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1. Description
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The Lion Stove is a biomass fuelled institutional stove for cooking with large pots. In this booklet the pot is a 70 litre cast iron pot for cooking approximately 150 student meal portions at a time.

The fuels usually used in a Lion Stove are split wood, branches and twigs up to 75mm in diameter, sawn timber, often pre-cut to 25 cm long pieces, brush, kindling, crop residues and weeds.

The amount of fuel used to cook (bring to a boil and simmer for 45 minutes) is about 125 grammes per litre or a specific food production (SFP) of 8 to 9 kg of food per kg of fuel.

The fuel consumption at a power of 15 KW is about 4 kg per hour (25% moisture content, WWB
).
The Lion Stove is a modified type of Rocket Stove
 featuring

· Pre-heated primary air

· Counter-flow air supply

· A high mass, dense ceramic combustion chamber

· A pot fully or partially sunken into the stove body

· Separate fuel and air entrances

· Provision for securing the pot into the stove

· A two-tiered construction with distinct heat production and heat transfer zones

· Durable pot supports to cope with heavy loads

· Permanent construction with a typical mass of about 500 kg

· High performance, typically saving 70% of the fuel used cooking with an open fire

· Life expectancy of at least 5 years

· Total cost about the same as the pot sitting in it

2. History
The Lion Stove was developed in response to certain durability problems that were encountered with institutional stoves of all types.  The desire was for a 5 year lifetime, minimal required maintenance and able to be build from local materials. Initially it was not thought possible to match the performance of the Institutional Rocket Stove with its insulated combustion chamber. However it was found that with a combination of heat recycling and down-drafting the incoming air into a plenum
 heated by the bricks of the combustion chamber provided performance as [image: image4.jpg]


good as the best available designs. The basic design can be embodied in a number of ways in stoves built at a variety of scales.
Following the development of the prototype by ProBEC, the first Lion Stoves were funded by the Rotary Club of Malkerns Valley and built at neighbourhood orphan feeding centres in Swaziland. These proved popular, efficient and durable and a number of organisations started to reproduce them.

An agreement was concluded between TED of Lesotho and Climate Care in the UK, mediated by ProBEC, to construct 500 Lion Stoves (called Tau Stoves in SeSotho) at Foothills and Highland schools where WFP feeding schemes were in place. This work began in late 2007.

3. Fuel Types
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There is no limitation to the types of biomass which can be fed into a Lion Stove, other than that it must not be of such a size that it cannot overhand the ash pit.  In practice the most common fuels are tree branches, off-cut planks, split or sawn tree trunks, crop wastes such as maize cobs and stalks, or combinations of anything which will fit through the fuel entrance hole.

4. Capacity, heat and volume

The Lion Stove can be constructed for various applications.  The principal determinant of the maximum power level is the cross-sectional area of the combustion chamber which limits the amount of fuel that can be burned at a time.  The power output is limited by the mass of fuel burned per minute and the combustion chamber area is the primary limiting factor. A secondary limiting factor is the area of the combustion chamber fuel entry hole, and a tertiary one is the quality of the fuel itself.
The power level can be approximately determined by the formula:

Combustion Area in mm2 = thermal power output in Watts, for dry wood
A typical institutional Lion Stove has a square combustion chamber measuring 160 x 160mm.  This is 25,600 mm2. In practice wood contains moisture and the stove must to be de-rated for moisture.  For example if the fuel is 25% moisture WWB, the power output is about 25,600 x (1-0.25-(0.25*0.12)) = 18,400 Watts
.
5. Performance

The fuel consumption, based on careful measurements of more than 30 sites in Swaziland, varies between 120 and 250 grammes per kilogramme of food prepared. Operator skill and experience appears to be the main determinant.  It is estimated that a consumption of 100 grammes per kg of food is possible (SFP of 10.0 or more).  The rate for aluminum pots will be better than for the much heavier cast iron pots in common use in feeding schemes.

The carbon-dioxide (CO) production rate can be determined by dividing the CO by the CO2 level. This is a measure of combustion efficiency.  It turns out that the excess air ratio
 is the prime determinant of the efficiency of combustion.

At high power the Lion Stove has an EA of as low as 25% and at low power, as high as 400%.  The CO/CO2 ratio is well under 2% when the EA is under 100%.

