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1. INTRODUCTION
Seeking to introduce clean air legislation, Asian Development Bank in collaboration with
Ministry of Mineral Resources & Energy (MMRE), Government on Mongolia and several donor
organizations and partners established a stove testing laboratory in Ulaanbaatar.
It is well understood that successful implementation of UB clean air project would require
efforts at different levels. The laboratory has been set up to meet particularly the following
objectives.
• Product testing and comparative evaluation
• Providing practical training on product design and theory of combustion at domestic
power levels
• Provide practical training to producers for development of better understanding design
and manufacturing issues that affect performance, durability and consumer acceptance
The SEET laboratory is also 1st of its kind in Mongolia. It is envisaged that the laboratory would
be continuously upgraded. This would also mean availability of more hardwares and softwares
for more comprehensive analysis and better accuracy of test results. The protocol would also
therefore, need continuous revision.
The present SEET laboratory and this test protocol are considered adequate for meeting the
immediate need of providing support to Government and Donor community to successfully
launch stove replacement program for reducing air pollution in the UB city.

2. PURPOSE OF THE TEST PROTOCOL
The purpose of the the test protocol has been to establish the following methods for testing
and of heating/cooking stoves used in Ger houses in the UB City.
•
•
•

Method for testing PM emissions from heating stoves in UB, acceptable to a wide range
of stakeholders & scientific community
Method to be used for R&D of stove models that considerably reduce PM emissions
Method that can be used, in the interim and until a certification lab exist, to determine
which stoves are good enough to be supported

These methods have been developed as per wider consultation with R&D and Academics from
different institutions involved in stove research and testing and development.

3. PROTOCOL-MEASUREMENT REQUIREMENTS
The testing protocol was discussed and approved by all technical institutions that have an
interest in air pollution control. The draft protocol developed in September, 2010 has been
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recently reviewed while preparing the laboratory operation manual. Stove testing guidelines
provided in this protocol represent the current status of development.
As the laboratory only has equipment that could be provided by the budget provided under the
ADB Technical Assistance Package, this protocol is limited to that information collation and
processing that is available currently.
Certain things are an absolute requirement to get meaningful test results; others are interesting
to designers or are of lesser value in rating performance. Eventually different versions would be
needed for the laboratory and field.
Table 1: Measurements that can be taken

Metric

Units

Laborato
ry Test

Initial Mass of stove

G

±2g

Ignition fuel(s) – description and sample
where relevant for moisture analysis

G

1g

Coal to be used burned in the initial load,
keep a representative sample for ultimate
analysis (including moisture content)

G

1g

Coal to be added to the fire when refueling;
where similar to ignition coal, no additional
sample is needed. If refueling with a
different fuel than the one(s) used for
starting, keep a representative sample for
ultimate analysis (including moisture content
if different from the other fuel).

G

1g

Ambient Oxygen level O2~1

%

Optional

Ambient Carbon Dioxide level CO2~1

%

Optional

Ambient Air Gases
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Metric

Units

Laborato
ry Test

Ambient Carbon monoxide level CO~1

ppm

Optional

Ambient Hydrogen Sulphide H2S~1

ppm

Optional

Ambient Sulphur Dioxide SO2~1

ppm

Optional

Ambient Nitrous Oxides NOx~1 (NO~1 and
NO2~1)

ppm

Optional

%

Optional

Oxygen level in the stack O2~2

%

X

Carbon Dioxide level in the stack CO2~2

%

X

ppm

X

%

Optional

%

X

Hydrogen in the stack H2~2

ppm

Optional

Hydrogen Sulphide in the stack H2S~2

ppm

Optional

Sulphur Dioxide in the stack SO2~2

ppm

Optional

Nitrous Oxides in the stack NOx~2 (NO~2 and

ppm

Optional

Ambient relative humidity
Stack Gases

Carbon monoxide level in the stack CO~2
Relative humidity in the stack
Diluter Gases
Carbon Dioxide level in the diluter CO2~30
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Metric

Units

Laborato
ry Test

ppm

Optional

Volatile Organic Compounds in the stack
VOC~2

µg/m3

Optional

Polycyclic Aromatic Hydrocarbons in the
stack PAH~2

µg/m3

Optional

PM measurements, all channels: PM 1.0, 2.5,
4.0 and 10

mg/m3

X

PM measurement on a filter using a
calibrated pump for gravimetric confirmation

mg/m3

X

PM collected on a filter in addition to the
light scattering system

mg/m3

Optional

g

±2g

Temperature of the ambient air in the room
where the stove is sited, unheated by direct
radiation from the stove. T1

