the three result, the damage single scores are as show with point in table 4.10 and 

figure 4.19. The total score of wet process 91.9 is larger than the dry and blended process. 

             

By analyzing in each impacts, the climate change to human health, ozone depletion, photochemical 

oxidant formation, climate change ecosystem, urban land occupation and natural land 

transformation of wet process is the greatest than the other processes. This result is because of the 

large amount of natural gas and heat consumption. 

            

From table 4.10, in the impacts of human toxicity, particulate matter formation, freshwater 

ecotoxicity, marine ecotoxicity and metal depletion of dry process is the most effected in the 

comparison. As the previous description of the dry process result, the large amount of dust 

emissions than the others is the reason of the result. 

            

 Although the blended cement is the less impacts effected in the comparison, there are some 

impacts which is larger than the dry and wet process. In the impacts of ionising radiation, terrestrial 

acidification, terrestrial ecotoxicity and agricultural land occupation, the blended is concluded as 

the most effected in the comparison as shown in table 4.10. On the other hand, the blende cement 

have the avoided emissions which is the subsequently profit from the power generating of the rice 

mill boiler and reducing of the clinker composition shown as in figure 4.14.  

 

Table 4.10 Single score results of the three process in 1 ton of cement manufacturing, by 

using SimaPro ReCiPe (E) Endpoint Method 

 

  

Impact category 

 

Unit  

Single score  

Blended 

cement   

Dry cement  Wet 

cement  

1 Climate change human health Pt 12.4 27.9 31 

2 Ozone depletion Pt -5.32E-6 4.66E-5 6.44E-5 

3 Human toxicity Pt -1.13 1.56 1.05 

4 Photochemical oxidant 

formation  

Pt 0.00111 0.00217 2.65E-5 

5 Particulate matter formation  Pt 3.63 7.43 3.04 

6 Ionising radiation  Pt 5.4E-5 0.0003 0.000379 

7 Climate change Ecosystems Pt 9.93 22.2 24.8 

8 Terrestrial acidification Pt 0.0895 0.0847 0.00157 

9 Freshwater eutrophication  Pt 0.000855 1.53E-5 2.24E-5 

10 Terrestrial ecotoxicity Pt 0.522 0.00103 0.00139 
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11 Freshwater  ecotoxicity  Pt 0.000603 2.02E-5 1.59E-5 

12 Marine ecotoxicity Pt -0.0129 0.0143 0.00982 

13 Agricultural land occupation Pt 4.59 0.00108 0.00156 

14 Urban land occupation Pt -0.00951 0.00353 0.00489 

15 Natural land transformation  Pt -0.358 0.334 0.422 

16 Metal depletion  Pt 0.167 0.484 0.297 

17 Fossil depletion  Pt 8.53 21.7 33.4 

 Total  Pt 38.4  81.7 94 
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Figure 4.19 Comparison Single score results of (a) Blended process (b) Dry process and (c) Wet process in 1 ton of cement 

manufacturing, by using SimaPro ReCiPe (E) Endpoint Method 

(a) (b) (c) 
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4.7 Analyzing the midpoint and endpoint characterization    

             

As the single score results of the comparison in figure 4.19, the impacts of climate change human 

health, climate change ecosystems, fossil depletion, agricultural land occupation and particulate 

matter formation and human toxicity are the major impacts of the cement manufacturing process.  

 

4.7.1 Climate change human health  

             

In the impact of the climate change human health, by 0.5% cutting off the result is as shown in 

table 4.12. The result shows the carbon dioxide emission to air in 1 ton of cement production 

effected to human health by 0.00144 years of life loss on overall population in blended cement, 

0.00282 years in dry process and 0.00314 years in wet process respectively. The wet process need 

more fuel usage and heat consumption lead to be the most carbon dioxide generate than the rest 

two processes. Moreover, the other obvious emissions are carbon dioxide fossil and Dinitrogen 

monoxide.  

 

Table 4.11 Climate change human health (midpoint characterization) 0.5% cutoff 

 

No Substance  Compart 

ment  

Unit   Blended 

cement  

Dry 

cement  

Wet 

cement  

1   Carbon dioxide  Air kg CO2 eq 411 803 895 

2 Carbon dioxide, fossil  Air kg CO2 eq -71.1 12.5 13.4 

3 Dinitrogen monoxide Air kg CO2 eq 13.9 0.0587 0.0551 

4 Methane, biogenic  Air kg CO2 eq 13.4 0.00159 0.00238 

 

Table 4.12 Climate change human health (endpoint characterization) 0.5% cutoff 

 

