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ABSTRACT 

The developmen t an d laborator y testin g o f a  prototyp e "hole-throug h -  sawdust " 
type burne r an d ove n i s described . Fou r model s o f th e ove n wer e fiel d teste d t o 
obtain socio-economi c dat a o n use r reactio n an d it s potentia l fo r futur e use . Th e 
oven produce s temperature s comparabl e t o standar d electri c an d ga s setting s b y 
appropriate loadin g o f th e sawdus t burne r an d ca n maintai n thes e range s o f 
temperatures t o enabl e bakin g t o b e carrie d out . I n fiel d trial s carrie d ou t i n 
four home s th e ove n wa s generall y accepte d bu t effort s mus t b e mad e t o reduc e 
the amoun t o f smok e produced . Th e ove n ma y b e ver y usefu l t o peopl e wh o bak e 
cakes a t hom e fo r dail y distributio n t o institutions . I n such applications , ther e i s 
substantial saving s i n th e cos t o f fuel , compare d t o ga s an d electricit y operate d 
ovens. Th e oven' s cos t i s less tha n one-fourt h th e cos t o f electri c an d ga s ovens . 

INTRODUCTION 

Sawdust i s on e o f severa l alternativ e source s o f renewabl e energy . Basse y (1980 ) 
estimates th e amoun t o f sawdus t availabl e i n Sierr a Leon e a t abou t 200 0 
m3/month. Th e calorifi c valu e o f th e fue l depend s o n th e moistur e conten t an d 
the specie s o f tre e fro m whic h th e sawdus t i s obtained . Bu t a  generalise d 
estimate i s a  calorifi c valu e o f abou t 16,00 0 kJ/k g a t a  moistur e conten t o f 
about 20 % (dr y basis) , whic h correspond s t o ope n ai r dryin g unde r loca l 
conditions (Basse y 1980) . 

A metho d o f burnin g sawdus t i n "hole-throug h sawdus t burners " ha s bee n 
extensively studie d b y Basse y (1977 , 1983) . Th e purpos e o f thi s articl e i s t o 
describe th e design , developmen t an d testin g o f tw o prototyp e oven s usin g 
sawdust a s a  fue l i n "hole-through-sawdust " burner s an d tha t practica l 
application i n househol d baking . 

OVEN DESIG N 

The burne r 

The burne r (Figur e 1 ) consist s o f a  containe r havin g a  bas e are a 4 0 x  4 0 cm 2 an d 
20 cm high , mad e o f 0.0 6 c m thic k galvanise d iro n shee t metal . Nin e holes , 2  c m 
in diamete r an d situate d abou t 1 0 c m apar t i n th e bas e o f th e containe r serv e a s 
the ai r inle t holes . Thi s configuratio n wa s derive d fro m genera l equation s 
developed b y Basse y (1977 , 1983) , i n orde r t o achiev e a n ove n siz e comparabl e t o 
existing electri c o r ga s one s an d a  burnin g tim e o f mor e tha n tw o hours . Th e 
generalised equation s fo r designin g burne r siz e ar e a s follows : 

(2) 

(1) 
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where m f i s mas s o f sawdus t consume d i n t  minute s i n g ; d  an d D B ar e burne r 
hole an d ai r inle t hol e diameter s i n cm ; an d C 1 , C 2 , C3 , C4 ar e constants . 

The burne r i s charge d b y placin g cylindrica l rods , wit h diameter s slightl y les s 
than Dg , throug h th e hole s an d packin g th e sawdus t aroun d the m tightl y b y hand . 

The rod s ar e the n carefull y withdraw n leavin g vertica l hole s throug h th e sawdus t 
which ar e li t t o produc e heat . Dependin g o n th e amoun t o f hea t needed , on e t o 
nine burne r hole s ar e lit . 

