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1, : INTRODUCTION

Over the past 20 or 30 years a number of stove programmes
have been established to design and introduce stoves that either
alleviate the fuelwood shortage problem or promote kitchen

hygiene.

Many of these programmes have failed due partly to the lack
of detailed information or suitable laboratory or field testing
of particular designs. The aim of this report is to detail:

1. the information needed to provide an initial assessment
of the_suitability of a stove design; before making and
testing;

2, ‘the type of laboratory and field tests required to

see that a stove is firstly suited to the required cultural
cooking practices and recondly has a better performance
than the stoves currertly used by the people for whom it

is intended.
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STOVE PROGRAMME STRATEGY

2. Usually there are two types of people involved in stove
programmes, the designeré/testers and the programme implementors/
extension workers. Both these groups of people must also
interact with the users during all the stages of the programme.

The testing procedure of this report must be viewed
within the overall stove programme strategy being developed
by ITDG for use by its collaborators. This strategy consists
of 7 stages:

1. survey of cooking practices and fuel usage;

2. field testing of stoves already in use in different
localities;

3. assessment of other alternative designs to see if
they meet requirements found in the initiuzl survey;

4, laboratory testing of suitable alternative designs;
construction and testing of completely new designs or
modified designs;

é, limited field testing of alternative or modified
designs that appear suitable during laboratory tests;

6. extensive field testing of stoves that gain user
acceptance;

7. design and execution of extension programmes to
facilitate accurate construction and widespread and
correct use of the chosen stove in the localities for
which it is appropriate. Stimulation of National
Government policy development on wood stoves.

2.1 Stage 1 ,
Information on local cooking practices must be obtained
if new stoves are to be designed that will perform all the
functions of the old stoves as well as using less firewood.

To carry out detailed surveys is a highly skilled,
time consuming and expensive operation. In many countrics
cooking practices and stoves used differ from one area to
another. In the future designers will hav: access to this
type of detailed information as more government and research
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bodies undertake energy use surveys. If this information

is not available designers should at least carry out a
limited survey in the appropriate area. Visual observations
over a period of a few weeks should be taken and a limited
number of people interviewed. It is not advisable to use
detailed questionnaires or detailed socio-economic studies,

The survey should broadly establish:

1. the local cooking practice (type and quantity of
food used, time to cook and method of preparation,
where the cooking is done);

2. the cultural rules associated with cooking (eg meal
times and any taboos, and sex roles associated with
cooking, significance of fireplace);

3. the type and size of pots, stoves and fuel used;

4, who constructs the stove, how it is carried out
"and time devoted to repair and maintenance;

5. the method of obtaining firewood, (is it gathered
in the field or is ii obtained from wood dealers? What
is the price of the wood or the time required to collect
it?)
_ A literature survey of stove designs should be carried
out. Information can be obtained from ITDG (U.K.), VITA (USA)
and FAO {(Rome).

2.2 Stage 2
Field tests of the stoves currently in use should be
conducted to determine the type and amount of wood used in
cooking and time taken to cook food or boil water.

2.3 Stape 3

The data obtained from Stages 1 and 2 should be used
by the designer to decide whether an alternative stove
design will have a better performance than the indigenous
stoves and will be culturzlly acceptable.
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- Detailed information on other stoves is not often
readily available. Designers can send off a questionnaire
to be filled in by the persons who have built and tested
the stove. This questioﬁnaire, which forms part of the
test procedure that has been developed by ITDG in collaboration
with the Fiji Department of Forestiy (Appendix 1). The
questionnaire will help decide the suitability of a particular
stove design by providing information on:

1. the dimensions of the stove;

2, the method of construction and type and amount
of material needed;

3. the labour required for construction;

4, estimation of lifetime;

5. detailed instructions on how to use the stove
efficiently;

6. sort of fuels that the cstove can burn and methods
of cooking for which it is suitable (e.g. frying, stewing
and baking);

7. some estimation of the amount of fuel used in either
cooking standardised representative meals or some
standardised water boiling exveriments;

8, time required to bring diffegent quantities of
water to the boil. .

Stage 4

If necessary detailed information cannot be obtzined
from the questionnaire then laboratory testing will have
to be undertaken. If the results of these indicate that
the types of stoves tested are not suitable, modification
to the indigenous stoves must be undertaken or new stoves
designed. ‘

Stage )

Having ascertained the possible suitability of a stove
design from the results of the laboratory tests, performance
data under field conditions must now be obtained. We have
found that the best way to do this is to provide a limited
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number of stoves to families who have had previous interest
in development programmes. Ideally one should carry out the
following experiments. One group of stoves should be
constructed by artisans @r field workers who have received
extensive training and practice in building the stoves;

while the other group would be built by artisans or field
workers who have had limited training and practice in building
the stoves. For each group of stoves, half the women using
them would be trained in using the stoves and half would not
be trained. v

In scme cases it may not be possible to carry out this
type of controlled experiment. A larger number of stoves
should then be introduced into a few villages that have had
previous contact with the extension agency. Performance of
these stoves should be measured at the start of the trials,
and at periods of three and six months. The results of the
experiment should provide information on:

1. user reaction to the new stove;

2. how crucially affected the stove performance
is by the accuracy of construction, efficiency of
operation and stove deterioration;

3., possible design modifications that could improve
the acceptability or performance of the gove.

Stage 6

The limited field testing iswpow extended to further
villages in the area. ’

Stace 7

The likelihood of widespread’accéptance should now be
assessed on the basis of the previous extension exercise.
If the results are favourable, expanded extension programmes
can be designed. A National woodfuel policy that involves
positive government support is essential to promote widepsread
dissemination of stoves,

It is also essential that the vomen users are involved
in all aspzacts of the stove programmes.
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LABORATORY TESTING

Although laboratory testing will never. indicate whether
a stove will be aéceptable to users it can give a good
indication of the comparative performance of different stoves
under specific conditions,

The task of choosing a suitable stove would be made
much easier if a standard test were used by all stove desipners.
In practice this is not feasible because of the difficulties
of standardising ambient conditions; test equipment; wood type
and moisture content; operation of the stove and cooking
procedures.,

Since it is impossible to devise a standard test, ITDG
has instead evolved a standard test procedure for reporting
the methods of testing and results of field and latoratory
test work. A record of this detailed informati~n will enable
designers to:

1. determine how a test method used by other designers
differs from their own;

2, use this test method to compare cther stoves with
the indigenous design(s) tested. Thus a more accurate
assessment between stoves' performance can be obtained.

The test procedure evolved by ITDG and its collaborators
will be discussed fully in this report. Our joint experience
has shown that this test procedure provides: .

1. a comparative assessment of verformance between
indigenous and alternative stoves:

2. an indication ¢® design modifications required to
improve the performance and the cultural acceptability
of the stove;

3. a greater understanding of the principles of stove
design and a confirmation or rejection of preconceived
ideas;

4, identification of the notential problems involved
in the extension of the stove(s),.

