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Cement has a pivotal role in the construction industry.  However, cement is one of the 
key contributors to global CO2 emission levels.  This is due to the energy-intensive 
nature of cement production processes.  This comparative-descriptive study focuses on 
the potential factors to reduce the CO2 emission level in cement production and the 
decision-making process of adopting new environmental-friendly technology in 
production.  Particularly, this study compares alternative technologies in cement 
manufacturing to reduce CO2 emission.  It collects both the industry data and the data 
from Texas, which is the biggest contributor to CO2 emission in the US, to analyze how 
a shift in production technology could affect CO2 emission and eventually improve the 
outcomes of environment protection and energy efficiency.  This paper projects a 
possible improvement of implementing the method of preheater-precalciner in cement 
production in lieu of wet and long-dry process to upgrade kilns and reduce problematic 
CO2 emission.  This study suggests shifting from wet and dry kilns to preheater-
precalciner systems to obtain the potential benefits of CO2 emission reduction in the 
cement industry. 
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1 INTRODUCTION 

The Cement Industry subsumes the largest industrial non-combustion source of CO2 emission by 

holding a record of 4.1% of the overall global emissions in 2014 (EPA 2015).  Additionally, the 

cement manufacture process produces combustion-related CO2 emissions, which also constitute 

an additional 4% of the total global emissions (Gibbs et al. 2000).  Hence, the cement 

manufacture process by itself accounts for about 8% of the total global CO2 emission.  It is also in 

urgent need to control CO2 emissions in the United States, which is the 3rd largest cement 

producer in the world (USGS 2015).  The focus of this paper is on non-combustion related 

emissions in the cement industry.  The purpose is to identify potential factors to reduce the CO2 

emission level in cement production.  The factors can assist the decision-makers to smoothen the 

process to adopt new environmental-friendly technology in production.  Specifically, this study 

collects both the industry data and the data from a particular area and compares alternative 

technologies.   

The research goals include:  (1) provide an up-to-date profile of the CO2 emission levels of 

the cement industry; (2) detect and pinpoint the problematic cement production facilities to 

improve; (3) introduce potential improvement methods; and (4) provide in detail a transformation 

process for Portland cement manufacturing plants for successful adoption of new technologies.  
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The research seeks to answer the following questions:  (1) What are the current CO2 levels of the 

cement industry in the US?, (2) What are the potential CO2 emission levels improvement rates in 

upgrading kilns to preheater?  The shift in production technology could affect CO2 emission and 

eventually improve the outcomes of environment protection and energy efficiency. 

This comparative-descriptive study is conducted in a non-contrived setting.  The purposes of 

study the production technologies affecting CO2 emissions and eventually improve the outcomes 

of environment protection and energy efficiency.  After compares alternative technologies in 

cement manufacturing to reduce CO2 emissions in the literature review, this paper focuses on the 

influencing factors for new technology adoption.  It collects both the industry data and the data 

from Texas, which is the biggest contributor to CO2 emission in the US, to analyze the statuses 

and technical details of the controls on CO2 emissions.  This paper projects a possible 

improvement of implementing the method of preheater-precalciner in cement production in lieu 

of wet and dry process to upgrade kilns and reduce CO2 emissions.  In addition, this paper gives 

reasonable policy adjustments to help companies in the transformation processes. 

 
2 LITERATURE REVIEW 

2.1    Comparison of Various CO2 Abatement Technologies 

The CO2 abatement technologies can be classified into five general categories:  improving energy 

efficiency, alternative fuels, clinker substitution, innovative low-carbon cements, and carbon 

capture and storage.  The clinker production is the most energy intensive step in the cement 

production (Hendriks et al. 1998).  This step emits approximately 85% of overall CO2 and 

consumes 80% of the energy used in the cement production.  The average heat input required by 

wet, long dry, preheater, and precalciner were reported as 5.5, 4.1, 3.5, and 3.1, respectively (EPA 

2015), which indicates that dry method is more energy efficient compared to wet method of 

cement production.  Researchers demonstrated that preheater technology improved the energy 

efficiencies in cement production (Hanle et al. 2004 and Benhelal et al. 2013).  The shift from 

wet to dry processes could reduce 50% energy usage and 20% CO2 emission.  For example, 

streamlining the kiln exhaust can save up to 20% of the energy input (Engin and Ari 2005).  