C

1 deg

Temperature of the gases in the stack at the
point where it leaves the ‘envelope’
(normally the chimney-roofline junction). T2

C

1 deg

Temperature of the gases in the stack at the
top of the chimney (outside) T3

C

1 deg

NO2~2)
Hydrocarbons in the stack CxHy~2

Particulates

Mass of the stove during the burn
(continuous basis)
Temperature measurements
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Metric

Units

Laborato
ry Test

Temperature of the gases in the stack at the
bottom of the chimney T4

C

1 deg

24hr basis

hh:mm:s
s

Notes

X

Time of refueling

24hr basis

X

Time of end of test

24hr basis

X

Mass of ‘fuel remaining’

g

X

Mass of ‘Ash remaining’

g

X

Representative sample of ‘fuel remaining’ for
ultimate analysis

g

X

Fuel remaining

g

X

Mass of ash remaining

g

X

Final mass of stove (empty)

g

±2g

%

X

The time of ignition

Time of significant events like smoke
disappearing, flame out, collapse of the fuel
pile, sudden smoke, flashbacks etc.

Other Observations

Calculated outputs
Thermal efficiency using the Siegert Formula
%
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Metric

Units

Laborato
ry Test

g/minute

X

CO

g/MJ and g/kg

X

CO2

g/MJ and g/kg

X

SO2

g/MJ and g/kg

Optional

Hydrogen

g/MJ and g/kg

Optional

PM1.0

mg/MJ and mg/undiluted
standard m3

Optional

PM2.5

mg/MJ and mg/undiluted
standard m3

X

PM 4.0 (respirable)

mg/MJ and mg/undiluted
standard m3

Optional

PM 10

mg/MJ and mg/undiluted
standard m3

X

TSP

mg/MJ and mg/undiluted
standard m3

Optional

VOC

µg/MJ and µg/undiluted
standard m3

Optional

PAH

µg/MJ and µg/undiluted
standard m3

Optional

A perfect result = a

X

Rate of fuel burned

Data quality checks
∑O2 in ppm, calculated by summing all the
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Metric

Units

Laborato
ry Test

O2 contained in all the gases detected in the
stack per measurement interval.

horizontal line

∑Carbon(EF) values, calculated by summing
the Carbon-containing gas emissions factors,
per measurement interval.

A perfect result tracks ∑O2
line

X

If gas flow measurements are available,
check for stability.

Litres per hr

Optional

If pressure measurements are available,
check for stability.

hPa

Optional

3. MEASUREMENT, RECORDING AND STORAGE OF STOVE TEST DATA & CALCULATION OF
EFFICIENCIES

A separate operation manual has been prepared detailing operating instructions for various
testing, measurements, recording and storage of test data.

4. STOVE TESTING GUIDELINES

The procedure is based on the SeTAR Center protocol 01-1.04.2009:
For domestic stoves with a nominal heat output of less than 20 kW
4.1 INSTRUMENTATION

4.1.1 Turn on instruments and let them run through their initialization sequence. Check for any
error conditions: the Dusttrak DRX may for example need to have its internal filter
changed.
4.1.2 Turn on the compressed air system and pass dry air through both channels of the gas
analysis system. Do not use air drawn through to combustion gas filters near the test
bench, only air coming from the compressed air supply to the diluter.
4.1.3 Check the time on the computer and internal clock of each device. Synchronize them with
the computer clock any of them differs by more than 5 seconds.
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4.1.4 Turn on the Dusttrak DRX particle counter. Perform a 0-calibration using the plug-on total
filter.
4.1.5 Check the DRX displayed value of PM 2.5 to see that it is reasonable. On a clean day it
may be 30 µg/m3.
4.1.6 Check that the readings on the gas analyzer correspond to dry air: O2 = 20.945%, CO2 =
0.039% on both channels, CO to a low value. The ambient air CO level is normally under
5 ppm, usually 1 or 2 ppm.
4.1.7 Turn on all the pumps (3) and check that the vacuum levels are all about -0.5 bars, and
the two gas paths about 3 psi and steady. The compressed air supply is always above 1
bar.
4.1.8 Check that the gas flow rate on the stack and diluter channels is 90 litres per hour, and
250 litres per hour on the diluter. If the stove is cold and unlit, the X-Stream should
indicate clean ambient air gas values.
4.1.9 Turn on all the recording programmes: start the Scale reader(s) and look to see that the
‘Saved’ counter is increasing; the Agilent SCAN is running; the screen of the X-Stream
blinks briefly as it saves a data set, and the Dusttrak DRX is running. If there is other
software running on the computer that is capturing data, see that it is receiving the
information. Do not light the stove until at least 1 minute after recording starts.
4.2 PRODUCT TO BE TESTED

