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Stove Emissions and Efficiency Testing Laboratory
Ulaanbaatar, Mongolia
Contact: Prof Lodoysamba, 99-18-35-46
Lodoysamba@num.edu.mn
STOVE TEST REPORT
Test Number______124______ Date___2010-12-23___ Test requested by: __ADB________________
1. PRODUCT DESCRIPTION
Stove Name __MM-1_ Stove manufacturer __Street_______ Stove provided by ___Crispin______
Notes about stove: This is the 5th in the series, smaller and a little shorter that the earlier versions. It is lit
using a method developed at the lab – a version of a top-lit up-draft ignition. The fire is initiated in the
bottom of the combustion chamber using very small split kindling.
Combustion type _____End-lit Crossdraft__

Intended application for the stove _____Heating/cooking_

(updraft/ cross draft/ downdraft/ gasifier)

(heating/cooking/low pressure boiler/wall stove)

Fuels specified for use in this product __Nalaikh raw coal broken to about 25/35 mm_____
Lighting method suggested by the manufacturer:
Lighting method used was devised by C Pemberton-Pigott based on the basenjengo magago method
used in South Africa. It is intended to create a fire through which the smoke of ignition and depyrolysation
must pass.
Place a layer of coal about 30mm deep on the entire grate using pieces large enough not to fall through
the grate. Load about 0.5 kg of finger-sized wood near the back of the stove next to the combustion gas
outlet from the combustion area. Place small coal around it. Place regular sized coal around that and
between the wood and the front loading door. Add wood to increase the total height, leaving a hole in the
centre substantially clear for air to move upwards through, from below. Again load small coal around it.
The intention is to have the small coal fall onto the burning wood as the wood will burn first. As the small
coal falls onto it, it will ignite creating flames that will outlast the wood. Pack the coal between the wood
and the loading door. All this is done before ignition.
The wood is then ignited with paper, wood kindling or diesel and the stove top closed.
In the case of the MM-0 there is a 60mm diameter pipe fitted at the end of the combustion chamber so
that flames and smoke have to pass through the fire initiated at the back of the stove, as well as pass into
the pipe. The intention is that the smoke is substantially burned in the pipe reducing PM emissions and
increasing the temperature of the heat exchanger.
2. FUEL DESCRIPTION
2.1. Name ____Nalaikh raw coal_________________
2.2. Source ____On the street____________________
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2.3. Analysis performed by __C Pemberton-Pigott_
2.4. Heating Value: Lower Heating Value (LHV)__17.12__ MJ/kg and As Received __11.97__MJ/kg
2.5. Analysis As Received (AR)
Moisture
Ash
Sulphur
Hydrogen
Carbon
Oxygen
Nitrogen

26.1
5.90
0.43
3.90
52.47
10.20
1.17

%
%
%
%
%
%
%

Page 2

Test 124

MM-1

2010-12-23

3. PHOTOGRAPHS OF THE STOVE
Left: Traditional stove made with a longer
heat exchanger (300 mm) and lined with
bricks. The PM emissions are reliant on the
operating method and reduction varies
between 50 and 85%.

The lighting method used (Left) shows the wood stacked in
a square. It has been found that running the wood down
the centre and using a bit more of it causes the fire to
develop faster and deliver cooking heat sooner.
The flame tube can be seen at the back of the combustion
chamber.

The combustion chamber (above) has a grate on the
bottom with gaps that are too large. The bricks set loosely
on each side are being used to limit the space in which
coal can be placed. This is done to reduce the power of the
stove. If more heating is required, the bricks can be
removed from one side or the other, even when refuelling.
As shown, the power of the stove is about 6.5 kW. With all
the loose bricks removed it is about 9 kW.

4. TEST DESCRIPTION
Stove operated by ____Crispin_______________ Data recorded by ___Crispin + Lodoy_________
Test Protocol used __Standard, with refuelling_ Starting time _11:26 AM__ Ending time __16:19 PM___
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Lighting procedure used __As above______________________________________________________

___________________________________________________________________________________
Notes about the environment during the test :
PM 2.5 about 600 microgrammes per cubic metre in the laboratory air, declining during the day
___________________________________________________________________________________
5. TEST RESULTS, SUMMARY
5.1. Data analysis sheet version number used _ _2.59.4_____
5.2. Summary results
5.2.1.