6. Materials Selection
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Bricks

The most important material is the bricks used for the combustion chamber.  After checking may ways to approach the issue, the best advice for a long life stove it to find the densest, hardest, solid brick available. Do not use bricks with holes in them as they are far more prone to breaking when heated on one side (the side containing the fire) and cooled on the other (by the in-coming air). In some cases the solid, standard face bricks are available in ‘English standard size’
, sometimes then can be made and sometimes you can only get a metric or other sizes.  Adaptations of the brickwork may be necessary.
Pavers

In some cases there are high quality ‘pavers’ available. These are the size of an ordinary brick but only 50 to 55mm thick.  The fit in the circle of the steel frame should be checked. See the section called “Soldiers’.

Cement

It is good to use fireclay cement on those portions of the combustion that are directly heated by fire, but in practice it is usually unavailable, prohibitively expensive, or people do not know how to work with it.

All ordinary cements like 32.5% fly ash + Portland Cement (etc) have been used successfully.
Steel Frame

The steel frame is made at a welding shop. Its purpose is to support the pot in a way that it can be removed.  It also has a frame member that reinforces the back of the brick lining of the part surrounding the upper part of the pot.  It has feet that transfer the mass of the pot and contents (up to 130 kg) to the periphery of the ferro-cement slab. This minimizes the chance that the slab will fail under load when heated thousands of times.
Ferro Cement Slab

The slab is one metre square and 40 millimeters thick. It has a square hole in the centre 330 millimeters on a side. It is normally cast in a single piece.  For ease of construction and transportation, experiments have been done in Malawi which use 4 small, identical  sections of 250mm square each, made in a way that assemble into the same total size. This requires the central part of the stove around the combustion chamber to support at least part of the pot and contents.  This method has not been studied in detail however it is reported here for the information of the reader.
7. Ferro-Cement Slab Manufacture
The slab is produced in a mould. The dimensions are shown in [Drawing 1].
The mix used for making concrete posts and fencing slabs is ideal for this product. It is a strong mix with 6mm to 10mm stones.  The mix can be 
1 portion Cement

2 portions sand
4 portions 10mm crushed stone

There is no magic formula – it should be strong.  See the drawing for the placement of 12 steel bars 6mm in diameter.
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Steel Frame
The steel frame is normally made in a steel jig which holds the parts in relation to each other.  The best way to make one is to obtain a sample steel frame and build the jig around it.  It is much more difficult, but you can make a jig from the drawing.  Care must be taken to make the jig in a way that the final assembly can be withdrawn.  This usually involves swinging parts.  Experience has shown that a competent welder can make an acceptable jig without being told what to do, as long as there is a correct sample.
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The steel frame is normally produced in two sizes, for the No. 25 pot and the No. 30 pot. The only differences between the two is that the bottom legs for the No. 30 are 40mm higher and the ring of round bar that holds the brings is 40mm bigger in diameter.
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9. Site Selection
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The stove should be built under a shelter to keep off the rain, however the area has to be well ventilated.  The Lion Stove cannot be built in a closed room.  The best situation is in a sheltered position behind a windbreak, with the prevailing wind blowing into the face of the stove with the fuel entry hole.  A structure over the stove is needed to keep rain off.  Water that runs into the stove on top will pass through the combustion chamber and end up in the ash pit.
Windy places are a bad idea. Try to find a place that is not exposed to a constant wind; build a wall if necessary.
In places where access by a vehicle is difficult, the materials for the stove may have to be carried a considerable distance.  Keep site access in mind, and consider that about 1 ton of material may have to be moved there, if the base is included.
10. Site preparation
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Cut the soil flat.  Cut below the grass level.  Hammer in pegs to indicate the thickness.  About 75 to 100 mm is adequate.  Check that the pages are level. This will correct for height errors in the soil removal.  Cast the slab level with the top of the pegs and tamp the mix flat.  The base should not be smaller than a two metre square per stove.  The stove should be built in the centre of the square.  Remember to put in posts for the overhead structure if it is going to be added later.

11. Concrete Mixing for the Slab
When mixing the concrete for the slab, it is important to try to avoid certain common but unhelpful practices.
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Do not try to mix the concrete in a single pile working around the edges.  This is usually how a manual mix starts, however it must be mixed in a two-pile system at the end.  When you think the water quantity is right and it is mixed well, shovel that portion from the initial mixing spot to an adjacent spot.  As the mixing proceeds, continue to shovel the mix onto the second spot. In this way the entire mix can be viewed and there will be no unexpected dry spots or unmixed cement or sand.
When making a slab for stoves, the mix can be quite ‘dry’. By this is meant that the water content is low and the mix does not flow like ‘poured concrete’.  It is therefore important that the water be well distributed now not higher than necessary.  The two-pile method of mixing is a good way to make a high quality slab. If done correctly you can start building the stove after a few hours.
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Ash Pit

The first bricks are placed on the slab as shown.  This constructs the ash pit and the fuel support.
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13. Combustion Chamber
Bricks can be assembled in advance and place as a group later. The mortar should be thin in this region.  The bricks MUST be dipped into water just before they are used. The purpose of this is to wet them enough that they do not absorb the moisture out of the mortar.  When the mortar is dried too quickly, it forms a poor bond of low strength.  Dipping the bricks into water is a popular technique, however that does not mean your brick layer knows about it.
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Lower Wall
The outside wall is 1 metre square, centered on the combustion chamber.