Galitsky and Price (2007) showed that installing an efficient kiln lead to 144 to 94,444 metric 

tons reduction in CO2 emissions. 

Coal is the most widely used fossil fuel in the cement production.  It is possible to replace this 

fossil fuel with waste-derived fuel to save energy and reduce CO2 emission (Hanle et al. 2004, 

Ali et al. 2011).  The use of solid-waste-derived fuel might become the most ecologically and 

economically feasible method in lowering CO2 emission in the cement industry (Mokrzycki and 

Uliasz-Bochenczyk 2003).  However, the variation in properties of municipal solid waste is a 

significant drawback in their usage, which can lead to a low-quality final product (Kikuchi 2001). 

Substitution of clinker with supplementary cementations materials (SCMs) is one of the most 

effective ways to reduce CO2 emissions.  The SCMs include fly ash, blast furnace slag and other 

pozzolans, which are able to form many types of blended cements (Gartner 2004, Hanle et al. 

2004, Rehan and Nehdi 2005, Ali et al. 2011).  For instance, Huntzinger and Eatmon (2009) 

evaluated CO2 emission by substituting clinker with natural pozzolans and 100% cement kiln dust 

(CKD), which had insignificant impact on the cement’s environmental footprint.  Upon 

comparing 30 energy-efficient technologies, Worrell et al. (2001) concluded that the replacement 

of clinker with various additives was the most energy-efficient and cost-effective approach for the 

cement industry in the U.S.  Kim and Worrell (2002) further concluded that such methods were 

viably duplicable on a global level.  However, clinker substitution may result in low-quality final 

material (Schneider et al. 2011) and unacceptable or unmarketable products (Gartner 2004).  
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Low-carbon cements involve chemicals, which are completely different from the ordinary 

cement (IETD 2017).  They offer significant reduction in CO2 emissions.  However, long-term 

sustainability and conformity of these cement products remain unproven.  The innovative low-

carbon cements need to gain customer acceptance.   

Carbon capture and storage technologies are currently used for post-combustion CO2 capture.  

Capturing and storing the CO2 emission are effective solutions toward decreasing CO2 emission 

levels, which were proven to reduce such emissions by 65-70% (Rehand and Nehdi 2005).  

Companies are interested in this business opportunity as well.  In a recent study, an Australian 

company is planning to capture carbon emissions and convert it into solid carbonates 

(Guardian.com 2017).  These carbonates have the potential to be used in building products, such 

as concrete and plasterboard, to create green construction materials. 

 

2.2    Influencing Factors to New Technology Adoption 

Many factors may influence the adoption of new technologies in control of pollutant emissions.  

Researchers found different influencing factors of decision-making to executives at strategic 

level, managers at tactical level, and technicians at technical level.  Figure 1 shows the diverse 

influencing factors (Beggs 2000).  Particularly, executives concerned on market orientation; 

managers focused on creativity, risks and usefulness; while technicians prefer easiness in learning 

and perceived benefits (Ishida et al. 2017, Lee 2009).  
 

Strategy Level Tactical Level Technical Level

 Environment

 Security

 Economics

 Market Orientation

 Government

 Politics

 Creativity

 Plans to Expand

 Usefulness

 Risk Concerns

 Decrease Pollution Emission

 Suitability

 Social Acceptance
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 Perceived Benefit

 Technology Improvement

 R&D

 Government Support

 Technology Risk

 Financial Risk

 Education Degree
 

Figure 1.  Diverse influencing factors. 