Fuel loaded during first burn, g _

4539_____

5.2.2.

Burn time, minutes_______________177_____

5.2.3.

Fuel loaded during refuelling, g__

5.2.4.

Refuelling burn time (minutes) _

5.2.5.

Percentage of fuel burned when analysis of the test ended ___90%______

5.2.6.

kW (average) during whole burn __

5.2.7.

PM2.5 per MegaJoule of heat produced

355

5.2.8.

CO emitted per MegaJoule of heat produced

6.47

5.2.9.

Notes about summary results:

3434 ____
__151 _____

_________5.58__ kW
milligrammes
grams

The ignition was not done well, using too little wood and taking too much time to get going
well. The primary air supply was not opened properly (the ash drawer is used as an air
controller) and the result was poor.
The main item of interest was however the thermal performance. The expanded heat
exchanger was to have been about to save fuel and this it did very well. The heating
efficiency is over 80% indicating a fuel saving of perhaps 25-30% compared with a traditional
stove. Further, the burn rate is much more even giving a far longer heating period.
5.2.10. Notes about the operation of the stove during the test:
The refuelling was not done particularly well either, with the best tool being a small rake that
can be used to clean off the ash and leave only the hot coals. The hot coals were left mixed
with ash and because the grate has such large spaces, too much of what was hot fell
through the grate. The solution is obvious: refuel slightly earlier than the 95% burn as
happened in this case and also to use a smoother grate with narrowed slots, and use a rake
to complete the operation more quickly. The hot coals are placed at the back of the
combustion chamber and some wood place on it to get the flame going. If the amount of
wood used is too small, it smoulders too long before igniting the nearest of the new coal
particles. It is also recommended that small coal be places next to the wood to light quickly.
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_______________________________________________________________________
6. DETAILED RESULTS AND CHARTS
6.1. POWER and FUEL CONSUMPTION

6.2. COMBUSTION EFFICIENCY AND GAS EMISSIONS

6.3. THERMAL EFFICIENCY OF HEATING AND COOKING
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6.4. PARTICULATE EMISSIONS
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6.5. PERFORMANCE

6.6. WATER BOILING
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7. DISCUSSION
7.1. The test shows that the MM-1 can be operated incorrectly, the main problems being trying to use
too little wood, placing the wood in a way that ignites a small portion of the coal available around
the flame tube, and refuelling too late with too little wood. In spite of these avoidable mistakes, the
PM reduction was 45% and the CO reduction 52%.
7.2. The reduction in CO is largely because of the use of a flame tube in which the partially burned
gases and smoke are burned inside a hot pipe. This pipe extends from the back of the combustion
chamber into a corner of the heat exchanger away from the chimney. Its efficacy has been well
proven over the past 9 months and is now found in several stoves that are burning much cleaner
than the traditional stove. It is a very inexpensive change to the traditional stove.
7.3. The stove appears well made. It is welded all round and the excess air found in the fire was
entering through and around the fuel loading door. The grate should be made of cast iron and have
bars approximately 12mm wide with gaps of 8-10mm between them. This would increase the
performance of the stove.
7.4. The cooking ability was not tested because it has already been done. The cooking efficiency is
about 23% on average. It can boil 9 litres of ware in about 30 minutes. The pot sits properly into the
hole provided. There are no rings to suite small pots.
7.5. It is expected to save about 30% of the fuel normally used.
7.6. The MM-1 in this case did not meet the reduction in PM target of 80% below the selected baseline.
7.7. It did meet the CO reduction target, emitting 52% less CO per Net MJ.
7.8. The average power during the test period was 5.58 kW. With the thermal efficiency factored in, it
delivers 4.47 kW into the home.
7.9. The refuelling emissions are normally about 50% of the ignition emissions however in this case it
was refuelled too late with too little wood and the result was an approximate duplication of an
ordinary ignition sequence.
7.10. There are not going to be durability issues with the steel components because the thickness of
material used and the lining of the chamber with bricks greatly reduces the corrosion of materials.
The bricks are ordinary building bricks sourced locally for Tg200.
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