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Abstract. Cement manufacturing is an energy-and carbon-intensive process and a prominent contributor to global anthropogenic 

greenhouse gases (GHGs). Within emerging economies, this industry’s considerable potential to pollute can be exacerbated by outmoded 

plant or practices, and management’s limited capacity to remediate. In this context, the current study analyses the case of Indonesia’s 

leading producer, recording variations in greenhouse gas (GHG) sources to pinpoint opportunities for reduction. Emissions, measured 20% 

higher than the 2030 global industry target, occur from the calcination process, abetted by fuel combustion. Reductions should be focused 

on reducing the clinker-to-cement ratio and promoting the uptake of alternative fuels. Avenues lie in increasing the use of clinker 

substitutes such as fly ash and limestone, and employing fuels derived from waste and biomass. Both sources are abundant in Indonesia. 

Further declines in GHGs could be achieved through technological innovations such as the upgrading of kilns. The inquiry provides 

recommendations for emission mitigation in the cement industry not only in Indonesia but also in other developing countries. 
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1. Introduction 

 

Emerging economies can be significant contributors to global GHG growth (Olhoff & Christensen, 2018). 

Indonesia, as part of that grouping, is rated as the world’s eighth largest emitter in absolute terms, though GHG 

output per capita only ranks 100th. By 2030, the national government is committed, through domestic funding, to 

reduce 29% of emissions based on 2000 levels (Janssens-Maenhout et al., 2017; Dasih & Widodo, 2019). Energy 

use is one of the priorities, together with control of forest fires and peatland degradation (Haryanto & 

Martawardaya, 2015). Approximately one-third of GHGs from energy consumption comes from the industrial 

sector (BPPT, 2016). It has been prioritized for emission mitigation by the government, especially in strongly-

contributing industries such as cement, iron and steel, and paper (Iklim, 2010; Ke et al., 2012). Cement-making is 

the most significant of these fields, accounting for 20% of national total manufacturing GHGs, specifically CO2 

(Panjaitan et al., 2018). It consumes about 7% of the total energy supplied in Indonesia, comprising nearly 40% of 

its total production costs (Haryanto & Martawardaya, 2015; Panjaitan et al., 2018). Coal is the focus and usage 

had risen from 10.54 million in 2010 to 16.16 million tons in 2018 (Ali et al., 2011; Ke et al., 2012; Haryadi & 

Suciyanti, 2018). This increase is driven by the growing demand for cement, resulting from economic growth and 

the continued effort to provide adequate infrastructure in the country (Iklim, 2010; Ke et al., 2012). It is estimated 

that the industry’s emissions will quadruple by 2030 compared with the 2005 level (Iklim, 2010; Ke et al., 2012; 

Olivier et al., 2017). As a consequence, it has been prioritized for attention by the Government (BPPT, 2016).  

 

Studies have been conducted to examine the potential for emission reduction in the global cement industry 

(Hasanbeigi et al., 2010a; Iklim, 2010; Ali et al., 2011; Ke et al., 2012). The International Energy Agency (IEA) 

concentrates on four measures, namely, improving thermal and electric efficiency by adopting state-of-the-art 

technologies, encouraging clinker substitution, using alternative fuels (AFs) which have lower carbon impact or 

are carbon-neutral, and involving carbon capture storage (CCS) technology (WBCSD-IEA, 2009). Investigations 

from an engineering technology perspective are becoming more numerous (WBCSD-IEA, 2009; IEA, 2017). Yet, 

most measures are capital intensive and pose inherent difficulties in a developing economy. Accordingly, industry 

has limited funds for improvements to achieve anything near world best practice (Haryanto & Martawardaya, 

2015; Panjaitan et al., 2018).  

 

Grubler (2012) states that policies or strategies applied in developed countries should not be directly translated to 

developing ones. It is important to realize that the transition will not always produce the same results if 

implemented elsewhere. In general, the existing process is probably uniform, but the exact mechanism of change 

is not understood. Therefore, policy-making needs to consider local conditions which usually have different 

factors influencing abatement options. 

 

Several issues bear upon the industry's willingness to reduce its emissions. Financial gain or cost savings (e.g. 

products with lower cost and better quality compared with competitors) are dominant influences in adopting 

changes or innovations (Okereke, 2007; Urbancova, 2013), followed by complying with regulations, market 

demand, and moral/social concerns (Tsitsiragos, 2016). An overarching inquiry is needed to provide a framework 

for reducing emissions that is suitable for the conditions of the cement industry in Indonesia. It begins by 

presenting a GHG emissions inventory from the case study company in Indonesia, leading to identification of 

ways to foster mitigation. 