Three types of tests need to be undertaken in the
test procedure. These are described here as physical tests,

s




~7-

cooking tests and onerator tests. Ve have found that therce
tests will indicate how the stove nerformance ic affected by
chqnges in the following parameters:

1. type and size of fuel;

2. moisture content of fuel:

3, ambient conditions (such as wind speed);
L, draft;

5. cooking time;

6. type, size and number of pots used;

7. size and shape of combustion chamber-

8., operator skill (such as stacking of wood and thn
us2 of dampers,

Bunerimental Procedure

In theory experiments are carried out by holding conatant
all except one of the parsmc~ters that affect stove verformince,
This parsmeter is then changed and the resultant change in
performance is noted. In practice it is very difficult to
keep all parameters excent one constant over a series of

~tests. Ambient conditions (wind and temperature) will chanere

causing a difference in the flow rate of air into the fireboy.
The stove often deteriorates (esvecially mud stoves) and it is
difficult to repair it to its originnl shane.” It is therefore
very difficult to get repeatable results to within 10-20¢/
accuracy,

These variations are enhanced if the tester does not
operate the stove in the same way for all experiments. Improper
stacking of wood and inconsistent attention can make a big
difference in the performance figures obtained (up to 100%%).

Thus it is important to stzndardice the methnd for
testing a stove. An example of such a method vhich can be used
for both field and laboratory testing is piven in Appendiv 2,

The number of species of wood tested should be limited
to two or three types, Thesc should represent either the mast
frequently uged or snecies that have widely differing burmire
characteristics, (ie, lipht fast burning wood vercus a dorae
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slow burning wood)., It is very imnortont to keep a conctont
check on the moisture content of the wood as a voriation

can greatly affect the test result. It is also imnortant

to be consistent in feeding the wood into the stove during
the experiments.. “

It must be emphasised that the euneriments can be

carried cut using only thermometers, scales, clocks and a

drying oven (to standardise moisture content of the wood ).
The more sophisticated fest beds used by some laboratories
congist; of the following measuring and/or recordin~ instruments:

1. a set of sclaes on which the stove sits, or scme
other zrrangement that enables the weirht of vood to be
measured continuously as it is burnt;

2. a series of thermocounles nlaced inside ond at the
‘stove walls to ireasure the flow of heat into and out of
- the stove body; :

3. a pipe to take off a samplé of the gmses leeving the
stove. This pire leads to instruments measurfng wrolume
percent of carbon dioxide and carben monoxide, weater, and
in some cmses unburnt hydrocerbons and solid csrbons in
the gases;

4, thermocouples that continuously read the temmerature
of the water in the pots; "ﬁw

5. drqft gauge or nitot tube to moasuro velacity of

J;

the gases in the chimney.

Physical Tests

Physical testing essentially involves the measurement
of the flow of heat (energy), generated from the burning
wood, into end out of the stove and into the cookins pots,

" The object of these tests is to be able to maximise the f£low

of heat into the cooking nrocess,

Physical tests are carried out using nots filled onlv
with water; these tests are generally deseribed as 'boiling

~water' tests, There has been » great deal of controversy
.on the way these tests should be carried out, It has been
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found that a rumber of methods are beinp used all of which
will give different results. The methods are:

1. a fixed charge of wood is burnt.,” The time taken
for the amount of 'water evaporated when all the wood
is consumed is recorded;

2. a fixed charge of wood is burnt and the number of
times a fixed quantity of water can be brought to the
boil is recorded:

3. a fixed quantity of water is comnletely evamorated off
and the time taken and the amount of fuel used is recorded;

4, a cooking time is set after a fixed amount of water
is brought to the boil then the amount of wood used,
charcoal remsining and the cuantity of water evanorated
off is recorded. -

In our physical testing we have opted for method
number 4 as it is most closely related to the wny people
cook, For meals that involve boiling, the usual nrocedure
is to stoke up the fire in order to brins the water to the
boil as quickly as possible. The fire would then be controlled
to 2llow gentle simmering. At the end of cooking the wood
would be removed. Usually the charcoal remaining is used
foir roasting or besking or for cooking the next meal.

iy We have based the time length of the exweriments on this

Iy . . .
simple cooking vrocedure. Thus times considered are:

wid
B

1. Time to boil not 1
., Time to boil vot 1 + 10 minutes

. Time to boil vnot 1 + 30 minutes

. Time to boil not 1 + 60 minutes
5., Time to bnil not + 30 minutes

60 minutes

2
3
4
5. Time to boil not
6
7. Time to boil not

R. Time to boil pot

NowW N Y o
+

9. Time to boil pot % + 30 minutes
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Processine Results of Physic 1 Tootn

At the end of An exneriment the yaw dnta is collercted on
a Data Sheet (Appendix 3). A summary of results will give:

1. weight of wood used and chrreonl rem-ining;

2. time taken to boil different pots or final

temperature in nots 2, 3 .......

3, the amount of water evanoratnd from the difforent
‘pots;

4, the average stack temperatu: », composition of the
flue gas and temperature of stove body.

This data forms the hosis for comnarizon hetween
different experiments on the same st~re and betwe~n different
stoves, To further 2id in compﬁrih~ stoves a co called
‘efficiency’ figure is usually celculated. This efficiency
fipure takes into account the ocuantities of charcorl formed
and water evaporated when the experimentzl conditions are
changed, =nd the different types of wood used. Calculation
of efficiency is based on the method used in eveluatine the
nerformance of a beiler,

Heat Utilised

Since cooking is a quite different procese than raisir:
steam in a boiler we have nreferred to calculate =2 factor
vhich we term 'Heat Utilised'. Hent utilised is simnly
the heat absorbed by the water, divided by the heat liberated
from the burning wood. There are 3 number of different ways
that can be used to calculate the heat utilised. Two of these
are given in Anpendix 4, They are presented as percentare
figures HU1, and Huz

It is recommendedwthgﬁmboth the heat utilisation fipures
are calculated in order to vrovide a pguide on how cooking
procédures change the value of HUZ' HUP ircludes the hrat
used In evaporating water, This may be considered as useful

‘heat absorbed when the evaporation of water is a necessary

part of the cooling process (em in stowing or steaming).
Alternatively it may be considered as a loss of heat vhen the

object is to conserve water (er vemetable cookine),
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. It needs to be emphn~ised that the cooling procedure,
ie, the time taken and m~thod of operation should mirror
that used in the village as closely as possible. The =uthors
have found that a deviation from village practice will distort
the heat utilisation fipures. We found that in one eymeriment
vhere we wanted to bring 2 pots of water to the boil, if we
interchanged the second pot with the first at the boil, e
used 700gms of wood, took 24 minutes and calculated an HU1
of 12,3L4%, and an HU, of 13.2%. Vhen we did not interchange
the pots, we used 1014pms of wood, took 42 minutes and
calculated an HU, of B.1%, and an HU2 of 18,.8%,

3,3,2 Burninm Rate

Heat Utili

As well as calculating heat utilisation ficures, the
burning rate of the wood is also calculated. Burning rote
is defined as the amount of wood burnt in the exnerinont,
divided by the duration of the ewperiment, It is expreorsed
as gms/min, The method of calculation is piven in Apperdix =.

The burning rate chanpges as the different stove narameters
are changed, er, lerge pieces of wood burn more slowly than
small pieces.

Burning rates 2re calculated over a ranre of cookinr
times. HU, (or HU, if no water is evavorsted) is vnlotted
agai¥ist the burning rate (see Fig 1).

