
Demonstration of a Landfill Gas-Fired  
Limestone Calciner 

 

1. Aim 
 
The main objectives of this project was to demonstrate the production of high quality lime 
from waste limestone by extracting, purifying and utilising landfill gas in a fluidised bed kiln 
by a novel cross-flow multistage calcination process. The landfill gas is produced by two 
landfill sites, and after collection it is pumped to the limestone calciner plant with a 1.8 km 
pipeline. 
 

 
 

Photo 1: The lime-plant during commissioning (building of crusher & sizer, limestone  
storage hoppers (x3), main kiln building, lime silos and loading station) 

 

2. Introduction 
 
The production of quicklime from limestone is a very old process and many limestone 
quarries have in the past produced the material using mostly coal or fuel oil fired vertical and 
rotary kilns. The production of quicklime is now centred in quarrying areas having large 
reserves of chemically suitable limestone where the high capital cost of plant is appropriate 
such as the Peak District, Cumbria and Somerset areas in the UK.  
 
The principle consumers of quicklime are the iron and steel producers concentrated in South 
Wales and the North-East of England, most of whom are somewhat remote from their sources 
of supply. Secondary users are those who employ the material for its properties in the 
treatment (such as incineration) of toxic or dangerous industrial waste and sewage, which are 
seen to be growth areas. A total potential market in excess of 300,000 t/y exists in the 
southern half of England alone. 
 
There are many types of environmentally acceptable plants available to produce quicklime, 
but the majority require high outputs of 50,000 - 150,000 t/a of 30 mm - 100 mm product to 
achieve realistic returns on capital employed. The calcination process reduces the weight of 



the limestone feed by 44% due to the loss of carbon dioxide in the process. Thus to achieve 
the economical outputs, 90 - 270,000 tonnes of aggregate needs to be made available which 
equates to 200,000 - 750,000 tonnes of limestone extraction per year. These volumes are 
perceived to be beyond the current capacity and in some cases acceptable depletion rates of 
those of Wimpey's quarries having chemically suitable limestone. For the above reasons 
conventional high output calcination plants have been rejected as an option for Wimpey 
Hobbs. If quicklime production is to become an economical value added product then a plant 
capable of operating with aggregate currently available in terms of volume and size is 
required. 
 
Exhausted limestone quarries are widely used for controlled landfill with domestic waste. 
Wimpey Hobs' sister Company, Wimpey Waste, develops such landfill facilities and both 
Companies have investigated the biogas collection and utilisation from such urban landfills. 
Rather than flaring of the landfill gas, the production of lime is possible using the biogas as 
fuel source. The Wimpey Hobbs' limestone quarries produce up to 10% of non-commercial 
limestone grades e.g. minus 4 mm, which can be calcined using an appropriate kiln. Only the 
fluidised bed technique can handle such particle sizes. To demonstrate the viability of a 
combined landfill gas-fired fluidised bed calciner Wimpey Hobbs built and operates this 
demonstration plant in South Wales. 
 

3. Technical Description 
 
Landfill gas supply  
 

 
Photo 2: The Biogas Compression Unit 

and the flare. 

The production of quicklime is a highly 
energy intensive process, fuel being 
typically 60% of the primary cost when 
using commercially available gas. 
However, a proposal to use landfill gas 
from Wimpey Waste at their Stormy West 
site was possible. The output of this source 
will be sufficient to produce the projected 
annual supply of 20,000 tonnes and will, 
together with the new site at Stormy 
Down, provide fuel for at least 15 - 20 
years. Gas is drawn from the landfill by a 
"Roots" type positive displacement pump 
with negative suction pressure to draw gas 
into and through a liquid trap which is 
fitted with a liquid drain and gas filter. 
From the liquid trap the gas passes through 
a motorised flow control pump through a 
blast cooler which removes the heat added 
by compression to prevent overheating the 
HDPE pipeline. From the blast cooler the 
gas passes through a flow meter where 
energy exported is calculated and stored. 
To compensate for fluctuating gas flow 
rates, a flare is installed. The overall 
specifications of the landfill gas supply 
are: 

 
 