 

Given this background, the present inquiry aims to chart the potential for energy reform and emission reduction in 

the Indonesian cement industry. Taking a case study approach, it assesses the environmental performance of the 

country’s leading producer, which operates a series of plants across the archipelago and accounts for about two-

thirds of the market (Board, 2019). Conscious of the operating constraints mentioned, the work evaluates the local 

opportunity to establish appropriate mitigation measures. The findings could assist other nations, which 

experience manufacturing conditions similar to those in Indonesia.  
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2. Cement Production         
    

Cement is a primary building material for infrastructure. Remarkably, this industry, viewed globally, produces 

around 5% of all human-made GHGs (WBCSD-IEA, 2009; Haraguchi et al., 2017). Strategic steps are required in 

carbon management to reduce pollution. The impetus is not only to meet government and international targets but 

also to improve competitiveness, enhance economic and social values and ensure a better environment. 

 

Cement manufacturing falls into wet and dry modes. In the wet process, water is added to the raw materials to 

form a slurry, while the dry method prepares a fine powder by grinding and drying such inputs. It is the less 

energy intensive means, because the wet method needs extra heat input to remove moisture in the slurry (Ke et al., 

2012). 

 

The production process can be divided into the preparation of raw materials, followed by clinker and cement 

making (Figure 1) (Afkhami et al., 2015; Panjaitan et al., 2018). The basic ingredients, such as limestone, clay 

and correction materials, are crushed and ground to produce raw meal. A crusher is needed for crushing, while a 

roller mill grinds the mixture. To this point, mechanical force is paramount, powered by equipment which uses 

electricity supplied from outside the plant. Next comes the most energy-intensive process, clinker making. It starts 

with pre-heating to eliminate water content by utilizing hot gas from a kiln. The products move on to the heat- and 

emissions-intensive calcination stage in a rotating kiln to produce clinker. They will then undergo rapid cooling 

using air exchange. The resulting clinker is mixed with additives to produce cement (WBCSD-IEA, 2009; 

Afkhami et al., 2015; Panjaitan et al., 2018). 

 

Fig. 1. The process of cement production 

Source: Authors, based on (WBCSD-IEA, 2009; Galvez-Martos & Schoenberger, 2014; Afkhami et al., 2015; Stafford et al., 2016) 

 

3. Computational Methods 

 

The Indonesian government has set out its Minister of Industry Regulation No. 12/2012, which governs the 

reduction of cement emissions and has quantitative targets. However, it has not been followed by a scheme 

offering rewards for reaching goals or, otherwise, penalties. Some developed countries have implemented a 

carbon tax policy to encourage the use of alternative energy by making it cost-competitive with cheaper fuels. The 

Indonesian government has not yet implemented such a tax because it is concerned that it will reduce the 
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performance of industries, which are essential contributors to state revenues. The economic and political 

environment in the nation is such that taxes or strict controls on the sector are ineffective or even impractical in 

seeking mitigation measures. A comprehensive study is required to find out how to incentivize companies to 

reduce emissions voluntarily. 

 

An appropriate strategy is also needed in managing carbon to produce attractive and feasible abatement options 

for decision-makers. The study begins by taking an emissions inventory within the cement production process. It 

will lead to the identification and implementation of ways to foster mitigation. We collect and analyze data to 

examine the sources and amounts of emissions in the overall context of environmental performance. The 

abatement projections are derived by comparing inventory results with key indicators to achieve sustainability in 

the global cement industry, adjusting for local conditions. The paper does not discuss microeconomic issues but, 

instead, focuses on the practical reality of the cement industry in Indonesia. It is part of a comprehensive 

investigation that will result in a broader collection of studies, which will examine the potential for emission 

reductions and costs, and the response of management to emission reduction options. 

 

Compared with developed countries, emerging economies have limited access to capital and lack the knowledge, 

public acceptance and government support to reduce emissions (WBCSD-IEA, 2009; Iizuka, 2015). Their 

advanced counterparts have pioneered solutions in the cement industry by adopting the latest aids, such as state-

of-the-art kiln technology and CCS (Jordal et al., 2017; Nabernegg et al., 2017). These approaches complement 

the use of alternative fuels (AFs) (e.g., tires and industrial waste) (WBCSD-IEA, 2009; Bakhtyar et al., 2017). 

With this backdrop, we analyze the operations of the leading cement company in Indonesia with a view to 

reforming energy sources and targeting emission reduction. 