» Figure 1 Key:
x Pot 1 boil
15 & Pot 2 boil
~O—0 oo, o Pot 2 boil + 70 mins
10 4
’MN\M\A\
/———-"X
X
‘},/’// \\\\‘m\\
5 - X,
5 10 15 70

Burning Rate pma/min




-l0w

The heat utiliced is a function of the burning rate,
Jdeally, the stove's performance should not vary over a
wide range of burnins rates. The derree to which a stove
performance does vary with burning rate rives an indication
. of how immortant it is to train people to use the stove
correctly,

The time taken for a stove to become insensitive to
changes in burning rate also indicates the type of cooking
that it is best suited for., This will be discussed in a
subsequent report. V

Ve feel that it is more immortant to comnare the
variation in heat utilisntion for differine burning rates
betwean stoves than the actual he=t utilisstion fipures aleme.
Thus to say one stove u%tilises 143 of the wood's energy
as compared with 20" in another has little value.

Z.3,3 Heat Balsnces

The next series of calculstions that may be carried out
are heat balances., 8Since accurate heat brlances are difficult
to perform the reader ir advised to turn to Appendix 5 for a

. full discussion.

Ideally, heat balances chould give an indication as to the
effect on heat transfer to different vnarts of thes stove and
on combustion (burning) efficiency as the different ewperimental
conditions are changed. Due to various difficulties this has
not yet hteen reslised.




3.4 Cookineg Teste

Cooking tests carried out in the laboratory measure
the amount of wood used and the time taken to cooV a
variety of standard me2ls under controlled conditions., In
the field (see n»,17) it is often very difficult to carry out
a controlled cooking test to produce repsatable results, so
the value and necessity of laboratory coo%ing tests are
obviously comnlimentary to the physical and orerator tests
also carried out in the laboratory.

The principle objective of cooking tests is to determine
the influence of the stove design on the amount of wood used
and time taken to cook a meal, To do this it is necessary to
develop a standard test procedure to minimise any variations
in the results due to differences in:

1. variety, size and wetness of wood;
2, the sequence of cooking onerations;

3. tyme and ocuantity of food,

The information gathered in the field survey of cooting
practices should be used as the basis for development of
- atandard cooking test procedures. The survey should have
provided a profile of the tyne and guantity of foed cooked
for each meal throughout the day. FEor the nurnoses of the

it

test, it is best to focus on the main meal of the day. To
obtain repeatable results, it is desifiable that the seguence
of cooking oneraticns be as simnle Egmpossible without losing
its authenticity.

Before undertaking a series of cooking tests it is
necessary to ensure that sufficient test fuel and all food
items will be available over the neriod of time and will not

be subject to drastic seasonzl changes in quality. This needs
to be carefully watched esnecially when fresh rroduce is usad

in standard tents, This is because food quality, and esnececially
that of meat, will affect the time talen to cook it, and hence
‘the amount of wood used, Judgement of the 'doneners! of food
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also presents a problem in testing due to it beinr largely
a subiective nssessment, which wil1l vary from cook to cook,
Idenlly one merson should carry out the tests to introduce
some consistency and shpould have exverience of the tostes
of notential stove users.

Operator Tests

These tests enable an nssessment ho be made of the
demands unon the user (onerator) when onercting a2 stove
which is subjecfed to a range of conditions, The tests
concentrate on the main commonents of oreration, ie, startihg
a fire, attending it, controllirs it and maintaining the stove,

The objective of the tests are to evaluate thn enrce of
user oneration and ascertain the conditions for ontimum rane
of use, All problems associated with the oneration of the
stove should be identified. The basic test methad will
follow that of the physical testing.

The main areas of investipation are:

1. Ienition - this is recorded as the time needed from
the point of lightineg the kindle to 2 steady burnines of
the test wood,

2, Fire Attondevee ~ this is the freousrnecy and degree

of attention reecded to keep 2 stesdy fire going or s
bed of chercoals plowing,

A, Fire Cartralahility -~ this i )
or difficulty in lowering or incressing the level of henrt
outnut from the fire.

ig ascossod as the ensge

4. Onerator convenience and maintenance - obeservations
should b2 made on the interchane=shility of pots in the

not seats; the ease and freacuercy of clesning necercary
and the type and extent of rerular maintenance reerded,

It is considered that the irmition, fire attendance
and fire controlabilitysv the meoat imortont foctore in

evaluating the eace of uger ansration, Henece if theas are

affected by a change in operatine conditions, it followsn




that the overative demands unon the user will also be ~Tfrcted

In order to assess these dem~nds, n T nps of difforent
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conditions should be investipated in the stove's operation,
e

are variations in the type, size and wetnes

.u

the draft of air through the stove; nositioning of baffles;
starting of fire in a hot/cold stove and operating for short

which the opinions of a number of usars are sourht on the

operation of the stove,

Progessine Results of Qnerchor Tects

Obviously direct measurements of irmiition, fire attendance
and fire controlahility canmot b» mnde, en it is necesrnry to
develop a rating scale for ench of the=es comnonents, The
following scales are consid~red to be a rensonable and
convenient means of indicating the effects of the different
variables on the operative nerformswco,

A 5 point rating scale mzy be used ir each case as

follows:

1. Ignition 5 = less thon 1 minute

4 - 1 - 2 minutes

3 - 2 = % minutes

2 - 3 « 4 minutes

1 = 4 « 5 minutes

2 Fire Attendance 5 = every 8 - 10 minutes

4 < every 6 - 8 minutes
, 5 =~ every 4 - 6 minutes
‘ Z = every 2?2 -/ minutes
1 =~ every 1 -~ 2 minutes
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3. Fire Controlability 5 « Immedinte
' 4 - Good
3 ~ Fair
. 2 - Poor

1 « Very noor

(A rating of 5 would indicate a control of heat outnut

.

comparable with a gas burner)
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FIELD TESTING

Cooking is part of the socio-cultural fabric of any
society., Thus user reaction and test results must be related
to this fabric. Before embarking on any tests the basic
information of a village's social and political structure,
economic base, ecological profile and the cultural forces
associated with cooking must be ascertained from key members
of the village and from the local stove project officer, (See
Appendix 6 for example of a survey carried out in Indonesia),

Experimental Proacedure

A survey is conducted on the range of stoves used in
the village. Cooking tests are then devised to either s=imulate
or mirror local cooking practices. Under ideal conditiocns a
number of tests should be carried out in each housechold to
cover the range of meals cooked and the types of wood used.
In practice it is not possible to:

1. disrupt the routine of the families for more than
one meal;

2. keep ambient conditions constant from one déy to the
next (especially wind which affects draft);

3. obtain a large quantity of wood of the szme tyve and
moisture content;

4, obtain the same type and size of cooking pots. (Mud
stoves are often constructed so that only a certain size
of pot can be used in the cooking holes).

In addition it is sometimes difficult to obtain enough
food for extensive series of tests and then the following
procedure is used:

Tests .are first carried out on indirenous stoves using.
the chosen standardised meal. The time taken is noted and
amount of word used is recorded. This experiment is revecoted
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i‘hrr’e times and the results nverased, Usine the reme vaodd

[ ’

same cootting time and replncing the aunntity of food urcd
(on weight basis) by water, the test is repeatad. If the

amourt of wood used doss not differ by more than 15“ then
2ll other tests in thot village can be carried out usine

water instead of food, Tests 2re then carried out on the new

STOVCS.

At the =nd of the test run the houseﬁold ovnmers are

)}

1.
i

e

[

i

joN

[t .
At .

1. They liked the new stove nnd why?

2. Does the new gstove use more or less wood than
the treditional one, by how much?

%, Does thae new stove cock faster or slover than
the traditional stove?

s How often do they use the new stove and vhot for?

