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Abstract - This research aimed to develop a ceramic kiln as a semi-continuous energy saving kiln, using combination energy 
of biomass gas and LPG gas to serve small and medium enterprises, and to test the efficiency of the kiln. The results showed 
that biomass was stove as a fireplace and combustion chamber with LPG gas burners. The biomass gas stove was cylindrical 
35 centimeter diameters, 70 centimeter high. The ceramic kiln was 1 cubic meter, opened in the front, and down draft kiln. 
Conventional tank burning biomass burners was also served as a fireplace and combustion chamber for the kiln together with 
LPG gas. Testing the efficiency of firing found that, the case burned by the LPG gas, LPG was burnt for 48 kilograms, for 4.30 
hours, at 1,230 degree Celsius, and took 4.30 hours with combination of LPG for 25 kilograms and 200 kilograms of biomass 
fuel fired at 1,230 degree Celsius.  
 
Index Terms - Ceramic kiln, Combination fuel, Biomass, Energy saving. 
 
I. INTRODUCTION 
 
Ceramic industry was so crucial that the Government 
persistently put support and promoted. It was a 
fundamental industry linked with other various 
industries including construction industry, electrical 
electronics industry,  computer industry, medical 
industry, and automotive industry. Besides, it had 
long-termed history and production in Thailand 
utilizing most raw materials within the country. The 
ceramic industry played a significant role to 
Thailand economy system as it built local 
employment, generated incomes, and brought money 
into the country as a result of exporting the ceramic 
products. 
The most critical equipment to make ceramic was a 
ceramic kiln which required rather high investment. 
Some kilns were not suitable for small-sized 
manufacturing at a household level. Regardless of 
easy accessibility of raw material, exceptional design 
and forming skill, due to the high investment for 
both industrial production level and household 
production level, the common problem encountered 
at the last production stage was the burning process 
in a thermally insulated chamber with at least 800 
degree Celsius of temperature. This high temperature 
led to the chemical changes within the clay structure, 
increased strength and steadiness along with various 
colorful glazings as requested and the finished 
product was called “ceramic”. The standard 
temperature in the burning process  for ceramic 
products such as tableware, sanitary ware, and 
ceramic for construction was not less than 1,000 
degree Celsius so as to obtain solid and study 
ceramic products. [1]  
Kiln was the core of the production. It was called 
after the type of fuel used. The most commonly-used 
kilns were wood kiln, electric kiln, and gas kiln. 

Concerning industrial kilns, they were segregated 
based on their basic functions; semi continuous kiln, 
continuous kiln, and rotary kiln [2]. Kilns came in 
different sizes depending on the users’ requirements. 
Nowadays, kilns had been developed to be smaller, 
yet efficiently functioned to support experimental 
tests in various labs. A production kiln had also been 
upgraded to make quality products, save energy, be 
used at any time, and suitable with the products in 
terms of size and production volume [3].  
The most popular kilns used in industrial ceramic 
production included a semi continuous kiln and a 
continuous kiln using LPG as they both set the 
burning methods that were fitting with the actual 
use.   Half of the overall manufacturing cost came 
from fuel as the LPG price kept on rising more and 
more. Owing to this factor, it was tough for ceramic 
product manufacturers to control their production 
cost. Many factories were forced to close down both 
temporarily and permanently on account of 
uncontrollable manufacturing cost.  
Thailand is an agricultural producing country with a 
large number of agricultural residues left for burnt or 
buried. Some of the residues caused negative impact 
to the environment. Due to this, the residues were 
vastly applied as cooking gas in residential home, 
and they were anticipated to be used as fuel or burner 
for a ceramic kiln.   
Ceramic kiln had been markedly advanced and it 
was made to reduce fuel consumption through 
alternative materials that made the kiln to become 
more efficient. Some companies had already used 
biomass in a ceramic burning process which was 
actually doable. Nevertheless, most facilities still 
were majorly relied on the LPG because they did not 
feel at ease in bringing biomass into use. 
Additionally, the biomass manufacturing system 
required high investment cost. Biomass; therefore, 
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was not the right solution for small and medium 
business sizes as well as manufacturers at a 
household level and a community level who sought 
for low-cost investment.  
The ceramic kiln designed by using fuel from 
appropriate, low-cost, and practical residues that 
were used typically everywhere would facilitate the 
production of ceramic products along with creating 
opportunities for the people and the communities 
who had interests in making ceramic products in 
their part-time hours. The researcher realized such 
chances and how important it would be to design and 
create an energy-saving ceramic kiln that used both 
biomass and LPG combined. Such kiln would deduct 
manufacturing cost and would benefit to people, 
communities who were into ceramic industries going 
forward. The research objectives were intended to 
design and make an energy-saving ceramic kiln as 
well as to find out its performance efficiency whether 
the use of biomass mixed with LPG worked well or 
not. 
 
