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INTRODUCTION 

 

Cement plants contribute significantly to global greenhouse gas emissions, accounting for approximately 6% of 

total global GHG emissions, or about 2.2 Gt CO₂  annually, according to recent data from the International Energy 

Agency (IEA) and International Renewable Energy Agency (IRENA). In the cement production process, the 

largest emission sources are the chemical calcination reaction to produce clinker — which alone accounts for about 

53% of total emissions — and the combustion of fossil fuels used to generate the high temperatures required in 

kilns, contributing roughly 35% of emissions. The remaining emissions (approximately 12%) arise from electricity 

use for grinding raw materials and other operational processes. As pressure increases to reduce GHG emissions 

across industries, seeking alternative fuels is essential, and refuse‑ derived fuel (RDF) has emerged as one of the 

most utilized options to replace conventional fossil fuels and lower the sector’s carbon footprint (IEA/IRENA, 

2023). 

 

Assessing the greenhouse gas (GHG) emission potential of RDF compared to petroleum coke is necessary to 

evaluate its environmental feasibility in cement plants. In this context, the present study assessed environmental 

performance using Material Flow Analysis (MFA) and the quantification of Scope 1 and 2 GHG emissions related 

to the blending process for RDF production, comparing the proposed scenario with the conventional scenario of 

petroleum coke use in cement plants. 

 

The main objective of this research was to investigate the environmental performance of a waste-fuel blending for 

cement industries in the Brazilian Northeast region, focusing on quality, quantity, and pollution control 

requirements.  

 

METHODS 

 

The analyses were conducted based on the collection of information regarding the RDF production sector in the 

Brazilian northeastern region. Based on these data, uncertainties were calculated using the Hedbrant and Sorme 

method (2001). Finally, the data were input into the Stan 2.6 software, which generated a graphical model 

representing the quantification of material flows for the case study applied to the sector. In order to calculate the 

carbon dioxide equivalent (CO₂ eq) emissions from diesel combustion in production processes, a reference of 2.6 

kg CO₂ eq per liter of diesel burned and an average density of 0.853 kg.L-1 were used. Secondary data were also 

utilized from a literature review on fuel alternatives previously employed by the cement production industry 

(petroleum coke) for co-processing of solid waste in comparison to the use of IWDF, serving as a benchmark for 

the results obtained. 

 

RESULTS 

 

Through the MFA diagram (Figure 1), it is possible to observe that of the total amount of materials imported for 

the process, 82% were stored at the cement plants, while a smaller fraction (15%) was sent to landfill, and a minor 

fraction (2%) originating from the sorting processes was directed to recycling. 

 

Figure 1. Sankey Diagram of the Blending Process for the Annual Production of 70.44 t of Industrial Waste-

Derived Fuel (IWDF). 
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The main waste from the process was sludge, comprising approximately 55% of the total blend mass, while 

crushable materials accounted for nearly 32% of the total, followed by pruning waste at 5%. The approximate total 

diesel consumption for the process was 2,731.32 liters, while the estimated total system emissions were 7.09 

tCO₂ eq for an annual production of 70.44 t of industrial waste-derived fuel (IWDF). The case study of IWDF 

production in a blending unit resulted in emissions of 0.08224 tCO₂ eq per ton of IWDF, not considering methane. 
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CONCLUSION 

 

The study shows that the alternative of blending industrial waste for IWDF production has the potential to reduce 

GHG emissions from the process. However, the analysis requires further investigation to incorporate additional 

materials and to conduct an energy flow analysis of the system, expanding the boundaries to account for emissions 

from the combustion of IWDF and petroleum coke in cement plants. 
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