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MEASURING FAMIL Y FUE L CONSUMPTIO N 

Brian MacGarr y SJ , Hea d o f Technica l Skill s Section , 
Silveira Hous e Trainin g Centre , P O Bo x 545 , Harare , Zimbabw e 

ABSTRACT 

Planning fo r famil y fue l savin g require s measuremen t o f tota l famil y cookin g 
fuel consumptio n a s a  basi s fo r comparison . Tw o simpl e method s o f comparin g 
fuel consumptio n ar e describe d to : (1)  tes t acceptabilit y o f a  charcoa l cookin g 
stove i n low-incom e urba n homes ; an d (2 ) measur e fue l savin g produce d b y 
woodstoves i n rura l homes . Th e charcoa l stov e offere d saving s a s compare d t o 
cooking wit h electricit y an d i n som e case s a s compare d wit h wood . User s wh o 
are charge d a  fla t rat e electricit y tarif f fo r a - limited loa d foun d th e charcoa l 
stove mor e convenien t a s thei r maximu m allowanc e o f electricit y di d no t provid e 
sufficient cookin g power . Ne w charcoa l stove s prove d mor e efficien t tha n 
traditional cookin g method s wit h fue l saving s o f th e orde r o f 70% . 

INTRODUCTION 

Refined laborator y method s o f testin g th e efficienc y o f a  cookin g stov e tel l u s 
little abou t th e acceptabilit y o f tha t stov e i n ever y situatio n (Fole y e t a l 1984) . 
Nor d o the y giv e a n accurat e indicatio n o f fue l saving s i n practice . Assessmen t 
of ho w a  propose d ne w stov e wil l serv e th e need s o f a  give n grou p o f peopl e 
would b e extremel y difficul t i n th e laboratory . 

We describe her e approache s t o determinin g whethe r a  propose d ne w stov e save s 
wood o r mone y fo r rea l housewives . I n answerin g thi s question , w e hop e t o 
provide som e indicatio n o f wha t othe r factor s migh t affec t choice s a s t o whethe r 
to chang e o r no t t o chang e fro m traditiona l t o ne w cookin g methods . 

Reflecting th e financia l an d manpowe r constraint s o f a  non-governmen t trainin g 
centre engage d i n rura l developmen t b y motivatin g group s i n th e field , th e 
projects describe d ar e designe d t o gai n th e maximu m participatio n o f potentia l 
client household s i n makin g measurement s i n thei r ow n domesti c situation . Onl y 
a fe w o f th e mos t significan t parameter s ca n b e include d an d thei r measuremen t 
must b e a s simpl e a s possible . 

Two method s wil l b e described , a s applie d i n differen t situations . Th e firs t 
attempts t o determin e whethe r us e o f a  specifi c ne w technology , a  charcoa l 
cooker, woul d sav e mone y fo r urba n households . Th e secon d test s whethe r ne w 
styles o f wood-burnin g stove s woul d reduc e rura l families ' overal l fue l woo d 
consumption. 

TESTING CHARCOA L STOVE 

The questio n 

Charcoal i s no t use d b y lowe r incom e urba n familie s i n Zimbabw e an d 
deforestation du e t o heav y urba n deman d fo r fuelwoo d i s becomin g a  nationa l 
problem. Poore r urba n dweller s complai n o f th e cos t o f othe r cookin g fuels , 
mainly paraffi n an d electricity . Thus , a  recentl y develope d charcoa l stov e 
seemed t o offe r a  ne w alternative . Charcoa l i s readil y availabl e i n th e country , 
from wattl e plantation s wher e charcoa l i s a  by-produc t fo r whic h ther e i s a t 
present insufficien t commercia l demand . 
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The stov e i n questio n wa s manufacture d b y a  loca l fir m an d w e obtaine d thre e 
free sample s fo r us e i n ou r tests . 

