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. 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., “1lhe 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 stapes:

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 initiui survey;

4, 1laboratory testing of suitable alternative designs;
construction and testing of completely new designs or
modified designs;

5. 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 apprepriate, Stimulation of National
Government policy development on wood stoves.

241 StaEe 1 s
Information on local cooking.practices must be obtaincd
if new stoves are to be designed that will perform all the
functions of the o0ld stoves as well as using less firewood,

To carry out detailed surveys is a highly skilled,
time consuming and expensive operation. 1In many countrics
cooking practices and stoves used differ from one area to
another. 1In the future designers will hav: access to this
type of detailed information as more government and resesarch
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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 sz limited
number of people interviewed. It is not advisable to use
detailed questionnaires or detailed soclo-economic studies,

The survey should breoadly 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 it obhtained from wood dealers? What
is the price of the wood or the time required to collect
ite)
. A literature survey of stove desipgns should be carried
out, Information can be obtained from ITDG (U.K.), VITA (USA)
and FAO {Rome),.

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,

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 questionnaire, which forms part of the
test procedure that has been developed by ITDG in collaboration
with the Fiji Department of Forestiy (Appendix 1), The
gquestionnaire 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 ctove can burm and rmethods
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 diffqunt quantities of
water to the boil. :

Stage 4

If necessary detailed information cannot be obtained
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
ther would be trained in using the stoves and half would not
be trained. _

In scme cases it may not be possible to carry out this
type of controlled exveriment. 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.

2,6 Stage 6

The limited field testing istow extended to further
villages in the area, ’

2.7 Stage 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 eassential that the vomen users are involved
in all aspa2cts of the stove programmes.
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3 LABORATCORY TESTING

Although laboratory testing will never. indicate whether
a stove will be acceptable 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 designers,
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 performance between ..
indigenous and alternative stoves:

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

3 ﬁ'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,

*
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cooking tests and onerator tests., We have found thet threeo
tests will indicate how the stove nerformance ic affected by
changes in the following parameters:

1. type and size of fuel;

5%

. moisture content of fuel:
3. ambient conditions (such as wind speed);

draft;

type, size and number of pots used:

3
4
5. cooking time;
6
7. size and shape of combustion chamber-
!

. operator skill (such as stacking of wood and +hn
use of dampers,

Expnerimentsl Procedure

In theory experiments are carried out by holding conntant
all except one of the paramc~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
. *ests, Ambient conditions (wind and tempernature)} will chanse
causing a difference in the flow rate of air into the firebhey.
TYhe stove often deteriorates (especially mud stoves) and it is
difficult to repair it to its original shapa,” It is therefare
very difficult to get repeatable results to within 10=20x}
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 standardice the methad for
testing a stove. An example of such a method which ean be used
for both field and laboratory testing is pgiven 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 burnire
characteristics, (ie, Jight fast burning wood vercus » devoo
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slow burning wood). It is very imnortont to keen 3 comrctnnt
check on the moisture content of the wood ns a variation

can preatly affect the test result. It is also important

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

It must be emphngised that the exneriments cean be
carried cut using only thermometers, scales, clocks and a
drying oven (to standardise moisture contént of the wood).
The more sophisticated test beds used by some laboratories
consist of the following measuring and/or recordin~ instruments:

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

2. a series of thermocounles nlaced inside ond at the
‘stove wnlls to ireasure the flow of heat into ard out of
- the stove beody;

3. a pipe to take off a samplé of the gnses lesviig the
stove., This pine leads to instruments measurfng rolume
percent of carbon dioxide and carben monoxide, weater, and
in some cmsas unburnt hydrocerbons and solid csrbons in
the gases;

4. thermocouples that continuously read the temnerature
of the water in the pots: fay

5. a drqft gauge or nitot tube to mﬁaeuro velocity of

,J’

the gases in the chimney,

Physicnl 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 cooking nate,
" The objeet of these tests is to be able to maximise the flow
of heat into the coolting wrocess,

Physical tests are carried out using mots f£illed onlv
with water; these tests are generally described as 'boiling
- water' tests, There has been a great deal of controversy
. on the way these tests should be carried out, It has been
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found that a nrumber of methods are being used all of which
will give different results. The methods are:

1. a fixed éharge 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 guantity of water is comnletely evarorated off
and the time taken and the amount of fuel used is recorded;

4, a coolting 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 onted for method
number 4 as it is most closely relszted to the way neople
cook. For meals that involve boiling, the usual nrocedure
is to stoke up the fire in order to bring the water to the
boil as quickly as possible, The fire would then be controlled
to 2llow gentle simmering. At the end of conking the wood
vould be removed, Usually the charceal remaining is used
for roasting or bsking or for cooking the next meal,

g We have based the time length of the exnmeriments on this
s . . :
simple cooking procedure. Thus times considered are:

il
S
bl

71, Time to boil pot 1
2, Time to boil pot 1 + 10 minutes
3. Time to boil pot 1 + 30 minutes
4, Time to boil not 1 + 60 minutes
5. Time to boil nrot 2
6, Time to bnil vot 2 + 30 minutes
7. Time to boil mot 2 + 60 minutes
A, Time to boil pot 3

9., Time to boil pot 2 + 30 minutes
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Processine Results of Physic 1 Tocte

At the end of 4n exneriment thn raw data is eollected on
a Data Sheet (Appendix 3). A summary of results will give:
1. weight of wood used and chroreonl rem-iningg

2, time taken to boil different pots or final
temperature in vots 2, 3 .......