Ovens I and D 

Prototype I  i s show n i n Figur e 2 . I t i s mad e fro m 0.0 6 c m thic k galvanise d iro n 
plate wit h doubl e walls , betwee n whic h i s place d 5  c m thic k fibreglas s woo l 
insulation. A n as h tra y i s situate d belo w th e burne r an d th e doo r i s insulated . 
The chimne y passe s throug h th e bakin g spac e an d exhaus t gase s als o hea t u p thi s 
space. Uppe r an d lowe r ove n space s ar e create d b y a  removabl e shel f mad e o f 
galvanised iro n sheet . T o shiel d th e ove n spac e fro m th e burne r compartment , 
an ai r ga p ( 8 c m thick ) sandwiche d betwee n tw o plate s wa s create d wit h a  flap 
opening fo r ai r t o enter . Th e chimne y i s 6 0 c m lon g an d 8  c m i n diameter . 
Dimensions o f th e ove n spac e ar e abou t 4 0 x 4 0 x 3 0 c m 3 . 

Prototype I I i s identica l t o prototyp e I , excep t tha t th e botto m plat e sandwichin g 
the ai r ga p betwee n th e burne r an d ove n spac e wa s removed . Ho t gase s thu s 
come int o direc t contac t wit h th e botto m o f th e plat e separatin g th e burne r are a 
from th e bakin g space . 

Instrumentation 

Chromel-alumel (typ e K ) thermocouples , connecte d t o a  therm o electri c digita l 
electronic temperatur e indicator , ELP H 4  model , wer e locate d a t fiv e point s i n 
the ove n a s show n i n Figur e 2 . Durin g test s th e oven s wer e place d o n a  scal e s o 
as t o measur e th e decreas e i n mas s o f th e fue l du e t o combustion . 

EXPERIMENTAL PROCEDUR E 

The firs t se t o f experiment s wer e don e usin g prototyp e I  wit h 2c m diamete r 
burner ai r inle t holes . Seve n burne r hole s wer e packe d t o a  heigh t H . Th e whol e 
burner wa s weighe d an d th e hole s wer e the n li t b y burnin g pape r o r woo d 
shavings i n th e holes . Whe n th e sawdus t wa s glowin g uniforml y throughou t th e 
height o f th e holes , th e burne r place d i n th e ove n an d th e whol e equipmen t 
weighed. 

Temperatures an d th e weigh t o f th e ove n wer e recorde d a t interval s o f betwee n 
5 and 1 5 minute s unti l th e sawdus t wa s completel y burned . Thi s wa s indicate d b y 
a temperatur e dro p i n th e combustio n chambe r an d reductio n i n smok e fro m th e 
chimney. I n severa l tests , burne r hole s wer e loade d t o a  heigh t o f 8 , 10 , 1 2 an d 
14cm. Th e dampe r wa s usuall y full y ope n bu t som e test s wer e carrie d ou t wit h 
the dampe r bein g 1/ 2 an d 1/ 8 open . 

The abov e procedur e wa s repeate d wit h ove n II . I n thes e experiments , th e 
parameters use d wer e 5  o r 7  burne r holes , D B=2 c m an d H=6 , 8 , 10 , 1 2 cm . I n 
each cas e th e dampe r wa s full y open . 
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All th e sawdus t use d durin g th e test s ha d a  moistur e conten t o f 23 % (dr y basis) . 
The densit y o f packing , abou t 20 0 kg/m 3, wa s maintaine d durin g th e 
experiments. 