Testing metho d 

We selecte d volunteer s fro m th e resident s o f Harare' s lower-incom e suburb s 
through persona l contacts : eithe r paris h churche s o r member s o f ou r ow n staf f 
living i n th e suburb s i n question , an d thei r friends . Eac h selecte d famil y wa s len t 
a charcoa l stov e an d give n a  5k g ba g o f charcoal . W e explaine d ho w th e stov e 
worked an d obtaine d thei r agreemen t tha t the y woul d d o al l thei r cookin g o n th e 
charcoal stov e fro m a  specifie d mornin g unti l th e ba g o f charcoa l wa s consumed . 
They wer e no t tol d th e retai l pric e o f eithe r th e stov e o r th e charcoal . 

When th e charcoa l wa s finished , eac h househol d wa s visite d again . Informatio n 
was obtaine d o n ho w lon g th e charcoa l lasted , ho w muc h wa s spen t pe r wee k o r 
per mont h o n thei r presen t metho d o f cookin g an d th e pric e o f thei r presen t 
stove an d th e cos t o f repair s an d maintenance . W e als o requeste d an y othe r 
comments o n th e relativ e merit s o f charcoa l an d othe r method s o f cooking . 

This procedur e wa s followe d i n differen t type s o f househol d i n differen t suburbs , 
from widow s wit h childre n t o larg e an d fairl y prosperou s families . 

Results 

In th e example s below , th e pric e o f a  5k g ba g o f charcoa l i s Z$2.00 ; a  two-po t 
charcoal cooker , $36.00 ; an d a  three-po t charcoa l cooker , $50.00 . Price s o f 
other stove s an d fuel s ar e liste d i n eac h case . Fo r eac h household , th e locatio n 
and numbe r o f famil y member s ar e indicated . 

Households usin g woo d onl y 

Household (1) ; Tafara ; 2  adults , 3  children , spendin g $2.50/wee k fo r woo d whic h 
lasts 4  days ; woo d fo r th e othe r 3  day s i s collecte d fro m rapidl y thinnin g 
woodland nearby . 

Charcoal 
Wood 

Fuel/month 

$ 4.0 0 
$10.00 

Stove 

$36.00 
$ 5.0 0 

Comments 

Clean an d quic k 

Charcoal break-even : 5  month s 

Other household s i n Tafara an d nearb y Mabvuk u estimat e woo d shoul d cos t 
$4-$5/week i f i t wa s al l bought , whic h n o one ca n afford . 
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Household (2); Mbare ; widow and 5 children; buys wood as off cuts from a carpentry 
shop 75c/each, which lasts 3  weeks; 

Charcoal 
Wood 

Fuel/month 

$ 4.0 0 
$ 1.0 0 

Stove 

$36.00 
$ 5.0 0 

Comments 

Wood always cheape r 

Households cooking with paraffin only 

Household (3); Tafara; 2 adults and 4 children; 

Fuel/month Stov e Stov e Comment s 
maintenance 

per year 

Charcoal $12.0 0 $50.0 0 Wan t to keep the cooker 
Paraffin $10.0 0 $  7.0 0 4.5 0 

No break-even 

Household (4); Mbare; widow and 2 children; 

Fuel/month Stov e Comment s 

Charcoal $13.0 0 $36.0 0 
Paraffin $  5.2 5 $  7.00/yea r Need s replacing as spares 

are not available 

No break-even 

Household (5); Mbare; lone widow; 

Charcoal 
Paraffin 

Fuel/month 

$ 2.0 0 
$ 1.0 5 

Stove 

$36.00 
$ 5.0 0 

Comments 

Used sam e stov e fo r 5  year s 

No break-even 
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Households usin g bot h woo d an d paraffi n 

Household (6) ; Glen View ; 2  adults an d 7  children ; 

Fuel/month Stov e Stov e Comment s 
maintenance 

Charcoal $20.0 0 $50.0 0 
Wood $  4.0 0 $  5.0 0 
Paraffin $  8.0 0 $  7.0 0 $4.50/yea r 
Total w  & p  $12.0 0 $12.0 0 $4.5 0 

No break-eve n 

Household (7) ; Tafara; 3  adults, 7  children ; 

Fuel/month Stov e Stov e Comment s 
maintenance 

Charcoal $  8.0 0 $50.0 0 
Others (total) $17.0 0 $12.0 0 $3.00/yea r 

Break-even 

Households wit h electricit y 

4 month s 

Household (8) ; Tafara ; 2  adults an d 2  children ; 
electricity charge d pe r kW h 

Fuel/month 

Charcoal $  8.0 0 
Electricity $  6.0 0 

Stove 

$ 36.0 0 
$420.00 

Comments 

Satisfactory 

Electricity brea k even : 1 6 year s 

Household (9) ; Mabvuku ; 2  adults , 6  children : electricity : fla t rat e S7.00/month , 
max. 5A . Electri c stov e cos t approx . $400.00 . 