- Pipe length                  1.8 km  - Delivery pressure to kiln          1.35 bas abs 
- Applied suction                 80 mbar  - Max flow rate                          1000 m3/bar 
- Pipe loss                             140 mbar  - Pipeline (6 bar SDR 17)                 180 mm 
- Boost pressure                        600 mbar  - Energy delivery                  105.5 TJ/annum 
 
Fluid Bed Calcination  
The process ideally requires an aggregate feed of limestone in the range of 0 - 4 mm, and has 
a production capacity of 10,000 - 25,000 tonnes per year, both factors which closely match 
the availability of material at Cornelly Quarry. Conversion of limestone into quicklime takes 
place in a refractory lined rectangular fluidized bed reactor into which fine limestone is fed 
continuously. The base of the reactor is equipped with gas and air inlets which serve two 
purposes. One to provide the heat necessary for the process, the other in addition to providing 
air for combustion causes the limestone particles to behave as a fluid.  
 
As the limestone is converted to quicklime its apparent density decreases and in common with 
the behaviour of all fluids the lighter material rises to the surface where it is discharged as 
quicklime over a weir for collection. In order to achieve high thermal efficiency a system of 
heat recovery is used to transfer energy from the exhaust gas to the incoming air, so 
producing fuel usage similar to the best of the conventional plants. The small particle size of 
0-4 mm used in fluid bed calcination complete the calcination process in 30 minutes or less 
(in comparison to 15-18 hours for traditional kilns using large size lime-stones) and can 
achieve 98% conversion at temperature 200-300 °C lower than conventional calsiners. The 
resultant plant is not only smaller overall but has lower capital and maintenance costs. A 
further benefit of the process is that because it operates at lower temperatures the product is 
very highly reactive, meeting the exacting requirements of British Steel for inclusion in their 
sintering operation. 
  
The Landfill Gas Fired Fluidised Bed Limestone Calciner   
Heat is transferred with air as transfer medium from the produced lime to the limestone fed 
into the kiln. Fluidised bed air is preheated in an Incoloy tubular heat exchanger with kiln flue 
gas. The schematic of the calciner is shown in Figure 1. The flue gas dedusting limits 
emissions are set below 15 - 25 mg/Nm3. For safety reasons the landfill gas cannot be 
premixed with the fluidisation air, therefore, a separate feeding distributor with parallel tubes 
(2 mm ID orifices) is used.  

 
 

Figure 1: Schematic of the fluidized bed calciner 



4. Performance of the plant 
 
The landfill gas is of excellent quality (> 45% CH4) and supplied in sufficient quantity. The 
combustion of the landfill gas in the fluidized bed is almost complete although some 
freeboard burning still occurs. The high level of CO2 present does not seem to affect the kiln 
lime quality but posed the problem of recarbonation of lime dust on the ceramic filters (a non 
flexible horizontal candle). Thus the ceramic filters were replaced with baghouse filters with 
vertical flexible bags used extensively in the lime industry. 
 
The quality of the lime produced is very good and the energy consumption figures during 
commissioning were very promising with data as: 
6.4 MJ/kg CaO at 1 t/h 
5.3 MJ/kg CaO at 1.4 t/h. 
When the plant will reach its full operational capacity, it is estimated that the energy 
consumption will be 1100 kcal/kg CaO at 2-2.5 t/h. 
 
The lime produced during the initial demonstration phase was very reactive (>60 °C in 30 s) 
while the residual CO2 content was below 2 %. High reactivity requires special hydration 
techniques to avoid excessive grit production. 
 
At full capacity of 20,000 tonnes CaO per year, the project aims at saving approximately 
100.48 TJ. 
 

5. Economic Performance 
 
The investment cost excluding the landfill site development and landfill gas pumping is 
approximately £2,000,000. The operating costs are based on a thermal balance of 1100 - 1200 
kcal/kg CaO and amount to some £25 - 30/tonne CaO.  
 
The project utilises landfill gas and the process residues of limestone quarrying, thus its raw 
material costs are very low. On the other hand the lime has a very high reactivity and hence a 
high market price. The simple payback period of this project is about 3 years. 
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