
Use of Agricultural Waste Instead of  
Petroleum in a Lime Kiln 

1. Aim 
 
The project is concerned with the modification of a traditional vertical type lime kiln in order 
to: substitute the fuel oil with agricultural waste and to achieve significant energy saving by 
recycling the exhaust gases from the kiln. The recovery of the waste heat can increase the 
productivity and the quality of the lime. In addition, the modifications facilitate the working 
conditions for the operators and have significant reduction of emissions offering better 
environmental protection. 
 

 
 

Photo 1 : The lime kiln 
 

2. Introduction 
 
The majority of the traditional lime industries in Greece uses fuel oil. Most of the 
kilns modified to run on biomass or other solid fuels are equipped with open burners 
which result in high surface area requirements in the kiln, defective loading and 
unloading equipment and no recycling of the flue gases for energy savings. This 
results in energy waste, low quality lime, low efficiency and high production cost. 
 
The objectives of this project were to demonstrate the modifications to closed biomass 
combustion system, and the energy savings that can be attained by recovering and 
reusing the waste heat of the flue gases via a heat exchanger. These modifications on 
the lime kiln are economical and highly efficient. 
 



An extensive market study on the complete lime industry in Greece was carried and it 
concluded that its conversion to biomass fuels would result in significant 
environmental and economic benefits for the industry. 
 
The kiln where the demonstration took place is located outside the city of Korinth in 
north Peloponnese at the premises of the company KYKNOS.   
 
3. Technical Description 
 
The Vertical kiln is in steel construction with refractory bricks lining, charging and 
discharging systems that work automatically, and 2 rows of burners in order to have a better 
temperature distribution in the kiln. The flue gases are removed from the top of the kiln, and 
after particulates removal in a cyclone the flue gases are supplied to the heat exchanger, in 
order to transfer the heat to the fresh combustion air. Additional particulates removal is 
achieved in a bag filter before the flue gases are emitted to the atmosphere. In order to 
improved the temperature distribution in the kiln and eliminate any cold spots, the kiln is 
equipped with four biomass burners as shown in the general schematic in Figure 1. The 
biomass burners are of the closed type without any contact with the atmosphere. This 
combustion system provides for   more accurate and better control of the pressure and 
temperature in the kiln.  
 
One part of the exhaust gases (with very low oxygen concentration) is sent by a fan to the 
burners in order to protect them (by providing local cooling) and to facilitate the burning 
process, together with the mixture of fuel biomass and fresh air.  
 
 

 
 

Figure 1: Diagram of the installation 
 
The operation of the kiln is very simple, the calcium carbonate stone ( CaCO3 ) is loaded from 
the top by a conveyor and a charging system which works automatically. Discharging of the 
quick lime ( CaO ) is from the bottom with a feeder and a conveyor. During the process, the 
stone is moving slowly downwards, passing from-the preheating zone, to the burning zone 
and finally to the cooling zone.  



The burners are situated at about 1/3 of the kiln in two rows. Every burner is provided with an 
independent feeding system and for every two burners there is one blower and one silo. The 
fresh air is preheated in the heat exchanger increasing its temperature from about 20 °C to 
about 100 - 120 °C.  
 
This process is very innovative comparing to traditional kilns, as it provides for excellent 
mixture of fuel biomass with air in the burners, and eliminates the possibility that the biomass 
will burn in the calcium carbonate bed. The utilisation of the closed biomass burners resulted 
in a 40% decrease in the internal diameter of the kiln without any compromise in its output. 
 
The ideal biomass fuel is the residue from the olive oil industry of Peloponnese. It has the 
advantage that the material has a relative small size (< 10mm) which makes it ideal for 
pneumatic feeding. In addition, the high surface area of the fuel and the still relatively high 
concentration of oil components result in very good combustion behaviour in the kiln. 
However since it is not possible to guarantee the supply of olive oil residues through out the 
year other types of biomass residues (such as olive tree prunings) must be used. For these 
fuels size reduction must be carried out by a chipper.  
 
The biomass is stored under a shed as shown in photo 2. The shed covers an area of 2,500 m2 
and has a storage capacity of 15,000 tons. The construction of the shed was necessary in 
order to provide big storage capacity, natural drying and storage of different types of biomass.  
 
 

 
 

Photo 2: The storage area of the biomass fuels with olive kernel fuel 
 
4. Performance of the Kiln 
 
During the commissioning phase the consumption of biomass was very high. However, after 
optimisation the consumption was reduced significantly and in the same time the use of 
exhaust gases was improved with good overall performance. The biomass used is about 5,000 
ton/year from which 80 % is olive pits and 20 % of other origin. 



 
During the commissioning phase the kiln had a production of about 40 - 45 ton/day lime and a 
specific consumption of 1 kg biomass for 3 kg of CaO. After the commissioning the 
production was increased to about of about 70 ton/day while the specific consumption was 
reduced by 20% producing with 1 kg of biomass 3,5 kg CaO. This is very close to the 
theoretical maximum lime productivity being: 
 
a) Calorific value of the biomass 16.7 MJ/kg  
b) Relative consumption of the kiln 4.6 MJ/kg lime  
 
16.7 MJ/kg biomass / 4.6 MJ/kg lime CaO = 3.6 kg CaO/kg biomass 
 
The temperature of the exhaust gases is below 220 °C. This is possible due to the use of the 
heat exchanger for preheating the fresh air and the recycling of the exhaust gases to the 
burners. This resulted in a reduction of energy consumption of about 200 Kcal/kg ( Before the 
modification, the relative energy consumption of the kiln was 1,300 Kcal/kg CaO. After the 
implementation of the project the relative energy consumption is at max 1.100 Kcal/kg CaO ).  
 

5. Economic Performance 
 
The plant produces 21,000 tons lime per year while the annual operating and maintenance 
costs amount to 107 million Drachmas. The biomass fuel costs about 40 % of the total annual 
costs. Thanks to this demonstration projects the annual production costs have been reduced by 
76.6 million Drachmas. This results in a pay back time of 2 years. 
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