No Substance  Compart 

ment  

Unit   Blended 

cement  

Dry 

cement  

Wet 

cement  

1   Carbon dioxide  Air DALY 0.00144 0.00282 0.00314 

2 Carbon dioxide, fossil  Air DALY -0.00025 4.38E-5 4.69E-5 

3 Dinitrogen monoxide Air DALY 4.87E-5 2.06E-7 1.93E-7 

4 Methane, biogenic  Air DALY 4.71E-5 5.58E-9 8.35E-9 

 

4.7.2 Particulate matter formation 
             

As the single score result of figure 4.19, it can clearly assume that the particulate matter formation 

impact causes in the dry process and blended cement producing. The large amount of dust 

emissions include in these process lead to be the more emission of SO2. The other results by cutting 

0.5% cut off are nitrogen dioxide, nitrogen oxides, particulate > 2.5 and <10 µm. For example the 

particulate discharging of NOx conduct the 1.07E-5 years of life for blended cement, 2.82E-6 years 

of life for the dry and 2.91E-6 years of life for the wet are loss on overall population as shown in 

table 4.14. 
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Table 4.13 Particulate matter formation (midpoint characterization) 0.5% cutoff 

 

No Substance  Compart 

ment  

Unit   Blended 

cement  

Dry 

cement  

Wet cement  

1 Ammonia Air kg PM10 eq 0.213 0.000247 0.000207 

2 Nitrogen dioxide  Air kg PM10 eq 0.59 1.24 0.000178 

3 Nitrogen oxides Air kg PM10 eq 0.0411 0.0108 0.0112 

4 Particulate, <10 µm Air kg PM10 eq 0.256 0.823 0.801 

5 Particulate, <2.5µm Air kg PM10 eq 0.227 0.802 0.342 

6 Particulate, >2.5µm, and <10 

µm 

Air kg PM10 eq 0.0365 0.0535 0.0415 

7 Sulfur dioxide Air kg PM10 eq 0.0158 0.00856 0.00715 

8 Sulfur monoxide  Air kg PM10 eq 0.0568 0.000514 0.000283 

 

Table 4.14 Particulate matter formation (endpoint characterization) 0.5% cutoff   

 

No Substance  Compart 

ment  

Unit   Blended 

cement  

Dry 

cement  

Wet cement  

1 Ammonia Air DALY 5.54E-5 6.43E-8 5.38E-8 

2 Nitrogen dioxide  Air DALY 0.000153 0.000323 4.62E-8 

3 Nitrogen oxides Air DALY 1.07E-5 2.82E-6 2.91E-6 

4 Particulate, <10 µm Air kg PM10 eq 6.66E-5 0.000214 0.000208 

5 Particulate, <2.5µm Air kg PM10 eq 5.89E-5 0.000208 8.9E-5 

6 Particulate, >2.5µm, and <10 

µm 

Air DALY 9.48E-6 1.39E-5 1.08E-5 

7 Sulfur dioxide Air DALY 4.12E-6 2.23E-6 1.86E-6 

8 Sulfur monoxide  Air DALY 1.48E-5  0.0134E-5 0.00736E-5 

 

 

4.7.3 Climate change ecosystems  

             

In the impact of climate change ecosystems, the results as shown in table 4.13. The CO2 emission 

which is cause by the natural gas usage is resulted as 0.1768E-5 percent of species are lose on 1m2 

of earth in 1 year for 1 ton of cement production and 1.5E-5 percent for the dry process, 1.67E-5 

percent for the wet process respectively. The others discharging during the process are carbon 

dioxide, fossil and methane, biogenic by cutting of 0.5% of the results.  

 

Table 4.15 Climate change ecosystem (endpoint characterization) 0.5%cutoff 

 

No Substance  Compartment  Unit   Blended 

cement  

Dry 

cement  

Wet cement  

1   Carbon dioxide  Air species.yr 0.768E-5 1.5E-5 1.67E-5 

2 Carbon dioxide, fossil  Air species.yr -1.33E-6 2.34E-7 2.5E-7 

3 Dinitrogen monoxide  Air species.yr 2.6E-7 1.1E-9 1.03E-9  
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4 Methane, biogenic  Air species.yr 2.52E-7 2.98E-11 4.46E-11 

 
4.7.4 Agricultural land occupation  

             

The impact of agricultural land occupation include only in the blended cement process because of 

the utilizing of rice husk ash for the additive pozzolanic materials in cement. As the result from 

the table 4.17, the occupation from arable to the production is equivalent to 3.2E-6 percent of the 

species are lose on 1 m2 of earth in 1 year in blended cement. The rest two process of dry and wet 

are 5.77E-11 and 8.36E-11 percent. The others obvious substance is occupation from forest to the 

production.  