Includes heating iron fo r 
clothes 
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Charcoal cos t $4.00/month ; usin g $36.0 0 stov e cookin g i s quicke r tha n wit h 
electricity, easie r tha n wit h paraffin : woul d bu y charcoa l stov e a t thi s price , 
even thoug h the y woul d stil l pa y fo r electricit y fo r lights , radi o an d refrigerator . 

Household (10) ; Mbare ; wido w an d 3  children : electricit y include d i n rent . 
Charcoal $2.70/mont h i n $36.0 0 cooke r -  to o expensive , a s her e electri c ho t 
plate cos t les s tha n thi s cooker . 

Household (11) ; Mabvuku ; 3  adults, 5  children : 
Electricity; fla t rat e $7.00/month , 5 A max . Charcoa l cos t $12.00/mont h i n 
$50.00 stove . Electri c stov e cos t abou t $400.0 0 -  electricit y break-even : 3 
years. Woul d bu y charcoa l stov e i f i t cos t $15.00 . 

Household (12) ; Mabvuku ; 8  adults, 7  children . 
Electricity: $10.00/mont h fla t rate ; ca n onl y us e on e ho t plat e o f a  $400.0 0 stov e 
at a  time . Charcoa l cos t $8.00/mont h i n a  $50.0 0 stove : The y wan t t o bu y stov e 
at thi s price . 

Comments 

These familie s regar d thei r fir e o r stov e almos t exclusivel y a s a  mean s o f 
cooking. I f i t als o heat s th e hous e thi s i s incidental . Thes e preliminar y result s 
show tha t th e charcoa l stov e ca n offe r saving s withi n a  reasonabl e perio d fo r 
some wh o no w us e woo d fuel ; thes e represen t a  growin g potentia l use r grou p a s 
wood fue l become s scarcer . 

Electricity i s mor e expensiv e tha n charcoa l fo r mos t families , a t leas t withi n th e 
time scal e mos t peopl e woul d consider . Paraffin , althoug h th e cheapes t 
alternative, i s subjec t t o interruption s i n supply , s o on e famil y liste d her e i s no w 
trying t o chang e t o electricit y fro m paraffin . 

This sampl e i s smal l an d testin g continues . I t i s necessaril y slo w becaus e a 
certain trus t i n th e questione r i s require d a s wel l a s a  knowledg e o f th e testin g 
method. 

TESTING WOO D STOVES 

The questio n 

Working wit h group s o f rura l peopl e w e ha d produce d wha t w e hope d wer e 
improved woo d burnin g stoves . Ou r tw o mai n type s o f stoves , an d th e iro n grat e 
which mos t rura l peopl e i n th e province s o f Mashonaland , Manicalan d an d 
Masvingo use , ar e illustrate d i n Figur e 1 . 

The mu d stov e i s carve d an d moulde d ou t o f a  soli d bloc k o f anthil l clay , a 
material whic h rura l housewive s ar e familia r with . Th e desig n owe s somethin g 
to th e loren a stov e (Evan s 1979 ) an d somethin g t o th e ne w Nepal i Chul o 
(Bachmann an d Sauboll e 1980) . Thes e tw o design s an d th e existin g grat e hav e 
been describe d elsewher e (MacGarr y 1983) . 

Here w e ar e no t concerne d onl y wit h cookin g efficiency . A n ope n fir e i n th e 
central fireplac e (choto ) o f a  rura l Shon a kitche n serve s man y purpose s beside s 
cooking including : heating , provisio n o f a  socia l focus , smokin g mea t t o preserv e 
it, an d dryin g clothe s i n we t weather . I t i s unlikel y tha t an y ne w metho d o f 
heating wil l outperfor m th e existin g fir e an d heart h i n al l thes e areas . Henc e 
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households tha t us e a  lorena-typ e stove , sometime s als o ligh t a  fir e i n th e 
central choto . 

