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Woe to him who wilfully innovates
 
While ignorant of te cznstan.t,
 

But sthouid -ne act fr;: knowledge of the constant
 
One's act:on -4. lead to '-part'ality,
 
Ipartiality to kingliness,
 
Kingqiness to heaven,
 
Heaven to the wazy,
 
The way to perpetuity,
 
And to the end of one's days one will .wet with no 

arq e r•
 

Governing a large state is like boiling a small fish. 

IAO Tzu
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Errata Sheet 

LIST OF CHAN iAT OF THAIL ND 

In this report a variety of spellings have been used for the survey 
and some of the variants areChangwat and village. The correct spelling 

shown below. 

Changwat Villages 

Burl Ra. : Buriraz, Burir.- Bang Rahong: Bangrahong 

(.anthaburl: ..antabu.z. Maikan Sangkan: MHaland Sangan 

Chiang Mal: Chiang-a:, Chaing Mai, Pa. Bhu: Pabhu 

Cheing Mai Wang Chapou: Wangchapoo 

Chon Buri: Chorburi Klong Bon: Klongbon 

Kamphaeng Phet: Karpanqphet, Ka~aengpet, Hong Wangyao: Nongvangyao 

Kamphangpnet, Kapangphet Pa Woe: Paver, Pawer 

Khon Yaen Pa Han: Pahan 

La~pang Pa Nai: Panai 

.4akhon Ratchisi-a: Knrat Si Chengtal.: Srichienguai, 

Nan Srchaiang&i 

Phetchahuri: Petburi, Petchbura, San Pa Tong: San Pa Toung 

Petchabur: Samkhzsantisuk: Sam ha San Tisuk 

Roi et: Ra'-et, Ro--Et Iai Ho Phra: Mae Ho Pra 

Si Sa Ket: Sr*saket, Sisaket Hong Buaeng: Nongbuadeang 

Udon Thani: Udorn Thani, Udornthani 

OTHER TOMS 

Household - Related individuals living in a house and eating together 

House cccpound - Area around --he house w*hch is owned by members of the 

household and is often demarcated by a fence 

.Male or female leader of -he members of the household,Head of household 
usually the owner of the house 

Head of village - Phuyaiban 

Head of sub-district - Kannan 

Village - tiAn 

District - Amphoe 

Province - Changwat 



Errata Sheet (continued)
 

Phase I - Survey in Petchaburi, Xrat, Srisaket, Kapangphet, and Lampang 

Phase II - Survey in Songk~i, Chantaburi, Roe-et, Udorn Thani, and Chiang Mai 

Phase III - Survey in Nan, Duriru=. and Chiang Mai 

Delivered heat - The amount of energy content in the fuel burned 

Captured heat - in cooking the amount of heat which is transferred to the 
cookin g vessel 

Moisture c'intent - On a wet basis, weight of water as percentage of total
 
sample wegnt
 

Heat or 4nergy content - The high heat content of a substance at 0% moisture 
as measured in a boob calorimeter 

1 Unit of electricity - 1 kilowatt-hour, a billing unit used by the 
Provincial Electric Authority 

6 1/4 rai - 2 	 1/2 acres - 1 hectare 

Jar lamp - small wick lamps 

wick lamp - chimney or hurricane lamps 

Rice Products 	- Straw residue in field, 
- Stalk residue from threshing, 
- Husk shell residue from Willing 
- Bran edLble residue froc mil.lng 

NIEA - Uational Energy Administration of Thailand
 

NSO - National Statistics Organizationof Thailand 

PEA - Provincial Electricity Authority 



I. Introduction 

Research into the design of improved cooking stoves should be 

conducted 'n three phases. The first phase concerns the way in which 

stoves ire used in the village. Tre cc.inati-rn of stov,s, fuels, food 

and methods of cooking vary witnn a village as well as on a rc.gional 

basis. This combi.ation affects the level of fuel consunpto.on per capita 

for cooking. The survey data relevant to this first phase of research is 

contained in th-s -,olure, and the "Cooking, Lighting, Heating" Vol-me. 

The letter descrlh.-s the coobination of luel, stove, and food and cooking 

wrdch was recorded as nart of the household questionnaire and the pnysical 

measure-ents of fuel consuzpt-on. "t:3 volu.e lescribes the different 

...e second phase in the research on improving stove design involves
 

standardized testing of the different indigenous designs to teterm-ne how 

des.qn affects fuel consumnpton. This research has been undertaken by 

Messrs. Sher-an and Srisom in their study of cocparative stove 

efficfenc-es for t.e Un.ted :Nations High Co=mission for Refugees "n 

ThailanO." Th. third phase involves the modification of existing designs 

and introduction of new designs to perform the tasks ".dent2.fied in the 

first phase witn Lnwer fuel aonsu.pt-on. 

l.2 Stove Sur'.vey
 

Various observations on the use and eff:ciency of household cooking 

stoves were recorded as part of the baseline survey. These observations 

were :ade .n support of the projec. c-,rponent for -prov~ng the design of 

rura. :cookz .- ob-ective to what ofstoves. he basic was learn types stoves 
tne vi llagers ise and n;ow they operate t:.en. .-e stove survey nvoved 

t.ree activities, a bo-'ing water test, a cro: .4ngtest and a :cxking 

,]zservat. on. .:e first two tests were :on-ed to measure 

ccnsuzot-on of different stove anr to-esnsieter.ine ten factors wn-ch 

affect fuel -:nsupt_.or ".ncludLng the stove, the fuel, t:.e type f ooking 

and te net.-.od -f operat-ono .e :o.'. ac:jvntv was _oser'n -rder 

: vde.t-.fyan appropriate stove test-n e..odoiogy to he a1 :n the 

'aior ratn r: 

All .-.ree were ;nder tne recton or toe o:se:o cockactivities -. 

witn toe survey persnnne acting as o:servers. n the first activity the 

neat captured ,n o-linq -water was 2c=pare- wit. t::e amunt of 'energy 
released fro- the fuel in order to obtain an absolute neasure of 
efficiency. .t=e second actrvtv tne fuel :-ors,--ptlon for -ocok-nq fcod 

was compared with tne quantity of food cooked. :n the tn-rd activity, the 

preparat'r.n of a tvp.zal nea: was ooserved and tne sec-.ence of foCY 
preparation and csokng recorded. 

Ahout 13C zoiling water tests, 150 cookIng tests and 100 cooking 

observations were oonducted. About half the stoves observed used charcoal 

and half used wood. S7> a few ;nits used other fors of homoass.v 


'Their study concentrated on identifying the minimum fuel cost for 

supplying the refugee camps. The testing was directed towards j=7er 
cuisine. 
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Traditional Thai bucket stoves were the most comn design althongh a 

number of different wood stoves were ex-ained.
 

2. A .alysis of Data 

2.1 Methodology--Testing Procedures
 

The boiling water test and th cooking test were conducted using the
 
same fuel and cooking utensils. In the f.rst test a measured quantity of
 
water was boiled :n a cooking vessel normally used by the household. The
 
operation of the stove and the determination of the appropriate 
quantitites of fuel and water were left to the household cook. The survey 
supervisor was responsible for measu7.ring the volume of water and weight of 
fuel at the start of the test and at the conclusion. 

After the fuel was ignited and a sufficient time allowed for the stove
 
to preheat, the cooking vessel was placed on the stove. T"he survey
 
supervisor recorded the temperature of the water at the start of the
 
experiment and at 10 minutes and 20 minutes after the vessel -as been
 
placed on the stove. The water in the vessel was brought to a boil. The 
t-e at which the water began to visibly toil was recorded. The water was 
oiled for approziumately 30 minutes,' then the cooking vesse. was taken 
off the stove and the fuel re-aining in the stove was re=oved and 
sM0trered in ash. The a.-ount of water left in the cooking vessel was 
weighed after :t had cooled.* The arnunt of fue. remaInr:.g was weighed 
after allowing a suitable ti-e for the fue- to loose -ts *.eat. A saple 
of thne fueL used n -he cco,:ing test was co3lected anz brought akt 
Bangkok where a =oisture test was perfo.-ed. some instances the sample 
was also tested for calorif-c valie. 

--. e =alculation of the stove conversion ef:fcienc" was =acia by 
coopar'ng the neat va'.ue released from the "urning f rel and the heat 
capturea -n tIe water. .. e =a-culat-on dll Trot use :te standard forula" 
wnic. is used wh.en -_he neated water is -A-asured --. ediatelv after ze.ng 
removed from the stcve. 

If the water is measured "rediately after the not is removed fro= tne 
stove and the water is at 100C, tne following formula should be used; 

'A period selected a Priori to 3pprox'-ate the period of boiling
 
rice; experimental tizes were within a few minutes of this nor=.
 

The or-ginal _nstructcns were to measure the water i=ediately after
 
the vessel was removed, but tIns proved to ze difficult and the 
super-isors usually allowed the -dater to cool before pouring it into the 
=easuring cup. 

*'Stove Tftstlng Procedures, S. .oseph, -.-G, 1980. 



w. T -540 -d E. 	 T, 

E 	 I_____ _ N.eat a4t.. water - VPor~ze Witer(1
 
1-Hc e W fuel hurned
 

where T O-T 	 (C; 

w i-wf (kg 

W 	 =W-W (kg) 

T 	 = initial teperature of water 

Wi#Wf ..t:a. and final qwuantity of water (kg)
 

M =osture 'ontent of fue: -)n a wet Lasts 'decimal) 
c 

e 'Leat value of oven-dried fue" fKcal/kq) 

Where the water is il'c:ed to cool after being renoved from the stove, the 

heat in the water (wf Ti is lost partly througr. additional evaporation 

a.nd partly through conduction and cor.vection "osses to the surrounding 
air. Therefore, the total amount or energy .:aptured in th. water up to 

the ti=e the pot was removed fror t:,e fire is less tar. r. forrula (1, but 
mor#1 toan in t:.e foowg.nq formula '2, wc assues no %.eat l.st nto the 

air. 

( T - 540) -hea': and b,:-" water (2) 
! eWEW-M 7 Urned 

For the experimt:nts -n t-s survey, forula '2) for Ei was used as a 

zas-s to ca'culate sto)ve efi.ciency. 

.The se-ecti.rn -. stoves to be tested was based on two o4*-ectves; first to 

choose st:oves :sed 'In'! t-- ev-"agers second mcoose 

stoves-f':e" cr-banations which the survey supervsors and ,:nuzerators had 

not seen nerfore. As a reout, az',ot :.a: tn,: ,:xerzoents, 7: out of 32, 
were perfo.med on cr.arcoal Lurning stoves, -. t of toe bucket desgn. 
The bucket Iesign '.as =any var-ations, sce w:th -yin-.rca walls, sme 

more coni-oa: in 5nape, 3cne with outer wa" s -)' tnn sheet meta, Sr.me 
made only of clay, ani some w4:tn doors rn:cn -an 'e Ised toh * o"ff the 
pr~narj air flsw. For all of the sto'e t-.at were teste :- oronotograph 

drawing was -ade; however, it was not Possizte : n tn-s anaysis to 
ccpare t-e experl-enta: results wit- -.ferences tor features 

identified from these photographs. 

- u.he otner Iroup of stoves tested were.rmar-' wor n rnngq ,:nits. 