(For those pzople who have removed the traditional
stove ocuestion 4 necd not be asked as ' they have obviou-ly
found the stove accentzble under all cooine situaticns)

The final guestions that =re asked are:
5. Vhat immrovements wouid you like to see in the now
© stove?

6. Would you prefer a different tyné of stove? Outlin-
the design, .

The answers to ruestions 1-4 cen be checked agminst the
results cf the tests. If the stove is warm st the stert of
the evperiment and there is accumulated ash in the Ffirebav
then it is obviously being used., TIf the test result do not
tally with the answers to auestion 2 the stove intervinwer
can try to discern if the stove performs better at lonrer

shorter cocking times., If the regronse is inconclusive
and if the traditional stove is still in use the intervicwer
cen either conclude that:

1. Peonle do not wish to offend the interviever;

2. the stove does not perform to the satisfaction of
the user (we have found ‘that a user “ho har nn

exception~1lly pood stove will usunlly enthus~ about it).
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L2 Procescine Resulte nf Field Trots

At the end of each test the heat utilised (ursinr an
estimated moisture content) and the burning rate shoulc be
calculated,

.

The initial conclusions of the test results and answers to
the questionnair should then be reported to members of the
household in terms which they ¢an understand with an exnlanation
of why the stove is working or not working. They chould then be
told how the stove nerformance could be improved and asked
whether they wish to make the improvements or whether they
want a different stove.

Later on, granhs should be plotted of COZ' 02, stack temn-
erature and vot temperatures as a function of time. Comnarison
is mzde between the stove under test and other stoves that h-rve
been tested, Cuantities bomﬁared are the wood used, the time
to boil, the time to form charco2l and the heat utilised.

4,3 Examnle of Interpretine Field Test Results

The examnle has been taken from field test work corried out
in Indonesia on a traditional stove and two examples of Lorens
mud stoves, The results are given in Tsble 1 below.

Table 1 - Results of Tests on 3 Indonesian Stoves

Stove Tymne Wood Tyme & | Wt VWood | Wt Ch=rco=l Time hd1
moisture used remeining to
content - | boil
(% dwb) (gms) (pms) (mins) | (%)
1 Traditional Acacia 1070 120 7 25 6
2 cooking 18
holes
2 Lorena Leucena 710 200 15 22
3 cooking 29
holes
3 Lorena Kopah 1180 290 20 13
-3 cooking ol
holes .

Comments: Three litres of water were brousht to the boil in rot,, .5 o

0f corn was roasted in not,. In stoves 2 and 3%, nine litres of wrter

~were heated un in potB. HU1 included the heat absorbed in po*t:?3 aa well
'as‘pot1.
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It is scen from Table 1 that the nerformance of stove
number 2 is superior to 1 and %, Firure 2 shows that after an
initial starting period the temmerature of the ras leavins
the stove number 2 rises very steenly along with the carbon
dioxide, vhile the ovypren comnosition decreases, Once 2 bed of
charcoal is formed the stack temperature and the 002 corpocition
fall to around 200°C and 6-7¢ respectively, This stack

“temnerature and commosition remeins constant as lono 28 ronme

wood is burrning on the hed of coals, These arc the optimum
conditions for simmering or rosasting. It should be notad
that for rapid heatl transfer to take place 3 hich flame
temnerature must be ~chieved (radiantien being the predominant
mechanism of heat treonsfer in the combustion chember). [lirh
fleme temmeoratures nre indicated by low evecess air (lcw
percentnze oxysen) and hich cearhon dioride content,

For stove number 3, the rate of he=at transferred to _ﬁot1
is 2 lot slower. Thes stack temmerature and CO2 ricaes very
slovly end the composition of oxygen in the chimmey prses is
high (Ficure %), On careful evrmination of this stove it
was found that the chimney vas net nl=2ced hich enmurh =have
the roof thus reducing the draft. The dammar slots were
misa2lirned vhich rendered them ireffective, The overall
perform=nce of this stove wns not simnificantly better than
the tredition~1l stove,

It should 27s0 be noted that the burning rate for stoves

S,31 and 3 wac much higher than for stove numbher 2, It hac brer

)
“found that for all Lorena stoves the owtimum burninc rate

to bring rot 1 to the boil is between 15-1Rcms/min, (the
measurement of burning rate is a useful means of checking

if a stove ie rumming efficiently vhen = set of scales »rd 2
wvateh are tre only instruments available).

It would armnasr from these tests that the acrurate
construction of tha Lorena stove is immortont if its
performsnce is to be much bettzr than a traditionsl stove,

Thus stove builders must be pgiven adeauate trairinpg and
extension workers should check for stove faults (ses Arvendi~ 7
for an exam»le of a check list for sseertainine stove faulte).
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INTERIM COHCLUSION

The test procedure detailed in this report has been
tried out over the last year by ITDG and its collaborators.
In general, we have found the procedure to be satisfactory
but we intend to continue improving it and to publish details’
periodically. We would welcome any comments and criticisms
of the test procedure,
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. STOVE QUESTIONNAIRE

General Information

APPENDIX 1 (1)

1.1 Name of stove 0000080000000 000 2000000000600 0600CE0TCC0ES

1.2 Origin:

a8, Country c.ecesecsccessesossssccscscnne
b, Region ..eccvsescenceccscscccsnnccnse
C. Organisation seevecesecosvoscssvenses
d, Desifgner ..cescescseccsssscscscsssccnas

Construction Information

2.1
2.2

2.3

Date of

Construction by:

a, Artisan
b. Stove owner

¢. Small Rural Industry

Construction Materials:

Mud (sand and clay)

Mud and additives

Clay bricks, sun dried
Clay bricks, fired
Ceramic

Ceramic and additives
Portland Cement
Refractory cement
Cement-crushed fire-~clay
Steel sheet (gauge....)
Steel plate (thickness,,.mm)
Cast iron

Other (specify)eeceecccccss

Cons'thtion ® 8 ¢ 5 0 ¢ 00T 0O S S OO PSP BNIOCOEONSTPESSPESDS

Yes/No
Yes/No
Yes/No

Weight

Cost

Local

Import




3.

2.5

2.6

2.7

-fj-
- APPENDIY 1 (2)

Construction time:

a., Skilled labour .......... (person hours)
b, Unskilled labour ........ (person hours)
c. Owner's labour .......... (person hours)

Construction Detail:

Give brief description of construction and the tools
and equipment Necded.eeeeseesscosescscosssersascssonnass

..I'...I'.I.....I.-.I.I.O....".I.........'.'....'....l.

T80 8 00 &0 08B sE 0 SET ST TR ENEeNONENONPL OO EDEN SO PIEEERETSE

Total construction cost (in courrency of country)......

EstimaﬁEd IJifetime .'I.‘.l..."."..""....-.......'...

a. Has the stove been used continuously? Yes/No
b, How often is the stove used........(times a day)

C. By ‘?hom?..l.l0'......G.l.l'.’...’......'l....'.'.l'

General Desiegn Informotion

3.1

5.2

3.3

Overall dimensions:

a. Length .......Cn b, Width seceeveeessCm
c. Depth (or height from ground) sececeeceecCl
d. Attach sketches

What type of fuel can the stove burn?

a. Charcoal Yes/No
b, Vood Yes/No
c. Rice husks Yeu/No

d. Straw Yes/No
e. Others (SpeCify)...........l.l..‘................‘

.What type of domestic cooking is the stove used for?