4.2.1 If the product is new and has ceramic elements or clay incorporated into it (for example
sealing joints), it should be fired to dry everything. Finding at the end of the test that a
considerable mass has ‘disappeared’ usually means that moisture is missing from the
ceramics. It is difficult to correct the test results for this missing mass. [Without
correction it is interpreted by the software as burned fuel.]
4.2.2 The stove should be prepared for lighting according to the manufacturer’s instructions, or
some other method being tested. Ignition emissions are the greatest part of all smoke
that will be produced. Follow the instructions. If improvements can be made, record
what works better, and why, if you know.
4.3 FUEL

4.3.1 Use a fuel which has been analysed for moisture and chemical content, or else keep a
representative sample of it.
4.3.2 Fuel size is an important variable affecting stove performance. The fuel should be
‘characterised’ so that is it known what conditions and fuel produced the test results. At
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the least, the coal should be of a known size or mix of sizes.
4.3.3 Excessive dust and large coal are not considered suitable fuels for standard tests. If one is
researching the effect of such fuels, then they should be characterised and reported
along with the results.
4.3.4 Once the post-test fuel analysis is in place, a sample of fuel remaining at the end of the
test is to be retained for ultimate analysis. This investigation may be stopped once the
changes in fuel are characterised and if the residual coal composition is found to be
consistent.
4.3.5 It is common to light coal stoves using paper and wood, small propane burners, diesel,
rubber strips and garbage. Because the emissions from the ignition materials are highly
varied it is important to record the mass and nature of igniting materials.
4.3.6 If a cleaner lighting technique is known to the tester, it is acceptable to use alternatives to
that suggested by the manufacturer. Consultation with the manufacturer may result in
an optimal ignition method.
4.4 OPERATION

4.4.1 While it is common to operate the stove in a sequence of light, load, re-load, it is also
possible that the stove is designed to be run: load, light, re-load. In principle, the stove
should be run according to the manufacturer’s instructions. Refueling timing can great
affect the emissions profile. It may be necessary to refuel the stove once according to
the manufacturer’s instructions and again using a ‘best practice’ method to see if the
stove will perform better than the producer expects when run in a different manner.
4.4.2 A standard test will consist of a burn followed by refueling. Because there is a wide range
of products available on the market, and more are expected, there is no ‘standard fuel
load’ of ‘standard refueling load’ for all stoves. At this time (Oct 2010) it is expected that
patterns will emerge that match the heat demand profiles of groups of homes such as
gers, small single family home with heating walls and so on. The fuel load and refueling
should be relevant to and realistic for these applications.
4.5 REPORTING