 

3.1. Guidelines for Calculating and Reporting GHG Emissions 

 

An initial issue is to examine and measure the sources of GHGs in cement production (Galvez-Martos & 

Schoenberger, 2014; Feiz et al., 2015). The Cement Sustainable Initiative (CSI)-World Business Council for 

Sustainable Development (WBCSD) has issued harmonized guidelines for monitoring performance, reporting, 

and calculating emissions for the industry worldwide (WBCSD, 2011; Geng et al., 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Emissions measurement methods 

Source: (Wright et al., 2011; Williams et al., 2012) 
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Operating in about 100 countries, the CSI is a program of the WBCSD. It aims to develop management guidance 

and minimize the impact of cement production by addressing various issues to do with production inputs and 

outputs. The Initiative also provides accurate and detailed data that enable the industry to identify factors and 

levers that can influence emissions and develop practical climate mitigation strategies. 

 

Andrew (2018) states that calculating emission intensity in the Indonesian setting often encounters problems 

caused by inconsistencies in the figures. The method used will be determined by the availability of specific 

information. Data provide different levels of specificity and uncertainty, as outlined in Figure 2 and the points 

below (Burritt et al., 2011; Wright et al., 2011; Society, 2012): 

 Use of non-specific data such as the national average energy consumption and Intergovernmental Panel 

on Climate Change (IPCC) default emissions factors have the highest level of uncertainty and a low level 

of specificity.  

 Use of specific data such as estimating the amount of fuel consumption from purchase costs in a year and 

using country/technology-specific emission factors will increase specificity and reduce the uncertainty 

involved. 

 Use of technology-specific data or direct measurement has the least uncertainty but requires a high level 

of specificity, requiring, for example, a direct measure of energy consumption and emissions, and analysis 

of equipment based on design specifications, age, and maintenance. 

 

Establishing operational limits is the priority in framing the emissions inventory. It is calibrated by “scope”, 

which relates to the sources of direct and indirect emissions as per Table 1. 

 
Table 1. The sources of emissions 

 

Emission Definition Sources 

Scope 1  Direct emissions occur from sources that are owned/ or 

controlled by the company.  

Combustion in boilers, vehicles and elsewhere. 

Scope 2 Indirect emissions arise from purchased electricity in 

company-owned/controlled equipment.  

Emissions occur at the facility where electricity is 

generated. 

Purchased electricity. 

 

Scope 3 Indirect emissions are an optional reporting category 

because activities of the company occur around sources 

not owned or controlled by the company. 

Extraction and production of purchased materials, 

use of bought products, transportation of 

purchased fuels and services. 

Source: (WBCSD, 2011) 

 

Direct emissions (Scope One), constituting up to 90% of the industry total, arise from facilities owned or 

controlled by the company, caused by burning fossil fuels like coal and industrial diesel oil (IDO), calcination, 

and on-site transportation (WBCSD, 2011; Hong et al., 2015). Net emissions are calculated as direct emissions 

minus those from AF usage (Feiz et al., 2015; Hong et al., 2015; Dietz, 2017). The WBCSD have provided data 

and means for calculations of direct emissions in cement production, as seen in Table 2. 
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Table 1. Guidelines for calculation of direct CO2 emissions from the cement industry  

 

Emission components Parameter Unit Proposed source of parameters 

CO2 from raw materials: Methods based on clinker output 

Calcination of raw material for 

clinker production 

Clinker produced tons Measured at the plant level 

Emission factor clinker t CO2/t clinker Default = 0.525 (CSI-WBCSD); 

or as calculated in detailed output 

method  

Calcination of dust Dust leaving kiln system tons  Measured at the plant level 

Emission factor clinker t CO2/t clinker  Measured at the plant level 

Dust calcination degree % Measured at the plant level 

Organic carbon in raw materials Clinker produced tons Measured at the plant level 

Raw meal: clinker     fraction t/t clinker Default = 1.55; can be adjusted 

TOC content of the raw meal mass fraction Default = 0.2%; can be adjusted 

CO2 from kiln and non-kiln combustion 

Conventional fuels   

 

Fuel consumption  tons Measured at the plant level 

Lower heating value GJ /t fuel Measured at the plant level  

Emission factor t CO2/GJ fuel IPCC/CSI defaults or measured 

Alternative fossil fuels and mixed 

fuels 

Fuel consumption  tons Measured at the plant level 

Lower heating value GJ /t fuel Measured at the plant level  

Emission factor t CO2/GJ fuel CSI defaults or measured 

Biogenic carbon content mass fraction CSI defaults or measured at the 

plant level 

Biomass fuels 

 

Fuel consumption tons Measured at the plant level 

Lower heating value GJ /t fuel Measured at the plant level  

Emission factor t CO2 /GJ fuel IPCC/CSI defaults or measured 

Wastewater combusted - - Quantification of CO2 not required 

Source: (WBCSD, 2011; Perindustrian, 2014) 

Note: AFs = Alternative Fuels, TOC = Total Organic Carbon 

 

Indirect (Scope Two) emissions are generated from operating activities undertaken or controlled by other entities. 