Give details of meals and method of preparation,

et eeaesaiaaatetanecettareonteenrsacatansotrasataonts
Cseesrcrerasseesenesesace s s et testa oot ess e tenans
Sestesesovses sttt oot esat ettt anestetessossarsas e
R I >
S ecrasosteensaster ettt assetart e ettt atsttEar ot sas

S0 80 0400 EPLASNSRONEOEL S TOIREERNEDOOE GO ESAS I SRS
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3.4 Does the stove have any other functions?

a. Space heating Yes/No
b, Food processing (eg smoking) Yes/No
c. Water heating Yes/No
d. Baking Yes/No

e. Others (SpeCify).........I...'..II.....I.I.'.‘.Q

3.5 Maintenance Requirements: ,
What type of maintenance is carried out?

a. Cleaning of flues Yes/No How oftenZ.eeess.
b. Replacement of flues Yes/No How often?.......
¢. Repair of main body Yes/No How often?.......

Give a brief description of how main stove body repairs
are carried out:

@ ¢ 8 % G P VOSSN E S EET NS DT C TR OOET LN ROGRrPCE NI NSO NENS
LA BRI B BN BN AR BN BN SR B B BE BN R B BN BN R X BN BN BN BN X BN BN BN BE NE BRI BN NN BC BN BNNCRN BN B BN B BN RN BN AN B BE BN BEIN

d. Any other reguls:' maintenance?..ceeesesssssssssses

LR BN I B BN BN BE BE BN BN BN RN BN B AN U BE BN BN NE AN RN B BN BN BN BE RN RN R RY BN L N BNCEN B BEC N B BE B BN N RN B BE B BN BN N

3.6 Safety:

a. Has the chimney caught fire? Yes/No
b. Does ash or coal fall out of the stove Yes/No
co Others (specify)o.ooooo.oooo-'ootoo-o--oo.ooooouo-

4, égtailed Design Information
’"hl;.1 Number Of hOlES fOI‘ pots S eecsNePOIREBIBIOGERES

4,2 Are these holes designed to accommodate:

a. Flat bottomed pots Yes/No
b. Round bottomed pots Yes/No
c. Both types Yes/No

4.3 Can the pots be inserted in flue gas stream Yes/No
How far do they sit inside? .eceveceseessCm

4,4 COven included Yes/No
Inside dimension: Length seseceee.cm Width .veeee.Cm
Depth ¢oeveeessCm
4,5 Hot water boiler Yes/No

Inside dimensions: Length ........cm Width ......cm
Depth OOIIOOOSOCm
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4,6 Chimney

a. Materials .ll.....t‘....ll.l.......'...'....-.llll
b, Height ...c¢v0eveeeeses.Ccm Diameter inside.......cm

¢, Damper ' Yes/No
d. Rain arrestor Yes/No
! 4,7 Primary Air control . Yes/No

4.8 Secondary Air control ' Yes/No

4,9 Hearth size: Length .(.eecesseeCl Width svees..Cm
Depth '....l.l...cm

4.10 Hearth Door ' Yes/No

Size: Length 4. veveveesecm Width cvveeereeesaCl

4,1 Grate Yes/No

Size: Length -..ec.'-...Cm VIidth iiiii.ﬁﬁ“‘écm

4,12 Type of air flow through the combustion chamber:

a. Downdraft d. Diagonal draft
b. Updraft e, S~draft
] ¢. Cross draft

4,1% Baffles: Yes/No
Number L L R BN BN BN BN BN BN BN 3N BN BN BN N} I'/Iaterials L S B BN B BN BN BN BN BN BN BN B BN BN BN BN BN BN W)

5. Test Information

5.1 Has the stove been tested Yes/No

Give details Of teStS Car‘r‘ied outopctooc..0..0..‘.0----'

ST B PPV BB ROR NN AC SO EE N LSS PONB SO IEET OO EOEOGESSEIPEREEEDN

¢S PP RSO REERNTOOSOI SOOI PR RSO NGEESECQEOOORNOINRIOEEGEOSEEDDS

G B0 0B SO LSS PIN R PT OO PER LR EEE NSV EIPNOLIEOEGEOEINERREARCOS

0 808600090 EP 00BN RDRPESSEEEESEEEOIOEITEPIOEIOILSISIBRRRDIIRCEESERETS

& F P POCEACOOF DO SO EB I QP ECESPOCEEOPIOAPOIIRSOPILTEOBIBIREEN

@ 806000820 ¢06¢ 0800200 PP R COE SO ORSORNEETEORORINBENRBOEENSELANS




APPENDIX 2 (1)
STANDARD TEST LiTIIOD

1 m’ D Type of food ......&
I | 2) Quontity .. .

3) How long w |
it Cookgdﬁor .........
4) How Was |t

cooked ?

5) How did you

fell whenwos
Cooked? ... ..

Note down cooking

Proced vve.

Examme <boue -For
WLCLUlLS USll’lg chem “56.

B
t

Measure the snve of

b theasure size of pot
ﬂ’l@ 5!10\/6 Walls: holes —hole diantefer and
A lip diameler,

E - C. measure depth and widh
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- oo

LL iy
63(2 Cohx?nuaﬂ

0{ 6!’\1&"0&*;(@ WAL dzmeﬂoha

e. motevigls vsed andcost. Measure sine of peks:
£. age of o’rc;‘ﬁ/& * Has n widlh and heignt.

beeh 1 continval use ? A W

PO\- cl A. .. B...-

Bt 3 A... B._--

Put inthere nqunrc_d amounl:
of waker and vecovd it

Pob 1.
Tor




Record, the Temperature
of the water-

Record the temperature
of e air insice and
ovtside the. Kitchen.

-vii-

APPENDIY 2 (3)

Rc,;cord the stove wall
terperature 1 foreach hole
record the femperature of

the inner and ovker welf .

Note if ik is windy |
inside or outside e

Kltchen,
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Weigh out wood, of ke
\/O'lflﬁtlj rote fria. Kcapluf)

%rm Bm.npleﬁov moisture
obenk anas 55 1.

Specify where each pot

Decide which wa Ig
is placed. eq. kettle -holet stove. 1s tobe lit For all
wok-hole 2. fests eq.

Kerosene ov

K\"\O (ma - bOlWr +7une
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1B, - .
ol oW
@ | S
pR
J min
& 2L | o
Min /-_.| m‘%\
Note-time of |ichkin
Hime when $ive biv ming For each pok n‘ote Eime.
Tal-(c Nofar%em m&ur@, at which waker doils.
read m 54'0\(; \2 PO{,_ 1 ..
COL C\l’\Ou (/Ol"‘ loke W PO{'/ 1.
veading oain . Reseak ik
P’” et s ﬂms 1ed | Pk 3

-’;‘bifr;‘__.,. ’ \\ ‘33
. v}

Te\/mimLP experirment
after S]LCI led time has
elapsed.. Toke ouk wood. and

knock off charcoal .
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Usmg COH{?C'HHGY' of Wegh woodk and
Knowh wetﬁnt. Container,

Neish each Pot wrih Water

W@h chawcoal and contminer Lo determine howmuch
has evaporated.
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J\
0
\.
N

\_‘\ .

~

Mowsture, Aﬂ@n@éxs
Cut 200 granh

wito small pieces L.eave
Record the stove wall slightly open sven sekat
‘r@mpem%ure/: for each ak 95°C for Rk hours .

hO!G leCOVC{ ﬂq@ +@ﬂ}>€mllw'& w@‘ﬁ"‘ NOOd
oF the mner and ovterwall.