RESULTS AND DISCUSSIO N 

Relative temperature s i n Oven I 

The amoun t o f hea t transferre d fro m th e combustio n chambe r t o th e ove n spac e 
depends o n th e relativ e magnitude s o f temperatures . Typica l temperatur e 
variation wit h tim e ar e show n i n Figur e 3 . Ho t gase s i n th e burne r chambe r 
attain maximu m temperature s o f aroun d 300-320° C an d i n th e ove n space s u p t o 
150°C. Temperature s ar e u p t o 40° C lowe r i n th e burne r chambe r owin g t o th e 
metal shel f separatin g th e lowe r an d uppe r ove n spaces . Temperature s i n th e 
chimney ar e generall y highe r tha n thos e i n th e ove n spac e bu t dro p belo w th e 
values fo r th e lowe r ove n spac e a s a  resul t o f hea t losse s durin g th e fina l stage s 
of combustio n o f th e fuel . Thi s indicate s th e abilit y o f th e ove n t o conserv e 
useful hea t i n th e bakin g space . Temperature s i n th e ove n doo r typicall y rang e 
between 3 0 t o 100° C durin g th e operatio n o f th e oven . 

Effect o f heigh t o f packin g on temperatures i n Oven I 

Results showin g th e effect s o f increasin g th e heigh t o f packin g o n th e tempora l 
variation o f temperature s ar e show n i n Figur e 1 . Combustio n chambe r 
temperatures ar e dependen t o n th e valu e o f H  bu t th e maximu m temperatur e 
does no t excee d 400°C . Simila r trend s ar e observe d fo r th e lowe r ove n spac e 
temperatures, wher e workin g temperature s o f betwee n 15 0 an d 160° C ar e 
possible afte r 4 0 t o 18 0 minute s dependin g o n th e heigh t o f packing . Durin g 
baking i t i s necessar y t o maintai n a  relativel y constan t temperatur e an d i t ha s 
been take n tha t a  temperatur e 5° C belo w th e maximu m o f th e lowe r spac e i s a 
working rang e o f temperatures . 

Temperatures i n th e uppe r ove n spac e als o depen d strongl y o n th e valu e o f H  bu t 
they ar e substantiall y lower . Thes e result s indicat e tha t th e shel f ca n b e usefu l 
for bakin g foodstuf f requirin g differen t temperature s a t th e sam e time . 

The tim e take n t o reac h th e maximu m rang e o f temperature s ar e no t unrealistic . 
Oven I  ha s a n ai r spac e sandwiche d betwee n tw o galvanise d fro m plate s an d 
temperatures i n th e bakin g spac e ca n b e increase d b y removin g th e plat e 
immediately abov e th e burner . 

Consumption o f sawdus t i n oven I 

The amount s o f sawdus t use d i n th e burne r durin g variou s test s ar e show n i n 
Figure 5  fo r Ove n I . Th e linea r variatio n o f M f i s consisten t wit h result s o f 
Bassey (1983) . Fo r a  burne r wit h N=7 , D B=2 cm , Basse y (1983 ) estimate d th e 
consumption t o be : Mf/ H =  2.05 t . Fro m ou r result s w e estimate d Mf/ H =  1.4 7 t , 
or 28 % lower tha n Bassey' s estimat e fo r sawdus t consumption . Thi s i s possibl e a s 
the ove n ha s mor e flo w resistance s causin g a  slowe r combustio n o f th e sawdus t 
compared t o th e ope n burne r use d b y Basse y (1983) , i n whic h th e onl y flo w 
resistance wa s du e t o th e ai r inlet , DB. 
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Temperature contro l i n oven I 

Setting th e ai r inle t flap  full y open , hal f ope n o r one-eight h ope n ha d virtuall y n o 
effect o n th e burne r an d th e lowe r ove n spac e temperature s an d th e inle t fla t 
does no t serv e an y significan t purpose . Th e natur e o f th e packe d be d burne r 
makes i t difficul t t o contro l it s burnin g rat e b y usin g flaps . I t i s propose d tha t 
control o f temperature s shoul d b e achieve d b y a  variatio n o f H  and N . 

Development o f ove n II 

Testing o f ove n I  suggeste d tha t th e galvanise d plat e betwee n th e ga p an d th e 
burner migh t no t b e necessar y a s th e temperatures , bot h i n th e combustio n 
chamber an d i n th e ove n space , wer e no t excessive . A  secon d ove n wa s 
therefore constructe d an d teste d a s mentione d earlier , wit h th e modification s 
described above . Th e fla p wa s lef t full y ope n durin g al l tests . 