These stoves .nc'uded s:iple three rock stoves; horseshoe shaped -nits of 

stone, clay -r -:eient; single or icuble ,orte-i enclosed stoves made rof 

clay, mud or brick; and traditional bucket stoves mdifed to accept wood
 
ruels. other desigr.s tested were sawdust and rick husk-bur uning
"nlts made 

with metal canv Pnd ',.he tconom:ca' stove made of cement ana steel. Wh4e 
most of the expeiments were made using either charcoal or wood, scoe 

http:se-ecti.rn
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tests were performed using sawdust, rice husk, coconut palm frond and
 
other forms of biomass.
 

2.2 Variato-.s in Observed! Eff:c:encies for Basic !odels 

In this section, the measured efficiencies of the various tests will 
be diacussed. Before present:ng the data it is important to consider the 
range of vpriat-on which occurred during the testing. These experiments 
were not carried out in a laboratory, nor were they carried out in a 
single locat-_on with a single fuel. Instead, the tests were made in 
-ndiv:dual ncusehodls :n the different villages under the operational 
direct-n 7-f --ne zozks within --he householl. The survey personnel were 
assLgnei --e tas, : o servation zut d;i not Jirectly control experimental 
variables 3ucn .L uantity of fuel, quantity of water, selection of 
cooking vessil or selection of type of fuel. The only controls exerted 
were the approxi =ate length of time the boiling water experiment would 
continue orce the water had begun to boil and the procedures for dousing 
the fire at the end of the experiment and measuring the remaining fuel 
once it had cooled. The variation in types of fuel was analyzed by 
collecting sap'es of the fuel and measuring the moisture content and in 
some cases the heat value of the fuel. As was observed in the "B or-ass 
samples" volume, there is a range of heating content per unit dry weight 
for charcoal, fuel wood and other forms of b-omass. Since not all samples 
were tested for heat value, standard values had to be used and the effects 
of this variarion co'i4 not he analyzed. The standard value were derived 
:n the volume "Biomass Samples" from the average values of the 
dlstrihutlons shown. -n Figure I through 3. 

The varration in cooking vessels used was -i.n shape not material, since 
a*--rs7_ al! fimlles used alunum coo,'.nq vessels. However, the range in 
size and s.ape of the vessels was considerable. .-.re was also 
cons-iera'-e "arat.on .n the size of the stoves a,.d the relative size of 
the vessels. Although data was collected on the size cf the stove and the 
cooking vessel, this ir=ormation was included in the analysis only in a 
e:ery aggre7gate form. Another source of variation was nne amount of wind 

passing through the zooklng area at the time the expeitment was 
performed. The survey personnel recorded i'rormation on the general level 
of air flow, but in most exoeriments tne stoves were located inside the 
house so tnat any breeze would be attenuated. 

2.3 Charcoal Stover.--Boiing Waters Tests
 

The boiling water tests were conducted for 72 charcoal stoves. All 
the stoves were variations of the basic Thai bucket stove. The ratio of 
captured heat to released heat was computed according to the formula (2) 
for stove efficiercy El. The distribution of the results is shown in 

*No covers were used on the cooking vessels to prevent condensation of
 
the steam to reenter the pot.
 

-4
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CUMULATIVE DISTRIBUTION OF 

MERVATIONS OF ENERGY CONTENT OF WOOD 
1 0. .iOI S"URE CONTENT 

CU1tA.ATIVE 
PEitCNI4TAGE 

KX) 

7$ 

AVERAGE 4256 

50 	 SID DEVIATION 463 
SAMFKE SIZE 34 

X OBSERVATION 
- MODEL USING 

NORMAL DISTRIBUTION 
25 

1. . . .. .. . . .. . -. . . - ---- - t11. . . . 

3000 3500 4X00150 *3 Kcol / kg 

ENERGY CONTENT LESS THAN OR EQUAL TO 



rIWURE 2 

CUMULATIVE PERCENTAGE FOR OBSERVATIONS 

ON THE ENERGY CONTENT OF CHARCOAL 

0, Mo(ISjtHid C(NIENT 

% I00 

90 

80 

70 AVERAGE 655 

60 SID DEV 74, 

50 SAMPLE SIZE 59 

(0 : X OBSEHVATIONS 

NORMAL. DISTRIBUTION 

20 

10 ° • ... 

T 0 r6- 7 ... . 
5000 55f0 5000 6500 7000 7500 Kcol / kg 
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4'i- ajqt *tiUp -4 o w, 4 

4 t 

Aosbl or~so ero in Caltn the stovU. tbic~s 344* 
theseo standar valus for themoisre conen an et4au4 o 

contetOh theeqditbtoy qins * sufficp~ienl similar so at !_he 4 

~~i~ct that 2;in4Uhally *Enificant effect. t)*r--~-..sig~a 

quniyo fue rtive*~t th uatity of-water 4oes~have~~ en4ff*Ct'LS1 
can b een int Figure 7. Aeression analysis was con4ucte4, thte - *

rltoshi betVeen stvi . ffici*nq, 'i, and- the, ratio: of wae t )
fuel. An extndsapl incW4±pi eiAfiy masurements~3etuven jn


40pretws s&1sne h wte-6-fe ratio exlis4If' o th
 
ex epionaly .O'W effiiencY asuzA~nts* Th sample' ws, dited-ttQ
 

exclude Asince seaupunlaey, The
ratios~ getrhan' 'thes values 
~yy res4tin~ctret4n coefficient was '4804t the ff iy *eig' 

by percent, for an increase of I intewtrt-ulrto This 
~;..~'relatiosip,,I s'og~ca.* -iIf thre is a, sall. quantity of. water relaive
 

to f uela then th waecno bobthe 1eat.Efro the buiiguel at.,
 
3<4UfK
fui~ieat~ratO-&nAidcoUsSA~r~i1. het will be~ lost tothai.O-:e 
ote ad# ih a-lag. quantity, of. water relative to fuel, thie water 

w.lasrb,4o~tehtcod e thrug th al of the cookinq,- 4 ~ 

hAattempt to esals a~ relationship between charcoal moisture4 
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time to boil, the greater the rate of combustion. No relationship between 
stove efficiency and t.me to boil could be establisned (see figure 9) o&-t 
the efficiency appears to drop off for quantitites of fuel away from the 
--edian value 'see figure 10). 

7r e matri.x : table I com "ines irfort.ation on bo-l.ing tme and fueI 
loaded. The efficiencies are distributed around higher values for the 
boiling ti=es of 13-17 minutes and for fuel loads less than or equal to 
one-half kilogram. The effect is not dominant, but zay be significant 
g:ven tne varation . ot..er factors and the difficuilty in measuring the 
time t boa,. 

.oe ?n- al factors wh on .. affect the eff~ciencv of te narcoal 
staves incude t-e size of the stove and cooking %essel and the presence 
:or absencei of wrnd. These factors were examined together with the 
water-to-fuel ratio _n table 2. Clearly the water-to-fuel ratio is the 
dcctinant factor. The difference in efficiency be tween experi=ents with 
ratios less than 4 and greater than 4 was at least 12% with a confidence 
il:t of 5%. The other factors appear to have little impact. Larger
 
stoves have a slightly lower average efficiency than small stoves, 22% 
versus .5: ,or arge water-to-fuel ratios. .Teconfidence leve! that the 
difference .s greater tnao 1% :s only .25. Larger pots were -ore 
frequentl" .seh on both large and small stoves, but the difference in 
average effic-ency wttn pot size was neglignle. T.ho wind whs not a 
sr.f-cant 'actor, orozablv because --ost tests were conducted ind*ors :n 
an area protected frcm drafts. 

2."c other potent-al factors, toe shape and . aterial of the cooking 
,._, ... r"' u not to %-. viz'- -- experi=ents. With only one 
excePt-on toe zooo-ing vessels were =ade or al-amnum and all hut five were 
zy indrcal ratner t.ar curved inwar. at the top. 

-- e "illacers use a "variety of starter fuels when ccok:::g on cnarcoal 
stoves. -t-se inzi--de wcod k-ndl ng and tree resins. .ne starter fuel 
can represent a sg3n-.if-cant source of eneray as 3nowr. in the histogram in 
Xigure !I. Zn average toe starter fue" contatned accut 71 of the heat 
va lue zonta-ne! in the zharcca" wncn- was ccmusted, but values as -:g. as 
7 i" were ozserved. The stc':e effciency E- ralculatlons '1 not 
include the heat content of tne starter fuels stoce t.e star!-er fuel is 
burned prior to placing tne ".ess-:. on the stove. A co-_par-son of toe 
relative 7uant:ty of energy in the starter fuel and the eff-::ency, EI, 
d: d not indicate that a larger percentage of starter fuel led to nig:er 
•alues for effic encv (see figure '2>. Since the starter fuel accounts 
for less than l0% of the total combustion heat prcduced and r-ost of th-s 
neat is generated before the pot is placed on toe stove, the effect on 
charcoa- stove efficiency was negligible. 'This is -n contrast to wood 
stoves were starter fuel energ- affected efficiencv., 

.ne average tcme between the ignition of the starter fuel and placing 
t.e pot on the stove was 3 m-nutes; however, the distribution of times was 
considerable ranging from 1 to 15 minutes see the histogram in figure 
13;. The dtstribution of time between ignition and boiling was also 
considerabie ranging from Ui to 51 minutes (see figure 14). The average 
value was 22.5 minutes implying that the average ti-e the pot spends on 

- 14 
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FIGURE 10 
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the stove is :4.5 =:nutes. :f a nor-ma! prohabilit, i--stribut-oh is 
ass,,-d for sample value of the tnree t=.e_ var:ables, ti-iznltion to 
star of neat:ng water, t--start neating water tc boi ing -ater, and 

t3-tgcinticn to so:>.ng, then t'-e three iitr.btutions would ze as shown 
.....ure :=-.
 

'T-"e rate of i'.ncrease in temperature was recorded at ten m:nute 
interva-i for a2. stove e;per:;.ents. rn order to comnine the results fron 
different stove tests, the percentage of the t-e eldpsed between placing
 
the =Ot on -_.e stove and -*serv:ng ho.iing wazer was :aopare-j with the 
percentage 7-f the r:se n ze--perature fr-= ambient to G00c. F'ro tne 
data in fig:rre .6, Lt :an ze seen that the te-perature r:se necan siovP.' 

r.O -en L.-reated -r-r,-j':!' _ S -e er-peratur, rose -'_Ose to C._ 
-: e oata r:11ts f.na~c; ::- - c;' the .ine ta-.t e..:ates ore percentages 

of terperat.re increase & t.e-:h percentage of ti-e elapsed. Th 
increasing rate of heat generation -ples that th:e -easured eff ciency 
w4- van; dependng on the ength of tine that the experi-ent 1s 
conducted. 

2.4 Wcod Stoves--Bo.-ng Water Tests 

59 o 
.hese stoves were 7f several tifferent designs. About .9. of them were 
traditicna.-zueo stoves croofled for -:se with wcd. Anotner 15% were 
tnree rcc. stoves. Lper. norses:;ce, enzlosed norseshoe, and rectangu.ar 
"av stces eacn acccuntel for ab-^N'. ICA of the stoves tested. Despite 
this variation in.esi:7n, toe "-ariance in recorded effic-enc-.es was no 
greater tnan f:r the charcca_ sta:es. Ile a'erage effi cency was :5% wit
a standaz= lev-atian of -A. :f the q-est-oo.a*Ze effioooency _easure=ent 

tose less -tnan ok ana =-reater -ran 27% are ex:>ded, tnen the average 
and standard e':-ae-ns are "3.5 and.:s, respeco:e'°. 

The o nv water tests were conducted on different ood stoves. 