Our questio n i s therefore ; b y ho w muc h (i f a t all ) doe s us e o f a  ne w stov e reduc e 
a family' s weekl y o r monthl y fire-woo d consumption ? 

Gill (1982 ) ha s pointe d ou t tha t th e grat e no w use d supersede d th e previousl y 
used three-ston e heart h becaus e i t save d cookin g tim e bu t no t wood . Thus , ou r 
assessment mus t als o conside r thes e othe r factor s tha t influenc e th e housewife' s 
decision, althoug h fue l savin g carrie s mor e weigh t tha n i t di d 2 0 o r eve n 1 0 year s 
ago. 

Even so , a  savin g i n firewoo d consumptio n wil l onl y see m importan t t o user s i f i t 
is sufficien t fo r the m t o notic e withou t usin g highl y sophisticate d measurin g 
techniques. W e hav e therefor e develope d technique s whic h the y ca n easil y us e 
but ar e stil l adequat e fo r ou r purpose . 

Method 

Wood i s usuall y collecte d b y wome n an d i n th e seaso n whe n ther e i s les s 
agricultural wor k t o do . Traditionally , onl y dea d woo d wa s collected , o r woo d 
cut whe n clearin g field s wa s use d whe n i t ha d dried . No w mor e gree n woo d i s 
cut, bu t i t i s stil l allowe d t o dr y befor e use . Th e user s tes t moistur e conten t b y 
the wa y th e woo d break s an d it s genera l appearance . Fo r th e purpos e o f ou r 
measurements, w e assume d tha t thi s metho d ensure s a  reasonabl y consisten t 
moisture conten t i n fue l used . 

We aime d t o measur e th e perceive d overal l fue l savin g o f a  kitchen , i e no t jus t 
stove (whic h ma y no t b e use d al l th e time ) v s traditiona l hearth , bu t stove/heart h 
combinations a s use d v s heart h alone . Thi s ca n b e don e b y askin g housewive s 
who us e ne w stove s tw o simpl e questions : 

a. Ho w lon g di d a  headloa d o f woo d las t whe n yo u ha d onl y th e ol d hearth ? 

b. Ho w lon g doe s i t las t now ? 

We aske d thes e question s frequentl y ove r tw o o r thre e year s o f al l stov e users . 
Six withi n 5k m o f ou r centr e wer e visite d monthl y fo r th e firs t year . W e 
assumed tha t eac h woman' s "hea d load " woul d b e a  fairl y constan t mas s o f woo d 
as lon g a s sh e wa s collectin g fro m th e sam e place , whic h the y usuall y d o fo r a t 
least a  numbe r o f month s a t a  time . W e hav e recentl y mad e a  fe w 
measurements t o tes t thi s assumption . 

Results 

Every enquir y showe d a n appreciabl e savin g o f woo d usin g th e ne w stoves . Th e 
women w e questione d mos t regularl y al l reporte d tha t a  head-loa d laste d abou t 
two day s i n th e ol d heart h an d fir e t o seve n day s when +using eithe r typ e o f stove . 
This i s significan t eve n i f w e assum e a  tota l erro r o f -20 % i n relatin g thi s t o a n 
actual mas s o f woo d o f standar d hea t o f combustion . 

The measurement s summarise d i n Tabl e 1  justify th e assumptio n tha t a  "norma l 
head load " fo r th e sam e woma n wil l hav e a  mas s tha t varie s les s tha n 10% . Th e 
exceptions i n th e tabl e ar e recognise d a s larg e load s o r smal l ones . I t i s 
interesting t o not e th e clos e agreemen t betwee n size s o f load s collecte d b y 
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women wh o gathe r woo d together . Th e variatio n i n siz e o f loa d wit h distanc e i s 
clear (compar e load s carrie d l-2k m wit h thos e carrie d 4km) . Thi s i s only a  smal l 
sample an d furthe r measurement s ar e t o b e made . 