3, -the amount of water evanmorated from the difforent
potz;

4, the average stack tempeareti s, composition of the
flue gas and temperature of stove body,

This data forms the bnagzis for comnarizon hrtween
different exneriments on the same st~re and betwe~n different
stoves. To further 2id in cnﬁpﬁriﬁ* stoves a co ¢alled
tefficiency' fipure is usually celculnted, This efficiency
figure takes into account the ouantities of charcorl formed
and water evanorated when the experimentzl conditions are
changed, =nd the different types of wood used, Calculation
of efficiency is based on the method used in oveluatine the
performance of a boiler,

Heat Utilised

Since cooking is a quite different nrocess than raisir:
steam in a boiler we have nreferred to calculate 2 factor
vhich we term 'Heat Utilised'. Hent utilisecd is simmly
the heat absorbed by the wvater, divided by the heat liberated
from the burning wood. There are a number of different wayvs
that can be uzed to calculate the heat utilised, Two of these
are given in Appendix &4, They are presented as percentare
fipures HU1, and Hué

It is fGCOmmendedwfhgﬁ_both the heal utilisation fipures
are calculated in order to urovide a guide on how cookinz

nrocedures change the value of LU U, ircludes the heat
.

2!

_used”ih:évaporating water, This moy be considered as useful

. heat absorbed vhen the evaporation of water is a necessary

part of the cooling process (re in stowing or stesming),
Alternatively it may bhe considerad ss a loee of heat vhe» the

object is to conserve water (op vesetsble conkine),
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. It needs to be emphn~ised that the coolins nrocedure,
ie, the time taken and method 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 fiprures, We found that in one eyreriment
vhere we wanted to bring 2 pots of water to the boil, if we
interchanged the second pot with the first at the boil, we
used 700gms of wood, took 24 minutes and calculated an HU,
of 12,34, and an HU2 of 13,2¢5, Vhen we did not interchange
the pots, we used 101t4pms of wood, took 42 minutes and
calculated an HU, of B8,1%, and an HU, of 18,8,

3. 3,2 Burnins Rate

Heat Utilised %

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 exrnerimont,
divided by the duration of the evperiment, It is exprercced
as gms/min, The method of calculation is piven in Apperdix 3,

The burnirg rate chnanges as the different stove naramaters
are changed, ea, large pieces of wood burn morc slowly thawn
small pieces.

Burning rates sre calculated over a ranre of cookinr
times. HU, (or HU, if no water is evavorsted) is plotted
agaifist the burning rate (see Fig 1).

L
W

Figure 1 Key:

x Pot 1 boil
15 & Pot 2 boil

’°‘“°‘~4>——~1-ho ¢ Pot 2 boil + 30 mins

10 et

dr‘-——__a___a\
xf__' X
a" \‘\
5 4 X,
5 10 15 90

Burning Rate pma/min
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The heat utiliced is a function of the burning rate.
Ideally, the stove's performance should not vary over a
wide range of burnins rates. The desree to which a stove
performance does vary with burning rate r~ives an indicntion
of how imrortant it is to train peorle 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
subgsequent report, |

Ve feel that it is more imnortant to commare the
variation in heat utilisation for differineg burning rates
betwean stoves than the actual he=t utilisnation fipures alene.
Thus to say one stove utilises 1420 of the voodls energy
as comnared with 20¢" in another has little value.

Haat Balsncseg

The next series of calculstions that may be carried out
are heat balances, Since accurate heat belances are difficult
to perform the reader ir advised to turn to Appendiy 5 for 2

. full discussion,

Tdeally, heat balances chould rive en indication as to the
effect on heat transfer to different verts of the stove and
on combustion (burning) efficiency as the different eyveriment=1
conditions are changed, Due to vorious difficulties this has
rot yet teen reslised.




3.4  Conkine Trste

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

The r»rinciple objective of cooking tests is to determine
the influence of the stove design on the smount of wood used
and time taken to cook & meal, To do this it is necessary to
develop a standard test nrocedure to minimise any varintions
in the results due to differences in:

1, variety, size and wetness of wood;
2, the seaquence of coolinc onerestions:

3. tyne and ouantity of food,

The information gathered in the field survey of coovinr

practices should be used ag the basis for develorment of

- standard cooking test procedures. Ths survey should hnve
provided a profile of the tyne and ouvantity of focd cooked
for esch meal throughout the day. For the purposes of the
test, it is best to focus on the main"meal of the day. Teo
obtain reneatable results, it is desifisble that the seguence
of cooking overaticns be as simple ﬁgnpossible wvithout losine
its authenticity,

Before undertaking 2 series of cooking tests it is

necessary to ensure that sufficient test fuel and all food

items will be available over the noriod of time =2nd will not

be subject to drastic seasonzl changes in quality. This nreeds
to be carefully watched esnncially vhen fresh rroduce is usoad

in standavd tents, -This is because food quality, and esnoecially
that of meat, will affect the time taken to cook it, and hence
~tha smount of wood used, dJudgement of the 'doneness! of fnod




also presents a problem in testing due to it being 1arrely
a subjective assessment, vhich will vary from cook to coolk.
Ideally one vnerson should carry out the tests to introduce
some consistency and should have exverience of the tastes
of notential stove users.