.-.e effect of toe use -f standard vaoes for -sture and heat content 
4.26 a-/= - :nd4%wet zas-s, on ;-easured sar-ples :s ,txa-=ned in 

fl:re "- As =.-.arona stoves, no -v ous nias was :hserved, 
.nerefore al- ":he res':.ts for eff:o cencoes zetween -:5and :714 were used -n 

suzsecn:ent ina-s:s. --.s sa~ole nc>:-ides scze 53 -easurenents. 

.k' "arat"on ont.t:f.;el laded was o:nsiderabv zreater for 
woo stoves :or ohar oal stoves, aut a :ocoar-scn zetweenorn the 
=uant-t34f ,,e1 and the '-fi'-.v revealed no ---ear relatocnshzp 'see 
flgure !a;. Soilary a ":cpar:scn between the -rant-ty of water and 
eff-ciencv re'tea-ed no sionflcant re:at-cnship. :f t-e two factors are 

:cnbined on -o a water--_o-fue" ratio and the stoves are -vfled into 

t*:he data pun-s near one 13C% te=perature are somewhat =sleading 
since tne total toe is based on t-e of visble -Lon; In In fact 
occurs after the wazer reaches 1O00C. 

**7he .RF nas conducted additiona. exner--ents related to this 
2henonenon wnc=h are discussed at the end of section 2.4. 

http:res':.ts
http:effic-enc-.es
http:rectangu.ar
http:terperat.re
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bucket and nonbucket des~gns, then the efficiency of the latter increases 
with an increase in water-to-fuel ratio (see figure 191. 3io relationship 
was observed for bucket stoves, except that for water-to-fuel ratios above 
5 the efficiency decreases as the ratio increases. 

The relationsh:p between the =oisture content of the wcd fuel and the 
efficiency of the stove is relatively c=plex. .'.eoretlcaily,at low 
values the wood burns quickly and the rapid generation of neat reduces 
efficiency. At high values the rate of heat generation would be 
relatively slow during the early per-.ad of co~bustlor when energy is 
recuired to re ve the olsture. '7he accuracy of the noisture content
 
measurenent was not sufficient and the variation of other factors was too
 
great to establish any clear relat:onsn.p between .ot.sture content and 
effic-ency as snown ;n fizure 2C. At relat-vely 1-" values of =oisture 
content, the efficiencies were low for ron-bucket stoves and high for 
bucket stoves, whereas for the middle range of moisture content, 8-17%, a
 
wide distribution of efficiencies was obseried. 

The relationship between stove efficiency and rate of combustion in 
wood stoves has been established in research by Stephen Joseph of 1TDG. 
The efficiency decreases for low and high rates of combuston. At low 
values, the heat losses of the stove and cooking -vessel are s,.4nificant 
relative to the rate of heat generation. At high values, the rate at 
wnc.ch the cooking vessel and water can absorb heat i=_-ts effi-:ency. The 
rate of cmbustion is in turn dete--mned by a n'ber of factors including 
the size, shape, =oisture content and density of the wood fuel, the 
quantity being burnjd, and the spatial characteristics of the ccbustion
 
chamber. Since the rate of combustion is difficult to deterrune under
 
field conditions, two surrogate =easures for rate of ccmbustion, the
 
quantity of fuel consured and the time for the water to boail were used. A 
graph ccmparing the quant't'." of the fuel that was ccnsuned and stove 
efficiencv is shown in figure 21.' There is only a slight tendency for 
eff-:c-encv to decrease wit- large cuantities of fuel; th=s -a -e due to 
the fact that tne quantity measured was fuel boaded Into the stove but not 
necessarily into the coibusticn chamber. The graph cc-paring stove 
effic-encY and bo~l-rig tne 'figure 221 also fails to reveal any 
s-.1nf:icant relationsh-4p. For bo-ling periods between 10 and 17 m--nutes 
toe efficiencies of tne non-bucket stoves appear to peak, w-nie for :icket 
stoves the v.ariation in efficiencies decreases and the average efficiency 
is greater. 

The matr-x in table 3 examines the effect of the quantity of fuel 
loaded and time to boil. Since these surrogate factors Ignore many other 
factors woch affect the rate of co-bustion, the results are tenuous. The 
distribution of efficiencies is weighted towards r-igher values for boiling 
water tests witn fuel loads less than or equal to I kilogram. The boiling 
t;me does not appear to affect the efficiency for tests with small fuel 
loads, but -t does appear to affect those tests with fuel loads in excess 
of I kilogra.. For the latter the efficiencies are distributed around 
higher values for those experiments with boiling times greater than 13 but 
less than 19 minutes. 

- 28 



Table 3 

Wood Stove Ef:4c.,,ency Mat.r.x 

Rate of ,us.n 

FUEL .FFICIECY (M) 

LOADED TVZ-- * 

(kg) (-.In) 

-133 30 * 74 

1 14-18 3 2 2 

I - 19 2 - 2 

ALL 8 9 8 

_ 13 3 

> 14-18 - 5 3 

_ 19 3 

, ALL ii. 9 6 

-13 9 8 7ALL _____ 

14-18 3 7 -

Z 199 

AILL i9 i 1.4 

time from placing pot on stove to visible boiling 
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PERIOD OF TIME FROM 

IGNITION TO PLACING POT 
ON THE STOVE - WOOD STOVE 
BOILING TEST 
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PERIOD OF TIME FROM IGNITION 

TO BOILING WATER -WOOD STOVE 

N,.,ABER OF 
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5 
.-.e relationship between teperature and ti-e cro-:des additional
 

S.- -or-ationin regard to the -atter of -eat generation. "he .ncrease in
 
teperature appears to be =ore unifor for wood stoves tnan charc.-a" 
stoves. -he nercentaze increase in tenperat-zre 7:ersus tre neroentage of 

tie Cnete wne. t- - a ro~hz.'t-
around te Axis oZ t- te-rperature for s.-.es --nan :or znarcal7 I.re 
stoves %f I re 27; .- reat-ons.-np coud ze .==nate =nore 
accurate. in a :aborato.-: environ-ent. 

7-.e !Z'va. .- arr. has z- eo-h:s n'.s aores:s nart of 
its experl-ents cn t-e effects of different fue:s and species or stove 

,c--- "A. s 4-A. n. test "w-.=eff -, -. et - -7 as a -!.rater .eat- in 

successI':e :ots of w4ater .er hea-ed to re-o-ed ro te-1:'ni stove 
I:-.e .' .s : ed. Th~e - _rature of -t.e ";ater "s recorded at 

,ntervals throucnout the experizent. For e -arca: fc.. the 
tezperature in the first pot increased approx--a,_eLy exponent:ally over 
tte unt.I the rate of heat generation reach.ed a steady state then the 
rate of teperature increase was relatively constant for the re~aining 
pots. n the final pot, as the last of the fuel was :ons.-ed, the rate of 
temperature increase Iropped off at what appeared to be a .ogarth.ic 
rate. .-he saze test when perfor-ed for wood showed a constant rate of 
temperature increase fro= the first to the next to last pot. Again there
 
was ocgart---c decline in t-e rate of te-perature =ncrease for the final
 
pot. Any bu-id u :n the rate -f heat generation eit-er to-ok place before 
the first pot was placed on the sto'-e or during a shcrt _ntar7a." 
afterw.;ards, but thts zu" d up did not appear in the tenpe-ature versl.s 
t---e -easure=ent s. 

3. Ccoklnc Tests 

.7e stoves w-i:n -ere selected for toe -ater-rc-o tests were a-so 
use- -oore=a.e a =-ea'. test-. as &., ask-. te 
hcuseooere-her to .renare A fCca -:-zh .s :zoCked .:. - :or 
cnwat, etcna r:, "K-ra., SonKa, and hantabur., tne :ZcOv.:nc test was 
Serfc.re m: Z.o. -o rl=e. The .r'- i:ateoonw-n..s n 
taz...e . toe f'oo -• -. are as:n anass, :s-' tsta exa-tne- a 

or:up and -cn tne rize :zo-lng :estz are zso:rrz rlarae.:. 
3an-lesue., -se' thetests t-he zf focd, and -ater "-wer- =easured. AZ 

=coking- was dc.-e w-t:" meta. - s:.nq "esse's. .ozs -were :sed w-ere 
anroDr-ate. .--e tas-o netnod f rce =cc<-n Ii. nct *:a:. . aar r:ce 
was nlaced in a pot and tovered witn water. -heT-'ant:tv sf rice and the 

=ratio o water-to-rice was dete ! n ed based on -cuseno " : practice. The 
water and rice were brou.nt to a boi. After a nreriod of t-=e t 

excess water was poured .ffand the rice Iried etner over t-e fire or 
away f: - toe The that =-,re- f:e nutrientscr fire. water was . zontaced 
fro the rice and was fed to the dogs. ".e aon:f water zoiled nad a 
s-gr.-fizant effect on the amount of rue: rerured. 

'.he following paragraph, is based on conversations with Dr. Aroon of 
the RFD who is coponent leader for the stoves pro-ect. 

http:Serfc.re
http:reach.ed
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Table 5 

Foods Prepared for Cook:ng Tests
 

I 

Fcod 7-pe of Cooking-

Rice Boil 

Fish Curry 

Pork Fry 

Vegetable Fry 

Vegetable Curry 

Fish Other 

Pork Other 

7egetable Other 

Canned fish aVarI-us 

--- ----- t arioGus 

C-nhcken Various 

ther Various 

Nlamunber of Dcperlments 

Charcoal Stoves Wood Stoves 

35 -9 

4 3 

4 

5 

5 3 

- 4 

3 1 

3 3 

1 2 

2 6 

2 3 

- 13 

jIpe of cook-ng: 'Varicus" refers to a mix of fried, boiled,
 

curried, barbecued; "other" refers to a =ethod of cook-ng other t.han these.
 

- 42 



3 .1 C-narcoal Stoves Coking 7ests
 

A total of 72 :coking tests were perfor-ed on charcoal stoves. The 
a--ount of fue: used for cooking varied -.ith the type of food and -ethod of 
=coking - A z:=pie =pariscn etwo-en toe Zant o-'ff ue,1measur,-d -n 
ters of the heat value; co-busted and the c-jantitv of food cooked "s 
presented in the first nstograc in f--re 23. The average released neat 
from the fuel consiuaed was 3.2 kilocalories per qra- of food cooked,' the 
coefficient of varat;.on is .69 and the n.bers range fron .5 to over 9 
kilocalories.'gram. The T-anttty of captured heat re /ired to perforn- the 
cookrng was esticated by factoring in the eff-c'_ency of the stoves as 

=easured in the bo-ling -.water tests -he results are snown in the second 
hr stooran "n f::re 29. *When the t'w -:.est ".''ues are edited o't t.e 
average ".se is :. :.ilor-es per -ra- o fCd, inutt the P-Oeffi--ent -f 
arration is st'.- nigh and the range is finc 50 to 9C --alories per 

gram. :n an effo.t to reduce the variance a co-parlson -as made between 
the captured neat and the quantity of -daterused ;n cooking. However, 
even wit'- the seven highest value edited out, the coefficient of variation 
was .86 against an amrage of 320 calories per gram of water ,see figo.re 
29). The .tgh variance was due to t-he compounding of varances in stove 
effic;,enc:.es and water-to-focd ratios as well as differences in heat 
reui-rements to cook different foods. 