They are not significant compared with the direct variety. Based on the WBSCD Protocol, companies are asked to 

monitor their direct emission intensity. Under the Kyoto Protocol of 2009, non-CO2 emissions from cement 

production are ignored because they are not dominant (WBCSD, 2011; Andrew, 2018). 

 

3.2. Key Indicators for a Sustainable Cement Industry 

 

The collaboration of the CSI-WBCSD and IEA has established key indicators to enable moves towards 

sustainability in global cement production (Table 3). They serve as guidelines for companies to plan for future 

operations. Of concern are activities which can support the achievement of SDS (sustainable development 

scenario) emission intensity targets of 0.55 t CO2e/t by 2030. Meanwhile, the average emission intensity in the 

industry globally is around 0.7 t CO2e/t cement (Bakhtyar et al., 2017). 
 

Table 2. Indicators for Sustainability Goals in the Global Cement Industry  

 

Indicator  SDS Target in 2030 

Emission Intensity (Direct Emission) (t CO2e/t cement) 0.55 

Clinker to Cement Ratio 0.64 

Electricity intensity (kWh/t cement) 87 

Alternative fuels use (% of thermal energy) 18 

Thermal energy intensity of clinker (GJ/t clinker) 3.3 

Source: (IEA, 2018) 
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4. The Case Study 

 

The case study was carried out at the premier cement group in Indonesia. It has four integrated production plants 

and uses a dry process. On average, the clinker-making kilns operate 24 hours a day for between 330 to 340 days 

annually, while the other production equipment, such as the crusher, grinder and mill, run around 220 days per 

annum. We start by reviewing direct and indirect emission performance and profiles before turning to the need for 

international benchmarking. 

 

4.1 Direct Emissions (Scope 1) 

 

4.1.1 Calcination 

 

Calcination occurs when limestone is subjected to hot gas at 1500oC in a kiln, generally referred as 

pyroprocessing. Limestone, which is basically calcium carbonate (CaCO3), decomposes into calcium oxide (lime) 

(CaO) and carbon dioxide (CO2). This chemical process produces most of the CO2 emissions involved in clinker 

production and that of the final product, cement (Ali et al., 2011; Stafford et al., 2016). 

 

Therefore, the CSI-WBSCD recommends using clinker data rather than final cement production data in 

calculations. It follows that estimating the clinker fraction in cement to calculate clinker production can be 

undertaken only if cement data are available (WBCSD, 2011).  

 

The method for estimating CO2 emissions from clinker production employs the equation (WBCSD, 2011; 

Damayanti & Lestari, 2013; Energy, 2017; Andrew, 2018): 

 

Eclc= (EFclc + EFtoc) x (Qclc + (Qckd x Fckd))                 (1) 

In which: 

Eclc is the CO2 emission released from the production of clinker (CO2e tons). 

EFclc is the emission factor for clinker (0.525 t CO2e/t clinker). 

EFtoc is the emission factor for carbon-bearing non-fuel raw material (0.01 t CO2e/t clinker produced). 

Qclc is the quantity of cement clinker produced (tons). 

Qckd is the quantity of cement kiln dust (CKD) produced (tons). 

Fckd is the degree of calcination of cement kiln dust. If the information is not available, the degree is 

assumed to be 100%, such that Fckd =1. 

Based on production data from 2017, the subject company produced 10,534,385 tons of clinker and CKD. Its 

GHG emissions from the calcination process reached 5,635,896 t CO2e. 