Performance o f ove n II 

Temperatures i n ove n I I ar e show n i n Figur e 6  fo r N= 7 an d H=6 , 1 0 an d 1 2 cm . 
These result s ar e simila r t o thos e discusse d fo r ove n I , th e differenc e bein g tha t 
the temperature s i n ove n I I are higher . 

Typical comparison s betwee n th e ove n temperature s an d th e amoun t o f fue l use d 
are show n i n Figure s 7 a an d b , and i n Table 1  for th e maximu m temperatures . 

Temperatures ar e u p t o 40° C highe r i n ove n I I compare d t o ove n I  becaus e th e 
removal o f th e plat e abov e th e burne r permit s th e ho t ga s t o com e int o direc t 
contact wit h th e bas e o f th e oven . Anothe r facto r increasin g th e temperature s 
in ove n I I i s th e sligh t increas e i n mas s o f fue l consume d wit h tim e (Figur e 7b) . 
The increas e i n fue l ma y b e du e t o les s restrictio n i n th e flow  o f combustio n ai r 
as a  resul t o f removin g th e plat e abov e th e burner . 

Performance dat a fo r ove n II , simila r t o thos e fo r ove n I  ar e show n i n Tabl e 2 . 
The maximu m temperature s an d th e time s take n t o attai n the m ar e quit e 
encouraging. Ther e i s clearl y a  possibilit y o f controllin g ove n temperature s b y a 
combination o f H  and N . 

PRACTICAL APPLICATIO N 

Baking temperatures an d equivalent setting s 

Oven I I perform s bette r tha n ove n I  an d wa s use d i n experiment s relatin g th e 
result obtaine d t o real-lif e bakin g conditions . B y manipulatin g value s fo r H  an d 
N, temperature s equivalen t t o standar d setting s o f househol d ga s an d electri c 
ovens wer e determine d (Tabl e 3) . 

With th e exceptio n o f th e ver y coo l rang e o f temperature s fo r whic h dat a wer e 
not available , combination s o f H  an d N  coul d produc e workin g temperature s 
equivalent t o thos e i n gas an d electri c ovens . 

Use o f ove n I I for bakin g cake s 

Many household s us e ga s t o bak e cake s o n a  dail y basi s fo r sal e i n variou s 
supermarkets an d institutions . Tabl e 4  gives burne r configuration s correspondin g 
to recommende d temperature s fo r bakin g a  lis t o f cakes . 
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FIELD TRIALS OF SAWDUST OVEN 

Method 

Four familie s wer e give n a  sawdus t ove n wit h severa l sack s o f sawdust . Detaile d 
instructions wer e give n o n th e operatio n o f th e ove n an d o n th e adjustmen t o f 
maximum attainabl e temperature s b y a  combinatio n o f H  and N . Th e trial s wer e 
carried ou t ove r a  tw o wee k perio d a t th e en d o f whic h eac h participan t wa s 
requested t o complet e a  questionnaire . Frequen t visit s wer e mad e t o th e 
households durin g th e fiel d tria l t o hel p wit h an y problems . 

The background s o f eac h part ic ipant , ident i f ie d b y a  number , wer e a s fol lows : 

1. Commercia l user ; dail y baking ; use d ga s ove n costin g 300 0 Leones ; ha d a n 
energy problem ; monthl y fue l cos t 3 0 Leones . 

2. Commercia l user ; dail y baking ; use d charcoal/wood ; woo d ove n cost s 
Le50; n o fue l problem ; monthl y fue l cos t Le32 . 

3. Domesti c use r (househol d o f 10) ; bakin g onc e a  week ; electri c ove n 
costing Le3000 ; energ y problem ; monthl y cos t Lel0 . 