.en rice :3okin4 tests produced =ore useable statistics. .he =ethod 
of ccoking was analyzed by cocparhng the quant~tes of fue", food and water 
used. The statlsis on the ratio of water heated tc charcoal burned is 
shown. in the nistogra 30. 'e average was qrams.- figure -- value 7.8 of 
water to " gram of charcoa* but the standard lel;iati.no was 5. . AnCut "4% 
of the samole has ratios of less than "to " and 251i ratios greater than 
1T to L. he ratio of water to rice also had a wide distri'tisn as 
in firure 31. Theaverae -was _.7 ltters of water ner .z:r or rraimce 
witn a Standard devat-on 3f ".9 liters. Acut one-f cu -h of the samples 

-ad ratios less than .6 liters per kllozrac and anotner G f the 
samp es had ra-o.s of =ore than 4.2 liters per kdin :ram. The =amount of 
'eat captured per liter of "-aterwas ana-.'zed for those stoves whose 
efficiencies -is measured in the borlin, water test were zetween ;k and 

-
40'. T-he resu-ts are shoin . the nistocram ._n fruure 3Z. .n averaue :55 
--ilccalcrles : f ieli-ered neat was used per lier :f dater. Although the 

coefficient of "arzatron -was about .: o the tests.62, f;ne-na h-ad values 
zetween "CC and 20,0, kilccaloar-es. As,---n that a -lttle =ore than 70 
ki-ccalories are required to *r-ng a kr7ooram of rice and water to tne 
zo iing te-nerature then an a'erace of -5 kzi3ca'orles are used in 
transfo.-ng and dz-jing -_e r-ce, convertina water to steam and heating 

.he atnosphere. 

*-his is rouqhly ecuivalent to .5 kiogram-s of charcoal per 'kilogram of 
food. 

Reeased or delivered heat from burning fuel is equal to the heat
 
content of "he fuel =ultiplied by the qquantlty of fuel burned, captured 
heat -s the released heat =ult.plied by stove efficiencv to determine the
 
quantity of heat entering the pot.
 

- 4**
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CHARCOAL STOVE COCKING TESTS
 

DELIVERED AND CAPTURED HEAT
 

EC-E E: 	 -EAT. 

AVERAGE 3 

STD DEV 2.2 
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5 	 44D WATER-FOC RATIOS 
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P.CURE 29 

CHARCOAL STOVES COOKING TESTS:
 
CAPTURED HE/,T PER KILOGRAM OF WATER
 

NUMBER OF 

0 BSETz 'TlNS 

10 AVERAGE 3;0 

STD DEV 2E4 

SAMPLE SIZE 40 

EXCLUCDS SAMPLE STOVE 
EFFICIENCIES < 6*/,> 0'/-
AND KILOCALICRES > CO 

5 

FROM 0 101 201 3044 401 501 501 7,21 6cl 901j >00
 
TO 1100 200 3CO 400 500 00 700 EC00 tC 1CM
 

KILCCALMIES PER KILOGRAM CF '11AER 

- 45 



FIGURE 30 

RATIO OF WATER TO FUEL FOR 

CHARCOAL STOVE RICE COOKING TESTS 

NUMBER OF 

OBSERVATIONS 
AVERAGE 78 

STD DEV 5.7 

SAMPLE SIZE 35 

5I 

FROM 0 1.1 31 5.1 7.1 9.1 11.1 13.1 15.1 17.1 19.1
 
TO 10 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 1.0 21.0
 

UTERS OF WATER PER KILOGRAM OF CHA.L 

- 46 



FIGURE 31 

RATIO OF WATER TO RICE FOR 

TESTSCHARCOAL STOVE COOKING 


NUMBER OF 

OBSER VATICNS 
8 

AVERAGE 2.7 

STO DEV 1.9 

SAMPLE SIZE 35 

EI0 

4.2 4.9 5.6 5.3FPCM 	 0 .7 1.4 2-1 2.8 3.5 

.5 1.3 2.0 2.7 3.4 4.1 48 55 52 5.9 

LITERS 	 CF '=TER PER ILCGRAM OF RICE 

- 0 



FPGURE 32 

CHARCOAL STOVE RICE COOKING TESTS:
 

CAPTURED HEAT PER UTER OF WATER
 

NUMBER OF AVERAGE 155 
OBSERVATIONS STD DEV 96 

SAMPLE SIZE 23 

EXCLUES SAMPLE ST"VE 
10 i EF'ICIENOCES < 6"4. > 40," 

AND KILOCALORIES PER 

UTER > 4'0O 

5 

FCM 0 'C1 201 301 401 > 500 
TO 'GO 200 IND 400 500 

KILOCALDRIES PER LITEP WATER 

- 4a 



3.2 Wood Stoves--Cooking Tests 

A total cf 48 7ook-ng tests were perftor-ed =n wood-fueled stoves. Of 
this sample seven were not analyzed because the bciling water tests had 
Froduced rea-st7:h:nc:es. .he fue ccn =tcn was ccrared 
with the quantity of food cooked 3s shown :n the nistcgran in f:Tire 33. 
When th.s sarple was edited to exclude tests "n -:z tne 'eat value of 
the fuel burned was in excess of 13 kilocalories per gram of food ,3 
tests), then the average released heat was 4.3 ki,'calories per gram of 
food* with i standard deviation of 3.1 kpi&calorles per gra.. if t.e 
measured efficiencies of stoae are used to :.aculate captured neat per 
gram of food, t-en t-e resu.ts are .s srhown "n tne second nistogram .n 
f-7-ure 33. When tre sa-pl" was *d~ted t' exc>:rde excessively s.all or 
large st:e effL :en::e.S in.! :ri:,r nn 

gram ,Z tests), then the average captured neat was 940 calor:es per gram 
of food, but the coeff;.c:ent of variat. ns was .77. Abcut half the edited 
sample had captured heat values between 200 and 510C oalorles per gram. 
W-.en the captured heat was cccpared with tr.e a.:zunt of water used in the 
cookang tests, the distribution. was as snown in tne 'nstrogram in figure 

Aut:5 1es per 

34. 	 The average heat captured was about 290 calories per gram of water, 
.slight !- less than one--a.f that for food The average5 and standard 

lev:atorn.s for the :aptured heat calculaticns are rs ariar for 
tne wood and charcca. fueled stoves, see table 6. This fact .ncreases the 
acceptaz-!iLty of these resu:ts despite the large coefficients of 
variations. 

Rice was prepared in abcut one-fourth of 	the wood stove cooking
 
tests. --., ratoo of water to rice varied cons7derabra around a mean of 
2.4, , ::-o re 35. W-ren the test results wer '-dted to "nclude only. 
stoves -ir.: zcing water test had efficiencies frcm 51 to 30% and these 

n-..were ut'_.i'ed -- the released neat o.f the fuel :cozusted, 
t.en tne 4.strb'_ut:.on of results ;s is shcwn in f-:gtre 36. -T.e a,.erace 
esti.-atei _-aptured neat was l93 kilbcalori.es ner l-ter ,,f iler woth a 
standa:d deviation of 13C. Th-.ese results were azout 2"% n.'-:er t:an those 
for t.e rice cooking tests on zarcoal stoves. :!7-s -!.fference Is 

.ffcu.t o exo=1o.. other h -all sample size for wocd sto',.:nan the 

r.ce cookina tests, zun the proxi= t: of the results for charcoa: and wood 
stoves :ends credence to the %u=bers. 

4. Cook-ng Cbservations 

The regional variation in cooking practices can be defined by two 
general parameters. The first is the =ethod of preparing rice, either 
steaming glut'oncus r-c. or boiling regular rice. .he second is the type 
of food which "s prepared with the rice, e.g., curries, soups, fried food, 
etc. .he surv.ey personnel were requested to observe the zock~ng of a 

Sa-ple results were edited to exclude observations which were
 
clearly separated from the distribution of the other observations.
 

* h.s is roughly equivalent to 1.2 kilograms of wood per kilogram of
 
food cooked.
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WAff DO STOVE C.CKG TESTS 

RELEASED AND CAPTURED HEAT 
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FIGURE 34 

WOOD STOVE COOKING TESTS: 

CAPTURED HEAT 

PER LITER OF WATER
 

NUABE CF 
OBSERIVAT' S 

151 AVERAGE 288 

STD DE' 207 

SAMPLE SIZE .,9 

E F:;:FICES > 3", 5 V% 

i 
AND 
GP[,'. j 

VI.C.ALE-Q71ES 
> '0fr. 

PER 

5 

FROM "C1S 3l .,01 S0 5^1 731 ar C >t(, 
TO m) m !-TT 59co 5w 711'0 nGO0O 

K:LOCALCIES PER UTER OF 'wATER 



FiGURE 35 

RICE FOR WOODRATIO OF WATER TO 


STOVE RICE COOKING TESTS
 

NUMBER OF 
AVERAGE 2.6OBSERVATIONS 

ST DEV 1.1 

SAMPLE SIZE 

SAMPLE EXCLUDES
5 

S1rJIE EF-. ENIES 

LESS TIH4N 5/. 

SREATER THAN 30'% 

:m 

0 

1.5 2.2 2.9 3.5 4.3 50FROM C 

2.1 2.8 15 '.2 4.9 5 50 	 7 1.4 


WATER KILCrRAM OF RICE
UTERS OF 	 PE,' 

- :.2 

16 
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Comparison of Captured Heat Estimates for -. coa. ind Wood Stoves 

I :pturet! H.eat 'Kiloca'-ories; 

ICharcoal Stcve W Stove Difference
 

All food 
per liter of water heated 

average 323 288 1 
std dev 264 207 22% 

per kilogram of faod cooked 
average 650 640 10% 
std dev 440 490 10% 

Rice 
per liter of water boiled
 

average 155 i95 20%
 
std deviation 96 130 26%
 



typical' ea'- inr tl-ei4r -lage and to record th~e procei.re. A s-ary o-f 
t'-ese otsrat:-s s z-en ma-c _ent fn a t-pi =a! =ea! fsr eizs 

:&.*-g., ;-r , :r zI ;rax= and 

For tns ea~s in-ic:; reqiar ri.ce *as prepae a 
done infour stages. First t*-e rice was rinsed and water was added for 

- .... tne w~ate: -. ts zoo. a z'.;~ ,t-e r-,=e ias 

boldfor se-:erA.. nin.tes an,, t*-( '!Xcess water was po.;red off; th 
r.ze .waz res; -_ne st.o*:4 . o-r =ealn' ino ::.---n~ .Ja: 

For *tdcn. Of :t-e typica. =eals t.-e food was cooked sequentially over a 
line .ort sto~e. 7he rice was c-.oked first andf then t!-e otner food. 

The non-rize fcoxs w.ere generally prepared wnile the rice was being co~oked 
or a pot was beinq neatod. For soret =eais d-' tne foed was prep.&red :.r. 
the sane pot _'y f irst cook_,oq thre r' c# and trncn -ean_-q tne pot an'i 
adding to-e secrnd- cors.Fo t-er meal tne rice was :-cAookd in a pot 

tte o'ther !focIs .'-ere r lre± -'r b'-eled ;. wok. 