 

4.1.2 Kiln and Non-Kiln Fuels 

 

In the direct manufacturing situation studied, the primary source of energy is coal, with usage of 2,364,077 t/year, 

which collectively accounts for 98% of Scope One energy consumption (Figure 3). Since high-grade Indonesian 

thermal coal is routinely exported, low-calorie (≤ 4200 kcal/kg) lignite is used in kilns with a usage index of 0.22 t 

coal/t clinker. The required thermal energy to produce clinker is 3.3 GJ/t clinker. It can be noted though, that, per 

unit weight, lignite combustion produces less pollution due to its calorific value and carbon component (25%–

35%) which are lower than those of high-grade coal such as anthracite (86%–97%) (EIA, 2018). 
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Fig. 2. Energy consumption and emissions by sources in the company studied, 2017 

 

The company has also begun to use biomass as an AF, though only in limited quantities. According to the 

guidelines, reporting of emissions from AFs must be carried out separately, and emission factors for those such as 

biomass are absent (WBCSD, 2011). Emissions generated from the energy sources currently in use at the plants 

equal 3,754,822 t CO2e, well below that of the chemical process producing calcination. Thus, the total direct 

emissions (Scope One) emanating from calcination and energy for non-kiln and kiln use equal 9,390,718 t CO2e.  

 

4.2. Indirect Emissions (Scope 2) 

 

The indirect emissions calculated at the sites relate to electricity purchased from the state electricity company. 

Consumption in the year under study totaled 1,270,981 MWh, consisting of power for cement production and for 

supporting ancillary equipment (e.g. offices, lighting).  Electricity is used in equipment such as the crusher, 

grinder, kiln and packer. 

 

Based on the corporate analysis, the average electricity index was 93.7 kWh/t cement, whereas global electricity 

relativities are estimated from 91-130 kWh/t (Olivier et al., 2017; IEA, 2018). The indirect emissions generated 

from the recorded electricity usage amounted to 1,095,586 t CO2e, with the emission factor reaching 0.862 t 

CO2e/MWh (JCM, 2017). 

 

4.3. Emission Profiles 

 

The total GHGs from direct (Scope One) and indirect emissions (Scope Two) from the company in 2017 were 

10,486,303 t CO2e. Of this volume, the chemical reaction in calcination is the leading emitter with 53.7 % of the 

total, followed by the combustion of coal in the kiln at 35.7 %, and electricity at 10.4% (Figure 4).  
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Fig. 3. Emissions (tons of CO2) by sources in the cement company studied, 2017 

 

The direct emission intensity is 0.696 t CO2e/t cement, higher than the SDS target of 0.55 t CO2e/t. Meanwhile, 

the indirect emission intensity (Scope Two) from the company remains at a reasonable level. The firm is planning 

to utilize waste heat from the combustion in the kilns during calcination via a Waste Heat Recovery Power 

Generator (WHRPG) with a capacity of 30.6 MW. It should lower electricity supplied by outside parties by 165 

million kWh annually. This reduction promises savings of up to IDR 120 billion (US$ 8.5 billion) and will curtail 

emissions by 122,000 – 150,000 t CO2e/year (Indonesia, 2018b). The indirect emissions intensity (Scope Two) 

will fall from 0.08 to 0.07 t CO2e/t cement.  

 

4.4. Benchmarking 

 

In order to establish the environmental performance benchmarks of different firms, the data used as indicators 

must be clearly defined. They help to analyze the gap between the company studied and world best practices. For 

its part, the firm can determine priority actions for emission abatement projection based on the indicators. This 

step must be followed by considering possible resources at the local level, along with conditions which support 

and hinder implementation. 

 

At present, the Indonesian firm’s ratio of clinker to cement (or the clinker factor) is 0.8, higher than the global 

average of 0.77 (Schneider et al., 2011). World best practice is posted by Switzerland’s LafargeHolcim and 

Brazil’s Intercement at 0.73. Furthermore, the Indonesian enterprise’s use of AF is very much lower, at around 

1.2%, when compared with Mexico’s Cemex (26.2%), Germany’s Heidelberg (21%), Switzerland’s 

LafargeHolcim (16.5%) and Thailand’s Siam Cement (11%) (Figure 5).  
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Fig. 4. Overview of Environmental Performance in the Global Cement Industry in 2017 

Source: (Limited, 2017; SCG, 2017; Cemex, 2018; Conch, 2018; Heidelberg, 2018; Intercement, 2018; LafargeHolcim, 2018) 

 

4.5. Abatement Projection 

 

Reduction plans in the company should focus on lowering the ratio of clinker to cement, utilization of AFs and 

decreasing the thermal energy intensity of clinker (Figure 6). 