II. RESEARCH METHODOLOGY 
 

1. The ceramic kiln in this study was able to 
function by either biomass or LPG and/or the two 
combined at the same time. It contained a kiln car 
which was a carriage running on rails and was used 
to move items for firing into the kiln sized 1 cubic 
meter. 

2 . The efficiency of the kiln was indicated  by the 
firing test using mixed fuel from biomass and LPG. 
The test factors comprised thermal expansion, fuel 
amount, firing duration, and ease of use.  

3. This study was considered as an applied 
research. It was an action research when creating the 
kiln together an experimental research when testing 
to locate its efficiency. The research came with the 
following stages;  

3.1 The development of the energy-saving 
ceramic kiln was conducted through the study on the 
characteristics and the size of a biomass kiln. After 
that, create a thermal producing kiln before 
designing and making a ceramic kiln. The use of 
both biomass and LPG was to be put into account at 
all processes. 

3.2  The research to obtain efficiency level of the 
created ceramic kiln was executed by firing the 
items, and then record the results for further 
improvement. The aspects to be analyzed in this 
stage were explained as follows;  

1) Thermal expansion; the firing areas were 
equally divided into 3 parts based on the given 
guideline; (1) Upper fire room (2) Middle fire room 
and (3) lower fire room , each of the fire room was 
pre-installed with  a pyro metric cone to measure 
temperature in the room. 

2) Amount of fuel; this was checked by 
examining the amount of LPG and that of the 
biomass used in each firing time. The formula was as 
follows; 
Consumed amount of fuel = weight of fuel before 
firing–weight of fuel after firing  

3) Firing duration; time from the starting point 
till the wares reached a required state of maturity 
was recoded. The recoded information was expressed 
in a graph illustrating temperature level per each 
hour. 

4) Ease of use; the kiln men in Lam pang who 
were responsible for burning ceramic were 
interviewed.   

  
III. FINDINGS 
 
A. Design and make an energy-saving ceramic 
kiln 
In order to make an energy-consuming kiln, a 
biomass kiln was initially developed as a 
thermal-producing kiln which was suitable for an 
energy-consuming kiln that could employed the 
combination between biomass and LPG. The initial 
biomass kiln was a 3-layer cylindrical shape. The 
external layer was rolled steel  with 35 centimeters in 
diameter and 60 centimeters in height. A 2.5 
centimeter thickness of ceramic fiber was hammered. 
The inner layer was rolled steel and the core was a 
floor opening or flue which was in 3 inches in 
diameter (Fig. 1(1)).  
The biomass used in the burning process had to be 
dried and was already in cylindrical shapes. The core 
of the biomass was to have sufficient space with the 
size of 3 inches in diameter (Fig. 1(2)). When firing 
the biomass from the lower part of the core, the blaze 
raced up.  The biomass kiln performed as a burner as 
well as a fireplace and combustion chamber for the 
ceramic kiln used together with LPG (Fig. 1(3)). 