4. Commercial ; bakin g onc e a  week ; electri c ove n costin g Le3000 ; energ y 
problem; monthl y cos t Le15 . 

Results 

The individual s involve d wit h commercia l bakin g use d domesti c oven s fo r bakin g 
small cake s an d cookie s fo r school s an d othe r institutions . Al l o f th e 
participants use d conventiona l ga s o r electri c oven s excep t on e wh o use d woo d i n 
a crud e ove n consistin g o f a  close d containe r heate d ove r a  three-stone-open-fir e 
stove. 

Responses t o severa l question s were : 

Oven operatio n 

(a) I s burner difficul t t o load ? 

(b) Doe s lightin g o f burne r tak e to o long ? 
(c) I s operation o f ove n messy ? 
(d) I s smoke excessive ? 
(e) I s th e as h a  problem ? 

Baking tim e an d temperatur e 

(f) I s warmin g u p time to o lon g 
(g) Doe s ove n coo l dow n to o quickl y 
(h) I s oven temperatur e to o hig h 
(i) I s oven temperatur e to o lo w 

Yes (0); 
Yes (1); 
Yes (2) ; 
Yes (4); 
Yes (0); 

Yes (4) ; 
Yes (0) ; 
Yes (0) ; 
Yes (0); 

No (4) 
No (3) 
No (2) 
No (0) 
No (4) 

No (0) 
No (4) 
No (4) 
No (4) 
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Cake qualit y 

(j) Doe s produc t ris e well ? Ye s (4) ; N o (0) 
(k) Doe s produc t tast e well ? Ye s (4) ; N o (0) 
(1) Doe s produc t smel l o f smoke ? Ye s (0) ; N o (4) 
(m) Di d produc t ge t burnt ? Ye s (4) ; N o (0) 
(n) Overal l ar e yo u happ y wit h product ? Ye s (3) ; N o (1) 

The ove n performe d satisfactorily , althoug h ther e wer e problem s suc h a s exces s 
smoke, an d som e complaint s abou t th e burnin g o f th e produc t whic h shoul d b e 
investigated further . 

Users 1  to 4  mad e saving s o f 22 , 24 , 4  and 9  Leones pe r mont h repsectively . (Th e 
only cos t incurre d fo r th e sawdus t wa s fo r transportation. ) Participant s 1  and 2 , 
doing dail y commercia l bakin g mad e th e highes t savings . Considerin g tha t th e 
estimated cos t o f th e ove n i s 65 0 Leones , thi s applianc e ha s a  potentia l fo r us e i n 
the country . Furthe r attempt s shoul d b e mad e t o asses s th e viabilit y o f usin g 
less expensiv e constructio n material s suc h a s bricks , s o a s t o lowe r th e capita l 
cost o f th e oven . 

CONCLUSIONS 

A stud y ha s bee n carrie d ou t i n whic h sawdus t ha s bee n use d t o produc e hea t 
energy i n a n ove n fo r domesti c use . Th e conclusion s whic h ca n b e mad e are : 

(a) A n ove n suitabl e fo r us e i n home s ha s bee n develope d an d full y 
tested. 

(b) Th e temperature s whic h ca n b e obtaine d i n th e ove n b y usin g 
combinations o f th e heigh t o f packin g an d numbe r o f hole s i n th e 
burner, ar e comparabl e t o thos e specifie d fo r conventiona l ga s an d 
electric cookers . 

(c) Result s o f fiel d test s indicat e tha t th e technica l performanc e o f 
the ove n an d produc t qualit y ar e acceptabl e t o potentia l users , bu t 
the smok e produce d durin g operatio n shoul d b e reduced . 

(d) Th e ove n cost s les s tha n a  quarte r th e pric e o f a  ga s o r electri c 
oven an d substantia l fue l saving s ca n b e mad e wit h it s use . 