QOnerator Tests

These tests enable an nssessment ho be made of the
demands unon the user (onerator) when onerrting a stove
which is subjecfed to a rangs of conditions, The tests
concentrate on the main commonents of oneration, ie, stnrtiﬁq
a fire, attending it, controllins it and msintaining the stove,

The objective of the tests are to evaluste thn enre of
user oneration and ascertain the conditions for antimum rare
of use, All nroblems associnted with the oneration of the
stove should be idrentified. The breic test methad will
follow that of the ohysical testing,

The main areas of investipation are:

1. Ignition - this is recorded »ss the time needed from
the point of lightineg the kindle to 2 steady burnine of
the test wood,

2, Fire Atondsvees - this is the freouerey and depree

of attention recdad to keep 2 steady fire going or s
bed of cherconls plowing,

2. FPFire Cartroalahility - this is mscesscd as the &=se

or difficulty in lowerinc or incressing the level of heat
outnut from the fire,

L, QOnerator convenience and maintenance - observations
should bn made on the interchanp=shility of pots in the
not seats) the ense and frenucrcy of elesning neeecrsary
and the type and extent of resular maintenance reeded,

It is considered that the imition, fire atterdance
and fire controlability s the most immortrnt froctore in
‘evaluating the easa of uger aperation, Hence if thess nre

affected by a change in operatine conditione, it follovn




that the overative demands unon the user will alro be ~ATfre cted,
In order to assess these dem-nds, n rnps af difforent
conditions should be inVPstigqted in the stove's operation,
Thaose are variations in the tyne a

eirm mwvel tradmao
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the draft of air through the stove; nosition ning of baffle
etarting of fire in a hot/cold stove and operating for short
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1
wvhich the opinions of a number of users are
operation of the stove,

Procesgine Resylts of Oner-tor Teacte

Obviously direct measurements of irmition, fire attendance
and fire controlability canmot B> made, en it is necrarary to
develop a rating scale for ench of these commonents, The
following scales are consid~red to be a rensonable and
convenient means of indicating ths offects of the different
variables on the operative narform-mco,

A 5 point rating scale msy b= used in each case as
follows:

1. Ignition - less then 1 minute
4 - 1 - 2 minutes

(8]

3 = 2 <« 3 minutes
2 = 3 <« 4 minutes
1 - 4 - 5 nmirutes
2 Fire Attendance 5 = every 8 - 10 minutes

4 - every 6 - R minutes

_ 3 =« every 4 - 6 minutes
2 = every 2 - /1 minutes
1 =~ cevery 1 - 2 minutes
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.3+ Fire Controlability &5 - Immedinte

4 - Good
3 = Fair
' 2 = TPoor
1 - Very noor

(A rating of 5 would indicate a control qf heat outnut
comparable with a gas burrer) .
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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 Procedure

A survey is conducted on the range of stoves used in
the village, Cooking tests are then devised to either simulate
or mirror local cooking practices. Under ideal conditions a
number of tests should be carried out in each household to
cover the range of meals cooked and the tyves 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 day to the
next (especially wind which affects draft);

3. obtain a large guantity of wood of the same tyne and
moisture content:

L, 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 c¢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 indipenous stoves using |
the chosen standardised meal, The time taken is noted and
amount of wond ured is recorded. This experiment is receated
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three timer and the results nveriamed, Us ing the reme vaod,
same cooting time and replecing the murmtity of food ur~d
(on weight b351s) by water, the test is repeated. If the
amourt of wood use differ by more thon 157 +hon
All other tests in thot villare can he carried out usire
water instead of food, Tests s2re then cerried out on the new

stoves.

At the =nd of the test run the housoﬁold ovners are

1. They liked the new stove nnd why?

2, Does the new gtove use more or less wood than
the traditional one, by how much?

%, Doee the rew stove cock faster or sloven th=n
the traditional ctove?

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

(For those people whs have removed the traditional
stove ouestion & necd not bhe asked asg they have obvinu~iy
found the stove accent2ble under all cooinr situaticnrs)

The final guestions that “re asked are:

4 :
5. Vhat immrovements would you like to see in the new
- stove?

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

The answers to ruestions 1-4 cen be checked against the

esults cf the tests, If the stove is warm st the start of
the eperiment and there is accumulataed ash in the firebor
then it is obviously being used, If the test result- do not
tally with the answers to question 2 the stove intervinuwer
can try to discern if the stove performs better at lonrcr
or shorter cooking times, If the respronse is incancluajisye
and if the traditional stove is still in use the intervicwer
can either conclude that:

1. PFeonle do not: wish to offend the irterviever:

?. the stove does not perform to the satisfaction of
the user (we have found ithnt a uscr vho hars nn

exception~lly pood stove will usunlly enthus~ about it).
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'&.2 Procescine Results of Field Trats

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

The initial conclusions of the test results and ansvers to
the questionnair should then be reported to members of the
household in terms which they ¢an understand with an exnlanation
of vhy the stove 1is working or not working. They chould then be
told how the stove performance could be improved and asked
whether they wish to make the improvements or whether they
vant a different stove,

Later on, granhs should be plotted of CO,, 0,, stack tem~-
erature and vot temneraturee 2s a function of time, Comnaricon
iz m=zde between the stove under tzat 2nd other stoves that h-ve
been tested, .
to boil, the time to form charcosl and the heat utilised.

Cuantities compared are the wood used, the time

Examnle of Interpretine Field Teost Results

The examnle has been taken from field test work cnrried out
in Indonesia on 2 traditional stove and two examnles of Lorena

mud stoves. The results are given in Table 1 below,

Table 1 ~ Results of Tests on 3 Indonesian Stoves

Stove Tyne Wood Tyne & | Wt Wood | Wt Charcozl | Time TP
moisture used remeining . to
content - | boil
0 dwb) {(ems) (ems) (mins) | (%)
1 Traditional| Acscia 1070 120 25 6
2 cooking 18
holes
12 i.orena Leuceana 710 200 15 22
- 3 cooking 29
holes
'3 &ha Kopah 1180 290 20 13
4 3 cooking o,
holes ;

'Comments: Three litres of water were brourght to the boil in pnt1,
ﬁﬁfﬂcorn was roasted in not,. 1In stoves 2 and %, nine litres of wroter
© were heated un in potB. HU, included the heat absorbed in pot, 2s well

oH e




BT

R -

AE

- D .