Whoere tn-:00Ko~nq was do'±..tn Wood. f-le. was ±±ef urinq 't 
cooking "ut w:to. arcra_, a sinze load of fuel 4as burn- d- Altough the 
aoo~ing act.rty iclude,! toiin, fr-ying, and -drig trne ohserv' !rs did 
not record attenots to ad u-st --- )un-tne stove tnean%, e -teat f during 
Cooking. 7nf !,t-n c -rccal stovfes was t".e 7raduial:-. eat fr t*;e 
inocrease .- ott :- - the az:.eat o -. wc w~r tezo;g 

!:okied. z:e f* ;e- as sa'5 avd-fti! Iwas -ccnp-ted o-,-Ki tne =ea. 
do'us-nog tn- f'" nIrfs 

per" " :r= m -.- tes to, -in"r-;5t *o-.e 
..he r-.! :e to. fr- -_0 .t' No e.-t4-1 a3z: for 
dr nokn-g to ta 30e - t. wn t p'cor-=a'e.-: as repare tre =el 

-"e ot:ler azwnt.sdO.* ccre:4.e tc ei -so'.ed-aS 
nc..deor±naatf-. oc, "anl atl*s in-sots,~ 

cnores. and rso wl: :. frends. 71%e *..e. -': att~enti.on gi-ven to t'.e 
operation eof tneoe war. r-ninil luctring peri-,oa woen tze fo' was 
i0eing st.r-fried! or .. qre'L., ts were *r,:.c. ad-ed! to the :cot. 

These nbevt'o 3everal. i~p2:cat~ons t les.Lqnave for -e Of 
=proved stovres. First, the le-l ,of it-tent:on -wn~cn is c~e.to toe 

operation -;f.Ln stsOP.5e La . Next, a secfond 3! .% pr'r is 

generally-not ned *T 7.-r-, :*-e r-- of t:-e st---e _e to 
accozndate ik v ~ f snaces ind :zes -,f *essels. t -,' t 1,e 

stove nee,! not ln: de -I =cnanis= fsr txtinginn r -ne 'touel -it t -e end 
o)f t6,e coo ung.' *-eat contrz2: would z;e -!es~rat-e o.n>. if it could 
ze provided wit o~2perational oopSxzy xt-, c-arcoa: stoves 
need not b e pro-r-ded *witn a =eans for adding fue: !uring toe :ooking 
acti.vity, b-ut w.ood stoves should nave this :pabh.itv- Seventh-, the fue.7 
=cn"a~ber in cn-arvoal stoves should be sized to h.d encugo Cue' f-or o3ne 

http:stsOP.5e
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hour of cooking plus about five minutes of preheating.* Eighth, either
 
t-he stove 3houid be portable so -t can be placed in a position convenient 
to the area of food preparation or it shnuld include a surface on wncn
 
the food can be prepared.
 

4.1 Rice T:okina 

.ne =ookng tests and cookinq otservatlons which used rice have
 
revealed the wide variation in the ao unt of water used in r.ce zcok'ng.
 
-.,his Var:;n -as a ma:or effect cn the qrat~tv of fuel reTaured per 
<'-IGqra= 7f r:ze :7ked -he fa.ctor3 nicn alter the water-to-rice rat--o 
are a 3. tte r. -enc;..e areas r! _C-"and 
consume rice as a staple. 7he two factors already .ntoned are te 
difference between stea1inq and buii.nq and the use of excess water to 
feed an_=s. ther factors include tne -o-sture content of the rice,
a 

.. gn a. er alo after storage), the type of rice, wnether the 
rice w:1. e reheated, and the attention which the cook i3 w41ing to ; -e 
to cooki'ng the rice. Although these factors appear to be operat.onal 
constraints of the Tha.. cuisine, the popularity of electric rice cookers
 
in electr-fied v.lages points to the fact that this hahbt ,s .not 
: utasle • 

-.ner factors !-termine the water-to-fue: ratuo h:ch also affects 
fue. consupt-on. .hese factors inc:-ude the tine allotted for cooking, 
tne perceived scarcity of fuel, the size of the cocust-or. cnmAer, and 
t-e size of t.e fa=ily.
 

5. Photoqraphic and Essay Data 

-he o-fferent of-rezstoves -used _r. the surv.,ey viiaoes are shown 4n 
the pnoto secue-.,.-s .n the Appendix. The basic =ode, of wood stoves are 
shor .in Onc'-; secuence . Thev include various desin of tne three-rock 
stove ":s:.- rocks and br-.:<s; .rhe onen horseshoe stove =ade froMnud, 
roc'3, r..-'>., y, zric.. and c--ent; mne enclosed :orsenoe made fro-

in,. - t.. 7rt,-! retan-ar stove -ade of cla.: and the 
trad-tiona- =uc<e 3tore =if:ed for ;t*- wood. Thn: ":1atius ues-..s 
for :harcoal bucket stoves are shown n sequence i. ."ne ost interesting 

t -ia 'ant nd::ca. =nos 2C% c' ode: w.tn c ema- 'addin- same 
=eta! is ;sed in .akXn cVunn vessels,, a tzght f:ttlnq s~i'e ".cor for 
ne pr-,=a.F air =ort and . rpat>e*y flat r-=. The stovt s -n sec.uences 

and are the Most c, -- Soae of the less frecr-vnt>y used -.esi,4ns areon. 

snow. "r.Zecuence %::. These =cx!eis _,ncude the sawdust bucket stove, the 
.econc=ica:" stove, -as b-Urners for b'_o"as and .PG. bucket stoves sod:fied 
:or as or e c neat, and stoves =ade frno ;Ild car parts. 

*For wood stoves the fuel car. be recharged during cooking and not 
necessarily all of the fuel is placed in tne combustion cam"uber. 



Stove operation i;s described in pnoto sequence :.. --e test.ng 
procedures are shcw 4n tse first ' - htcs. The next "_'w-so. vessel 

arrange~e.ts f..r sang rie. 7.e f -- t i fferent 

levels at .:*zr. the bucket oan XMst ztstoves :;e pa:3:eo. i-.- is 

t-.e t-e kitzhen a.-.Lr;te . 

..ze-'er, it can -e P.aced on a taz7..e_ .r .i.t' d ner=-'a- .:e-e.t ztr**cture 
for oceraton in t:.e standng posztzon .--.-..... tens: s aree 

generally the sate for charcoal and wocd stoves, zut t-e effect of the 
different fuels is shown in the next two photos. For the charcoal stoves 

t.e p(,ts are kept cleaned and the bottc-s ha':e at -ost .-. a-er ofa :n 

carbon. For the wood stoves the bo~tts of t".e vessels are :o.--petely
 

lackened wit-. a tnick laver of cartcn.
 

Photo seoZ:ence V _:.:ates c-=e o -:e.e tz:.-. orobes ...... 

reduce stove efficiency. .n this sequence a =ea- :s zeing prepared for 
the benefit of a survey coordinator. The stove "s a fired :ay, enclosed 
houseshoe witn arched loadzng port as shon ..n Fhoto sequence i. orially,
the cooking pot .ould fit closely o. t.. stove r-- as shrown in the first 

photo, however, in ordez to increase tre turning rate, the Pot has been 
lifted on s--al- wedges fitted between the rim and tne pot. A tree trunk 
is pushed into the fuel port so it 4s not posshi:e to contrcl the 'eat -:OV 
intreasing or lecreasing the fuel. :n this e e, esre as to 
produce a qulck =eal for guests so fuel :cnservat-on, a ser-'.us concern in 
.oi-et, was inored. 

The survey enumerators recorded their observ at-ons on the use of 
stoves .n the:r vilaae in essay fr-at. A of-assifiationanswers to 
the essay cuestv-ns prepared for each %:'-age and the results are 
prese, ted .n the -estIonna-re" 7o"ue.results cnanodat basis-ne cn a 
are su.-arzed as follows. Bucket stoves are -sed in all ":i-Lages. With 
fe-" exceptunns, the fuel is either or fro.f:re'ccd "_--pl_ 'ood 
sto--es of tne t-ree-roa!z or horseshoe oe-:-. are ozser-:ec "n Sr-sa!et, 
la---ang,n a, .:-e=, "-dorn -ani, at :'-iancY-va:. .oc4 stoves -made 

r-eta. tans are used in scoe ":llages -_n Scnonea, zhantazur., and 
z i -- t the enclosed ho.seshoe w-.th arched fuel nor-: -s used. 

s - stoves rarev seen .. ur:eyV*::aoes.are "- 

.-e zucket stoves and enclosed horseshoe stoves w-tn arched fuel ;oort 
are zurcnased in t-e =arket hut toe otnor sto.es are =ace t-e hG:seocld 
-e-bers. --he price of the enclosed horseshoe :s zetwee: 5 and "- baht 
*dze te .cst o: toe various zucket stoves ranoes .r_.-_ 15ant. 
The lower prices for bucket stoves are ohser.ed zn S:saket, Songka, 
R.i-et, and Urdorn 'Than:. A2though househoLds frecuently .-ave =ore than 
one stove, especially ef s .;e port u::.ts, they are generatov of they are 

h sae :esizm. e ncuse-olds do .se c.fferent'-esi::ns for
.-- not 

-.fferent focds.
 

A-ong the -odern stove designs used in the villages, the -ost cc.on 
is the "econc=_ca-" stove which was obser.ved in one-sixth of the survey 
v:.lLages. Sas and electric stoves were each obser.ed in sx of the Sur-fey 
vlages. Bz-ogas and rice husk stoves rere rarely seen. Sc-e of the 
_odern designs w. . observed _n,.all the chang-wat except Srisaket. .oese 
designs are not widely accepted except for electric r:ce cookers. -he 
reasons for lack of acceptance are difficult to dete.--ne. The enumerators 
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gave various reasons such as the design was inappropri.ate, irconvenient,
 
or expensive. 

The en-erators in about 60 percent of the -:illa;es felt that the 
villaaers wo:ld b- interested -n uslno :ro-ed stove o<!els. -hs 
opinion was -cst widely held n 7oi-et, Udorn Thani, and Chiang Mal. The 
enumerators suggested a n,.uber of =>dels or design requirements, 
especially stoves using alternative fuel- or const-inq less cf existing 
fuels.
 

Charcoal is the preferred fuel in all villages except those in
 
La=pang. -The conven'ence and safety of this fuel was cited as its primary 
attraction. Cooking was done using metal cooking vessels in all
 
":llages. 

As part of the stove experiments, the sur.ey personnel observed how
 
the household cooks regulate the heat in the cooking stoves. These
 
observations have been su=ar-zed by stove type and changwat in the
 
Apper,_,x, Part A-I. The heat output from bucket stoves is increased by 
adding fuel, smoothing the ashes and fanning the fire. The heat is 
reduced b': re=oving fuel, which in the case of charcoal, is doused in a 
conta_..er filled with ash. For simple wood stoves, heat is controlled 
entirely by increasing or decreasing the amount of fuel. For 
seni-enclosed wcod stoves, air is also blown into the fire. The
 
"econamic" stove is controlled by adding fuel to increase the heat and by
 
closing off the air channel to decrease the heat.
 

6. Conclusions 

' 6. Measurements 

The design of improved cook stoves requires an understanding of the 
way in whi*ch stoves are used in the village prior to laboratory testing 
and design and acceptance testing in tne village. The stove field tests 
ere useful in pro .d.ing i-for--ation of how v:i.lagers use cooking stoves, 

but they did not =rov-de controlled effcencv =easurenents as could be 
achieved in a laboratory. The =aor =easure--ent problems rad to do with 
the fuel -oisture content (as discussed in the "B-cas Sanples" vo!,'=e), 
the lack of consistency in the performance of the basic cooking and 
boiling water experiments on !ifferent stoves, and regional differences in 
fuels, foods, and cooking traditions. 