15. Fuel magazine
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The air supply holes are added at this time as well. The back of the combustion chamber must have strong support.  It is of course important that the air channel down the back be left open. Do not accidentally close it off.

16. Top of the Fuel Magazine

The outside wall should be higher than the top of the burner section.  If the difference is more than the thickness of a brick, fill it in so that there is a space 

17. Ferro-Cement Slab Placement

The Ferro-cement slab is placed onto the whole set of bricks, cemented at once.  Put about 40mm of mortar onto the top of the brickwork, trowelled into a ridge.  Set the slab onto the mortar and jiggle is slightly from side to side to make it settle, finished with it in the correct position directly on top of the wall.  
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Check that the centre hole is directly over the combustion chamber.  If it is not, it is better to have the outside of the slab misplaced than to have the outside correct and the centre wrong.
Put in the bricks which form the uppermost portion of the combustion chamber and seal them with mortar to the hole.  Place enough mortar onto the upper side of the joint so that when it separates from everything at some future time, it will not be able to fall through the gap.
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Steel Frame Placement
The steel frame should be centered over the hole.  The placement of the legs is not important as long as you can get a brick between the leg and the outside edge of the ferro-cement slab.
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Correction of Errors

If the slab is not centered over the lower portion of the outside wall, because of measuring errors during the building of the lower part of the stove, don’t worry.  Just build the top as if the bottom was perfect.  The misalignment will not affect the stove performance at all.
Here is an example of a stove with the lower wall out of position 50mm.

20. Soldiers
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Following the two layers of bricks around the base of the steel frame there is a set of bricks (or pavers if you have chose them) standing up on end. They form the circle into which the pot fits.  The clearance between the bricks and the pot should be 10 to 12 millimeters. If it is less, or much more, the spacing or the number of bricks should be adjusted.  When starting a programme of stove installations, the fit between the pot and brickwork should be tested before the brick and steel frame selection are finalized.  It can be made perfect. Covered here is a construction set using bricks only.  Where available, some 45 of these can be replaced with pavers, saving transport mass and usually cost.
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Upper Wall
The brickwork on the outside of the top is exactly the same as on the bottom.  All the bricks are place on edge.  The final height should be 15 or more millimeters below the height of the Soldiers. If things are not going well and the wall is too high, flip the top row of bricks onto the flat side. This will drop the final height by 35 mm.
22. Closing
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The gap between the Soldiers and the outside wall has to be filled.  Where possible, use something resembling round stones or other packing that is hard, and leaves lots of small air pockets.

Something that is possible if the soil is clay or red laterite is to dig the soil and scatter it on the ground and let it dry. It tends to form hard small clay balls about 5 to 15mm in diameter. Once dried, they can fill the internal spaces in the upper section.  The top can be closed with plaster.
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Plastering the Inside
The gap between the bricks and the pot can be reduced to increase the heat transfer efficiency and to provide some protection for the ferro-cement slab.  The clearance between the pot and the plaster at the bottom of the pot should be a minimum of 40 mm.  Here is a photo of a typical interior.
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Securing the Pot
Once the pot is in place it may be desirable to leave it there. They are heavy and hard to install. They can be cleaned in place so that is not a problem.  The main problem in some places is theft.  Therefore there are loops of steel on the frame protruding above the top plaster. The pot can be locked to one or more of these, or a more permanent solution can be fashioned.
25. Curing
Once the brickwork is completed, whether plastered or not, time is required to let the cement cure properly.  Cement set and cures, it does not ‘dry’.  It gets harder and stronger for about 28 days. To do this it needs to be kept moist.  This can be achieved quite easily by pouring water daily into the space where the pot goes.  Pouring water into the combustion chamber is also helpful.  The most important section is the combustion chamber itself which is going to be subjected to the greatest thermal stresses later on.

The stove should not be fired until it is cured so leave it for a month when possible.
26. First Firing

The first time the stove is fired, all the moisture has be driven out of the masonry.  Do not light a large stove to show how powerful it is!  Light a very small fire and try to maintain it that was for more than 3 or 4 hours, longer where practical.  Once the cement work is dry, you can use it as you please.