 

Table 4.16 Agricultural land occupation (midpoint characterization) 0.5% cutoff 

 

No Substance  Compart 

ment  

Unit   Blended 

cement  

Dry 

cement  

Wet 

cement  

1   Occupation, arable  Raw m2a 162 0.00293 0.00424 

2 Occupation, forest, 

intensive  

Raw  m2a -3.97 0.0525 0.076 

 

Table 4.17 Agricultural land occupation (endpoint characterization) 0.5% cutoff 

 

No Substance  Compart 

ment  

Unit   Blended 

cement  

Dry 

cement  

Wet 

cement  

1   Occupation, arable  Raw species.yr 3.2E-6 5.77E-

11 

8.36E-11 

2 Occupation, forest, intensive  Raw  species.yr -4.77E-8 6.3E-10 9.12E-10 

 
4.7.5 Fossil depletion  

             

There are many substances lead to be the fossil depletion. By 0.5% cutting off the result, coal, 

energy from oil, natural gas are the major emissions which is tends to the fossil depletion as shown 

on table 4.19. For example, in natural gas, it is assume that the cost of future production of natural 

gas will be increase 10.5 $ in blended cement, 32.2 $ in dry process and 50 $ in wet process.  

 

Table 4.18 Fossil depletion (midpoint characterization) 0.5% cutoff 

 

No Substance  Compart 

ment  

Unit   Blended 

cement  

Dry 

cement  

Wet cement  

1   Coal, 26.4 MJ per kg Raw kg oil eq 8.86 0.741 0.408 

2 Coal, 29.3 MJ per kg Raw  kg oil eq 4.24 × × 

3 Coal, brown  Raw kg oil eq -6.74 0.0404 0.0614 

4 Coal, hard  Raw  kg oil eq -4.66 0.445 0.68 

5 Energy, from gas, natural  Raw kg oil eq 6.78 0.208 0.013 

6 Energy, from oil Raw  kg oil eq 8.03 0.42 0.182 

7 Gas, natural/m3 Raw kg oil eq 63.7 195 303 

8 Oil, crude  Raw kg oil eq -1 5.42 7.75 
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Table 4.19 Fossil depletion (endpoint characterization) 0.5% cutoff 

 

No Substance  Compartment  Unit   Blended 

cement  

Dry 

cement  

Wet cement  

1   Coal, 26.4 MJ per kg Raw $ 1.46 0.123 0.0674 

2 Coal, 29.3 MJ per kg Raw  $ 0.702 - - 

3 Coal, brown  Raw $ -1.11 0.00669 0.0102 

4 Coal, hard  Raw  $ -0.77 0.0735 0.112 

5 Energy, from gas, natural  Raw $ 1.12 0.0345 0.00216 

6 Energy, from oil Raw  $ 1.33 0.0694 0.0301 

7 Gas, natural/m3 Raw $ 10.5 32.2 50 

8 Oil, crude  Raw $ -0.616 0.896 1.28 

 

4.8 Analyzing the end point normalization  

             

The table 4.15, 4.16 and 4.18 show the emissions which are effected to the three impact categories 

if human health, ecosystems and resources by 0.5% cut off the result. As the results, the carbon 

dioxide can be reduce in all impacts in the major achievement of the study. Subsequently, the 

others mitigation of emissions are carbon dioxide, fossil, natural gas, coal (hard and brown) and 

particulate emissions.  

 

Table 4.20 Human health (endpoint normalization) 0.5% cutoff 

 

No Substance  Compartment  Blended cement  Dry cement  Wet cement  

1 Ammonia Air  0.00135 1.56E-6 1.31E-6 

2 Barium  Water  -0.00324 0.00339 0.00195 

1   Carbon dioxide Air 0.035 0.0685 0.0763 

2 Carbon dioxide, fossil  Air -0.00607 0.00107 0.00114 

3 Dinitrogen monoxide  Air  0.00118 5E-6 4.7E-6  

4 Methane, biogenic  Air 0.00115 1.36E-7 2.03E-7 

5 Nitrogen dioxide Air 0.00373 0.00785 1.12E-6 

6 Particulate, <10 µm Air 0.00162 0.0052 0.00506 

7 Particulate, < 2.5µm Air 0.00143 0.00507 0.00216 

  

Table 4.21 Ecosystem (endpoint normalization) 0.5% cutoff 

 

No Substance  Compartment  Blended 

cement  

Dry cement  Wet cement  

1   Carbon dioxide Air 0.028 0.0547 0.0609 

2 Carbon dioxide, fossil  Air -0.00484 0.00085 0.00091 

3 Dinitrogen monoxide Air 0.000945 3.99E-6 3.75E-6 

4 Methane, biogenic  Air 0.000916 1.09E-7 1.62E-7 

5 Occupation, arable Raw 0.0116 2.1E-7 3.04E-7 
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6 Transformation, from 

forest 

Raw  5.93E-5 0.000366 0.000569 

 