The basis of the field test "as to bo-l water for a specific length of
 
time, wever, it was ifficu- to dentfv the tiea4 

started. It is possible to measure when the water teerpature reaches 
100*C, but there is an Indeter-inate per-od after that before the boiling 
c---ences. A visual check for rapid formation of bubbles in the water is 

not very precise. The boiling water test was a controlled time test. 
This would be suitable for laboratory tests of stove efficienc- but the 
procedures should be odified. A new methodolc.qv is d-scussed in Section 
7, based on what was learned fro= the cooki.tq observations in the survey 
villages. 
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The efficiency measurements from the boiling water tests were lower 
than results frc" prev-ious tests in Thailand because :-.e water was boil4ed 

for a longer period. During the period of boiling tf.tre iere cons-.derable 
convective heat losses from the surface of th.e cooklna vessel and the 
dater. zonvect ."e losses asc .rrr.~d ring th.v>. rni in the 
cooking test when the water was cooled down, prior tc neasureient.
F'naliv, the effic'encv was calculated based on the '-eat value for 

the stove fue.. Since the moisture in the fuel was ctinverted to steam and 
very little condensed within the stoves or on the surface of the cooking 
vessels, it would be nore appropriate to use the 1cw'- eat --alue of the 
fuel. 

-. 2 esults 

The infor-ation obtained from th--s survey was not the specific 
relationship between physical factors and resulting stove efficiency. 
This information must be obtained in laboratory experiments where the 
necessary controls can be placed on experimental variables so that the 
influence of a single variable can be determ:ned. Infor.ation from the
 

field tests concerns the cperational factors which, because of their wide 
variation in v-ilage cooking, exert a dominant effect on cooking fuel 
:onsumption. T-hese factors are ver , i.mport-ant to the design of improved 
cooking stoves, but it is l-.Dortant to remember that scme of the factors 
whcn did not appear =-portant in the field tests, may in fact, be 
z.-portant on closer examination. 

Approx_-.ately 125 stoves were tested in the vilages. kbout half of 
these used cnarcoal and the other ralf wood. The average recorded 
effic:pncy for the charcoal stoves "lth oser-ved efficiencies between 5 
and 35 percent was Z2 percent with a coefficient of vart'ation of .34. The 
most i=ortant factor affecting stove efficienc:, -wasthe weight ratio 

between the water boiled and the fuel burned. A var_*atle ".ch had less 
-. f-luence on stove eff _ciency was the quantity of fue" loaded into the 
stove. Factors which were originally tnought to be i=portant but which 

did not signif-cantoy affect the results -ncluded the olsture content of 
the fuel, the time recired to bcil the water, and the cuantity of 
starter. -.e cnarcoal stoves were preheated for an average Cf eight 

m-nutes and boiling recured an average of 15 -4nutes. -h.e rate of rise 
in water temperature appeared to increase the longer the fuel was burning, 
an observation which is supported *y recent researcn by the Royal Forestry 
epart--ent. 

.he average reco:-red efficiency for wood fuel stoves with observed 
c;kfIciencies between :;and 30 percent was 14 percent • -.e coefficiency 

of variation was .33. ne ma-or factor affecting the effic.ency was the 
.,.sign. Seven =a~or designs were tested. The kerosene can stoves have 

the highest observed efficiencv followed by, .he bucket stoves and the 
enclosed horseshoe designs. The open horsesioe, three-rock, and economic 
stoves were observed to have the lowest observed efficlencies with average 
values o , 12.2 and U1 percent, respectvely. Other factors which 
affect-, the efficiency of uccd-fueled stoves were the quantity of the 
starter fuel, the water-to-fuel ratio and the period of time required for 
boiling. The latter was used as a surrogate for rate of heat generation 



which is known to be a -. or factor in deter.ining stove efficiency but
 
w ich could not be recorded in the fielt. Factors which were expected to
 
affect efficiency, Iu,'t d-d net, include the quantit-y of fuel loaded and
 
the =oisture content. 

,he average tie for preheat-ng the stove was three =inutes. The time 
required for the pot to boil once it was placed on the stove, averaged 
17-1/2 minutes. The rate of heat generation appeared to be relatively 
constant during the period the pot was on the stove. This obser-vation 
agrees with the .F findings using wood-fueled stoves. 

For the zcookina tests, separate analyses were carried out for al! the 
tests and for the subset zf tests -. lving the bciling :f rice. The neat 
produced by the burnin,, fuel averaged 3.2 -Ilccalories per gran of food 
for charcoal stoves and 4.3 kilccalories per gram of food for wood 
stoves. When the calculated stove efficiencies from the boiling water
 
tests were i.Acluded in the calculations to approximate the quantity of 
heat captured in the cooking vessel, the averages were .65 and .64 
kilocalories per gram of food for charcoal and wood stoves, respectively. 
A similar calculation for captured heat versus the quant.ity of water, 
rather than the quantity of food, yielded 320 and 289 kilccalories per 
liter for char-cal and -wcod stoves, respectively. For all of these 
statistics, the coefficient of varLatior was in excess of .6 because of 
the variety of foods prepared as well ab the var-ety of stoves, fuel and 
cooking vessels used. When the cooking tests were limited to those using 
rice, the coefficients of variation remained close to .6, but the amount 
of captured heat was lower, 1-5 aqd _95 kilocalcries per liter of water 
for charccal and wocd stoves, respectively. 

The craditional Thai bucket stoves were the =ost widely observed. 
They were used wizh both wood and charcoal fuels. .he other types of 
stoves used only wood fuels, and were =ost cc--_on outside of the central 
region. 

T.e observation of cookina actirties in each survey village indicated 
that a single stove is used an: t-at focds are prepared secuentalally. The 
cooking is In two phases; the rice is cocked first and then the other 
foods. -e non-rice foods are generally prepared for =ooking wIr.:.e the 
rice is being cooked. Usually only one cooking vessel is used in the 
second phase with the foods being added to the not at various stages in 
the cooking process. The fuel is always saved after the ccoking is 
completed, uLnless there is too little to save. Rice is generally boiled 
with an excess of water. After the water is poured off, the rice is 
dried. "'.e method of cooking has implications for the future design of 
stoves as follows. The stove should be a single port requiring a minimum 
of attention during operation. :t should have sufficient fuel capacity 
for more than one hour of operation and is should be portable. The 
procedures for controlling the heat, extinguishing the fuel and igniting 
-he fire should be relatively simple. 

- 60 



7. l.ture Research 

.he zbase:ne survey has provided =ost of the field dat6 necessary to 
begin stove teszn researcn. Ad1tional, deta-led survey worx --iqht be 
.rdertak - :e--.e te tas s fcr ffere.t stc-.e .- at-anal 

,t c .%ie s Ct..er-.se future field res-arch snould concentrate in test:ng 
the fue.i :znsu=pt-on cf new aes-gr.s. Three teiting activities are
 
proposed for future research; a boillng water test and a cooking test to
 
be perfomed i.. the laborator.y, and a fuel consimption test to be 
nerfor -ed :n e":-. e
. ~ 

-he survey :ata '.as .hd-zated se':era" variables wn-ch shouia 'e 
-easured .. a-r" zc-e -f , andcratcr tests. are i'- -easurs 
should *e collected on.> cnass j* 2t.ers are easy to determ.ne and 

should be recorded for all tests. 

7.1 Physical Var a es
 

1. The fueliwater/food ratio has proved to be very !mportant in 
detem..in-.". fuel ccnsuzption. 'his ratio has also proved to be highly 
var-ar..e. Both .azcratcr, and field testing of stove should be done with 
carefu. -easure-ent -f t i- ratio.
 

2. Moisture content is thoua t to be more iinportant for wood-fueled 
ccokung than for charcoa'-fueed cco~lng. Careful measurement of the 
-oisture content of wood should be =,ade .n the laboratory and the field. 

3. - --- v - sta-er usd =an *-ave a si.nif_.ca. e c on toe 
easured e.....ency .f wod-fiueled stcves. AsC the peri.od of zreheating 

can *e -pscrant f±r o-oh wcod *-nd charcca" stc%:e effiziencies. 'arefu I 
measure-ents sncui-. ze -ade :f -:.e".eight and -.eat *-a-',e of the star-ter 
fuel as weLl as tne zeriod of nreneating for octn t"e labcratc:- and tne 
field tests. 

' 
4. ... e snaz and S:.ze of the =ots, e i.co-ano since t-ev 
affect.;gh.nessthe -f =-e lid and the bott- of thefit zet'een stocve 

pot. Also .-pfr.tant s the iount of -a-bcn
on tne pot botto- and the 

resulting :or. The effect is i 'feren for tne charcca- and wood 
stoves. For th- forer, the zot bottom's reflect.ov is =Vor-tant, or 
the latter, the pot botton's sulaton .s =.,ort.ant. 

5. --. erlcds of i-e; preheating, to ande three tme boil, total 
testing tde, sh-uld *e carefuly measured as these affect not only fuel 
consunption out also acceptabil=ty to user. 

7,The rate of heat cenerat~on can 'n- in thebe measured 
.aboratorv. -he easiest ethcd is to place the stove on a scale and 
observe the rate of weight loss per "xnit ti-.e. 7.-is variable is the basic 
parameter describ:ng the effect of different fuels on stove effici.ency.
 

7, Low heat values should be used in calculating stove effic-enc
 
when the fuels have mo-istur-e contents above 10 percent. For -ood and
 
charcoal with moisture contents on a -et basis of 15 and 20 percent,
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respectively, t-.e low *eat value of the fue' *111 be apprcxi=atey 1-1'2 
and 3-1/2 per:ent less than the h'.gh nea!_ valie.
 

9. 'e rat:f'-- .eat abso.ption :,f the cooi_ng vesse. and 
water :h;.i -- ,-,- .ext.raz2at.-:f.... 'So : of.e es 
water and -e~perathre gradients.
 

7.2 Cperational Variaz-es 

-nese ar-ables =ust *e considered when performing research on stove
 
desigr. h-:er, they are not u:nder the control of the designers but are
 
deter--ne tradtional fccd t.., cr- ina
ind sto'e --se
 
prtact ices.
 

". i nit'.on: .he charcca. is ignited .:s-ng a variety of fuels. .he 
stove can be designed to facilitate rapid startIng of the fire, but the 
period of "rTnition will depend on the type and qc:antity of star-ter used 
relatlve to the type and q-,:ant-ty of fuel. 

2. Water-fue. ratio- 'radltlonal cocking practices deter-ine the 
ratio of ",ater-_c-fue". Omall ratios produce =-ore rap-i _c-.;t 
h iher *.el osns'=pt-on. The nuantitv of fuel in t-e initial znaroe :an 

e li.,ted z tte s-ze of the cscbustion chazrher, t there is no control 
over tne qouan=zto: of te "water czther than the 1i-ted z-flience of the 
size of the stove r-. 

3. ?.ate of Cc---storn: .ne rate of fuel oc--stin and neat 
7enerAtisn i : affect stc're eff. cienc' lra-atical-r nowe':er, tn-s value 
"-s only partially deter=-ned by ztove les.n. More =crtant is the type 
of fueZ anl the preparation of --e fue" as reflected .n -he -o:.sture 
content and surfacec-:oi-e ratio. 

4. :se of zock:nc :essels: .ne rate :neat a'-sor-pt-n -f the 
=ooking vessers - e limitedzy the :arbcn _nsulatisn on -7e bottc, 
"_he reflect-v-t-:. of -he sur-face, and the surface t-':oize ratio. Znly 
the latter iarzabre etnrour. --- :se of ids"s :cntroi. les-gn. he on 
cc-king *essels -s wtlespread .n -. sc factor notailand f.s nee-d he 
stressed.
 

