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Abstract

With environmental regulations continuously being strengthened internationally the need to control environmental

pollution and environmental load is emerging in Korea. The purpose of this study is to seek methods or using waste

cementitious powder as an alternative raw material for limestone through the optimization of raw material and to

quantitatively analyze the resulting reduction of CO2 emission in order to contribute to solving the issue of waste,

which is the biggest issue in relation to construction and global warming. The results of the study, show that waste

cementitious powder can be used as an alternative raw material for limestone at OPC level, but it was also found that

mixing fine aggregate cementitious powder into waste cementitious powder significantly affected the substitution rate

for limestone with waste cementitious powder and the reduction of greenhouse gas. In particular, when fine aggregate

cementitious powder was used at a rate of 0~20%, the substitution rate for limestone and the reduction in the rate of

greenhouse gas emission was significantly reduced. It is thought that a technique to efficiently separate and discharge

the fine aggregate cementitious powder mixed in waste cementitious powder needs to be developed in the future.
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1. Introduction

1.1 Background of a study

Internationally, environmental regulations are 

being strengthened with the goal of sustainable 

development. In major developed countries, specific 

studies have been conducted on minimization of pol-

lution discharge, recycling and resource recovery of 

waste and improvement of eco-friendly processes. In 

Korea, issues related to environmental pollution and 

environmental load are emerging. Among them, the 

biggest issue related to construction is waste and 
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global warming. Construction waste accounts for 

51.7% of all industrial waste, and concrete waste 

and asphalt waste account for 87.1%. This makes 

them a key target for material recycling, and various 

approaches have been pursued[1]. Greenhouse gas 

emission is the most significant factor affecting 

global warming. Greenhouse gas emission by the 

cement industry accounts for 18.9% of total 

emissions. As the second largest industry after the 

steel industry in terms of emissions, it has been re-

ceiving attention. Emissions have tended to con-

tinuously increase with the development of the ce-

ment industry. For this reason, various studies have 

been conducted to find approaches to using recycled 

concrete. Concrete recycling has now reached the 

practical stage, in which it is being used for 

low-added value materials such as recycled ag-

gregates and sub base course materials. This study 
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is very useful from the perspective of the reuse of 

aggregate resource which is lacking, because the 

chunks of concrete generated by reconstruction are 

crushed and are used as aggregates and rubble. 

Moreover, when reduction of cost for waste treat-

ment, conservation of natural resource and the im-

pact on the natural environment caused by in-

discriminate quarrying are considered, concrete re-

cycling could be a measure that is beneficial for the 

protection of earth's environment.

Thus, the purpose of this study is to use the 

paste ingredients contained in waste concrete ce-

mentitious powder (hereinafter, waste cementitious 

powder) focusing on clinker production as an alter-

native raw material for limestone, and analyze the 

reduction effect achieved through conservation of 

raw materials for limestone and estimates of emis-

sion of greenhouse gas

1.2 Theoretical overviews

1.2.1 Research trend of CO2 reduction technology

in the cement industry

Measures for CO2 reduction in the cement in-

dustry can largely be divided into four types, which 

are utilization of alternative fuels, introduction of 

high efficiency equipment for improved energy ef-

ficiency, increased use of blended cements and in-

creased use of additives and admixtures. Increased 

usage of additives and admixtures is considered the 

most effective technology for CO2 reduction. The 

reason for this is that measures of using alternative 

fuels and CO2 reduction through high efficiency can 

reduce the CO2 generated by combustion and power 

except that related to decarbonation by up to 10%.

1) Domestic research trend of CO2 reduction tech-

nology

To reduce the energy used for manufacturing ce-

ment, Japan is promoting the supply of high effi-

ciency equipment, including the installation of re-

serve grinders, introduction of high performance 

classifiers and expansion of usage of energy alter-

native sources. The British government is present-

ing a vision to reduce CO2 emission by 60% over 60 

years in the same manner as Japan through 

step-by-step short term (1990 – 2010), mid-term 

(2010 – 2030) and long-term (2030 – 2050) plans. 

In addition, the American Association of Cement 

has reported that 45 companies and 101 factories 

have established a voluntary long-term goal of re-

ducing waste by 10% in 2020 compared to 1990 

levels through the development of a CMS (Cement 

Manufacturing Sustainability) program, and this 

was achieved in 2009[2].