Table 4.22 Resources (endpoint normalization) 0.5% cutoff 

 

No Substance  Compartm

ent  

Blended 

cement  

Dry cement  Wet cement  

1 Coal, 26.4 MJ per kg Raw 0.00474 0.000397 0.000218 

2 Coal, 29.3 MJ per kg Raw 0.00227 - - 

3 Coal, brown  Raw -0.00361 2.17E-5 3.29E-5 

4 Coal, hard  Raw -0.00249 0.000238 0.000364 

5 Energy, from gas, natural  Raw 0.00364 0.000112 7E-6 

6 Energy, from oil Raw 0.0043 0.000225 9.75E-5 

7 Gas, natural/m3 Raw 0.0341 0.104 0.162 

8 Iron Raw 0.00104 0.00234 0.00136 

9 Oil, crude Raw -0.000536 0.0029 0.00415 

 
4.9 Limitation of the result 

              

As the goal of the study is to mitigate the carbon dioxide emissions during the production and to 

reduce the natural gas consumption. On the other hand, as in figure 4.20, there are some failure of 

impacts such NO2, NOx and SO2 emissions. These emissions still high because of the power 

generation in the rice mill in collecting the ash. However, as the previous described the CO2 is the 

most menace to the environment and also one of the threaten emissions of the GHG (greenhouse 

gas). Therefore the achievement of this study is the reducing of carbon dioxide emission by 

replacing the pozzolano materials to reduce the clinker compositions in 1 ton of cement 

manufacturing as in figure 2.3. In addition, reducing of water discharging, particulate emissions 

are the subsequently benefits of the study as shown in figure 4.21 and 4.22.  

 

 
 

Figure 4.20 Bar chart comparison of Carbon dioxide emission µm in 1 ton of cement 

manufacturing by comparing of blended cement, dry process and wet process of Kyankhin 

cement plant 
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Figure 4.21: Bar chart comparison of Particulate emission >2.5 µm, <10 µm in 1 ton of 

cement manufacturing by comparing of blended cement, dry process and wet process of 

Kyankhin cement plant 

 

 

 
 

Figure 4.22 Bar chart comparison of water emission µm in 1 ton of cement manufacturing 

by comparing of blended cement, dry process and wet process of Kyankhin cement plant 
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Figure 4.23 Bar chart comparison of SO2 and NOx emissions µm in 1 ton of cement 

manufacturing by comparing of blended cement, dry process and wet process of Kyankhin 

cement plant 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 Conclusion  

             

A complete LCA includes the use and disposal phase. In case of the study, the only of LCA 

production process other means gate-to-gate of life cycle assessment. The SimaPro software and 

ReCiPe midpoint and endpoint method were used to assessment the environmental impacts of the 

process. The functional unit is the 1 ton of cement production and all impacts were based on the 

unit. The boundary of the study is raw materials preparing followed by operation then to the 

production stage. 

            

The data for the wet process is collected from the Kyankhin cement plant which is currently used. 

The dry process data are collected from the Kyouksal cement plant which is used the dry process. 

In this thesis, it is only emphasize to change the wet process to dry process and implementation on 

the dry process to reduce the environmental impacts. 

             

In the blended cement production, the rice husk ash is the main reason to improve the 

environmental and economics assessment. For collecting of the ash, the rice mill which is located 

in Maupin and generate the steam power by burning the waste rice husk of the mill. This kind of 

recycle can be benefit in reduce of electricity consumption. The 1 ton of rice residue 78% of husk 

and the husk can be converted 22% of ash by burning in the boiler process. The ash to be additive 

in cement must be the white color and this ash appeared in the burning with high temperature.  

             

As the result, the blended cement process reduced carbon dioxide during the operation till to 411 

kg in 1 ton of cement while the dry process 803 kg and wet process 895 kg of CO2. Furthermore, 

the particulate emission and water depletion impact could be mitigate in the blended cement 

production. By comparing with the others pozzolana cements, pozzolanic composition 5-15% is 

the most effected to the environment, 11-35% and 15-40% are the second, and 36-55%, 25% ( the 

blended cement of the study) are the less impact as shown in figure 4.18. 

 

5.2 SimaPro result  

             

There are numerous software of LCA to evaluate the environmental assessment. In this study, 

SimaPro 8.04 software was used. The difference software might have the variation of process and 

assembly but the similar result.  LCA may be an important device for comprehension the natural 

dangers for results and upgrading those manufacturing transform to decrease unfriendly natural 

effects. Substantially of the impacts will rely on upon the vitality and high temperature 

information. 