(e) Th e sawdus t ove n i s a  technolog y whic h shoul d b e encourag e a s i t 
has a  potentia l fo r us e i n smal l scal e commercia l baking . 
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TABLE 1 : Compariso n o f maximu m temperature s fo r oven s I  and I I 
for variou s operating condition s (D g =  2 cm, N  = 7) 

TABLE 2 : Maximu m temperature s fo r ove n II  fo r variou s value s 
of heigh t o f packing , H(D B =  2 cm ) 

Height o f 
packing 
H, cm 

8 

10 

12 

Oven 

I 

II 

I 

II 

I 

II 

°C 

156 

176 

195 

213 

218 

250 

Temperature i n Oven 

Tmax Rang e 
(°C) 

151-156 

171-176 

190-195 

208-213 

213-218 

245-250 

Time take n 
to attain , 

(min) 

130 

95 

146 

100 

116 

135 

Time spen t 
in range , 

(min) 

55 

30 

45 

46 

39 

40 

Height 
of Packing , 

H, cm 

6 

6 

8 

8 

10 

10 

12 

12 

No of 
Holes 

N 

5 

7 

5 

7 

5 

7 

5 

7 

°C 

156 

169 

162 

176 

200 

213 

210 

250 

Temperature i n Oven 

Tmax rang e 
(°C) 

151-156 

164-169 

157-162 

171-176 

195-200 

208-213 

205-210 

245-250 

Time take n 
to attain , 

(min) 

130 

100 

100 

85 

105 

73 

105 

135 

Time spen t 
in range , 

(min) 

45 

35 

25 

35 

40 

46 

50 

40 
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TABLE 3: Equivalen t temperature settings betwen gas, 
electric and sawdust oven II 

TABLE 4: Burne r configurations for baking cakes in oven H 

Temperature 
Description 

Very coo l 

Cool 

Warm 

Moderate 

Fairly hot 

Hot 

Very hot 

Electric Oven 

110°C/225°F 
120°C/250°F 
140°C/275°F 

150°C/300°F 

160°C/325°F 

180°C/350°F 

190°C/375°F 
200°C/400°F 

220°C/425°F 

230°C/450°F 
240°C/475°F 

Gas Thermosta t 

1/4 
1/2 

1 

1-2 

3 

4 

5 
6 

7 

8 
9 

-
-
-

-

-

-

-
-

-

-
-

mark 
mark 
mark 

mark 

mark 

mark 

mark 
mark 

mark 

mark 
mark 

Oven II 

H, cm N 

6 5 

8 6 
6 7 

8 7 

10 5 
10 5 

10 7 

12 5 
12 7 

Type 
of 
cake 

Plain Cakes ; 
Small 
Large 

Rich Cakes : 
Small 
Large (e.g. 
fruit) 

Sponge Cakes : 
Large 
Sandwich 

Biscuits/ 
Cookies 

Burner for Oven 

H, N 
(cm) 

10 
8 

10 
8 

8 
10 

8 

7 
7 

5 
7 

7 
7 

7 

Time to wait 
before bakin g 

(min) 

75 
85 

105 
85 

85 
75 

85 

fil 

15-20 
25 

15-20 
25 

25 
9-12 

25 

Comments 

not recommende d fo r 
cakes large r tha n 0.25kg . 

not recommende d fo r 
cakes larger tha n 0.12 5 kg. 

it 
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FIGURE 1 : Schemati c diagra m o f th e hole-through-sawdus t 
type burne r wit h a  singl e hol e 

FIGURE 2 : Cross-sectiona l vie w o f ove n I  showing relativ e dimension s an d 
location o f thermocouple s 
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FIGURE 3: Cros s sectional view of oven I 
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FIGURE 4: Diagra m of oven I showing relative dimensions 
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FIGURE 5 : Variatio n o f mas s o f sawdus t use d wit h tim e fo r ove n I 

FIGURE 6 : Effec t o f increasin g sawdus t packin g heigh t 
on the temperatur e i n oven I I 
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FIGURE 7 : Compariso n betwee n (a ) temperature s i n ovens I an d II an d 
(b) sawdust us e over tim e 
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