The user s repor t variation s i n fuelwoo d us e throug h th e season s althoug h w e hav e 
not succeede d i n measurin g thes e exactly . 

a. Durin g lat e rain y season , February-May , a  variet y o f food s ar e cooke d 
even betwee n meals , s o cookin g fue l consumptio n rises . 

b. Durin g col d weather , June-August , mor e fue l i s use d t o war m th e house . 
Mudstove user s ofte n hav e a  fir e i n th e ol d heart h a t nigh t i n thi s season , 
so thei r fue l consumptio n rise s considerably . 

c. Durin g th e post-harves t season , Jun e onwards , user s o f eithe r kin d o f 
closed stov e bur n dr y maiz e cob s whic h ar e a  mor e efficien t sourc e o f 
heat i n a  stove tha n i n a n ope n hearth . 

It wa s estimate d tha t a  goo d harves t coul d giv e cob s fo r tw o month s cooking , bu t 
the thre e year s o f thi s programm e hav e bee n year s o f drough t an d harvest s hav e 
been poor . 

CONCLUSIONS 

The compariso n o f charcoa l wit h othe r cookin g fuel s ha s show n tha t i t coul d 
offer a  savin g fo r man y urba n families . Ou r figure s onl y begi n t o sho w th e 
variety o f situation s tha t exis t an d mor e wor k i s planned . 

Measurement o f th e effec t o f introducin g ne w stove s o n rura l firewoo d 
consumption showe d a  larg e savin g du e t o usin g th e stove s unde r test , a s 
compared wit h th e ver y wastefu l ope n heart h tha t i s commonl y used . Suc h 
dramatic improvement s canno t b e expecte d i n man y situations . 

To observ e seasona l effect s o n fue l consumptio n w e nee d t o defin e mor e closel y 
the rang e o f erro r t o b e expecte d from : a . variabl e siz e o f a  norma l head-loa d 
and b . variation s i n moistur e conten t o f wood . Difference s betwee n differen t 
species o f woo d wil l nee d t o b e considere d i n some situations . However , i f thes e 
refinements g o muc h beyon d wha t th e user s normall y observ e fo r themselve s 
they woul d als o g o beyon d th e purpos e fo r whic h thi s wor k wa s undertaken , whic h 
was t o hel p th e user s fin d th e bes t stove s fo r thei r ow n use . 
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TABLE 1: Head-load mas s measurement s 

Collected by : 

Mrs B  Chamboko 
Mrs M  Chamboko 
Ms M  Chamboko 
Mrs R  Chambok o 
Mrs C  Chambok o 
Mrs S  Takadiy i 
Mrs G  Tembo 
Mrs C  Muchabaiw a 
Mrs L  Chira u 
Mrs C  Tapfumane i 
Mrs T  Mandaz a 
Mrs C  Dic k 
Mrs A  Tembo 
Mrs E  Mutizw a 
Mrs E Mandaz a 
Mrs J  Muzanenham o 
Mrs H Mutasa 

Age 
Yrs 

50 
30 
50 
25 

20? 
46 
36 
39 
45 
37 
39 
49 

46 
37 
43 
19 

+ 4 5 

Distance 
(km) 

4 
4 
4 
4 
4 
1 
1 
1.5 
2 
1 

1.5 
1 
2 
2 
1.5 
2 
1.5 

Mass (Kg) 
A B C 

28 
27 
30 
29 
27 
39 
42 
37 
49 
27 

42 
32 
30 
39 
40 
-

20 

43 
42 
39 
37 
39 

38 
28 
33 
42 
42 
22 
-

42 
40 
39 
47 
32 

43 
30 
26 
41 
42 
25 
22 

Comments 

) 
) 
) 
) 
) 

-

collect 
wood 
together 

weak 
health 

Distance: women' s estimate s roughl y checke d b y enquirer . 

Age: Chambok o famil y an d Mr s Mutasa : enquirer' s estimat e 
Others -  ow n statements . 

A,B,C represen t load s collecte d o n different days . 
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Figure 1 : Wood-burnin g 'stoves ' 

mud stov e 
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