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Introduction: Environmental sustainability in the ceramic tile industry has gained 
global attention due to its significant impact on the building and construction 
sector. Sustainable production strategies are critical to reducing environmental 
footprints while maintaining economic growth.
Methods: This study evaluates and compares the environmental impacts 
of conventional ceramic tile production with four proposed eco-innovation 
scenarios using a cradle-to-gate life cycle assessment (LCA) approach. 
Environmental impacts were quantified per square meter of gross floor area of 
ceramic tile using SimaPro Faculty version. All four eco-innovation scenarios 
were compared against the conventional (base) scenario. Scenario 1 partially 
replaces virgin raw materials with waste materials (e.g., fly ash). Scenario 2 
focuses on energy recovery for heating during the drying process. Scenario 3 
substitutes conventional energy sources with cleaner alternatives. Scenario 4 
integrates all these eco-innovative strategies.
Results: The analysis indicates that human carcinogenic toxicity is the most 
critical environmental impact across all five scenarios. Among the eco-
innovation alternatives, Scenario 4 emerges as the most sustainable, achieving 
a 26.73% reduction in terrestrial acidification, a 23.23% decrease in stratospheric 
ozone depletion, and a 21.36% reduction in global warming potential compared 
to the baseline scenario.
Discussion: These findings provide valuable insights for policymakers and 
ceramic manufacturers in Sri Lanka, supporting the development of sustainable 
strategies to enhance environmental performance. By integrating renewable 
energy, waste materials, and energy-efficient technologies, the ceramic tile 
industry can transition toward more sustainable production, striking a balance 
between economic growth and environmental stewardship. This research 
addresses local challenges and contributes to global efforts in sustainable 
manufacturing, setting a precedent for other industries.
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1 Introduction
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1.1 Environmental impacts and 
sustainability in global ceramic tile 
production

  

  

  

    

  

  

  

  

  

  

  

  
 

  

  

  

  

    

  
  

  

    

  

   

 

2 Methodology

2.1 Life cycle assessment framework
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FIGURE 1
Ceramic tile production in the year 2022 (in millions of square meters) by global top manufacturing countries, including Sri Lanka. Source: Prepared by 
the authors based on data from the (Manufacturing Economic Studies, 2024) and average production statistics for Sri Lanka from (Daily Mirror, 2023).

 

2.2 Goal and scope of the study

   

 

   

  

2.2.1 Eco-innovation scenarios and the 
mid-point impact assessment comparison

 

2.2.1.1 Scenario 01: replacing virgin material with waste 
material: fly ash as an alternative to feldspar
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FIGURE 2
System boundary of the study outlining the cradle-to-gate scope of the ceramic tile manufacturing process. Icon by The Noun Project, https://
thenounproject.com/, used under CC BY 3.0.

FIGURE 3
Selected (a) fly ash sample and the (b) cookies prepared.

TABLE 1  Effect of fly ash addition on the fired properties of 
ceramic bodies.

Material Standard Test 01 Test 02

   

  

2.2.1.2 Scenario 02: liquefied petroleum gas savings in 
spray drying and horizontal dryer through heat recovery 
at the kiln
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TABLE 2  Liquefied petroleum gas consumption reduction in spray dryer 
with heat recovery system installation.

Liquefied 
petroleum 

gas (L)

Conventional scenario Scenario 02

TABLE 3  Grid electricity demand reduction with solar PV system.

kWh Conventional scenario Scenario 03

   

2.2.1.3 Scenario 03: replacing grid electricity with 
renewable energy from a solar PV system

  

  

2.2.1.4 Scenario 04: integrated green scenario with 
alternative approaches

  

2.3 Preparation of life cycle inventory (LCI)

 

2.4 Life cycle impact assessment

  

   

  

2.5 Interpretation of the life cycle 
assessment results

 

3 Results and discussion

  

3.1 LCI of the ceramic tile per declared unit
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TABLE 4  Data collection plan.

Data type Data Types of data Source of data Mode of data collection

  

  

  

  

3.1.1 Mid-point impact analysis of eco-innovation 
scenarios with the conventional scenario
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TABLE 5  Process-based LCI of cradle-to-gate ceramic tile production per 1 m2, based on the 1-year average production data provided by the 
manufacturer.

Process Inputs Unit Quantity Outputs Unit Quantity

3.1.1.1 Scenario 01: replacing virgin material with waste 
material: fly ash as an alternative to feldspar

  

  

  

3.1.1.2 Scenario 02: liquefied petroleum gas savings in 
spray drying through heat recovery at the kiln
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FIGURE 4
Normalised mid-point environmental impact values (in points) per 1 m2 of produced ceramic tile, covering cradle-to-gate scope generated in simapro 
faculty version.

  

3.1.1.3 Scenario 03: replacing grid electricity with 
renewable energy from a solar PV system

  

  

    
  

3.1.1.4 Scenario 04: integrated green scenario with 
alternative approaches

  

3.2 Comparative analysis of global and 
local ceramic tile production impacts
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TABLE 6  Impact categories in unit values for the scenarios and the improvement rates compared to the conventional scenario.

Impact 
category

Unit Conventional 
scenario

Scenario 01 Scenario 02 Scenario 03 Scenario 04
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TABLE 7  Profiles of This and Previous LCA Studies on ceramic tile production.

References This study Ye et al. (2018) Türkmen et al. 
(2021)

Bovea et al. 
(2010)

Kamalakkannan 
and Kulatunga 

(2019)

Ibáñez-
Forés et al. 

(2011)
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TABLE 8  Summary of the LCA results for m2 of ceramic tile production from previous studies.

Impact 
category

Unit This study – 
conventional 

scenario

This 
study - 
Green

Ye et al. 
(2018)

Türkmen et al. 
(2021)

Bovea et al. 
(2010)

Kamalakkannan 
and Kulatunga 

(2019)

Ibáñez-
Forés et al. 

(2011)

     

4 Conclusion
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5 Limitations

Data availability statement
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