             

In the single core of the comparison of the results, the climate change human health, climate change 

ecosystems and fossil depletion are the major impacts of the cement producing and dominated in 

all process. Moreover, the particulate matter formation mostly causes in the dry process. The other 

obvious impact was the agricultural land occupation on the blended cement because of the utilizing 

of rice husk ash to additive in cement.  
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5.3 Quality of cement  

             

In the observing of the strength of the blended cement, the following table can be proof of the 

ability and strength depending on the amount of rice husk ash content.  

 

Table 5.1 Compressive strength of RHA (rice husk ash) blended mortar & concrete  

 

RHA% 28 days Compressive strength (Mpa) 

Mortar Concrete 

0 37 37.1 

5 38.9 40 

10 42.8 41.3 

15 46.7 41.8 

20 39.8 42.5 

25 38.3 38.8 

30 37 37.6 

35 36 35.1 

 

5.4 Process economy  

             

The natural gas utilization decrease in the blended cement both natural furthermore monetary 

profits. As the market of 2012, the average cost for 1mm BTU (1055.055MJ) of natural gas is US 

$ 5. 

And 1 cuft (0.02831 m3) of natural gas can be produced 712.23 BTU (0.7520 MJ) of heat. 

The required heat for 1 ton of cement in wet process = 0.7520 × 372.559 MJ 

The required heat for 1 ton of cement in dry process = 0.7520 × 239.502 MJ 

The required heat for 1 ton of cement in blended process = 0.7520 × 175.80 MJ 

 

Table 5.2 Total cost of natural gas in 1 year for wet, dry and blended process cement 

 

 Wet process 

 

Dry process Blended cement 

 (US 

$/ton) 

(US $/yr) (US 

$/ton) 

(US $/yr) (US $/ton) (US $/yr) 

 

Cost of natural gas  

 

46.86 

 

6842251.16 

 

30.12 

 

4398590.03 

 

22.11 

 

3228752.25  

 

Total gross income by changing from wet process to blended cement=US $ 3613498.91/yr  
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Table 5.3 Preheater and rotary kiln cost in the market 

 

 Preheater 

(US $) 

Rotary kiln 

(US $) 

Henan Yuhong Heavy Machinery Co.L.td  300,000 180,000 

Huangshi Lantian Dust –Removing 

equipment Machinery Co.L.td 

200,000 150,000 

Zhengshou Huanquia Heavy Industries L.td  451,612 200,000 

Gongyi / Fuwei Heavy Machinery plant  490,000 422,500 

 

5.5 Recommendation  

             

The impact score of blended cement is approximately three quarters of the environmental impact 

comparing with the wet process. Substitution 25% of pozzolan and reduction of clinker 

composition in the cement production can be achieved in carbon dioxide emissions.  

             

The cement kiln dust is the discharged during the cement manufacturing. The cement kiln dust 

(CKD) can be recycled depends on its contaminants and compositions. The CKD is the waste 

which has the hazardous effect and consequently causes both in the environmental and health risk 

(Deborah N.Huntzinger, 2009). The CKD should be recycled into the kiln feeds by mixing with 

the raw materials because it has the comparable composition of the clinker. As the result, 0.15 ton 

of CKD feed in the raw materials can be reduce 3.75% (Deborah N.Huntzinger, 2009). 

             

As the cement kiln dust is the concentration of contaminants from raw materials and fuel, it is 

included approximately 0.4 ton of CO2 per ton of CKD. By the other research, CKD is willingly 

sequesters carbon dioxide by carbonation at the ambient temperature. This process is called 

mineral carbonation. 

             

As the result of blended cement, it can mitigate in CO2 emissions but still have the large amount 

of NO2 and SO2. This result came from the burning of fuel and diesel at the high temperature. The 

other place of NO2 emission is the road source such as in transportation. By reducing the 

transportation process in the operation may be help to reduce NO2 and SO2 emissions.  
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APPENDIX 1: LIFE CYCLE INVENTORY 
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Wet process  

 

1.Limestone preparing to produce 1 ton of wet process cement 
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2.Iron ore preparing to produce 1 ton of wet process cement   
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3.Raw milling to produce 1 ton of wet process, dry process and blended cement   
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4.Factory water to produce 1 ton of wet process cement   
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5.Slurry silo to produce 1 ton of wet process cement   
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6.Clinker (kiln and cooler) to produce 1 ton of wet process cement   

 

 

 

 

 



89 

 

7.Gypsum crushing to produce 1 ton of wet process, dry process and blended cement   
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8.Finished grinding to produce 1 ton of wet process cement   
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Dry process  