.. Acatlon =f the stove: 3-.ov efff'-'-encv =an *e :-roved o 
'1ac-ngthe stove In a sneltered area. .n -ost v:llace households the
 

-stove is located .nside the k/tchen .. has ,as that restr-cz but do 
not eliminate airflow because of the desire to renove srncke anc cook-ng 
f"-,es. ".-laers in the Nort. and ;crtneast "i:_. sc=et-_es oock outsde 
with wodO in the cr-- seascn because of eas:er f-e storage and -andin ; 
and .ess s=m<e. 

6. Ash removal: .he design of stoves .ust take into account the size 
of fe. used and the reo-var of burmed fuer and ash. -n the bucket stoves 
the pri=ar. air hoe '.s sized to per=-t ash reoval rather than eff-cient 
corbuston. - -ood stoves the pri.a.-r a-r port, fuel loading port and 
ash re=ova: port are the same and the size is deter.ned !:y the _axium 
r ecu-4rement. 



7. Po=rtability: The portability of a stove is not so imporzant cnce 
the stove is located 1n the kitchen since it is usualy not .oved. 
However, the bucket stoves are purchased in the market and it is necessary 
t.at the. be carried easilv from tne narket to the ce. 

S. Stove 'eight: Stove heigh.s :a --. WiThportaol-e stoves it is 
possible to place them either on t.e floor, on a stand, or on a table. 
"ersonal preference ,s the dominant issue. Where conversation and food 
preparation take place between reople seated on the floor, it i.s 
appropriate to have the stove cn the f.oor. :n other households all 
k-tchen activtties take place *.u4e standing and a st,ve height at hip 
level is desirable. 

7.3 Design Variables for Bucket Stoves 

The following design variables relate to traditional bucket stoves and 
should be examined as par- of the stove design project. The selection of
 
these variables is b!ased on field observations, conversations with Stephen
 
Joseph and his colleagues at the I.DG stove testing facility and one of
 
the authors' own research.
 

i. Pr--a-,'air port: Ths port _s currently used for ash re=oval and 
:s too large. The flow of air is in excess of that requred for 
combustion thus increasing convective losses. Separatiun of the ash 
re-oval and pri=ary¢ air ports with the former being sealed during stove 
operation should e considered. 

Z. 3ie j tin of rate: Tor bucket stoves, the =a-or *:eat 
transfer =echanism is radiation. The position of the grate will deter-ine 
t..e solid angle subtended cv tne c=o.inr vessel with resoect to the source 
of radiation. The size of the grate wll !ete--ne the -antitv of fuel 
wh_ch can be burned and the distribution of tne 'eat scur-e.
 

3. Angle of the walls: Much. of the radiant heat in the bucket stoves 
and other s:nge port stoves -, reflected off the stc'.oe walls. The angles 
of the walls will determine the pattern of reflection as weli. as the 
proportional relationshnp between the grate and the zocig vessel surface 
exposed to the radiant neat. 

4. An ile and thckness of t-e walls: Fro--_ a sructural view-cint 
vertical walls would last longer than angled walls since the total load is 
taken up in cc=pression. .owever, angled walls -av -inim ze the iantity 
of clay required and also i_-prove the reflection pattern =entioned in 33. 
The thickness cf the walls wll! affect both the cost of constraction and 
the rate of heat loss. Since the stoves are used fsr -jick cookina, the 
neat storage capac:y of the walls is not of interest" nowever, the rate 

of loss of heat through the walls of the stove is of concern.
 

5. Materiels: The cost of local stove designs depen,'s on both labor and
 
=aterial costs. Bucket stove designs make use of burnt biomass for 
insulation and thin metal sheeting for structural strength. Changes in 
materials can affect not only the efficiency of a stove but -he cost of 
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construction and the durabilitv. -he cost of constraction can var / with 
the procurement price of tne =aterials and the :abor zosts for the 
tec*-niza sk-ils reqfuired to work with these nater:a's. 

". 'he :ape zf t e :-: n -:nes t.e -ap zet'een 
the zcok:nc 'esse" and tne Er-.e. :n snc'e c-rt stove_s g.s bet gap nust 
sufficient to permt the hot gases to exit frsm the stove. cwever, if 
t-.he gap is too large, then any wind will increase the air flow through the 
stove and irease convecti"ve losses. 

9.; .r f -ow contrs:: rkir .:.: control :an be used to restrict the 
flow of pr:n.ar: a:r ,nto --he stove and no channel t.e flow cf not gases 
t'...r 0'1 -e st-;ve . a -i. as to 7Ax/=.ze n"e res Ie.nce ttze ;f the 
gas or tr.e rzu-ence of the flo.. 

7.4 :Aborator Test 

T.he basic .aboratory test is a boiling water test in which the heat
 
captured i-n water is copared *viththe heat released by the burning fuel.
 
Th.s test should be standarized so as to per.=t cccparison between
 
ifferent %:.nits ar.d to :cord the effect of changes in design parameters.
 

The observed efficiencies for different stove-fuel :o-binatons are 
affected by the desian of tnis test. Aithougn the ordina I scale of 
efficiencies for different units =ay remain tne same o:ver 3 var.et7 of 
tests, the zard'nal scale for the :onversion eff-ienc-.wili differ 
consderably. Where there are _a:or differences -n stove testing 
procedures the -trd.n.a" scale -- v ailso be altered. The 7ta-or factors to be 
considered .n design.ing a test are: 

I. 	 :s the fuel to be burned -pletely or s the test to be halted 
according to other :rite:-a? 

2. 7s the water to be raised to 100C, brought to a boil or boiled for 
a specific lenqtn -.f ti-e? 

3. 	 :s on>y one :o,:7nz vesse" wit.h dater to be ";sed or are se--eral to 
be used set-rentialY as reca'red 

4. Is the test to be r-n fr i fixed t:.e ;- -nt! a spec-fic activity 
is acconplished? 

5. 	 is the quantity of -dater ren.am ing at the end 3f the test to be 
measured after the water has tooled or wrile it is st--'' at boiling 
te-perature? 

6. 	What size, shape, and -aterial of -ot is -to be ":sed? 

7. How much fuel is to be used in -he initial "oad? :n subsequent 
additions? 

8. 	3ow much water is to be placed in the cooking vessel? 
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9. How much starter fuel should be used? 

.. How long should the stove 'e preheated foilowinq ignition before 
the cooking vessel is placed or. the stove? 

U.Fw shcu 4 the cook_,ng ":esse- be cleaned? 

The measured conversion :,ficlency for a g:vm'n test will decrease with 
longer boiling periods, lowar water-to-fuel ratios, uncleaned cooking 
vessels, cooled water --easure=ents at the %--pletion of the test, cocplete 
burn ng of the fuel, the .zresenceof wind, the h;her fuel =oisture
 
contents. 

7he recczrended test orocedures are lescrlzed in .able 7. 7he -dater 
should be raised to the boning po:nt, l00C, and then kept of the stove 
for 10 minutes =ore. .he pot should then be re-o.vd from the stove, and 
weighed and the fuel should be placed in an ash pit for cooling. 

7.5. Cooking Tests 

Tne cooking test :s tess precise than the boiling water test because 
the ch.racterlstIcs of the food and the decision on when the cooking 
activity is cc=pleted a-e difficult to control. The reco=ended cooking
 
tests are shown in flow chart form in F~gure 37. Vwo foods are cooked in
 
each test. in the first test, stlck-, rice is steamed and 'hen a vegetable
 
is boiled. In the second test, regular rice is bciled followed by stir 
fr.'ing soce vegetable. Because of the cost of the food and time for 

t.... t : c b rcr.z z fre.-uently than the 
boiling water tests. Also a shorter version of the cooking test involving 
only the rice could be -sed for screenIng. The ;-zantities of food would 
-e dete= Ined fro=n the results cf "Cooking, 'lightinq and Heating" ;oile 

.-regardl.ng the amount of food nor-_all zooked. The amOunt of fuel loaded 
should be leter--ined relative to the a-cunt of food. 7he a-ount of 
starter should be zimilar to that used in the boiling water tests. See -able 3) 

7.6 Field Tests 

New stove designs should be tested in village hcmes. The villagers 
• ould be g:ven the new stoves and asked to use tnem for a period of one 
week. The fuel to be used during this period would be identified, 
measured, and placed in a separate location. The villagers would record 
.he foods prepared and the nuber of people eating at each -eal. he fuel 
re-a-ning at the end of the per-.od would be -easured and the -,illager 
would be asked about the advantages and disadvantages of the prototype 
stove over the nor--al designs. T_he n=ber of tests conducted in the 
v-llage, the regional coverage of the testing activity and the logistics 
and procedures would be decided b&sed upon the availability of project 
prsorxnel ar the willingness of the villagers to participate. 

- 65 

http:regardl.ng


?rz-:posed 7ec~~vst 

Stsve Sz-ze ~a..lzrge 

Fu e. anar-zca- .. -axcca.. Wocd 

Preneat -. e 8d - 3 =-r -n3 -,. 

Starter :-',e: res:.r kid:n reslnkn~r 

- f Ft.e1 .4 kg .7g cc . 

- f Starter 25 9- 30 g- 30, g

Met-nsd -:-e-e 

-,er.;ater reacnes ~ 



Table . 

Prorosed Cccking Test 

-es. Test 2
 

First Food 
71Tpe Rice Rice 

Z'.at-f'ccd -

Water (2) 

Sing e .ear:in boilin-g 

vege:able vegetable 
.uant-i-.v-Fccd (1) (1) 

Water (2) ncne 
MYethod cf .P-reparaticn dice dice 

Cocking hciled fried 

Wod :-arcoal W'ccd Carcoal 
Fuel (3 () (3) (4) 

Preheat., 3' -- a '. 3 --4n i.n 

(.) ass,-e ' a :ar} s-ze :f 5 "i ecui.alent rize for 4 adults 
(3 x. !- : e e .-nee eer 
(31, i an--, f -.;ater .-c---h-ect. = rev.iew) 

~ w/ -e revi--ew). ~ -.~ .- ' .. s ."ater -.-. 



Ficure 37 

Proposed Cookina Test Flow Char-_ 

Test I Test 2
 

T ignite fire ignite fire 

place pot with y pour rice into pot 
water on stove
 

rinse rice 

place glutinous rice 
35-45 in baboo strainer add water 
=inI 25-35 I 

place stearer on rin bring water to boil 
top of pot and seal I 

I si~r rice 

stea-- rice I 
I pour off waterre-'eve stearer I 

} dry rice over fire 
put coconut -ilk 
in second pot put wok on stove 

i I. 
place -:- on stove 10-15 heat oi: 

I = I 
20-30 boil =ilk add vegetable 
=in and stir fr 

add spices I 
reove wck 

slice vegetables I 
and place in pot I extinguish fire 

boil vocetables 

remove ;-. 

extinguaish fire 



- " 

T 

10 =ins 

I 

16 =ins 


11 mins 

I 

T 

10 =ins 

I 

Note : 

Ficure A.! 

P ETCPit-aUP menu 
- rice 

- &%p ..-
- bullfrog hot 

h-oi! eggsboLl 
soup 

- !ci: water 

ignite the fire 
(fire the coconut husk and add the charcoal) 

pour the rice into the pot ard clean it 

place the trice) pct on the stcve 

crush and mix the 
spices
 

bring the water t a boil 
prepare coconut milk 

siimer the rice 
chop bullfrog into 

pour.the water into bowl (jar) small pieces 

dry rice over the fire (2 --ins) 

=ix spice and coconut milk in pot 

-- t the bullfrog into =ot and 

reove. the pot 

boil eggs in the kettle 
(open the tcp) 

wash the plates 
remve the kettle and 
place eggs in -ish 

wash the kettle and
 
boil the water
 

extinCuis h the fire 

;.ually the villagers will ext.insuish the fire by wetting 
the burnt fluel and dxing it; there is a little they will 
let bu-n. 