4.5.1 Save copies of all data collected during the test in a new folder with an appropriate
NAME, creating for each test a folder called RAW DATA.
4.5.2 Do not make any changes to the original file. Save copies that have been processed in the
NAMEd folder.
4.5.3 Use a copy of the latest data processing sheet. Save the test results in a file with a name
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that includes: Test number, stove name, test date and the version number of the
spreadsheet: i.e. T0004, GTZ 6.3, 22-Aug-10, v2.51.xlsx.
4.5.4 Determine the composition of the fuel by Ultimate Analysis. Enter the results into the
FUELS page of the Analysis spreadsheet.
4.5.5 When relevant, enter the ultimate analysis of the residual fuel on the FUELS page.
4.5.6 Complete the Test Information sheet.
4.5.7 Enter the test data on the FORMATTED sheet, remembering to time-shift the results from
different equipment if there is a signal delay. If there was a time difference noted at the
beginning of the test, additional correction has to be made to account for it.
4.5.8 Copy the top line of the data section on the PROCESSED sheet (line 5) down the number
of times needed to pull in the information from the FORMATTED page. If this number
exceeds 2000 lines, the charts on the following sheets will have to be edited to account
for them. An alternative is to insert blank lines into the PROCESSED sheet below line 5,
sufficient to push the markers for the charts.
4.5.9 Look for invalid data on the processed page. Where relevant, for example when part of
the test was used to run a dilution calibration, delete the relevant lines from the
PROCESSED page. Note that this reduces the range that the charts look at.
4.5.10 If lines have been deleted, it is necessary to copy the cells from immediately above that
line from column AD to column BZ and paste them into the line below. Note that this is
not a copy of the whole of the above line, only from column AD to the end on the right.
This must be done for each deleted line or group of lines.
4.5.11 Mark the lines with a background color dividing the test results into meaningful
sections, such as:
i. Ignition to CO/CO2 level reaching 2% - green;
ii. The CO/CO2 level remaining below 2% - red;
iii. The CO/CO2 level rising and remaining above 2% - orange;
iv. The CO/CO2 level rising and remaining above 10% - blue.
4.5.12 Note the lines on which these transitions take place. On the PERFORMANCE sheet, enter
the line numbers into the green, red, orange and blue section boxes in column C.
4.5.13 If any sections of the test are invalid, copy the blue INVALID cell from column L and past
it over the yellow VALID box(es).
4.5.14 View the charts. Where necessary, remove, create or move the total numbers on the
PM 2.5 chart (at the right hand end of the lines where they are at maximum). Edit any
chart axes as necessary. When possible, use standard axis values so that people making
visual comparisons of emissions are not misled if they fail to appreciate incompatible Yaxes.
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5. PREPARATION OF REPORT & INFORMATION DISSEMINATION

A standard reporting format has been developed for providing information in the following
manner:
5.1 REPORTING PROTOCOL

The results of the tests should be properly documented and stored for future use. Reporting
serves two purposes: reporting technical progress on finding solutions for air pollution
reduction from ger heating stoves, and describing work done by the laboratory and its staff.
Different audiences are associated with these two purposes. The following documentation
should be prepared:
•

•

•

•
•

Test reports; two types of reports are prepared for each test run: (i) a full test report; and

(ii) a summary.
o The full test report is provided to the person who requested the test and/or who
submitted the stove for testing. The test report is issued in electronic and paper
format, with an electronic copy kept in the lab. Rules for electronic archiving and
naming protocols have been addressed in a different part of the manual. The
test report is signed by the lab director and the person who was responsible for
the tests and/or who carried these tests out. The report should be issued one
week after the test was carried out.
o A one page summary sheet/report for each test is issued as well; this report is
available to a wider audience and can be made available on request. The
summary report is signed by the Director of the lab. It is stored electronically and
on paper at the lab. Details such as the names of the stove producer are included
only if this is approved by the person in question.
A Monthly Overview report of all summary test results is issued and sends to MUB and PIU,
as well as to organizations that have indicated that they are interested in the results,
such as NUM and MUST, and donor organizations such as MCC, JICA. Stoves are
identified by their names, but details such as the name of the producer are not
disclosed, unless specifically waived by the producer.
Monthly Training report, describing the names of the persons and organizations &
positions of persons who received training by lab staff, the purpose of the training, and
the duration/dates that the training took place. This report is issued by the person
responsible for training.
Monthly visitors report, describing the names of the persons and organizations that
visited the lab. The report is issued by the lab Manager.
Annual report, giving an overview of the activities of the lab during the past year, but
more importantly capturing lessons learned from all tests combined, proposing certain
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do's and don'ts related to stove design as well as the testing protocol. In this report
changes to the protocols can be proposed and recommendations for stove producers
can be given. The report is issued by the lab Director.
5.2 SUMMARY RESULTS

Descriptive summaries are provided for:
•
•
•

Stove
Fuel
Test results

Specific observation made for particular stove is provided as summary remark.
5.3 DETAILED RESULTS

Detailed results are provided in the form of tables and charts comprising of:
•
•
•
•
•
•
•

Power and fuel consumption
Combustion efficiency and gas emission
Thermal efficiency of heating and cooking
Particulate emissions
Overall performance evaluation table
Detailed test information
Discussions on the tests & results
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5.4 CASE EXAMPLE

Stove Emissions and Efficiency Testing Laboratory
Ulaanbaatar, Mongolia
Contact: Prof Lodoysamba, 99-18-35-46
Lodoysamba@num.edu.mn