[y Shve tewy

. VE .«;s;‘:i!
L Waste ‘cnqj‘i.odemi( G
[ma&u‘ﬁf&u i

|

Fill ouk other

Dota Sheets .
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LABORATORY TESTS DATA SHEKTS

Sheet A

Test NO: 02 4000000000000 Nanle Of Stove: 8 ¢ 00080008600 0¢e0esesnE
Date?! cessvecssococscensee Opel"ator: tsesssss ettt anseserssne

LOCation: ..'I.........C........I...I.I...."l"‘.....i....‘.."‘

weather COnditionS: LU B A BB B O B BB BN I B B I B B A B B A R R A A A I I A A A A N N N ]

Initial Final
Timle: . s eeeossroce sec 0o
hAmbient temperature (°C) tectecsssre aessecees

Humidity (96 R-I-i): . * e & Os o roe e 0o s o800

Stove : rJIa:teI‘.j-al : LU AL B N AL B BN BN BN B N BN R B AN A N BN BN B A I B N A N N NN N N NN RN RN EE]
Appr‘ox date of manuf: 8 0 800" S EETBOE0O0TECOSEIREROIDOENT SOOI NE
Condition : BSO8R P CR SIS SNSRI EOO0NNNESSRNOELENPOSIAIBR S

Chimney: SR OO RN OOO R NE I SO0 EECOIODNIBNEELIBOERNOEESEEISEESD

"IOOC‘L: Type: CRCRC LI I B A BN I N B BN Y BN B 3R X B B BN B B N R I R Y R N I A A A W S R A I N AN B SN Y

Condition (Wet/Ary): eceeeceecesceccssscsocssescasonconssns
Approx. dimns. of €ach piecCe: ...vevesscsnessesenosscnas
Arrangenent in STOVE: seeeeevcresecescsscacscssscssoscnscs
Heat valves (Ehp): Wood: sevseaesenee Charcoaliceeeeses

Ignition material (excl. kindling): .eeececeescececanses

Pots:  Matcrial Code Contents
1) tococenns Seetereee  eeesesceenecsiarsaennsrssennanas
2) verrernas Seesenses seeesseesesarancaccestarrtenanes
3) sesecnnee Seeeetens  ssessresessacerrreesrietaensanes

Description of test procedurc: Perictl T oceeesecacscscscesassocss
4 Pel‘iod2 ® 8B AT PPN RSO OARNEO PSSO

Perio.d;,’ 640 PN CBOSEN SN EEOELEEVOE
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Sheet B

Test No: sEessvscss s Data for periOd: tvessesseseossvnne

Time to ignite wood: ‘ ‘ cesssesscsssnseesss Min
Duration of test period (excl. ign.): vessssssssessscese Min
’Wt.wood left from previous test/period: sveesssssscsvasesse £M

v:thkindling WOGd added: ...........-l.-....

3 8 B

Wt. wood added: sesssscsescssesses
Total init. wt. wood {incl kindl): ceetecsrantasienns
Init., wt. charcoal: sesescetscsnnnscss I
Final wt. wood: cesssscuscvsssasee MM
Final wt. charceal: seeracccaansnssses I
Wt. woed used (incl. kindi.) cretedntcatreanncs L
Net wt. charcoal produced: sesessssssansesess BN
Effective wt, wood used (incl kindl.)* - P 4
Effective wt. wood used (excl, kindl)- teeeerssvessesevcns [N
Time Pot 1 Pot 2 Poi, 3 Stack co 002 02‘
(min) | (%) (°c) (°c) (°c) () | ¢4 )

¥ According to ratio of heat values of wood and charcoal




Shzet B (contd)

Init. temp. test substance -(°C
Final temp. (°C)

Temp. increase (°c)

Inif. wt. pan + test substance
Final wt. pan + test substance
Wt. loss (due to evap)

Init. wt. test substance

(g)
(g)
{g)
(g)

Test substance enthalpy increase (MJ)

Evaporative heat loss

Total energy utilised

Energy used (incl. kindling)

(MJ)
(MJ)

APFENDIX 3 (%)

Pot 1

Pot 2

Pot 3

Total

MJ
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Sheet C

Summary of results from Test NO! tieeeeveeeersonoanacocennnesos

Period

Water boil eff., (%)
Total eff., (%)

Duration (min)
Burning rate (g/min)

Burning rate (KW)

Wt. wood used (g)

Wt. char prod. (g)

Pot 2 temp, incr. (°C)

Pot 3 temp. incr. (°C)

lMean stack (°c)
liean CO (°c)
Mean COp (°c)
Fe e 0

ez 0, (7c)

Draft: ® 0% 808P O LEOP ST OO EOOEODN

Comments:

® 685685020000 CIOO00CETELOESSSAENEBOS0OSOEEESISOPOSEESIESIOGEOPROOERBDOESD
® % 4% 50 050c0 B 00 SEFE PO ELD0 S S L ED 000 EEESEE SISO GE00SE6ODSS00ELE0LCE
$ 0 8000020 P00 PEIPI RO 0 LSO ENPECEN0TIBEESESNEELLEOEUOSIDOEAIESESIEDDIODN
£ 9205800000 B08SEOEE0COBNTEAEEIBPOREOITEODISPECOLEIEAECEDLRSEIOGIEDBOSOENSEOEBOEOTSEE
PO PPLPEDBI NI LN SO EP OSSO RAEP OO B EANEBACIORIPEORLOORNOOENGETS
€ OCRE LTI 0 0000 EIDBE LSRR eSO OSSO CLDOGRTORNGETERNREOPREGRS

€ €8 E SR TEANENELE 0 EOOCOC N0 DGCE OO S8 GLCO P S EC 0585 8600800886680 N08664CES S
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HEAT UTILISED (HU)

HU, = sy,& W, (T,-7T,)
(Efm We = Egq Vg ) |
- £ - :
HU, = S, £/W_ (Tp - T.) +1 wé47
all pots
x 100 (%)
(Efm Wf - EC° WC )
Burning Rste (BR) = We = W, = W, Eco
Efm
x 1,000 (g/min)

1 kcal/kgoc

]

where Sy= specific heat of water

4,184 kJ/kgC

(This is equal to the average specific heat between

25 and 80°C)™

1 = latent heat of water at 100°C = 2.26 MJ/kg

(The latent ﬂgét is greater at lower temperatures but the

evaporative weight loss at these temperatures is comparatively

small, )
W, = weight of water in pot(s) (kg)
We = evaporative weight loss from pot(s) (kg)
Wf = weight of firewcod burnt in test (including kindling)
= initial weight of unburnt wood minus final weight of unburnt
wood (kg)
Wc = weight of charcoal produced in t~st

final weight of charcoal minus initial weight of charcoeal (kg)

it

weight of kindling wood used to start fire (kh)
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T; = initial temperature of water in pot (°C)

final temperature of water in pot (°C)

o]
ti

E. = high heat value (gross calorific value) of firewood
at moisture content m (dry basis), measured in MJ/kg
E = high heat value of charcoal at zero moisture content
= 29 MJ/kg

t = duration of test (min) from time when main charge

of wood has been ignited to end of test

Note: E = 100 E

fm fe

100 + m
where Efo = high heat value of firewood at zero meisture content
= 20MJ/kg
Foe m = 15% (d.b.), Epp ® 17.4 MJ/kg
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CALCULATING ITWAT BATAYCRS

When wood burns in a stove it liberates energy in the
form of heat and light. .Some of this energy is absorbed by
the pot wall and the water in the pot and some is absorbed
by the stove wall. The remainder is lost un the chimney
either through the incomplete burning of the wood (the
formation of soot or carbon monoxide) or through the sensible
heat of (the energy in) the hot flue grs. The hot stove and
pot walls also loose heat to the surrounding air bty radiation
and convection,

The first law of thermodynamics states that the enerey
liberated during combustion must equal the eneipy takern un
by the pot and the stove and the flue gases. Thls relationchin
can be expressed mathemntically,

Ea (1) Qwood = Q stove + 0 Pot + Q Flue Gas
Q is the term denoting a quantity of enerzv (heat) and
is measured in Mega joules.