It is secen from Table 1 that the nepformance of stove
number 2 is superior to 1 and 3, PFirure 2 shows thot ~Tter ar
initiel st~rting period the temmerature of the ras leaving
the stove number 2 rises very steenly along with the carbon
dioxide, vhile the ovypen comnosition decreases, Once a bed of
charcoal is formed the stnck temperature and the 002 corposition
£all to arournd 200°C and 6-7¢ respectively. This stack
temnerature and comnosition remains constant as lonm na rone
wood 1s burning on the hed of coals, These arc the optimum
conditions for simmering or roszsting. It should be notad
that for rapid heal transfer to take rlace 3 hich flame
temnerature must be 2chieved (radintien being the rredominant
mechanism of heat trensfer in the combustion chember), Hiech
flamn temmeratures nre indicsted by low eveess air (lcw
percentnre axyeen) and hi~h errbom dioride content,

For stove number 2, the rate of heat transferred to mot,
is 8 lot slower, Ths stack temmerature and CO, rinas very
slowly 2nd the composition of oxygen in the chimmey grsen in
high (Fizure 7)., On careful excmination af this ctove it
was found that ths chimnev vags mot nlsced hirh eneush shnve
the roof thus reducing the draft. The damm=r slnts wvere
mig2lisned which rendered them ineffoctive, The averall
rerformance of this stove wns not sirnificantly better than
the treditiom~1 stove,

It should 22sc be noted that the burning rate for stoves

1 and 3 wag much higher than for stove numher 2, It har brer
&

it

‘found that for all Lorena stoves the ortimm burninc rate
to bring rot 1 to the boil is betwsen 15-18sms/min, (the
measurement of burning rate is s useful means of checking
if 2 stove is ruming efficiently vhen » set of serles nrd 2
vateh are toe only instruments available),

It wmild srmany from these teste that the acnurate
construction of tha Lorena stove is immortent if its
raerformeace iz tn be wmuch beltzsr than a traditionnl stove,

Thus gtove builders must be piven adeauate trairing and
extension workers should check for stove faults (ses Anvendi= 7
for an ezammle of a check list for ascortaining stove foaultr),
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INTERIM CONCLUSION

E———

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

1. General Information

1.1 Name Of Stove AN SR SR SRR AR R RGN E RPN RE YA
1.2 Origin:

a, COUNLIY cuvassesovosrsvusesassssavens
D, ReEZION .c.vcevescssscscencsscsnssnsnasne
Co Organisation ..veeecvoccrervrrnvsccns
de Designer ..cvececsescenvecvesessenens

2, Construction Information

2.1 Date of construction .cvescsessssecssssonssesseassns

2.2 Construction by:

a, Artisan Yes/No
b, Stove owner Yes/No
¢c. Small Rural Industry Yes/No

2.3 Construction Materials:
Weight | Cost |[Local | fmport

a. Mud (sand and clay)

b Mud and additives

"¢, Clay bricks, sun dried

"Jgd. Clay bricks, fired
e, Ceramic
f. Ceramic and additives
g, Portland Cement
h, Refractory cement
i. Cement=crushed fire-=clay
J. Steel sheet (gauge....)
k., Steel plate (thickness,,.mm)
1., Cast iron

m, Other (Speci_f}")..........o
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2.4 Construction time:

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

2.5 Construction Detail:

Give brief description of construction and the tools

R

J - S S R
alu cduipment neaueﬁv-ootooo.o-o-u-o-ooco.olcctoctul.ot
1]

C PP P PN N R I B NP E RN R PR PR RN RO AR AR AN ARG R ER RS

FE PR DR AR B NSRRI A TP T IR RN AE AR RSP AP R RSN E YN RGO

2,6 Total construction cost (in courrency of country)......

2.7 Estimated Lifetime .'I...-......-........'.‘I."D'....--

a, Has the stove been used continuously? Yes/Nn
b. How often is the stove used........{times a day)

c. By Whom?.l-.lelltll.l.ll....l.l....o...........l.l.

3, General Desipgn Infornstion

2.1 Overall dimensions:

g. Length seceveell b, Width .seconcsesesCm
¢. Depth (or height from ground) ..csceseeeeCm
d, Attach skctches

5,2 What type of fuel can the atove burn?

a. Charcoal Yes/No
b, Vood Yes/Ro
¢, Rice husks - Yeu/No
d. Straw Yes/No
€., Others (Specif¥)ieecsescvsesssoveesnssnessssannses

3.3 -What type of domestic cooking is the stove used for?
Give details of meals and method of preparation.

L K B I I B N B I I O BB I B TR B RN R R RN R R R R R R N R R R Y
LE R AR LR SRR R N SN N SN R N NI NI RN I NI NN R NN B
PEEER RSO R E RS E S SS AN RS AR ST RS RN RSP BE Rt EE R
LB L I L I BN B N IR B R A R B R RN N R RN N N NN RN R RN N I Y
FD TS AR RN AR NN RN AR LA T EEI N AN PR RN A I TR AT R AN AR

L L L L BN I TN O N B RE B NN N NN BN BN N R R RN RN NN Y N NN R RN R N RE N B N B RE RN NN Y
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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
¢, Water heating Yes/No
d. Baking Yes/No

e. otherﬁ (specify)..l..O‘....Q......Oiottl.ll..ltl

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

a, Cleaning of flues Yes/No How often?.eees..
b. Replacement of flues Yes/No How often?.......
¢. Repair of main body Yes/No How often?...s...