Fig. 5. Schematic diagram for identifying abatement projections 

Source: (Chowaniec, 2012; Galvez-Martos & Schoenberger, 2014) 
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4.5.1. Reduction of Clinker/Cement Ratio 

 

The substitution of limestone for 10-12% of the composition of the final output does not decrease the quality of 

cement or concrete robustness. However, beyond that ratio, it can weaken the product and so increase the quantity 

needed to obtain the specific engineering strength expected (Mohammadi & South, 2016; Scrivener et al., 2018). 

 

To meet the SDS target, operators must increase the number of clinker replacements which will reduce the 

clinker/cement ratio and emission intensity. Besides limestone, fly ash is used as a clinker substitute. Around the 

world, the absorption of substitutes has risen from 5 to 35% of the composition of cement (Chowaniec, 2012; Gao 

et al., 2015). Fly ash is a fine powder derived from waste generated from burning coal in power stations and 

factories. It contains silica oxide (SiO2), aluminum (Al2O3), iron (Fe2O3), and calcium oxide (CaO). It can reduce 

water needed and increase concrete strength (Chousidis et al., 2015; Mengxiao et al., 2015).   

 

Fly ash remains in limited use in the case study company. Its use could rise due to its availability throughout 

Indonesia, mainly from burning coal in power generation. Nationally, the installed electricity capacity is 59,600 

MW. Around 70% of plants are steam powered and consume coal with the capacity to produce up to 10 million 

tons of fly ash per year (Jayaranjan et al., 2014; Notonegoro, 2018). Even so, much is discarded in landfill 

because of restrictive government regulations (Irawan, 2018). Policies, especially public ones, which support 

manufacturers to utilize waste, are needed. They can reduce negative impacts, such as pollution and costs in 

handling.  

 

Utilization of clinker replacement materials in the company will potentially reduce emissions by 0.91 t CO2e/t 

clinker subtitute, due to lowered emissions from chemical processes in calcination and constraints in coal usage. It 

is equivalent to cutting emissions by 930,000 t CO2e/year for every 10% increase in the clinker substitute. The use 

of substitutes such as fly ash, furnace slag, trass (soft rock or soil from volcanic ash), and limestone is the most 

economical, effective, and easily accessible way to overcome emissions (CEMBUREAU, 2012; Gao et al., 2015). 

These materials, in general, can be added directly to cement to increase its volume and reduce solid waste, and 

they do not require pyroprocessing. Such steps can save a significant amount of energy and emissions 

(CEMBUREAU, 2012; Chowaniec, 2012). 

 

4.5.2. Alternative Fuels (AFs) 

 

Non-renewable fuels such as liquid natural gas (LNG) and industrial diesel oil (IDO) have a lower carbon content 

than coal. However, utilization of the former is not possible in the situations studied because of the absence of 

pipeline infrastructure. IDO is possible but economically infeasible owing to high operational costs (UNFCCC, 

2011). Therefore, it is necessary to find AF sources which avoid significant obstacles involving availability and 

price. Cement companies in many countries have started reducing GHGs through using, as the primary agents, 

refuse-derived fuel (RDF) from industrial and municipal solid waste (MSW), and biomass (Kara, 2012; Hong et 

al., 2018). 

 

The company studied has also begun to use RDF from MSW as an alternative fuel. RDF is abundant in many 

developed countries. In 2015, its utilization rate (mainly from tires, and commercial and industrial waste) reached 

39% in Europe, compared with Indonesia which recorded under 2% (Hong et al., 2018; Indonesia, 2018a). In 

Indonesia, MSW is also abundant -- in 2017 around 66 million tons (Prastowo, 2012; Ridlo, 2014; BPS, 2018). It 

has a high-calorie value, superior to lignite, ranging from 5,100-5,200 kcal/kg due to plastic, paper and biomass 

(Ummatin et al., 2017; BPS, 2018). Yet, managing MSW is still a major challenge facing many developing 

countries. Indonesia’s population of more than 260 million notwithstanding, budget constraints limit the 

availability of adequate waste treatment facilities (BPS, 2018). The use of RDF as an AF is expected not only to 

impact economically because of lower costs, but also to assist in handling MSW (Genon & Brizio, 2008; BPS, 
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2018; Farizal et al., 2018; Hong et al., 2018). The downside could be the larger amounts of heavy metals in the 

waste gas, so the quality and the quantity of RDF should be carefully analysed (Genon & Brizio, 2008). 

Utilization of one ton of RDF in the company studied could reduce coal consumption by 1.44 tons and emissions 

by 2.3 t CO2e. Scaled up, 164,000 tons of RDF could replace 10% of coal use during a year and reduce emissions 

by 374,372.5 t CO2e. 