Heat balances can ba calculated either at the end of
an experiment (this is termcd an over=ll heat balance) or
at regular intervals during the exreriment {often termed
instantaneous heat balance).

There are a number of ways of calculating this energy
or heat balance, The preferred method is given belcw. Each
of the four terms will be examined in turn.

1. 0O wood

Vood is composed of carbon, hydrersen and oxypen atoms,
Vhen wood burns compnletely in air the carbon reacts with
oxygen to form carbon dioxide and the hydrogen reacts with
oxygen to form water vapour. Heat is also liberated. The
amount of heat liberrted (if none of the water vapour condenses)
is termed the Gross Calorific Value (GCV)., This is measured
in megajoules/kilorram

During the cooking process charcosl invariably remains.
This charcoal also has a Gross Calorific Value. VWhereas the
(GCV) of any tyne of wood does not vary significantly the GCV
of charcoal for the same tyne of wood does. We have found from
tests than an average value of 29.3 HMepaioulen/ka can b nsed




En (%) 0 in stove » S_ . W_ . (Tf -T.)
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for the GCV.

The GCV is measured in a bomb calorimeter,

To calculate Q wood the following formula can be used:

1. @ =K - E . Wc

wood hil co

Wf is the weight of wcod as fired (thls wveight includes
the moisture in the wood)

2. O.t,ye = this term incorporates the heat actually
absorbed in the stove body and the heat lost from the

stove walls.

2(a) Qi stove — Heat taken un by the stove Q is
calculated by multiplying the average increase in
temperature of the stove body Times the weirht of the
stove times its siecific heat (S,)., The specific heat is
the amount of energy abrserbed by a kilogram of the stove
material when it is raised by one degree centipgrade. Thus
mathemnatically: ‘

S 1

wvhere Tf is the average stove tenverature at the time
of cziculating the hweat balance, T,

i
temperature at the start of the c¢xperiment,

is the avcrage

S, for mud stoves is .85 kjoules/ke"C

2(b) O D E i s 5 i 0w W
(b) out stove — feat is lost from the stove wall both
by radiation. and convecticn. The convective heat lost
can be calculated using 2 parameter knowm as a natural
convectlon transfer coefficient, For convective loss

Ea(4) Q out stove = h . A (Tp, - T,)

hnc = the natural convective heat transfer coefficient,

This can be calculated using standard nondimensional
correlations,

However, when there is little draft around the
stove walls and the fJnﬁl averapge temperature is ]930
than 100°C h is annrox1mntelv equal to 9 watte/m' ”C
(one watt is a joule/sec), For a stove wall »- an avorare
temperature of 260°C h = 1% wﬂtts/mpmc. S If 2 <trong brosoe

is blowing around the stove an additinnal fore 0 convoctive
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heat transfer coefficient must be calculated and arnued

to the natural convective term,

It is very difficult to calculate accurately and it
is much better to conduct cxperiments away from substantial
(> .5m/sec) drafts.

A is the area of the stove walls in square metres (m2)
Tfav = the time average temverature of the stove woll
over the period for which the heat balance is being
calculated. This is calculated by nlotting the averare
wall temperature as a function of time. The time averare

temperature is the area under the curve divided by the

time. HMathematically this can be expressed as:

Tav fin = (ftend T(t) dt e ////]
0 .
; ]

end

‘I‘a = ambient air temperaturc

t = is the time in seconds
For loss due to radiation for the heat lost is
Ba(5) 0 =€x0a x (x% - 1%) x ¢
of the stove wall material

emissivity (a fraction of 1)

€

(

it

Stefan Boltmanns constant 5.67 x 10™F
\-fatts/m2 Kb

. i . %)
The temperatures are in degrees Kelvin (273%=x C)

3. Qnot - this term can be divided into the heat taken up
by the water and the pot wall and the heat given out by
the pot wall.

3(a) Oin whtepr = this is calculated using the following

exnpression:

O J— /': { -
W=/~ (Um . (Tf T

e

Oil’l l) . SS ‘)‘/] + L ., I‘l’c
all pots

3(h) Oin ot this is equnl to the enecific heat of

the pet wall multinlied by the weipht of the not

multinlied by the increase in temnerature of the pot

wall (te the weter temror-ture),




—

‘XXif AVPLIIDIX 5 (4)
I Fa (A) ©;, rot = Sp o+ oo (Tp - T,)
W_ = weight not
p gat o
Sp = snecific heat of pot

For ¢clny S_ =1 kjoules/kgoc and for Aluninium Sp:
.85 kijoules/keOC,

- thic 13 VAt @y =
3(c) Qi pot wall this is calculnted using the
formula given in 2(h) namely:

Fa (7) nout not wall © he - pr . (Tavf - Ti) -t
bl T4 Lt

o

+€pw J - pr (Tavf

pw = pot wall

It sheould be boted than when a 1iq iz vecd thn losses

frem this 1id must be cnlculated,

L, ¢ - is term includes:
Qflue pas this term include

1. The energy required to evanarate the neisture
from the wood and the enerpy Jost ta evonorats the
water formed in the combustion reaction is not
condensead,

2. The energy of the hot sasen Ienvine the stove,

3. The energy lost by incomnlete combu-tion nf
the wood.

oevap - this term can be caleculated using the formulo:
f, ’f‘{‘ @ - v -4 - 3 7 ! Y".'
Eo (5] Uevap <’ Me '5?) (2521 + 1.9 Tavep 2.27 laf) * rar
300 -
whiere Mf = the moisture content (on - dry weirht basicg)

of the wood
Tave" is the average temrerature of the flue Fas
O

T ambient temmerature of fuel

af
wdf = the dry weirht of wood

- s 3 1 e s ey
Qstcck - this is given by the cxprension

T,)

Fa (9) Qgtack = S dp * Vg - (Taven T Ta

o tan cae

stack °* Y

vwhere S = the srecific hret of tha flue pan mng

stach
- n",_
1g rorrorimately 24 kilocalories/lidam 7270,

W

af dry weirht of wond

T = rmbhient, tommerciors

n
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Tavg = average flue gas temperature‘
de = weight of dry pas vroduced per kilopram of
fuel burnt and can be calculated using the expression
de = 4 002 + 05, + 700 x Cy .
3 CO2 + CO
where Cab = .5 . wdf + .9 wtac
wdf * wtac
W = the time average weirht of charcoal nroduced

tac
for the time under consideration.

C02, 0;,s CO are the wvolumatric commosition of the

flue pas.

wdv can only be calculated approxinntely unless very
sophisticated equipment is installed to accurately
determine the mwans flow of gas.