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

LI L AL I I I NI L I O B B TR TN B N O B B BN L L IR IR AR BN N AN B L LI N R B BN N IE BN B NN NN N B NN )
LR BB B BN L N BN O B BB IR B L BN O R B R N B BN L B B R K R R RE BN BN R BN R R BN RN N BCRE BN RN NN

L B R B BN BE BE BN BN N B BN DL B DR BN BN DR N B BN B BN L B BE BN BE BN BE L BN BE B B L BE NE BN NN BN BE B BE BN K B L BN BN B AN J

d. Any other I‘egulal‘ maintenance?.ceeecerescreenecsne

&8 %S00 AeRe AR R SRR A RS R R kRS A S0 R AN S AR A RS

3.6 Safety:

a, Has the chimney caught fire? Yes/No
b. Does ash or coal fall out of the stove Yes/No

C. Others (Spetify)ecsececesscoccencsesnssnssesnnssos

4, :betailed Design Information

'5"":;1:. 1 NUIIIbeI' Of hOlES fOI‘ pOtS sSessRABERER BRI ERES

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? P

4,44 Cven included Yes/No
Inside dimension: Length ........cm Width ,,.s...CH
Depth sressaaessC
4,5 Hot water boiler Yes/No

Inside dimensions: Length ........cm Width ......cm
Depth ,.se0ve-.CM




4.6

4,7
4.8

4,9

4,10

4o M

ho12

4.13

5. Test

-iv- APPENDIY 1 (&)

Chimney

8, Materials seceesseccvvccevcsesssasssnsncresnneners
b, Height ..iveveveeevesss.Cm Diameter inside.......cm
¢. Damper ) Yes/No

d. Rain arrestor Yes/No

Primary Air control . Yes/No
Secondary Air control ; Yes/No

Hearth size: Length ..eveeessecm Width ,.e0e..Cm
Depth ..Oi.il.lb.cm

Hearth Door Yes/No
Size: Length .. vevevesseCl Width cvevevecsseosl
Grate Yes/No
Size: Length (..ocveneesf Width siiveionreestm

Type of air flow through the combustion chamber:

a. Douwndraft d. Diagonal draft
k., Updraft e, S-draft
¢. Cross draft

Baffies: Yes/No

Number LA B N B B B B N B N N NN Iqaterials LI S N O O BE BN S B B O NN B BN B N A RN N}

Information

501

Has Lhe stove been tested Yes/No

Give defails of tests carried oUt.cieseesvsvescossenenss
L BB EE N E N NN N N N Y R R R R E E N N ]
Sesvessestaseteransenta s raesesersesstssstata et bs et
R IImmmmImImammmIIm I
D
s ereesteRe st rE LA NPT CeT TR P R RN R TR G e e

LE SRR REER S N EE RN RN NN NI IR NI N N RN R A I I N BT N N NI T NN R I )
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STANDARD TEST KETHOD

D Type of foed .. .. .. o

Z)Quontity...........

3) How long was
it cookedhor? . ... .. ..

Wionyasit
5) How did you

fell whenwos
cooked? . . . .

Note down cookirlg

Proced uve.

) ) "IA ot N
JE et
T
i
" j
Ly
4

Examine stoue for
faults using chede list,

g

Measure the size of

b theasure size of pot

ﬂ’l@ 6!;0\/@ Walls: “holes —hole daneler and
2.' ip diameier,
C: - C. measure depth and wictth
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| 6{ Coht?nmﬂ

d. ent rence W dtmenstohs. |
e. moterials Used andcost. Fleasure sine of pet

£ age of steve ? Has u, widh and hﬁBht.
bee 1N 0o oirkinual vse ? Pobd A...7 B....

Pobtd A.... B...-
Bt3 A... B~

W(’,lg\’l Po\:s. - Pubinthe required amotl
of water and record it
Pob ...
Tor.2...




Record the fermerature

ofthe water:

Record the teh’l})@(atl)r;

 of the air inside and

ovtside the Kitchen.

-vii-

APPENDIX & (3)

Record the stove wall

fernperature : for each hole
record the temperature of

the inner and ovker wall .

Note if ik is windy
inside or outside e

Kikchen.
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AR

=i

Nejgh out f d,

Weigh out wood, of kean

voxieby tote fio, KeepCO

Qfm. aple for moisture
olenk o,ha%ﬁslﬁ.

13

Specify wheve eachpot - Decide which wau the
is placed. eq. kettle -holet. - Stove 1s tode lit Tor all
Wok-tole.2, tests eq.

Kevosene ov
[malina = what e 7
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1

‘%2 3
e LT}
%mm
& ”J_ co ?
%‘%’“ ik -

e
~ 4\
A7

min
Note rl\:g: loﬁ:;n l%'ri’:(i: i’)n nm For each Pot note ki me
'lbkc WO{ﬁ?’erm emj“ure, at which waker doils.
read m 5‘&'0\(.‘. ea { Pol:i .
,COL Cmo.,h,ols Ia,ke w\‘? b2 ...
veachn ‘dqqm 1cahm; L 3
e’{P,I’H‘ deit 1s finidhed Po e

13

Termirate experiment

 after specified time has
- elapsed.. Toke ouk wood and
l knock off charcoal .




USin\g contairer of
Kinown we,lg'nt.

Ne\iglr: charcgl, and conltainer

- -

APFENDIY 2 (6)

Weigh wooc;'» and
containey.

Y
SRR » o
p 3
S h " -
Y : H - .h%-..
Sl ) $.03 T
’ - LT . - - N -
o \'\\“.‘. .‘ N Ll
N S s b
) 4 N F R : A : T TATE
’ ' B = L : [ W : R T i .. [ N :
o o G = o S ! RPEES ]y il ..?
= J R . o iy It B
e N _ Wy b - : ,
T [ e !
L 1
Al i
.
I

Weigh each pot wrih waker
L dekermine how much
has evaporated.
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T~
i
\

LT

owskuve, ﬂmaUs\s
Cut 200 grants
wrto small pleces Leavem

Record the stove wall Sljf)hﬂj Opeh sueh sef at
Jrempem%uw {or each ak A5°C for &k hoors .

hole vecord! the Tenperafure. Weigh wood
of the mner and ovterwall.