Each time the stove gets soaked or is left for a long time, such as through a rainy summer period, the brickwork will absorb moisture. It is then best to dry it slowly before increasing the power level.  This minimizes the stress on the bricks and cement joints.

27.  


User Guide for the LION STOVE
1. After the stove has been built it has to be cured for 3 to 4 weeks and should not be used. Keep the cement damp during the curing process. After curing the stove needs to start the drying process.
2. Start a small fire and place a pot of water in stove for 3 to 4 hours to dry the brickwork slowly and carefully. When brickwork is dry the stove can be used. Keep rain off the stove otherwise the drying process will have to be repeated.
3. When lighting the stove for the first time the stove will be moist so lighting it may be difficult and not smoke-free.  The Lion Stove is designed to use firewood. The use of shrubs, crop residues or thin twigs is possible as well but the ash needs to be removed more frequently.
4. Start the fire with small dry kindling. Make sure the firewood is dry and small enough to fit into stove entrance.
5. Do not force oversize firewood into stove entrance otherwise damage to the stove entrance will occur. Do not use the entrance hole as a wood breaking tool.
6. The best performing stoves are run by experienced operators. In general they did not follow recommendation to use long sticks.  The most successful technique, developed in Manzini
, involved precutting the fuel into short pieces about 20 to 30 cm long.
7. Keep the ventilation holes clear of ash, firewood and other materials.
8. When the food is cooked and served, remove the hot firewood (which can be used again) and extinguish it safely.  Pressing the hot ends into sand works well.
9. Clear out ash with the ash rake by removing the rear brick, cleaning the ash and replacing it.
10. After the food has been taken out of the pot, put in some water to help with the cleaning of it.
11. Remember that all parts of the steel frame holding the pot will be very hot.
12. During strong winds there may be a need to temporarily cover any ventilation holes in order to reduce the flow of air. A brick is used to close the ash cleanout hole at rear of stove. This is not optional.  Air should not be drawn into the stove through the ash cleanout.

13. At the front of the stove a windbreak may need to be erected but leave enough space for cooks to work safely. There also may be a need to block off one of the front ventilation holes to reduce the airflow. An indication of this need would be a reversal of the fire or smoke due to unexpected aid flow during a windy period. 
1. Repair Guide
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A Lion Stove can get damaged for a number of reasons.  The most common two are firing it without letting the cement cure properly and bashing the back of the combustion chamber with pieces of wood.

The entire combustion unit can be rebuilt by removing the pot and making two small holes, one at the front and another at the back.

The brick layout shown here has proven to be quite reliable in resisting impact, but nothing can repair damaged joints.
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Fortunately, the layout also is thought out with damage in mind. It is assumed that it will crack and joints will separate, but the stove will continue to function properly.

Repairs should only be deemed necessary if the stove either stops functioning or looks so damaged that it is a cause for worry.  Stove often crack from top to bottom at some time but the centrally placed ferro-cement slab creates a lot of stability. In fact the stove will work if bricks are simply stacked together without an mortar at all.  Try this and when convinced about how stable the design is, you can be guided as to when repairs really are necessary.

2. Technical Assistance

For technical assistance with Lion Stoves please contact the Technical services officers through www.probec.org
APPENDIX 1

[Computer Generated Drawings]
APPENDIX 2

[Photos from Lesotho Demonstration Platform]

�  SFP is calculated by adding together the mass of all the food and liquids cooked with any measured amount of fuel, energy compensated for moisture content


� Wet Weight Basis, meaning that 25% if the fuel mass was actually moisture, not fuel


� Rocket Stove combustors were developed by David Hancock and Larry Winiarski at Aprovecho in the early 1980’s.  They typically have a horizontal shelf supporting fuel with air entering from underneath, an insulated or metal combustion chamber and unsupported fuel that overhangs the ash pit.


�  Chamber for moving air under a slight negative pressure past the hot brickwork and then into the fire.


� For the fuels typically used in a Lion Stove, an approximate de-rating for fuel moisture is dry fuel heat minus (WWB) moisture content times 1.12


�  The most common pot is the cast iron No. 25 which is a 62 kg pot with a volume of 70 litres.


�  Excess air (EA) is that level above the theoretical need to burn the fuel, normally expressed in per cent, i.e. 250%.  Gas concentrations can be corrected for EA by adding 100% and expressing it as a number called Lambda , i.e. 250% + 100% / 100 = λ 3.5  Gas concentrations in a sample with 250% EA can be corrected by multiplying the gas measurement level by 3.5.


�  English Bricks measure 9 x 3 x 4-1/4 inches.


�  At the Ngwane Park South Neighbourhood Care Point (NCP).
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