STOVE TEST REPORT

Test Number______138______ Date___2011-03-11___ Test requested by:
__Owner______________

1. PRODUCT DESCRIPTION
Stove Name __Gold DD_ Stove manufacturer __Local _______ Stove provided by
___Producer______
Notes about stove: This is a square bodied Down-draft (DD) stove with a separate heat
exchanger at the back connected to a large ash drawer which acts as a hot gas conduit. The
producer lit the fire at the chimney side of the fuel hopper, under the edge of the lid. This
method proved unreliable and slow but it did eventually work. It can hold at least 10 kg of coal.
Like many DD stoves it cooks on top of the hot coke which means there is a long delay between
ignition and being able to cook. It is refuelled by pouring cola over the hot coals. This makes
nearly no increase in particulate emissions which are typically very low in a DD stove. Initially it
was painted gold in colour however it quickly burned off. Nevertheless it is titled the Gold DD
stove. It is a prototype.
Combustion type _____Down-Draft______ 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:
Place a coal on the grate except for a space about 125mm in diameter at the far side (chimney
side). In that space place wood for ignition. The fire was lit at that space, on top of the wood.
This created a small fire which vented downwards eventually. The wood was consumed without
generating much heat in the chimney – only a few degrees. More wood was added to make a
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large enough fire to get the flames to draft down. After a time a third quantity was added
(about 100g) and this created enough downdraft to start pulling the fire well enough to spread.
This process took about 45 minutes. Following the development of the fire, the PM and CO
level dropped rapidly and the fire was fully lit. The refuelling took place after 90% of the coal
had burned. It needed no attending whatsoever Other than to see that the air controller in the
door was closed.
2. FUEL DESCRIPTION
2.1. Name ____Nalaikh raw coal_________________
2.2. Source ____On the street____________________
2.3. Analysis performed by __C Pemberton-Pigott sent it to a gov’t lab_
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
26.1 %
Ash
5.90 %
Sulphur
0.43 %
Hydrogen
3.90 %
Carbon
52.47 %
Oxygen
10.20 %
Nitrogen
1.17 %
PHOTOGRAPHS OF
THE STOVE

Air controller is on
the lower part of
the fuel loading
door. The back of
the large ash
drawer is part of
the flame path
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between the combustor and the heat exchanger behind it.
The kindling wood is set at the back of the combustion chamber so that the distance to the
chimney is the shortest possible. Coal can be added through the front door or the top. Adding
fuel makes nearly no difference to the particulate emissions which remained low at all times
except during the wood burning phase of the ignition. The cooking pot sits on the thick collar
welded into the top surface.

3. TEST DESCRIPTION
Stove operated by ____Manufacturer______________ Data recorded by ___Crispin +
Lodoy_________
Test Protocol used __Standard, with refuelling_
Starting time _12:03 PM__ Ending time __15:38 PM___
Lighting procedure used __As
above______________________________________________________
Notes about the environment during the test:
PM 2.5 about 90 microgrammes per cubic metre in the laboratory air, steady during the day
______________________________________________________________________________
_____

4. TEST RESULTS, SUMMARY
4.1. Data analysis sheet version number used _ _2.59.2_____
4.2. Summary results
4.2.1. Fuel loaded during first burn, g _

6559_____

4.2.2. Burn time, minutes_______________147_____
4.2.3. Fuel loaded during refuelling, g__
4.2.4. Refuelling burn time (minutes) _

5008 ____
__72 _____
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4.2.5. Percentage of fuel burned when analysis of the test ended ___90%______
4.2.6. kW (average) during whole burn __