Iy Shove deny |

h— MJW gm’%—ii'oJﬂlﬂ( 'f:l ¥ !i'.:,lj!?
{’mmmaa{, SR

{

Fill ook other

Dota Sheeks .
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LABORATORY TESTS DATA SHEETS

Sheet A

Test NG: [ A EERERERESEENERNNNE] Nanle Of Stove: LI I O B B B BN N B B RE BE N B B R N R )
Date! ceercevscsvesssnsses Operator: PSP TP ESIANIIAGIIERIBEEEINNIETRTS

mcation: LA AR R R BN EERAAEE AR R R R NN RN E NN R I N N Y N R ]

weather COHditions: ..I..III.........l.'...."..'..I.......l.....

Initial Final
Time: Srdsuan ey rrrs st be
Ambient temperature (°¢) testsessess assrvssen

H‘eridity (% RIi): . LK 2 BN BN IR BN B BB A & 489 & 0 &40

St’)VG‘: I‘Iaterialz LA N B NN N NI I R R R O T R R - R A A T S
Approx date of manuf; I I I T I
Condition: Y R R R R I T T I T T

Chimneyz SRR E BN NP AR RN R SRR RN R AP A P EARATN TR GRS

"{OOG: TYpe: LA N AR BN NN ENERNENRINIENENNWNNNNEENIN NN N N S i S A R

Condition (Webt/GryY): veeveseessssassseccosonseossnvensos
Approx, dimns, of each piece: ...vvusvvcocsvosnsonoanasas
Arrangement in STOVE: seseesscssscococscccnrnsasonssvnnns
Heat valves (Ehp): Wood: sevescacesas Charcoals,sescses

Ignition material (excl. kindling): .eeesecscescssassess

Pots: Material Code Cbntents

Description of test procedure: Peric 1 seesssvesssceoacessensces
PeriOdz SRR A& RPN E DA

Perio.dj LA L I TR I L T N L B L L B I AL




~xiii~ - APPENDIY 3 ()
Sheet B

Test No: LU LB B I O O B B BB B O A N Data for periOd: LR L B B BN B B IR I IO B N ]

Time to ignite wood: ' ' evsceensssssesesas Min
Duration of test period (excl, ign.): cessssesassseseces HiN
| Wt, wood left from previous test/period: P =
' Wt kindling wocd added: Cereesieseensnsaes G
Wt. wood added: T <11
Total init. wt., wood {incl kindl): Y -
Init, wt., charcoal: sesrensrsssnsssaces O
Final wt. wood: G
Final wt. charceal: eeveasecasvasvanes [
Wt, woed used (incl. kinci,) i
Net wt. charcoal produced: tessescrannnrnsnss QI
Effective wt, wood used (incl kindl.)* - P -1+
Effective wt. wood used (excl, kindl)-w teserreswsnsserane BN
Time Pot 1 Pot 2 Poi % Stack Cco COR 02
(rin) | (%) (°c) (°c) (°c) ) | G | )

¥ According to ratio of heat values of wood and charcoal




Shzet B (contd)

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

Temp. increase (°C)

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

Init, wt, test substance

(g)
()
{g)
(g)

Test substance enthalpy increase (MJ)

Evaporative heat loss

Total energy utilised

Energy used {incl. kindling)

(MJ)
(117)

APTELDIX 3 (%)

Pot 1

Pot 2

Pot 3

Total

MJ
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Sheet C

Summary of results from Test NO: tieeeerecrsssenssssncsennnsees

Period

Water boil eff, (%)

Total eff., (%)

Duration (min)
Burning rate {(g/min)

Burning rate (KW)

Wt. wood used (g)

Wt. char prod. (&)

Pot 2 temp. iner. (°C)

Pot 3 temp. incr. (°C)

Mean stack (°c)
I'ean CO (°c)
Fean COp (%)
ez O, (“c)

Draft: .....D.I...ll............‘.

CommentS! L R N R R R R I N Y R T T T Y
LR R N N N N R R R I T T T YT
AL L L N N N N N N N N N N N N I N A Y Y R R R R R R R ]
..UD...lll...‘.......'lI.IIl.DI....O....IGt.I.l...CI........'.OO
L R S N N N R A T Y Y T
R R N R T T I s

L N N N N R R R T T T T T Y
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HEAT UTILISED (HU)

H, =s,&2W, (T,-7T,)

(Efm We - Eco wc )

1

HU, = §, ﬁ[ffm (Tp - Ty) 1 \-:e]

all pots

x 100 (%)
(Efm Wf - Eco wc )
. E
Burning Rate (BR) = Wf - Wk - Wb co
Efm

x 1,000 (g/min)

where Sy= specific heat of water = 1 kcal/kg®C

[}

4,184 kJ/kg®c

(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 heat is greater at lower temperatures but the

~ evaporative weight loss at these temperatures is comparatively

W, = weight of water in pot(s) (kg)
W, = evapurative weight loss from pot(s) (kg)

We = weighi of firewocod burnt in test (including kindling)
= initial weight of'unburnt wood minus final weight of unburnt
wood (kg)
.W = weight of charcoal produced in t-~st
- final weight of charcoal minus initial weight of charcoal (k)

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

Tf = final temperature of water in pot (°C)

Esp = high heat value (gress calorific value) of firewood
at moisture content m (dry basis), measured in MJ/kg
Eco = 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: Efm = 100 Efo
100 + m

where Efo = high heat value of firewood at zero moisture conteint
= 20MJ/kg
For m = 15% (d,b.)}, Eop = 17.4 MI/kg
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CALCULATING IINAT DBAT.A- (NG

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 gns. The hot stove and
pot walls also loose heat to the surrounding air ty radiation
and convection,

The first law of thermodynamics states thai the encrey
liberated during combustion must equal the eneipy taker un
by the not and the stove and the flue gases, This relationchin
can be expressed mathemntically,

Ea (1) Q wood = Q stove + 0 Pot + Q@ Flue Gas
Q is the term denoting a quentity of energy (heat) and
is measured in Mega joules,

Heat balances can ba calculated either a2t the end of
an experiment (this is termed an oversll heat balance) or
at reguler intervals during the exneriment {often termed
instantaneous heat balance),

There are a number of ways of ca2leculating this enersy
or heat balance. The preferred method is piven belcw. Each
of the four terms will be examined in turn.