 

1.Clinker (preheating, kiln and cooling) 
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2.Finished grinding to produce 1 ton of dry process and blended cement   
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Blended cement  

 

1. Rice ash generating in rice mill to produce 1 ton of blended cement  
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2. Finished grinding to produce 1 ton of blended cement 
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APPENDIX 2: RESULT OF THE MIDPOINT CHARACTERIZATION 
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Process: Wet 

Results: impact assessment  

Indicator: Characterization  

Method: ReCiPe (E) midpoint  

Skip categories: never  

Exclude infrastructure: yes  

Exclude long-term emissions: yes 

 

 

 

 

 Impact 

category 

Unit Total  Finished grinding 

(Wet cement 1 ton) 

Clinker from wet process 

(kiln and cooler) 

Gypsum crushing  Electricity from 

hydroelectric power plant  

Electricity from 

diesel  

1 CC kg CO2 eq 909 × 908  0.133 0.937 0.375 

2 O D kg CFC-11 eq 2.07E-6 × 2.05E-6 1.16E-8 3.2E-9 7.74E-10 

3 TA kg SO2 eq 0.0757 × 0.0698 0.00302 0.00307 0.00253 

4 FE kg P eq 0.000346 × 0.000341 3.33E-6 2.05E-7 1.22E-6 

5 ME kg N eq 0.0022 × 0.00192 0.00014 1.29E-5 0.00013 

6 HT kg 1,4-DB eq 154 × 154 0.149 0.0447 0.162 

7 POF kg NMVOC  0.0699 × 0.0625 0.00336 0.000359 0.00368 

8 PMF kg PM10 eq 1.2 0.57 0.593 0.0399 0.000132 0.000927 

9 TET kg 1,4-DB eq 0.00633 × 0.00611 6.98E-5 0.000133 1.56E-5 

10 FET kg 1,4-DB eq 0.0127 × 0.0124 4.75E-5 0.000253 1.45E-5 

11 MET kg 1,4-DB eq 38.3 × 38.1 0.0891 0.0769 0.0978 

12 IR kBq U235 eq 2.38 × 2.36 0.0142 0.00503 0.000942 

13 ALO m2a 0.0842 × 0.0814 0.00275 × × 

14 ULO m2a 0.162 × 0.151 0.0117 × × 

15 NLT  m2 0.0406 × 0.0412 0.000629 × × 

16 WD m3 22.1 × 21.9 0.29 0.000902 3.42E-5 

17 MD kg Fe eq 6.4 × 6.38 0.00928 0.0131 8.97E-5 

18 FD  kg oil eq 312 × 312 0.0418 0.0168 0.122 
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Process: Dry  

Results: impact assessment  

Indicator: Characterization  

Method: ReCiPe (E) midpoint   

Skip categories: never  

Exclude infrastructure: yes  

Exclude long-term emissions: yes 

 

 

 

 

 Impact 

category 

Unit Total  Finished grinding 

(Dry cement 1 ton) 

Clinker from dry process 

(preheating, kiln and 

cooler) 

Gypsum crushing  Electricity from 

hydroelectric power plant  

Electricity from diesel  

1 CC kg CO2 eq 816 × 815 0.133 0.937 0.375 

2 O D kg CFC-11 eq 1.63E-6 × 1.61E-6 1.16E-8 3.2E-9 7.74E-10 

3 TA kg SO2 eq 4.09 × 4.09 0.00302 0.000307 0.00253 

4 FE kg P eq 0.000235 × 0.000231 3.33E-6 2.05E-7 1.22E-6 

5 ME kg N eq 0.223 × 0.222 0.00014 1.29E-5 0.00013 

6 HT kg 1,4-DB eq 229 × 228 0.149 0.0447 0.162 

7 POF kg NMVOC  5.71 × 5.71 0.00336 0.000359 0.00368 

8 PMF kg PM10 eq 2.94 0.57 2.33 0.0399 0.000132 0.000927 

9 TET kg 1,4-DB eq 0.0047 × 0.00448 6.98E-5 0.000133 1.56E-5 

10 FET kg 1,4-DB eq 0.0161 × 0.0158 4.75E-5 0.000253 1.45E-5 

11 MET kg 1,4-DB eq 56 × 55.7 0.0891 0.0769 0.0978 

12 IR kBq U235 eq 1.88 × 1.86 0.0142 0.00503 0.000942 

13 ALO m2a 0.0582 × 0.0554 0.00275 × × 

14 ULO m2a 0.117 × 0.105 0.0117 × × 

15 NLT  m2 0.0259 × 0.0265 -0.000629 × × 

16 WD m3 14.7 × 14.5 0.29 0.000902 3.42E-5 

17 MD kg Fe eq 10.5 × 10.4 0.00928 0.0131 8.97E-5 

18 FD  kg oil eq 202 × 202 0.0418 0.0168 0.122 
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Process: Blended  

Results: impact assessment  

Indicator: Characterization  

Method: ReCiPe (E) midpoint  

Skip categories: never  

Exclude infrastructure: yes  

Exclude long-term emissions: yes 

 Impact 

category 

Unit Total  Blended 

cement 

25% of 

pozzolano 

Clinker from dry 

process (preheating, 

kiln and cooler) 