 

3 DATA ANALYSIS AND DISCUSSION  

Based on the database of the U.S. Environmental Protection Agency (EPA 2015), Texas 

accounted for 13.44% of the national total cement industry share in the non-combustion CO2 

emission and topped the list among all the states.  There were 10 major and active cement 

production facilities in Texas (EPA 2015).  Figure 2 shows their Greenhouse Gas (GHG) 

emission quantities over the past 6 years.  Fortunately, the overall trend of the GHG emissions is 

decreasing.  However, the GHG emission increased in the following plants:  Ash Grove Cement 

Company, Holcim Texas Limited Partnership, Lehigh Cement Co LLLC/Waco Plant, Texas 

Lehigh Cement Company LP, and TXI Hunter Cement Plant.  Although Ash Grove was pioneer 

in utilizing alternative fuels towards energy savings, it fell behind in terms of CO2 emission levels 

pertaining to kiln types, because the company utilized 2 wet kilns and 1 dry kiln (USGS 2015).  

In terms of energy consumption, a conversion of wet or dry kiln to preheater-precalciner kiln can 

lead up to 40 percent increase in CO2 emission (EPA 2015).  Furthermore, such a conversion can 

cause a decrease in energy usage to 0.7 MMBtu /ton of cement production. 
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Figure 2.  Greenhouse Gas (GHG) emission quantities (Data Source:  EPA 2015). 

 

4 CO2 REDUCTION ESTIMATES 

A conversion from wet or dry kiln to preheater-precalciner can lead to between 150 to 460 lb / 

(ton cement) reduction in CO2 emission levels.  Table 1 shows the differences that such 

conversion can make in the reduction of the emission levels of several Texan cement plants, 

including Ash Grove, Cemex, and Lehigh (EPA 2015).  Figure 3 shows the results of these 3 

companies when converting to 1 preheater and 1 precalciner in terms of reduction in CO2 

emission levels.  Overall, this conversion can lead up to almost half million metric-ton of 

reduction in CO2 emission levels, which accounts for almost 6% of the overall GHG emission 

quantity from the Texan cement industry. 

The entire CO2 reduction can be estimated in this method.  Texas is responsible for 13.4% 

and almost 9 million metric tons of the overall industrial CO2 emission in the U.S.  If this 

conversion is used in the entire cement industry, there will be a reduction of approximately 

13,840,000 metric tons of CO2 emission.  This amount leads to 20 percent of all industrial CO2 

emissions in the U.S.  However, it is important to note that such a conversion calls for an 

investment of $96 million dollars /ton of cement production annually.  In addition, operation and 

maintenance costs can be around $0.08 million dollars per ton cement (EPA 2015). 

 
Table 1.  Projections of Adoption of New Technology. 

 

Facility Kiln Type Annual Production GHG 
Quantity 

GHG Reduction 
Ash Grove 2 wet 1 dry 575,809 576,069 40,000-12,000 

Cemex 1 preheater 1,585,163 1,580,208 108,000-330,000 
Lehigh 1 wet 132,474 132,123 9,000-28,000 

Total 157,000-478,000 
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 Figure 3.  CO2 emission projection (Data Source:  EPA 2015). 

 

5 CONCLUSIONS 

This study focuses on the comparison between different cement production processes of 

different technologies.  By capitalizing on the available data, this study evaluates the levels of 

CO2 emissions among various cement production facilities.  The results indicate that shifting 

from wet and dry kilns to preheater-precalciner systems has potential to reduce CO2 emissions 

in the cement industry.  In the final analysis, the data shows that the shift can reduce the CO2 

emission levels up to almost 6% in the overall emission levels of the Texan cement industry.  

This saving is approximately 0.8% of the overall industrial CO2 emission in the U.S.  During 

this research, data confidentiality hindered the study greatly.  For example, companies keep 

confidentiality on the data of the fuel consumption in a kiln and the production capacity of 

each kiln.  This research is the start of a comprehensive look into the cement industry about 

technology improvement and adoption.  The research would encourage the exploration of 

further methods towards more efficient cement-production with reduced CO2 emission and 

energy consumption in the country. 
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