 

Biomass is widely available in developing countries (Rahman et al., 2014; Brunerová et al., 2018) and, as an AF 

in Indonesia, can produce energy of around 756 million GJ/year. This capacity consists of 614.6 million GJ/year 

from agricultural residues or crops, and 141.5 million GJ/year from forest waste (Prastowo, 2012; Ummatin et al., 

2017). Biomass from rice husk has been taken in by the firm. In 2017, 45,070 tons generated 575,599 GJ of 

energy.  It led to a reduction of emissions equivalent to 96,434 t CO2e. Additionally, ash from burning rice husk 

can be used as a pozzolanic material because it has a high silica content, and is also a potential substitute for 

clinker (Kumar et al., 2013; Singh, 2018). However, it tends to be financially unviable because it requires 

complex processes such as grinding to a very fine particle size, contributing to air pollution and an increase in 

emissions. It further requires controlled combustion (Rahman et al., 2014).  

 

The biomass from agricultural sources such as rice husk, palm shells, and coconut fiber generally comes from 

rural areas. Rice husk has considerable potential, the annual availability of 66,411,469 tons equivalent to 

approximately 369 million GJ/year or 60% of the total energy from crops in Indonesia (Prastowo, 2012; Ummatin 

et al., 2017). The rice husk resource within 200 km from the cement plants studied amounts to 867,625 t/year.  Of 

it, at least 563,957 t/year is available within less than 75 km (UNFCCC, 2011).  The CO2e emission reduction in 

rice husk tonnage to replace coal isequivalent to 0.97 t CO2e/t biomass, with a calorific value of approximately 

12.771 GJ/t (UNFCCC, 2011; Anshar et al., 2016), in some instances approaching that of lignite but beneficially 

derived from renewable sources. It has the potential to lower the use of lignite by up to 750,000 t/year, equal to 

reducing emissions by approximately 1,200,000 t CO2e/year. 

 

Although the cost of purchasing AFs is less than that of fossil fuels (and can even be free), their utilization will 

require expenses for installation and transportation. These materials, in general, need additional processing before 

they can be engaged, such as separating, drying, crushing/shredding and mixing (Chinyama, 2011; Deolalkar, 

2016). Given several different AFs, companies tend to avoid installing excessive handling and feed equipment. 

Therefore, cement plants generally only use one or two types (Deolalkar, 2016). It is necessary to look for suitable 

AFs which are widely available at economical prices.  

 

AF utilization will likely encounter obstacles due to a lack of support from regulations, policies, public 

acceptance, infrastructure and technical capabilities (Hasanbeigi et al., 2012). Emerging economies such as 

Indonesia need to learn from developed partners in drafting legislation and standards which can encourage usage, 

followed by an audit and an initiative to convince the local community of the advantages of using AF from waste. 

Government support is needed, such as in providing infrastructure, subsidies in waste management, tax incentives 

and other financial assistance. Since the characteristics of waste in various places or countries can be different, it 

is necessary to map types and availability. This step can help to determine the right technology. 

 

4.5.3. Plant Technology Improvement 
 

Efforts to reduce the intensity of heat and electricity consumption in cement production focus on updating kiln 

technology, responsible for the most energy-consuming calcination processes (Smidth, 2006; IEA, 2009; Madlool 

et al., 2011).  Means to limit waste and emissions follow the best available technology (BAT) approach. BAT for 

kilns currently uses a five or six-stage pre-heating technology with a pre-calciner (Figure 7). It can achieve a 

thermal energy consumption of 2.9-3.1 GJ/t clinker, significantly below the global target (IEA, 2018).  Such CCS 

technology can also offer notable emission reductions. However, it is still in its early stages and has not been 
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widely implemented (Jordal et al., 2017; Nabernegg et al., 2017; Olivier et al., 2017). 

Fig. 6. Five pre-heaters kiln with pre-calciner 

Source: Adapted from (Smidth, 2006) 

 

The company studied uses kilns with a four-stage pre-heater with a pre-calciner. The average thermal energy 

requirement has reached the 2030 SDS target. Upgrading from four-stage preheating with a pre-calciner to five 

stages can reduce heat consumption by 6 % or 0.2 GJ/t clinker, cutting emissions by 225,000 t CO2e/year. Six 

stages can post up to 12% falls or 0.4 GJ/t clinker, offering reductions of 445,000 t CO2e/year. The capital cost to 

upgrade pre-heating from four to five stages, or five to six stages, is at least US$2.54/t clinker. It will increase the 

production cost index of cement by 2.5% to five stages, or 5% to six stages (Table 4).  
 