2) International research trend of CO2 reduction 

technology

In the report ‘research on measures to cope with 

climate change conventions,’ it was reported that 

the average total consumption calories required for 

domestic cement manufacturing was 780.1kcal/ 

kg·cement. It was found that among the main en-

ergy sources of cement manufacturing processes 

such as heat and electricity, supply heat was 

690kcal/kg·cement and power was 90.1kcal/ 

kg·cement. This was lower than the average value 

of 841kcal/kg·cement in Japan by approximately 

7%. The proportion of installation of the latest NSP 

Kilns in Korea was 85%, which is higher than 

Japan’s adoption rate of 83%. This implies that do-

mestic cement manufacturing facilities are almost 

the same as those in developed countries in terms 

of energy efficiency and performance. As such, it is 

expected that measures to introduce a high effi-

ciency facility will achieve a relatively lower reduc-

tion effect. On the other hand, the method to re-

duce CO2 emission in the calcination process, which 

represents the biggest share of CO2 emission in the 

cement manufacturing process, is the use of mixed 
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Figure. 1 CO2 emission arising from the energy source and

material

cement, which can reduce the production of cement 

clinker. In Korea, only approximately 20% of ce-

ment is produced as mixed cement, and thus the 

expansion of the use of mixed cement is required. 

In addition, research has been conducted on recov-

ery of the hydration of recycled cement based on 

calcination at low temperature. It has been reported 

that high compressive strength of 40MPa or higher 

is represented under the condition of calcination at 

low temperature of approximately 700℃[3]. It is 

thought that this may affect the reduction of CO2 

emission related to combustion and power, which 

accounts for about 40% of the entire calcination 

process. 

1.2.2 CO2 emission mechanism

The stage of the cement manufacturing process 

responsible for the largest share of CO2 emission is 

the calcination process (83.1%), with other stages 

being responsible for emissions in the following 

amounts: mining (Aggregate: 1.2%, limestone 

0.3%), grinding (1.4%), mixing (5.4%), and trans-

port (4.3%)[4]. In this paper, the CO2 emissions 

from the calcination process, which represent the 

majority of total CO2 emission, were investigated.

CO2 emission sources in the calcination process, 

which represents the largest share of greenhouse 

gas emission in the cement manufacturing process, 

can be largely divided into decarbonation of lime-

stone, combustion of fossil fuels to maintain the 

kiln temperature required for calcination constant 

and power usage in the facility. Each CO2 source is 

independent. According to previous studies, as 

shown in Figure. 1, the average CO2 generated to 

manufacture 1 ton of cement was 822 kg-CO2 

based on raw fuel and electricity usage added 

through the manufacturing by each cement manu-

facturer A-F. In particular, decarbonation of lime-

stone generated 555 kg-CO2, 67.5% of CO2 emis-

sion, the highest proportion. CO2 emission caused 

by combustion was 219 kg-CO2, which was 26.7% 

of all CO2 emission. CO2 emission caused by power 

usage was 48kg-CO2, which accounted for 5.8% of 

all CO2 emission[5]. However, according to some 

studies, CO2 emission caused by decarbonation ac-

counted for 52.15% of all emission and CO2 emis-

sion caused by combustion and power usage ac-

counted for 47.85%, a fairly significant difference 

that is accounted for by differences in the heat ef-

ficiency of fuel and the water content of raw mate-

rials[6]. In this study, the average of each ratio was 

used as follows: CO2 emission caused by decarbon-

ation, combustion and power was 59.83%, 32.9% 

and 7.2%, respectively. This is shown in Figure 2. 

Here, the decarbonation process of limestone, 

which accounted for the highest proportion of CO2 

emission during the cement manufacturing process, 

was shown in equation (1). As limestone (CaCO3) is 

decomposed into lime (CaO) at high temperature, 

CO2 is discharged. Thus, the CaO required for pro-

duction with the main compounds of cement is es-

timated according to equation (2). If hydroxyl cal-

cium (Ca(OH)2), which is a hydrated product in 

waste cementitious powder, is substituted through 

a re-decomposition process, a significant amount 

of CO2 emission can be reduced. 
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Figure. 2 CO2 emission ratio from the energy source and

material

CaCO3(100g/mole) + Heat →

CaO(56g/mole) + CO2 (44g/mole)------- (1)

Ca(OH) 2 (76g/mole)+Heat → 

CaO(56g/mole) +H2O(20g/mole)--------- (2)

1.3 Fine aggregate added in waste cementitious

powder

In the author's previous research, the chemical 

composition of waste cementitious powder actually 

collected from 11 sites nationwide was analyzed, 

and the addition ratio of fine aggregate was ap-

proximately 65%. Contents of each ingredient were 

different from those in OPC. CaO and Fe2O3 were 

approximately 43% and 0.6% less, respectively. SiO2 

and Al2O3 were approximately 30% and 5% more, 

respectively. It was estimated that this was due to 

the addition of fine aggregate powder, which was 

difficult separate from cementitious powder because 

of its similar grain size and grain form. According 

to previous papers, major components were 

ɑ-quartz, feldspar and calcite. ɑ-quartz and feld-

spar added in cementitious powder and calcite add-

ed in coarse and fine aggregates in waste concrete 

were formed through grinding and carbonation re-

action of Ca(OH)2 formed by hydration reaction of 

cement, respectively. Thus, in this study, the ef-

fects of the addition ratio of each fine aggregate 

cementitious powder on substitution rate for lime-

stone and CO2 reduction were quantitatively ana-

lyzed[7].