  

 
(2) Preparation of the biomass         (3) combustion of the biomass 

Fig. 1. Biomass kiln and firing process 
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The energy-saving kiln came with the size of 1 cubic 
meter. It was a front loader kiln, with kiln cars 
moving wares in and out from the chamber. It was a 
down draft kiln or a continuous kiln. A biomass kiln 
and a LPG burner performed as a burner. Heat was 
risen up to the firewall and the roof of the chamber, 
before it turned downwards back to the kiln floor, 
and then released through the flue at the kiln floor 
and then out from the chimney (Fig. 2).  

 
Fig. 2. Combination Fuel Ceramic Kiln  

 
B. Study on the efficiency of the ceramic kiln 

1. The analysis on the thermal expansion of the 
ceramic kiln pointed out that when firing up till it 
reached the set temperature, every part of the kiln 
turned to have the same temperature meaning that 
the firing state of the ceramic item was evenly 
vitreous. 

2. The analysis on the amount of fuel used showed 
that during the biscuit firing at 800 degree Celsius, 
biomass fuel could only be consumed for 168 
kilograms.  

The researcher tested the glaze firing at 1,230 
degree Celsius twice, it was discovered that if using 
the combined fuel between LPG and biomass, the 
first usage of biomass and LPG was at 182 kilograms 
and 22 kilograms respectively. The second round 
pointed out that 218 kilograms and 28 kilograms of 
biomass and LPG were consumed in order. 

When testing the glaze firing at the temperature of 
1,230 degree Celsius using only LPG, the overall 
usage was at 48 kilograms. 

3. The examination on the firing duration 
explained that the burning level at 800 degree 
Celsius using only biomass required 7 hours of firing 
(Fig. 3(1)). On a contrary, using both LPG and 
biomass together at the temperature of 1,230 degree 
Celsius demanded 4.30 hours of firing (Fig. 3(2)). 
Similarly, with the sole use of LPG alone, it also took 
4.30 of firing hours at the 1,230 degree Celsius of 
temperature (Fig. 3(3)).  

 
(1) Biscuit firing by biomass 

Fig. 3a. Temperature level per hour 

                         
(2) Gloss firing by LPG and biomass 

  
(3) Gloss firing by LPG 

Fig. 3b. Temperature level per hour 
 
4. In regard to ease of use from kiln men’s 
perspectives, using such ceramic kiln had no issue as 
it was deployed at the same method to the LPG kiln 
that they got accustomed to. Still there was a 
challenge to deal with due to more work to be done 
for the industrial production. That was the 
preparation of the biomass to be available for each 
production. The biomass had to be pressed into a 
compact piece which its size would fit well in the 
kiln. 
 
IV. RECOMMENDATIONS 
 
As indicated from this research studied about the 
characteristics of the energy-saving ceramic kiln 
utilizing the combination of biomass and LPG, 3 
factors related to the efficiency of the kiln were (1) 
structure of the ceramic kiln (2) biomass kiln used as 
fireplace and combustion chamber and (3) 
pre-installation of LPG burner that was supposed to 
be flexible, and changeable with the biomass burner, 
and could support both types of fuel simultaneously. 
Even if the design of the ceramic kiln was intended 
to support both biomass and LPG, the core support 
had to be biomass. A down draught kiln  offered the 
maximum thermal level at the longest time [4]. 
Ceramic fiber was deployed in place of the so-called 
refractory brick, and it was used as a kiln wall 
preventing the chamber from losing its thermal level 
and it also helped to lessen the fuel consumption rate 
compared to other materials. 

 
V. SUGGESTIONS 
 

Suggestion from this research for further use 
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1. The biomass had to be compressed into an 
appropriate piece that would suffice in a firing 
process. Tanks and thermal-resistant equipment 
available at hand had to be in place during the firing 
time. 

2. The biomass firing system in a kiln had to have 
wheeled tanks around the chamber to accommodate 
the wares moving back and forth to and from the 
chamber, while there was a switching function 
between biomass burner and LPG burner. 
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