Gypsum 

crushing  

Rice white ash 

generating  

Transport 

,barge ship, 

bulk   

Electricity from 

hydroelectric power 

plant  

Electricity from 

diesel  

Clinker from dry 

process  

1 CC kg CO2 eq 365 × 598 0.133 -24.8 6.51 0.937 0.375 -217 

2 O D kg CFC-11 eq -1.93E-7 × 1.19E-6 1.16E-8 -9.78E-7 1.34E-8 3.2E-9 7.74E-10 -4.29E-7 

3 TA kg SO2 eq 4.32 × 3 0.00302 2.34 0.0629 0.000307 0.00253 -1/09 

4 FE kg P eq 0.0133 × 0.000169 3.33E-6 0.0131 2.12E-5 2.05E-7 1.22E-6 -6.13E-5 

5 ME kg N eq 1.5 × 0.163 0.00014 1.39 0.0033 1.29E-5 0.0013 -0.0591 

6 HT kg 1,4-DB eq -166 × 168 0.149 -276 3.17 0.0447 0.162 -60.7 

7 POF kg NMVOC  2.92 × 4.19 0.00336 0.149 0.088 0.000359 0.00368 -1.52 

8 PMF kg PM10 eq 1.44 1.13E-7 1.71 0.0399 0.283 0.0221 0.000132 0.000927 -0.345 

9 TET kg 1,4-DB eq 2.38 × 0.00329 6.98E-5 2.37 0.000354 0.000133 1.56E-5 -0.00119 

10 FET kg 1,4-DB eq 0.482 × 0.0116 4.75E-5 0.474 0.000283 0.000253 1.45E-5 -0.0042 

11 MET kg 1,4-DB eq -50.5 × 40.9 0.0891 -78.5 1.7 0.0769 0.0978 -14.8 

12 IR kBq U235 eq 0.339 × 1.37 0.0142 -0.569 0.0164 0.00503 0.000942 -0.495 

13 ALO m2a 158 × 0.0407 0.00275 158 × × × -0.0147 

14 ULO m2a -0.316 × 0.0773 0.0117 -0.377 × × × -0.028 

15 NLT  m2 -0.0151 × 0.0195 -0.000629 -0.0269 × × × -0.00706 

16 WD m3 -72 × 10.6 0.29 -79.1 0.000594 0.000902 3.42E-5 -3.84 

17 MD kg Fe eq 3.61 × 7.66 0.00928 -1.3 0.00156 0.0131 8.97E-5 -2.77 

18 FD  kg oil eq 79.61 × 148 0.0418 -17.3 2.11 0.0168 0.122 -53.8  
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APPENDIX 3: RESULT OF CHARACTERIZATION COMPARISON   
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Process: Comparison 

Results: impact assessment  

Indicator: Characterization  

Method: ReCiPe (E) midpoint   

Skip categories: never  

Exclude infrastructure: yes  

Exclude long-term emissions: yes 

 

 

 

 Impact category Unit Blended cement 25% of 

pozzolano 

Finished grinding (dry 

cement 1 ton) 

Finished grinding (wet cement 1 

ton) 

1 CC kg CO2 eq 365 816 909 

2 O D kg CFC-11 eq -1.93E-7 1.63E-6 2.07E-6 

3 TA kg SO2 eq 4.32 4.09 0.0757 

4 FE kg P eq 0.0133 0.000235 0.000346 

5 ME kg N eq 1.5 0.223 0.0022 

6 HT kg 1,4-DB eq -166 229 154 

7 POF kg NMVOC  2.92 5.71 0.0699 

8 PMF kg PM10 eq 1.44 2.94 1.2 

9 TET kg 1,4-DB eq 2.38 0.0047 0.00633 

10 FET kg 1,4-DB eq 0.482 0.0161 0.0127 

11 MET kg 1,4-DB eq -50.5 56 38.3 

12 IR kBq U235 eq 0.339 1.88 2.38 

13 ALO m2a 158 0.0582 0.0842 

14 ULO m2a -0.316 0.117 0.162 

15 NLT  m2 -0.0151 0.0259 0.0406 

16 WD m3 -72 14.7 22.1 

17 MD kg Fe eq 3.61 10.5 6.4 

18 FD  kg oil eq 79.61 202 312 
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Process: Comparison 

Results: impact assessment  

Indicator: Characterization  

Method: ReCiPe (E) endpoint   

Skip categories: never  

Exclude infrastructure: yes  

Exclude long-term emissions: yes

 Impact category Unit Blended cement 25% of 

pozzolano 

Finished grinding (dry 

cement 1 ton) 