Table 1. Chemical compositions of Actual Waste cementitous

powder and Fine aggregate Addition ratio of 65%

Classification CaO SiO2 Al2O3 Fe2O3 SO3

Actual Waste

Cementitous powder
15.1 55.8 10.2 2.9 1.7

Fine aggregate

Addition ratio of 65%
17.5 55.2 9.2 2.2 17.5

2. Research methods

2.1 . Raw materials

Since the formulation and age of actual waste 

cementitious powder in each site are unknown, a 

waste cementitious powder model was made and a 

comparative analysis was performed in this study. 

The raw material was fine aggregate aged 6 months 

in 75 ㎛ or lower, which was difficult to separate 

and discharge because it had a grain size and grain 

form similar to waste cementitious powder. 

Limestone and converter slag were used as in-

gredient adjusters. Here, converter slag was used to 

supplement the Fe2O3. In particular, in the case of 

fine aggregate powder, it was performed as the ad-

dition ratio was increased to 0~100%. Multi-pur-

pose optimal combination was performed by using 

the above 4 kinds as raw materials for clinker. At 

the time, Bogue values, which were commonly used 

by cement manufacturers as the standards for 

quality assessment, were 90~100, SM 2.41~2.8, IM 

1.48~1.73, which were LSD values of clinker, an 

intermediate product in OPC manufacturing. These 

values were used as standards. 

The chemical compositions of each raw material 

used in the waste cementitious powder model and 

ingredient adjuster are shown in Tables 1 and 2. 
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Classification CaO SiO2 Al2O3 Fe2O3 SO3

Paste 47.7 18.2 3.9 2.6 0.0

Fine aggregate 1.3 75.1 12.1 2.0 0.0

Table 1. Chemical compositions of waste cementitous

powder model

Table 2. Chemical compositions of each raw material and

byproduct raw materials

Classification CaO SiO2 Al2O3 Fe2O3 SO3

Limestone 45.2 11.2 2.1 0.81 0.2

Converter Slag 31.8 14.9 2.7 38.4 0.1

2.2 Methods to estimate CO2 emission

The cement manufacturing process largely con-

sists of a mining process, a raw material grinding 

process, a cement calcination process, production 

and a shipping process. Since CO2 emission during 

the production of clinker, which is the intermediate 

product of cement in the calcination process, ac-

counts for 84% or more of emissions in the entire 

process, CO2 emission is estimated based on the 

calcination process. At this time, all CaO contents 

are assumed to be discharged through Ca(OH)2 and 

CaCO3 depending on the optimal combination of ce-

ment raw materials based on the addition ratio of 

fine aggregate cementitious powder. It is assumed 

that CO2 emission caused by combustion and power 

is the same under all conditions. 

According to the findings of Kim, Sang Hyo et 

al., the CO2 emission ratio generated upon manu-

facturing clinker can be broken down as follows: 

decarbonation (67.5%), combustion (26.7%) and 

power (5.8%). The CO2 emission factor of binder 

used in concrete that is caused by decarbonation 

includes emission from decarbonation 0.82(t 

CO2-e/tonne) and from slag 0.143(t CO2-e/tonne). 

CO2 emission is estimated based on the fine ag-

gregate addition ratio mixed in waste cementitious 

powder using the above factors. 

The equation used to estimate CO2 emission is 

shown in the following (3), (4), (5) and (6).

Decarbonation 

0.82 44
100 56

lA Ac´ ´ ´
´ ----------------- (3) 

 

Where, Al : usage amount of limestone depending 

on addition ratio of each fine 

aggregate

       AC : amount of CaO production

 

Combustion 

0.329
0.598

cD ´
 -------------------- (4) 

Where,  Dc : CO2 emission by Decarbonation Reaction

 

Electric Power 

0.072
0.598

cD ´
-------------------- (5) 

Slag  

0.143As´ --------------------- (6) 