If air enters ot any noint cother tnar the firebox
onening the gas samnles talten normelly in the chimney
for an=2lysis will give a false indication of the amcunt
of zas produced for a kilosram of wood burnt,

Gas readings taken elsewhere in the stove may also
give false readings. Combustion often occurs throuchcat
the length of the passagewrys in the stove.

. . some art i ;
ancomnicte combustion 50 of the carbon in the
vood will not comnletely renct with oxymen to form
carbon dioxide. Instead carbon moncride creosote

and soot will be formed. The heat piven out vhen thens

substances form is less than vhen carbon dioxide forme.

Normnlly only the enerry loss dus to carbon monoxide
formation is concidercd, liswever, soot and croosole
formation is often ouite conziderable. To measure the
amount of these 2lements formed is difficult 2and requires

sopuisticated equivment,
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To account for the enerrvy loss due to carbon monoxide
formation the following formula is used:

Ea(11) Qg (in kilojoules) = 22,250 x €O x C,p X V.

CO, + CO

2
22,250 kilojoules/kilogram is the differance in energy
released due to burning carbon to carbon monoxide
rather than carbon dioxide.

Unnceounted for Ioagses and Gning

The term on~ should equal the cum of terms two, three and
four (Eq 1). Often due to incccurccies in mensurement this
docs not ocecur, It is more urual to find thet the sum of
terms 2, 3 and 4 are less then tern 1 and tho enersy differonce
is then called unaccounted for loscses,

However, we have observed that terms 2, 3 2nd 4 can be

-~

grecter then term 1, This difference is termed on unaccounted

for cain,
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EXAMPLE OF AREA PROFILE

Ngestirejo lies within the region of Gunungkidul, a hilly
region south-east of Yogyakarta. Most of the top-soil has been
removed due to deforestation which has been occurring over the -

 past 100 years, The soil is very clayey, and sits over a

: limestone rock base with volcanic outcrops on the surface. The
main crop is cassava with some corn, peanuts and potatoes being
grown. The two main problems in the area are water and firewcod,
During the wet season ponds fill up and people walk between

% - 2 km to fetch water. In the dry season the smaller ponds
quickly dry up and the large ones often contain no water by

the time the first rains appear. People are often forced to
walk 10km to fetch water,

Gunungkidul is economically and infrastructurally isolated
from the rest of Java. This limits any type of econonic
development and the economy is mainly self containeri. Most
money comes from former residents with government jobs.

Firevood

Women selectively prune the acacia trees that grow on the
edge of the terraces, This is a high value wood but is not nearly
sufficient to meet their needs so they supplement it with twigs
and rubbish, Children often collect twigs coming to and from
school or while in the fields. This fuel is considered to be
inferior and is usually wet. Men do the felling of larger treus
usually leucena, jack fruit, kopah and mivngding (a local fruit
tree) and teak. This wood is only used for special occasions
or for use in construction of houszes or furniture.

'NSocialkStructure

~ Ngestirejo lies in the region of Wonasari. Within the
‘region there are a number of districts with a government
district head, The district is divided into a number of villages
each with an elected head (lurah), treasurer, and secretary. The
'village is divided into hamlets consisting of 8-20 households ecach.
The lurah is responsible for all community affairs. This includes
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reporting to the government on the state of developuent, passing
on official decrees, assisting government officials in their
work, entertaining visitors and heading cultural activities.

Other important membefs of the community include hamlet
heads, foremen of cooperative work groups, extension people
from family planning beards, teachers, traditional doctors.

- Pecple farm their land without communal assistance. However,
v“reaforestation, road building, maintenance of public buildings

~and places, and the cassava mills are all cooperatively worked

This organisational structure is the same at the other two
villages,.

Cultural setting with relevance to fuelwood use

Cooking is done by a'l members of the family. Boiling
wvater and simple tasks such as frying or roasting are done
mainly by the children. Preparation of food and cooking of
other dishes is done by the wife when not involved in other
tasks. The kitchen is one of the largest rooms in the house.
In the kitchen are large clay water jars, cooking utensils and
a number of stoves. Above the stoves are drying racks for food,
Smoke from the fire drifts through the tiled roof and through
small posts at the top of the end walls,

Cooking practices vary over the seasons depending on what
crops are being harvested. Usually most of the cooking is done
i@ the afternvon, after siesta time (3 - 5 o'clock). However, in
1arger househeolds cooking is also done early in the morning. Even
lf“no food is being cooked water is boiled in the morning.

Traditional steves are made by teenzge men in the village.
They are constructed from mud and from a slightly metamorphosed
siltstone referred to as Padas. The stoves take half a day to
build end have either 2 ¢r 4 holes, depending on the size of the
family. In the lurah's ﬁouse a four and a two holed stove are
always found, the largeﬂ stove being used when guests are to he
entertained. The lifetime of this stove ranges from 1 and 3 years.

Cooking pots are elevated off the holes by pieces of broken
ceranic pots. This allows the flame and hot gases Lo escape
around the pot.
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- CHECKLIST FOR ASCERTAINING FAULTS FFOUND IN MUD STOVES

Kitchen
Is there a means to dry but wood? . Yes/No

Is the old stove still being used? Yes/No

 The:Entrance Vay

8 the entrance way proverly shaped? Yes/No

a.' Take measurements .ciececeoncecesocssssssCl
b. Make a sketch
¢, Compare with the original plan

The Firebox

Is the firebox:

a. the right shape? Yes/No

b. too deep? Yes/lNo
Are cracks visible? Yes/No I
Have any cracks been repaired? Yes/No

(State reasons \'x’lly '.Illl.ll.l.lCDIOIQQ'CI.ll.lblhl.'llvl...'t'

..tl'-u!'.ll.'n..l!nl.l.c.t.o.t.-.ll.l.ll.l..'...c«.l'-.o!.lc--)

Is there any ash or any other solid material blocking the
irebox? i
firebox ~ Yes/ilo

Describe .'.'...'...O"'l..C....I.'.'I'.I‘.C.ll...l.;\:;'..".'.

"..‘..'......I.‘.....'.......I.'..'....ll........".§.l..'...
Is the pot seat lip the right shape for all utonsilEE Yes/No

Descr‘j:be L L I I R R R A I I I A N S A A S N N S TN S R SO S Y

Connecting Tunnels

\re the connecting tunnels:

a, cléar and clean? Yes/No

b. the right size? Yes/No
 (take measurements P & -]

c. 'sloped enough? Yes/No
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.

Cooking Heole Degiem

Are the pots inserted properly? . Yes/No

Is there spzce for the 'hot gases to flow
up the sides of the pot? Yes/io

(Take measurementS.e.ceecsessses.cm)

Does the hill support the pot? Yes/No
(Take measurements .....oee.....cm)

The Damnars

Are the dawpers leng enough to close the Yes /"o
wunnel? !

(Describe ...ﬂ“........'..‘.0....‘.'5"!..‘..6"0‘."6'.)
Do the dauwpers need replacing? Yes/No

Do the dampers fit nearly into the slotz? You/lo

:
(Drﬁbcrlbe Gll."....l..l...‘...'.l"..’.‘«&!!‘ﬂbltﬁﬂﬁﬁﬁil)

Inhe Chimney

Is the chimrney:

a. clear of obstiuction? Yoo /No
b, clean? : Yeo/lo

c. touching inflammable meterials? Yos/iio
d. worn out? Yes/Ho

(n

/