Finished grinding (wet cement 1 

ton) 

1 CCH DALY 0.00128 0.00287 0.00319 

2 O D DALY -5.47E-10 4.8E-9 6.62E-9 

3 HT DALY -0.000116 0.00016 0.000108 

4 POF DALY 1.14E-4 2.23E-7 2.73E-9  

5 PMF DALY 0.000245 0.000345 1.88E-5 

6 IR DALY 5.56E-9 3.09E-8 3.9E-8 

7 CCE specie.yr 6.82E-6 1.53E-5 1.7E-5 

8 TA specie.yr 6.15E-8 5.82E-8 1.08E-9 

9 FE specie.yr 5.87E-10 1.05E-11 1.54E-11 

10 TET specie.yr 3.58E-7 7.07E-10 9.52E-10 

11 FET specie.yr 4.14E-10 1.39E-11 1.09E-11 

12 MET specie.yr -8.89E-9 9.85E-9 6.74E-9 

13 ALO specie.yr 3.15E-6 7.41E-10 1.07E-9 

14 ULO specie.yr -6.53E-9 2.42E-9 3.36E-9 

15 NLT  specie.yr -2.46E-7 2.29E-7 2.9E-7 

16 MD $ 0.258 0.748 0.458 

17 FD  $ 13.2 33.4 51.5  
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APPENDIX 4: RESULT OF NORMALIZATION COMPARISON 
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Process: Comparison  

Results: impact assessment  

Indicator: Normalization   

Method: ReCiPe (E) midpoint   

Skip categories: never  

Exclude infrastructure: yes 

Exclude long-term emissions: yes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Impact category Blended cement 25% of 

pozzolano 

Finished grinding (dry 

cement 1 ton) 

Finished grinding (wet cement 1 

ton) 

1 CC 0.0376 0.0841 0.0937 

2 O D -8.76E-6 7.4E-5 9.4E-5 

3 TA 0.112 0.106 0.00197 

4 FE 0.032 0.000567 0.000833 

5 ME 0.148 0.022 0.000217 

6 HT -0.0372 0.0512 0.0345 

7 POF 0.0513 0.101 0.00123 

8 PMF 0.0964 0.197 0.0808 

9 TET 0.17 0.000335 0.000452 

10 FET 0.0413 0.00138 0.0019 

11 MET -0.0199 0.0221 0.0151 

12 IR 5.42E-5 0.000301 0.00038 

13 ALO 0.035 1.29E-5 1.86E-5 

14 ULO -0.000776 0.000288 0.000399 

15 NLT  -0.0937 0.16 0.251 

16 WD × × × 

17 MD 0.00505 0.0146 0.00896 

18 FD  0.0512 0.13 0.2 
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Process: Comparison  

Results: impact assessment  

Indicator: Normalization   

Method: ReCiPe (E) endpoint   

Skip categories: never  

Exclude infrastructure: yes  

Exclude long-term emissions: ye

 Impact category Blended cement 25% of 

pozzolano 

Finished grinding (dry 

cement 1 ton) 

Finished grinding (wet cement 1 

ton) 

1 CCH 0.0311 0.0696 0.0776 

2 O D -1.33E-8 1.17E-7 1.61E-7 

3 HT -0.00282 0.00389 0.00262 

4 POF 2.76E-6 5.41E-6 6.63E-8 

5 PMF 0.00595 0.00839 0.000458 

6 IR 1.35E-7 7.5E-7 9.47E-7 

7 CCE 0.0248 0.0556 0.0619 

8 TA 0.000224 0.000212 3.92E-6 

9 FE 2.14E-6 3.81E-8 5.6E-8 

10 TET 0.0013 2.57E-6 3.47E-6 

11 FET 1.51E-6 5.05E-8 3.98E-8 

12 MET -3.23E-5 3.58E-5 2.45E-5 

13 ALO 0.0115 2.7E-6 3.9E-6 

14 ULO -2.38E-5 8.82E-6 1.22E-5 

15 NLT  -0.000895 0.000834 0.00106 

16 MD 0.000836 0.00242 0.00148 

17 FD  0.0426 0.108 0.167 
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