Fiaure A.:
 

KOPA7 menu
 
" ' - "- rice 

- prese-ved fish 
- zlanch vegetables 

ignite the fi-re 
T (fire pieces of wood and add the charcol) 

clean the rce one t-'re a-.d pour the water 
,rto the =ct 

10 mins 
place the pct cn -he Gtove 

(aimiu- pot) 

bring the water to boil
 

sier the rice 

pour the water out 

40 mins (for anl) 

dry r:ce over fire 

var- the -Lckledsalt fish with clay pot
("--rns 

place t"he ct on the stove blanch the 
vegetables for a few r nutes 

ext:inguish the fire 
(put the b.urn fuel into -ar and close the top) 

-7r



Figure A.13 

-

-

'%1t, Lt 
,lf 

- SRISAME 
-
-
-

memnu 
rice 
fish cur.y 
fry eggs 

- - - fry fish 

, fire star:er 
ignite the fire 

id" :rarcze.al) 

7 mins 

j 
=our the water into the 
and =lace cn the stove 

pct (ali..iniu) 

30 mins 

pour the ::ice int6 

boil -he 

pout the 

the pot after water 

r.ce 

water out 

boiling 

cut fish into 
s=a1l pieces 

dry rice over fir-e 

re-ve the pet 

add the aharcoa-l 

pcur water -nto the other 
al-i.%--- pet and place cn s to.e 

20 mins 
cut the fi:-. ino =ct after water 

=recare the spice 

-- x the sp.ce ir .et and 

bc!l.ng 

cock with the fish 

I remove -ize nct 

pi.ace "sck cn stove 

fr eggs and place 1- dish 

fry fish -nd -lace in dish (the same ok) 

ex.s-n--ish-t e fire 

put the bun-.. charcoal Into unused pot and close the top. 



Figure A.__ 
- ,.-MPG=Hmenu 

- rice 

- fish curry wi.th chicken 

ignite the fire 
(fire piece cZ wood and add the charcoal) 

5 mins 
rinse the rice one t x 

r.-d water --- the ri-ce 

place the pot or. stove 
wash the plates 

bring the water to a boi! 
24 mins st-aighten the kitchen 

boil the rice 	 cut chicken into small pieces 
cut fish i--to srall pieces 
--- x the s.= es 

reove the pot 	 wash wok and pour water in it 

pour the water out 	 place the . ck on the stove T 

bring water to a til 

=ix the s-ice and fish i. 
the wok and boil 

12 min-m 

dry rice over fire
 

wash the wok and =lace on 	stove 

-
i he wckheat oil -

- spicestir fry the -hicken =.ixed wi t-e 

place the chicken I.n the bcwl with -he fish 

wash the wck
 

put the burnt charcoal into jar and close the top 
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Ficure A.
 

LA Menu
 

- - ri.ce 
green vegetable curry 

'.th tuffalo -eat 

T prepare the spice 

(fire pieces 
i.ite 

of wcod 
-he fire 
or cloth and ad,4- t-.e firewood) 

ciean and dice =eat 

19 mirs 

mix the spice wit-h. chill and pickled salt fish 

II place the clay pot on stove 

fry meat, spice, chilli and 

and heat the 

fish in ci 

oil 

c-_r water i-t -he -.ct 

18 =ins 
boilinc the rixture 

c-ean the vegetables (children work) 

add water t the pot 

slice the vegetables 

put the -vegetables i.-
boil the -ixtr.re 

pct 

recve --. e pct 

ext.isr.s "thefire 
(by wetti-g -. he fuel) 
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Figu.re A.E 

SONG,-A 
-
-

-

menu 
rice 
fresh water srail soup 

with c-ccn-t crea_
hcrseshoe crab sauce 

ignite the fire 
(fire pieces of paper and wood, 
add fire wocd' 

rinse the rice and add water to the pot 

place -he pot on stove 

bring water to a boil 

boil the rice until the rice absorbs 
all the water 

prepare coconut milk 

clean fresh water snail 
all 

5 
T 

mins 
dr%, rice cver fire 

clean another potp ur coconut 
-ilk into the =ct 

put pot on stove crush and mix the 
(9 eis) 

spice 

add the fue. 

T 
28 =ins 

place the spice in .ot after coconut milk 

place -he snail in not (6 mims) 

boils 

add the fue. 

slice the 
in pot 

vegetables and place (3 min ) 

straightened th.e kitchen 

remove the pot frcm the stove 

r-.ake sauce of horseshoe crab 

let the 
(very little 

fuel burn 
left in the stov ) 



FiTrre A 

- CHANrABLR:menu 

" -'K*,G 
--

-

-

rice 
warm bari.oo shocl curry 

- Tor-. a-i-r sh ct C " 

T ignite the fire 
(fire the latex starter and add the charcoal) 

clean an a-i.-d pot 
19 mins 

rinse the rice in t!he pot 

I add water to the pot 

hring water to a boil straighten the kitchen 
22 mins 

bcil the rice cnish and mix the spices 

pour the water aut 
slice the vegetables 

i warm ct.rry from the previous day (1 in) 

dry the rice over fire(l min)
 
rernve pct fro= stcve cut fIsh into small pieces
 

add fuel 

T place wck cn steve 
put the spices in wck and add -he water 

add fish and vecetabes tc wok and bcil 
22 mins
 

add =re water and cntnue bcili c 

I rencve the wck frcm steve 

jxtincuish t-he fire 
(put the fuel in-t -ar and clcse the tcp) 



FI."-*cre A.5 

- warn clut-nous rice 

-

-

fretn the r..
-co:es hct scur 
ca-ned fisn 
sauce 

wi_ 

1 
T 

min 
j 

i±-nite the fire 
(fire pieces of -ocd and kdd 

place th-e 'ater, .ct:n 

the 

the 

firewood? 

£-.Wve 

clear the barhco st-zearier 

4 
T 

,i ns 
T 

place *he glutr.zus rice frc= the morning 
in stea=er 

feed 
place the stea.er over the pot and 
seal t-e : 

the hens 

24 =ns 
.repare 

cr--sh 
nccdles 

and --- x zhe spices 
(made cf green gram) 

-re=-e -he ........ rice frcm s-cve 

place the t'1u.r-ncus rice in be-rtcc vessels 

T 7cur t"he water :ntc 
am-. =Iace cm s=v~e 

the apo.int.-- .D 

12 iL s 

after *ciling -ater, add 

nccdles and canned fish 

t-e spices, 

bc-.i the so-:-

I rerove th-e -ct 

Let fire 

rc st--ve 

c .:• 

=ake sauce 
n Mortar 

for vegetables 

-"7
 



- , 
• . 

Fiqure A.9 

-. : 
-

-
-

m.UDcR 
warm glutinous rice 

fry eggs
bar-bco shcot cu'rrv with 
ccconut. l 

T igite the fire 
(fire pieces of wccd and add fuel) 

40 ins cur water into a pct 

;-
in 

t..e 
bamboo 

":en-" 
steamer 

r ..rn 
and place 

the 
over 

crming 
the pot 

2 
Iremove 
=iins place 

the 
rvce 

steaaer, allow rice 
i- bamboo vessel 

to cool 

T 
8 mins 

remove the pot 

break and stir eggs 

place wok cn stove and heat 

fry eggs in wok 

the oil 

place the fried eggs in dish 

remove the wc. -r. - st-cve 

slice and clean barbco shoots 

25 mins prepare coconut --ilk 

put the bamboo shoot and coconut milk 
in a! ini- cot and place on stove 

beci" 

re..xve the no: 

extincuish the fire 
(put the charcoal in clay pot and close 

Imix sauce of galic and chilli (3 =is) 

the top) 



vegetbIe hot soup 

T clean and slice ,he vegetables 

19 mins 
ct-:sh and mix t1he spices 

ignite the fire 

heat oil in a2--Ln= pot 

19 mins 
mix the spices and vegetables 
and place in pot 

b6i: wash dishes and pots 

rerm;Ae th.e :tct 

extir.;'ish the fire 
(place the b-.t 
and cover with 

fel cn zinc plate 
ash and then water 

o--.a ful! 
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IA? A; 

i"MOOD or KEA: :NCXEASE P--.0 Of -%CAT :Lca=RW 

aksc LIFt 

Ir-cesa. 

I.F.Crease 

woc4: 

wo d anc C'Arczali 

::*cras*.0cor4 

'!-E* away c,.arcoal af'd 

to 

:0 

to 2 

3 

40 

&,&clo.t 

ibucttras 

i 8uccet 

bucKet 

bu- X*t 

I c-ncnic stave 

aufr.a Out 

%.rcreasewcod I 

ucod i 

letcreqso wod 

Incroaso wod an Cwtcoal 

I-.0a. trood s4 Close i 

t**. stcvo at t"e trztt. 

tact t". !re tax@ out 

L"%Cz*42* ';f tzo flre 

#creaso wood~ 

c,=Oas WOOd 

dececss vooel 

3.ecress wood and 

doczese wo 

c:010 tn* caAA@1 

CharC*41 



.71.ree rc =k Sr-:sa -et 

Th-ee rock -vt.-v 



..orseshzoe s-tz:.e c 

:-orses -. e. 7ose brz -a.nn 



zro-uting Scngkla 

worses*-ce, ze=ent Sc-ckla
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it Jr~1. -

U4,n;:4[sed, o:e 



:'lsedi '--ses*-ce -.red .. 





-;ceKcrat
 

P:.a 
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Bucket, two -.,rts. on~ f'loor - Srrgkia 



U 

Special t.ucket- nieces
.ampargphnet 
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Sawdust stove -

Udcorn Thdr.. 



C S 

Sp 

- conanical stove, .aim 

leaf fuel - Ka.panqpnet 
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P '-/-&S z-.r.r.er - ,J'cr,-, T :;3u-Iw 

Bioqas double turner - !or Kaetgen 
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ais cuket stove - attaYa 

-,:.pnSZ;Ic.ket 



F- -J 

,ar part stoves - Udorn T ani 
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easurin~g welqnt 

Measuring te=Lerature 
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z:teamnng rice

aa~o
 



-teamirg rice 

co'g .zcs-.t:. sat-n, - :Gr-. T 

- .j . 



• i £ongkia

Cooking position, standing 

dF 

"brAO 

1i 

Bucket s -cvfe on table - zongkia
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-n-nBucket stove -n ement stric.:,.;r' a 

Cook- ng utensils, =:hatcoall :ck:- Petzhrir 
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Dcusing zi-
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71.i. 

U.2. 

a as folos 

Th eodt=ontergthn side ofztLhe quto~a rel~~ativelyi 
litO vap~we Th teeatr chaueo'b~d T, wa 732 ?eeeg otn 

of the *,charoal,wa 6.4 + .75 il~caloi-4 perqaaTemitr 

fi nltr'i swa ,t V 
be. ),~, )ws.2 0 

~~~~~ ~~quantity,~ 

E 14 

noo1vfron the preovious equation since botih vf and~ II 
>1~iarae non-zero andi not poport~ionedd to w Mand' W 

4 1 4 06 