1. © vood

Yood is composed of carbon, hydreren and oxygen atoms.
When wood burns completely in air the coarbon reacts with
oxygen to form carbon dioxide and the hydropen 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 charconl invariably remains,
This charceal also has a Gross Calorific Value, VWhereas the
(GCV) of any type of wood doecs not vary simificantly the GCV
of charcoal for the same tyne of wood does., Ve have found from
tests than an average value of 29,3 leprajoule:/ka ean’ he veod
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for the GCV,
The GCV is measured in a bomb calorimeter,

Te calculate Q wood the following formula can be used:

Ea@) 1+ Cysoa = Egm -+ Yr = Eeo o+ Yo

Wf is the weight of wood as fired (this weight includes
the moisture in the wooad)

2, Oqtove = this term incornorates the heat actually
absorbed in the stove body and the heat lost from the

stove walls.

2(a) Q. stove — Heat taken up Ly the stove Q is
calculated by multiplying the averare incrense in
temnernture of the stove body times ithe weirhi of the
stove times its siecific heat (S.)}. The specific heat is
the amount of energy ab:orbed by'a kilagram of the stove
material when it is raised by one degree centiprade. Thus
mathemntically: '

En Lﬁl Q in stove w» SS . W, (Tf - Ti)

s
where Tf is the averace stove temneraturce at the time
of cziculating the lieat balance, Ti is the average
temperature at the start of the cxperiment,

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

0 - heat i: st f ol ;
2(b) O ¢ stove — heat is lost from the stove wall both
by radiation.and convection, The convective heat lost
can be calculated usinrg 2 parameter knowm as 2 natural
convection transfer coefficient., For convective loss

Eq(4) @ out stove = h = . A (Tpp, - T) o

hnc = the natural caonvective heat transfer ceoefficient,

This c¢an be calculated using standoard nondimensional
correlations,

Hoviever, when there is 1ittle draft around the
stove walls and the final averare temperature is less
than 100°C h is approxihntely equal to 9 wattcfm?”c
(one watt is a joule/sec). For a stove vall »:. an avorarce
temperature of 260°C K = 17 watts/m?nc. CIf o octrong bhreooe

is blowing around the stove an 2dditinnal fove . conveootive
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heat transfer coefficient must be calculated and anued

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 temmerature of the stove well
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 c¢on be expressed ns:

. t
T fin = end :
av T(t) dt
(/ (%) Temn ///
0

: d

end

Ta = ambient air temperature
t = is the time in seconds

For loss due to rodiation for the heat lost is

Ea(s) o =€x0a x (2% - 1") x t
of the stove wall material
€ = eminsivity (§ fraction of 1)
(7 = Stefan Boltmensis constant 5,67 x 1075

\-.'attr;/m2 K&
The temperatures are in degrees Kelvin (273=x°C)

3. Onot

by the water and the pot wall and the heat given out by
the pot wall,

- this term can be divided into the heat taken up

3(a) Qi wntap — this is ealculated using the folloving
expression:
) - A; ' - ‘.n
O3 = [E G . (T - 1) .8, zf»f L. W,
all pois
3(b) Oin not — this is equnl to the smecific heat of

the pet wall multinlied by the weight of the rot
muiitinlied by the increase in temnerniure nf thas pot

wall (ha the woter tompar-tore),




—
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Ea (A) O, not = Sp « Wi (Tp - T,)
Wb = weight not
Sp = specifie heat of pot

For cloy 8 = 1 kjoules/kg®C and for Aluminium pr
.85 kioules/keOC.

- Thice 3 Tad+n o) rr =
3{c) Wt ot wall this is ealculated urine the
formula given in 2(h) namely:

Za (7) nout vot wall ~ hnc * Azw * (Tavf - Ti) -t
- 4
+€pw J - pr (Tavf - Ti) -t
Dw = pot wall

It sheuld be boted thoan vhen a2 1id i veesd tiin loszses
from this 1id must be cnlculnted,

4
" Oflue FAas

~ this term includes:

1. The encrcy renuired to evanarare the rnis ture
from the wood and the enerry lost ta evianorate the
water formed in the combustion reaction Js not

condensed,

2. The energy of the hot smaen Tanvine the stove,
3. The energy lost by incomnlete combistien of
the wood.

Oevap - this term can be caleulnted using the formulao:

EBa_{s) anap u(' Mo + .5?) {P521 + 1,9 Tavap - 2,237, .) ¥ Y4
100 i

vhere He = the moisture contont (on » dry weirht breiz)
of the wood

Taveﬂ ig thes averape teumrernture of the flun Fas
[

T ambient temmerature of fue]

I

af

¥ the dry weirht of vioed

af

Q - this is given by tho cxpre-sion

stnck
Ea (9)

s o

Qstnck - Sstack ' wdg ¢ wdf ' (Tavep - Tn)

wvhere § = tha srecific hrat of tha flue par sn

ctack .
is roprotimately (24 kileonlapies /i Yamerne /500
wdf = dry weirht of wvoed

T = rahient tomnepntore

e
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Tavg = average flue pas temperature_
de = weight of dry sas wroduced per kilopram of

fuel burnt and can be calculated using the expression

= 4 CO, + 02 + 700 » C

Vag o ab

3 CO, + CO

2
where Cab = ,5 . wdf + 9 L, U

War + Yiac

wtac = the time average weirht of charcoal nroduced

for the time under conzideration.
002, 0?, CO are the volumatiric commosition of the
filue pas,

wd“ ¢an only be calculated approximately unless very

sophisticated equipment is instnlled to accurately
determine the mans flow of gas,

If air enters 2t any point c¢ther thhr the firebox
opening the gas sampnles taken normelly in the chimney
for an2lysis will give a Talse indicstion of the ameunt
of zxas produced for a kilorsram of wood burnt.