_________6.52__ kW

4.2.7. PM2.5 per Net MegaJoule of heat produced
4.2.8. CO emitted per Net MegaJoule of heat produced

196.3

milligrammes

6.04 grams

4.2.9. Notes about summary results:
Nearly all the PM was emitted during the ignition phase. The technique used by the
manufacturer to light the fire was not typical for a downdraft stove and did not
work nearly as well as other techniques previously observed. The final result would
have been very better if the manufacturer of the stove received instruction on these
other lighting techniques. Refuelling produced nearly no additional PM. It can be
refuelled at any time without inconvenience consequence which is typical for a
hopper-fed fire. The CO/CO2 ratio is low immediately after the fire is well lit. The
ratio rises rapidly when the fire starts to reduce in intensity because there is
basically no proper combustion chamber under the grate. It has instead an open
space below the grate leading to the heat exchanger. This inexpensive arrangement
works well for large fires (high power) but does not maintain the flame well below
the grate once the flames become small as they easily get snuffed. The thickness of
the grate is a factor in snuffing out the flame. The thinner the grate the more a
downdraft fire tends to stay lit. Once the flame is gone there is quite a bit of CO
produced. Although the final CO mass it less than half that of a traditional stove, it
could easily be reduced further by fitting some sort of combustion chamber and
reducing the grate bar diameter.
4.2.10. Notes about the operation of the stove during the test:
Ignition fuel was loaded and lit. After about 2.5 hours it was refuelled and left to
burn out.
____________________________________________________________________
____
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5.

DETAILED RESULTS AND CHARTS

5.1. POWER and FUEL CONSUMPTION

5.2. COMBUSTION EFFICIENCY AND GAS EMISSIONS
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5.3. THERMAL EFFICIENCY OF HEATING AND COOKING
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5.4. PARTICLE EMISSIONS

5.5.
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5.6. PERFORMANCE
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5.7. TEST INFO

5.8.
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WATER BOILING

TA No. 7462 – MON ULAANBAATAR CLEAN AIR PROJECT
Interim Report

6. DISCUSSION
6.1.

The Test Info indicates that the stove did not burn the 90% required. It shows 89%.
This figure is calculated automatically and the red line appears automatically as well
so we don’t interfere with it. The 89% was the result of finishing the test about 1
minute early. The stove easily burns more than 90% of fuel loaded. The refuelling took
place well after 90% of the first load was burned and the PM emission rate barely
flinched so it is not an issue.
6.2. The stove is well made in that it has thick wall material and was welded completely all
round and well-sealed. There is an air controller on the door that was used to control
the air supply. This is effective and controlled the power level.
6.3. There is no provision for secondary air in this stove. It is not an absolute requirement,
however if a combustion chamber were added, it would probably be required.
6.4. The ignition technique used by the producer was not well suited to the stove. It should
be re-tested with the lab staff operating it and the manufacturer trained in the
technique. The method that would suite this stove is to light a small wood fire at the
back end of the ash drawer. Immediately after lighting it, light paper on top of a pile of
thin split wood kindling on the far end of the grate. Downdraft stoves should be lit in a
way that creates immediate draft in the chimney and which get some heat into the
chimney. When it is retested with an appropriate lighting method you will be able to
see the difference the user can make which is instructive.
6.5. Once lit it performed as expected for a DD stove. The PM level was very low because
the gases and smoke created during ignition of coal are drawn through a bed of hot
coke sitting on the grate.
6.6. Cooking cannot start until there is a well-developed fire in the firebox. This is because
the flames travel downwards, not upwards in a downdraft stove and this one does not
try to use the flames for cooking, only radiant heat from the top of the coals.
6.7. The time to be able to start cooking depends on the amount of coal initially placed on
the grate. If one wanted to cook almost immediately, one would put a relatively small
amount of coal down, light it and put the pot on. Later coal can be added on top of the
fire for space heating with no emissions problem because that is normally what we
view as ‘the bottom’ (the fire is upside down). Adding fuel onto the hot coals does not
normally create smoke in a downdraft stove.
6.8. The thermal efficiency (71%) indicates that the heat exchanger is too small for the
power of the stove. There are a number of vertical pipes that pass near the outside of
the combustion chamber mounted between the combustion chamber wall and the
heat exchanger. They are supposed to heat air convectively. The materials and effort
would be better used simply making the heat exchanger larger.
6.9. The enormous ash drawer could be made smaller with no loss of performance.
6.10. There is a thick ring of steel forming the lip which the pot sits on when cooking. It is
very strong and gives a good seal to the pot. It was cut from a large pipe and is a
good element of the design.
6.11. The grate is too large for the power of the stove which cause a significant drop in
combustion efficiency (higher CO) when the flames became smaller as the fuel was
nearly burned. The high CO level seen from minute 120 is directly caused by have a
grate that is too large in area for the fire size. The rise in the excess air level (see
Chart 10.2.3 above) occurs because the excess air needed to produce a hot
downdraft flame rose to the point that it chilled the flame so it first made extra CO then
went out.
6.12. With small modifications to the stove and the lighting method it will probably qualify on
the basis of emissions reduction.
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