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A B S T R A C T 

Energy productivity is a critical factor for the Sri Lankan manufacturing industries which is a 

critical issue that affects the cost of production. Efficiency in consumption of energy and its 

conservation would be one of the most important means of energy cost reduction and also for 

meeting future energy demand. The ceramic industry is one of energy intensive industry in Sri 

Lanka which uses massive quantity of thermal energy as well as electrical energy for the 

manufacturing processes. An analysis was carried out to asses the energy consumption o f two 

industrial processes in manufacturing ceramic wall tiles using technologies of conventional and 

fast firing. Conventional firing technology is the oldest technology and fast firing technology is 

the latest technology that are being used to fire ceramic products. 

The main objective of the study was to analyze the energy efficiency of technologies in a broad 

view and as secondary to study the energy conservation techniques used and can be used in 

order to reduce the energy consumption. The method of embedded energy analysis was used to 

analyze the energy of two processes under certain boundary conditions. Analysis of embedded 

energy was calculated in three levels such as level 1 direct energy supplied by the fuels and 

electricity, level 2 all ancillary energy inputs and level 3 , energy in raw materials. The 

calculated embedded energy of wall tiles manufactured with the technology of conventional 

firing is 16 GJ/ M T and similarly the embedded energy of wall tiles manufactured with the 

technology of fast firing is 9 GJ / MT. The energy consumption in each levels, level 1, level 2 

and level 3 of conventional firing technology is 96 .7%, 2.4 %, and 0 .9% respectively and in 

fast firing technology is 96 .5%, 2.4%, 1.1% respectively. 

The latest technology of fast firing technology has been developed highly considering of 

energy efficiency productivity and product quality. The fast firing technology consist of many 

kinds energy saving technologies such as waste heat recovery, high thermal efficient kiln 

furniture and refractory, high efficient burners, efficient tile transportation methods. Out of two 

technologies of fast firing and conventional firing the most energy efficient technology is the 

fast firing technology which is 12% more efficient than the conventional firing with compared 

to the result of the study. Further the implementation of energy conservation techniques to the 

existing plants will be incorporated to reduce energy consumption by 5 to 10 percent on 

electrical and 2 to 5 percent on thermal. /Qs *1 



TABLE OF C O N T E N T S 

Page. 

1. Research problem being analyzed 01 

1.1. Background 01 

1.2. Objectives and contribution 04 

^ 1.3. Research objectives 05 

2 . Literature review 07 

2.1. What is ceramics? 0 7 

2.1.1. Advance ceramics 09 

2.2. Ceramic wall tile manufacturing process 10 

2.2.1. Body slip preparation 11 

2.2.2. Spray drying 12 

2.2.3. Pressing and drying 13 

2.2.4. Biscuit firing 15 

^ 2.2.5. Glazing and printing 19 

2.2.6. Glost firing 19 

2.2.7. Final selection 20 

2.3. Firing Technology 20 

2.3.1 Industrial Firing Processes 20 

2.3.2. Types of Kilns 21 

2.3.3. Air Ratio in kilns 26 

2.3.4. Burning of fuels 27 

2.4. Energy Analysis 29 

^ 2.4.1. Local power generation scenario 29 

2.4.2. Energy in Building construction 31 

2.4.3. Embedded energy of building materials 33 

2.5. Embedded Energy 36 

2.6. Boundary condition 39 

v 



3. Technological Status 4 1 

3.1. Historical data of fast firing technology 41 

3.1. Historical data of conventional firing technology 44 

4. Methodology, Calculation and approach 47 

4 .1 . Level 1 energy analysis 47 

4.2. Level 2 energy analysis 49 

ft 4 .3 . Level 3 energy analysis 51 

5. Results and analysis 53 

5.1. Embedded energy analysis 53 

5.2. Direct energy comparison in two technologies 56 

5.3 Energy Flow charts 57 

5.4 International standards of energy consumption 60 

5.2.1. Introduction 60 

5.2.2. Specific energy consumption 60 

ft. 5.5. Energy efficient out put capacity 61 

6. Discussion & Conclusion 65 

6.1. Energy saving techniques 67 

6.1.1. Electrical energy 67 

6.1.2. Thermal energy 68 

6.1.3. Heat balance 70 

7. Conclusion 72 
% 

References 74 

Appendix A 76 

Appendix B 78 

Appendix C 82 

vi 



LIST OF TABLES 

Page 

Chapter 2 

2.1 Change of properties in ceramic body a t temperatures 17 

2.2 Phase changers and critical points of firing ceramic tiles 17 

2.3 Firing temperature and firing time of various ceramic products 25 

2.4 Thermal energy consumption of various 25 

2.5 Summery of local power generation 29 

2.6 Embedded energy of building materials 34 

Chapter 3 

3.1 Raw material consumption in fast filing tecluiol ogy 41 

3.2 Diicci cncigy consumption in fast firing technology 42 

3.3 Direct employees in fast firing technology 43 

3.4 Raw material consumption in conventional firing technology 44 

3.5 Direct energy consumption in conventional firing technology 45 

3.6 Direct employees in conventional firing technology 46 

Chapter 4 

4.1 Level one energy comparison 48 

4.2 Energy consumed by the auxiliary machinery 49 

4.3 Energy input by the employees 50 

4.4 R a w material transportation 51 

4.5 Level three energy analysis of two technologies 52 

Y Chapter 5 

5.1 Embedded energy consumption of wall tile manufacturing 53 

5.2 Eucigy consumption comparison of two technologies per square meter 55 

5.3 Energy consumption comparison of two technologies per M T 55 

5.4 Direct energy consumption in two technologies 57 

5.5 Direct energy consumption of clay product in European countries 60 

5.6 Embedded energy in different output capacities of conventional firing technology... 62 

5.7 Embedded energy in different output capacities of fast firing technology 63 

vii 



Appendix 

A. 1 Level 1 energy in fast firing technology 77 

B. 1 Level 2 energy in conventional firing technology 81 

C. 1 Details of raw material transportation in fast firing technology 82 

C.2 Details of raw material transportation in conventional firing technology 86 

viii 
ill 