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

Qincomn?ote cambustion some of the carbon in the

vood will not comnletely renct with oxygen to form
carbon dioxide. Instesd carbon monnvide creosote

and soot will bhe formed. The heat piven out vhen thens
substances form is less then vhen cenrbon dioxide forms,
Normnlly only the enerrsy loss dus to carbon monoxide
formatlion is conzideed, lowsvror, anot and croocoin
formation is often auite consgiderahle., To mescurs the
amount of thene olemerts forrmed is difficult 2nd requiren

sopuisticated equivrent,
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To account for the enersyvy loss due to carbon monoxide
formation the fellowing formula is used:

x W

Ea(11) 9oy (in kilojoules) = 22,250 x €O x €, ae

b

Ca, + CO

2
22,250 kilojouleg/kilogram is the differanca in enerpy
relensed due to burning carbon to carbon menoxide
rather than carbon dioxide,

Unnaeountad for Trasse snd Gaing

The term on~ should equal the cum of torms tvo, three and
four (Eq 1}. Often due to inzceourrcies in memsvurement this
docs not occur, It is more usual to find thet the sum of
terme 2, 3 and 4 are lese then torm 1 2nd tho enercy difforeonce
is then called unaccounted for loscses,

However, we have observed thzt terms 2, 3 and 4 can be
grozter then tern 1. This difference is termed an unaccounted
for main,
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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 teo 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 economic
development and the economy is mainly self container, MNost
money comes from former residents with government jobs.

Firevood

Women selectively prune the acacia treecs 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 trewus
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 houzes or furniture.

:.Social Structure

‘Hgestirejo 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 cach.
' 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 boards, teachers, traditional doctors.

- Pecple farm their land without communal assistance. However,

. reaforestation, road building, maintenance of public buildings

~and places, and the cassava mills are all cooperatively woiked
This organisational structure is the same at the other two
villages.

Cultural setting with relevance to fuelwood use

Cooking is done by al'l members of the family., Boiling
water 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 vhat
crops are being harvested., Usually most of the cooking is done
dn the afternoon, after siesta time (3 - 5 o'clock)., However, in
lérger households cooking is also deone early in the morning. Even
1f 'no food is being cooked water is boiled in the morning.

Traditional steves are made by teenage men in the village.
They are constructed from mud and from a slightly metamorphoscd
silistone referred to as Padas. The stoves take half a day to
build and have either 2 fr 4 holes, depending on the size of the
family, 1In the lurah's house a four and a two holed stove are
always found, the largeﬁ stove being used when guests are to be
entertained. The lifetime of this stove ranges from 1 and 3 vears.

Cooking pots are elevated off the holes by pieces of broken
ceramic pots, This allows the flame and hot gases Lo escape
around the pot.
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. CHECKLIST FOR ASCERTAINING FAULTS FOUND JN MUD STOVvS

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

Is the old stove still being used? Yes/No

The Entrance Vay

Is the entrance way proverly shaped? Yes/No

2., Take Measurements ..sceesseccceesencnsssCil
b. Make a sketch
¢. Compare with the original plan

The Firebox

Iz the firebox:

a. the right shape? Yes/No
b. too deep? Yes /Mo
Are cracks visible? Yes/No
Have any cracks been renaired? Yes/No

(State reasons "i’l].v LR AL B B L B B I I O N B B B NN R R RN AR NN R S RS

..‘l.!o-lo..coootnnlllll!llooOOllll.l.lvloootOCDOOclnoot-ntutaa-)

TIs there any aslh: or any other solid material blocking the
firebox? .
Yes/No

i I

Describe I...'..'.‘I.....‘...‘.....’......l..I".l'..;:!'.;...ll...

Il..l.."ll..'..l..-..0.‘....-...l"l.l....lh..l.l.lll.ié‘.'...i.i
Is the pot seat lip the right shape for all utensils? Yes/No

Descrj-be LA R R RN SR N N Y R R R R R R T

4, "“Connacting Tunnels

ommecting tunnels:

a, clear and clesn? Yes/No

b, the ripht size? Yes/lio
(tzke measurements viveveveeseeCm)

¢. ‘sloped enough? Yes/No
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Cooking Ilolz Desiem

Are the pots inserted properly?

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

(Take measurementS.ecscececsssssaCm)

Dees the hill support the pot?

(Take measurements .............cm)

The Dpmnars

Arc the dawpers leng enough to close the
wunnel?

{Describe

Do the daupers need replacing?

Do the daspers fit nearly into the slotn?

(Describe

Ihe Chimney

Is the chirney:
a. c¢lear of obstruction?
b. clean?
c. touching inflammable meterials?
d, wvorn out?

APPERDIY. 7

Yes/io

Yes/No

Yes /o

...Ul....l.'..l...ﬂ....l’..‘.C....lo'...-Sll)

Yes /Mo

Yo/l

Q-t.t—.ut.!ll..l....olllitt‘t.ssvi-occonotouo)

Yo /No
Yeo/lo
Yes/ifo
Yes /Ko

()