Where,  As : use amount of slag 

3. Research results and analysis

3.1 Optimal combination of clinker raw materials

In terms of the results of combination of raw ma-

terials in each addition ratio of fine aggregate ce-

mentitious powder through optimization, which are 

shown in Figure 3, it was found that the substitution 

rate of waste cementitious powder for limestone was 

decreased as the addition ratio of fine aggregate ce-

mentitious powder was increased. As shown in 

Figure 4, each chemical ingredient required based on 

OPC standards such as CaO and SiO2 was constant, 

because SiO2 was increased as fine aggregate ce-

mentitious powder mixed in waste cementitious 
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powder increased, but CaO was decreased. At the 

time, according to chemical characteristics, waste 

cementitious powder was highly likely to be utilized 

as an alternative to clay, which was SiO2 raw mate-

rial, rather than limestone. Therefore, if fine ag-

gregate cementitious powder was actually about 

65%, the substitution rate of waste cementitious 

powder for limestone was about 9%, which was a 

significantly low level. In order to increase the sub-

stitution rate by utilizing cement hydrates with 

high-added value among waste cementitious pow-

der, it is thought that efficient separation of fine 

aggregate cementitious powder is required. 
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Figure 4. Chemical composition of clinker from fne aggregate

addition ratio

3.2 Estimation of CO2 emission

The results of estimation of CO2 emission based 

on the addition ratio of fine aggregate cementitious 

powder were obtained as shown in Figure. 5. Under 

the assumption that CO2 emission related to com-

bustion and power was the same in all conditions, 

it was estimated as 15.4 and 3.3 (t CO2 -e/tonne), 

respectively. However, in the case of decarbonation 

reaction, substitution rate of waste cementitious 

powder (Ca(OH)2 → CaO+H2O) for limestone (CaCO3 

→ CaO+ CO2 ↑) was increased with the increasing 

addition ratio of fine aggregate cementitious 

powder. At this time, a greenhouse gas emission of 

up to 56.56% was shown when addition ratio of fine 

aggregate was adjusted. In addition, as shown in 

Figure 6, it was found that the rate of CO2 emission 

reduction was decreased with the increase in the 

addition ratio of fine aggregate cementitious 

powder. In particular, when the addition ratio of 

fine aggregate fell between 0%~20%, the reduction 

rate sharply declined, such as from 100% to 37.5%, 

37.5% to 7.2%. However, when it was over 30%, the 

reduction of CO2 emission was very minor. This re-

minds us of the need to develop technology to effi-

ciently separate and discharge the fine aggregate 

cementitious powder mixed into waste cementitious 

powder.
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4. Conclusion

This study analyzed whether waste cementitious 

powder among the construction waste can be uti-

lized as an alternative raw material, and handled 

the reduction of CO2 emission. In particular, the 

purpose of this study was to reduce CO2 emission in 

the clinker calcination process, which was respon-

sible for the largest share of CO2 emission in the 

entire cement manufacturing process.

Through the research, the following conclusions 

were obtained.

1) Through multi-purpose optimization, it was 

found that waste cementitious powder could 

be used as an alternative raw material for 

limestone to produce cement at the OPC level.

2) It was found that CO2 emission was reduced in 

decarbonation reaction to produce CaO when 

waste cementitious powder was used as an al-

ternative raw material for limestone.

3) It was found that the range in which waste ce-

mentitious powder was utilized as an alter-

native raw material for limestone was reduced 

as the addition ratio of fine aggregate in waste 

cementitious powder was increased, and the 

reduction of CO2 emission was decreased. In 

addition, the actual addition ratio of fine ag-

gregate in waste cementitious powder was 65% 

and the reduction rate of emission was only 

0.27%. Thus, it is thought that technology to 

efficiently separate and discharge fine ag-

gregate cementitious powder in waste cementi-

tious powder should be developed in order to 

produce more greenhouse gas reduction effects.

4) It was found that the rate of greenhouse gas 

reduction was dramatically reduced when the 

addition ratio of fine aggregate in waste ce-

mentitious powder was increased. A sig-

nificant reduction was shown when addition 

ratio of fine aggregate was 0%~20%.

Through this study, it was found that the uti-

lization of waste cementitious powder as an alter-

native raw material to limestone had more effects 

on reduction of greenhouse gas by suppressing de-

carbonation reaction. It should be examined to de-

termine whether this represented compressive 

strength and fluidity at the appropriate level for 

producing the actual recycled cement through 

property tests in the future. It is thought that the 

usage rate of waste cementitious powder as an al-

ternative raw material for limestone will be in-

creased, and that technology to efficiently separate 

and discharge fine aggregate cementitious powder 

should be developed to increase the reduction rate 

of greenhouse gas. In addition, study of the entire 

cement manufacturing process such as mining, 

grinding, mixing, transportation for CO2 reduction 

is needed.
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