Table 4. Heat consumption and cost for kiln technologies  

 

Process Fuel use  

(GJ/t clinker) 

Energy 

Reductions 

Cost 

(US$/year ton clinker) 

Ref 

Wet process 5.9-6.7 - - (Smidth, 2006; IEA, 2009; Madlool et al., 

2011; Worrell et al., 2013) Dry process 4.6 22-31% 50-100 

 1-stage pre-heater 4.2 29-37% 68-118 (Smidth, 2006; IEA, 2009; Hasanbeigi et 

al., 2010b; Madlool et al., 2011; Worrell 

et al., 2013) 
 2-stage pre-heater 3.8 36-43% 70.5-120.5 

 4-stage pre-heater 3.3 44-51% 85-135 

 4-stage pre-heater + 

pre-calciner  

3.1 47-55% 103-148 

 5-stage pre-heater + 

pre-calciner  

3.0-3.1 49-54% 105.5-150.5 

 

(Smidth, 2006; IEA, 2009; Price et al., 

2009; Hasanbeigi et al., 2010b; Madlool 

et al., 2011; Worrell et al., 2013)  6-stage pre-heater + 

pre-calciner  

2.9 51-57% 158-157.5 

 

The high investment costs and complexity in changing the pre-heater structure within existing process 

engineering can hamper implementation (Price et al., 2009). Conventional economic policies such as providing 

broad manufacturing energy price subsidies can also restrain technological progress, as currently observed in 

Indonesia. They can prevent uptake of more efficient technology by key industry players (Summerbell et al., 

2016). 
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Conclusions 

 

At the cement operation studied, nearly 78% of total energy consumption comes from direct (Scope One, in-

plant) coal and fuel oil burning, followed by (Scope Two) imported electricity at 22%. Emissions from 

calcination account for 53.7% of the total, coal utilization for 35.7%, electricity 10%, and the rest from fuel oil. 

The direct emission intensity is around 0.69 t CO2e/t cement. The company needs to reduce this figure by 20% to 

meet the global target of 0.55 t CO2e/t cement by 2030, equivalent in its case to 1,969,892 t CO2e. 

 

This inquiry analyzed measures which have the potential to drive such emission reductions. Following both the 

“low-hanging fruit” rule in project management and the rational choice model of economics, the ones adopted 

should center first on processes that create the most accessible emissions, namely, calcination and coal 

combustion. They are interrelated; calcination is a clinker formation process that requires heat from coal 

combustion. The firm’s ratio of clinker to cement is currently 0.8 or 25% higher than the global SDS indicator 

for 2030. The use of AFs is still less than 2%, while the global aim is 18% by 2030.  

 

Fulfilling its objectives, this paper has identified three ways in which the Indonesian cement industry can move 

towards world best practice.  

 First, the use of clinker substitutes such as limestone and fly ash reduces direct emissions from two 

primary sources at once, namely, from the chemical reaction in calcination and from energy use. The cost 

of procuring clinker substitutes is generally less than orthodox clinker production because the material is 

mostly in the form of waste and involves savings in raw materials, electricity and fuels. Utilization of 

clinker replacement materials by 10% can reduce the emissions intensity by 11%, a positive elasticity.  

 Second, the use of AFs such as RDF and biomass, all to hand in the country, can support conservation, 

increase income, and reduce negative impacts on the environment and local communities. Utilization of 

biomass in the plant can reduce emissions intensity by 13%. 

 Third, improving kiln technology: adopting five stages can reduce emissions intensity by 2.4% and six 

stages by 4.8%. Refurbishing entails significant investment costs and technical complexity. 

 

The first two options above provide opportunities to achieve global targets for emissions intensity in 2030. 

Besides being able to reduce absolute emissions significantly, they can also increase product competitiveness, 

conserve non-renewable resources, and lower raw materials uptake and waste disposal. However, in keeping with 

an emerging economy, cost constraints and lack of supporting public policy can block implementation. Financial 

assistance from the government is needed, such as subsidies in waste management and tax incentives. Also 

required are policies which support other parties to utilize waste and improve technical capabilities in adopting 

appropriate technology.  

 

From, all these investigations, the present analysis is able to provide recommendations for the national cement 

industry in choosing emission reduction measures. It is expected to help other countries which have similar 

conditions to those of Indonesia. The findings are both timely and spatially opportune, since nations which have 

significant sources of clinker substitute materials and AFs are spread throughout Southeast Asia and the 

developing world.   
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