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ABSTRACT 

A demonstratio n pyrolyti c conversio n plan t whic h produce s oil , cha r an d 
combustible gase s fro m sawdus t an d woodshaving s ha s bee n i n operatio n i n Ghan a 
since 1980 . Th e pape r review s th e experience s an d th e genera l result s o f th e 
project. 

INTRODUCTION 

The developmen t an d applicatio n o f loca l renewabl e energ y resource s i s 
becoming increasingl y importan t i n severa l developin g countries . A s th e 
economy o f Ghan a i s largel y base d o n agricultur e an d forestry , ther e i s grea t 
potential fo r usin g biomas s a s a  renewabl e sourc e o f energ y fo r bot h domesti c 
and industria l applications . 

Agricultural an d forestr y wastes , fo r exampl e sawdust , ric e stra w an d husk s an d 
oil pal m wastes , whic h hav e hig h potentia l fo r collectio n fo r energ y conversion , 
are show n i n Tabl e 1  (Chiang e t al , 1976) . Sawdust , i n particular , i s produce d i n 
large quantitie s b y severa l sawmill s i n th e Kumas i are a an d a  fe w othe r town s i n 
the fores t zone . It s disposa l ofte n present s problems . 

Most- of thes e wast e material s ma y b e converte d int o alternativ e liquid , soli d o r 
gaseous fuel s fo r us e i n existin g domesti c stoves , industria l kiln s and , i n som e 
cases, i n engines . On e suc h conversio n proces s i s pyrolysis ; th e therma l 
decomposition o f organi c materials . 

A pyrolyti c conversio n plan t wa s se t u p i n 198 0 i n Kumasi , Ghana , t o 
demonstrate th e feasibilit y o f pyrolysi s o f organi c waste s a s a n economi c energ y 
conversion proces s i n Ghan a an d othe r developin g countries . Th e plan t currentl y 
produces cha r o r powdere d charcoal , oil , an d combustibl e gase s fro m sawdus t an d 
woodshavings. I t wa s locate d nea r th e demonstratio n bric k factor y o f th e 
Building an d Roa d Researc h Institut e wit h th e primar y ai m o f providin g 
alternative fue l oi l fo r th e bric k kiln . 

PROJECT DESCRIPTIO N 

Project funding  an d plant fabricatio n 

The Pyrolyti c Conversio n Demonstratio n Plant , administere d b y th e Buildin g an d 
Road Researc h Institut e (BRRI) , wa s se t u p wit h fund s provide d b y th e Ban k o f 
Ghana an d th e Unite d State s Agenc y fo r Internationa l Developmen t (USAID) . 
Some previou s wor k o n pyrolysi s ha d bee n don e i n th e US A b y th e Georgi a 
Institute o f Technolog y (GIT ) (Knigh t e t al , 1974) . Th e Buildin g an d Roa d 
Research Institut e (BRRI ) mad e a  reques t t o th e USAI D fo r assistanc e t o se t u p 
the Demonstratio n Plan t a s par t o f th e researc h an d developmen t effor t t o fin d 
alternative fue l oi l fo r bric k kilns . 
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Feasibility studie s wer e conducte d jointl y b y personne l fro m GIT , BRR I an d th e 
Technology Consultanc y Centr e (TCC ) o f th e Universit y o f Scienc e an d 
Technology, Ghana . I t wa s recommende d tha t a  six-tonn e pe r da y labour -
intensive pyrolysi s plan t b e se t up . Usin g basi c design s provide d b y th e Georgi a 
Institute o f Technology , TC C i n collaboratio n wit h th e BRR I an d visitin g 
engineers fro m th e GIT , fabricate d a  prototyp e pyrolyti c reacto r an d teste d it , 
using sawdus t a s feed . Followin g desig n modifications , fou r pyrolyti c reactor s 
and ancillar y equipmen t wer e fabricate d locally , installe d an d commissioned . 
The onl y item s whic h ha d t o b e importe d wer e ga s blowers , measurin g 
instruments an d a n electri c transformer . 

The pyrolysi s proces s and plan t 

Pyrolysis essentiall y involve s th e therma l decompositio n o f a n organi c materia l 
in th e absenc e o f ai r t o produc e charcoa l an d gases , par t o f whic h ma y b e 
condensed t o recove r som e oil . Figur e 1  show s a  simpl e flo w diagra m o f th e 
pyrolytic conversio n process . 

The demonstratio n plan t consist s o f fou r cylindrica l stee l reactor s an d tw o fee d 
dryers. Eac h reacto r i s fitte d wit h a  proces s ai r blower , condenser , demister , 
gas suctio n fan , thermocouple s an d pressur e gauges . A  mixtur e o f sawdus t an d 
woodshavings ar e drie d i n th e drye r an d fe d manuall y a t regula r interval s int o 
the reactors . Th e proces s ai r blowe r supplie s limite d quantitie s o f ai r fo r 
combustion o f th e botto m par t o f th e reacto r charge , t o provid e th e hea t fo r th e 
pyrolysis o f th e remainin g charge . Eac h reacto r i s equippe d wit h a  manual -
operated agitato r whic h i s periodicall y turne d t o remov e cavitie s i n th e reacto r 
contents. 

Powdered charcoa l o r cha r i s collecte d int o barrel s beneat h th e reacto r whils t 
the oi l i s draine d a t regula r interval s fro m th e condense r an d demister . Th e 
incondensible gase s ar e burne d t o provid e hea t fo r th e fee d dryers . Th e fee d 
dryer i s th e fixed-be d typ e wher e th e sawdus t an d woodshaving s ar e pile d o n a 
perforated plat e belo w whic h ho t gase s ar e passe d t o ris e throug h th e bed . 

The temperatur e o f th e ga s strea m a t th e inle t o f th e condense r generall y 
provides a  goo d indicatio n o f th e pyrolysi s condition s insid e th e reactor . Durin g 
plant operation , thi s temperatur e i s monitore d an d manua l adjustment s o f th e 
process ai r flo w valv e ar e mad e t o maintai n i t withi n th e recommende d rang e o f 
120-180°C. 

PROJECT RESULT S 

Plant performanc e 

The desig n capacit y o f th e demonstratio n plan t i s si x tonn e sawdus t pe r 3-shif t 
day o r fou r tonn e pe r 2-shif t day , wit h oi l an d powdere d charcoa l yield s o f 1 8 an d 
25% (base d o n dr y weigh t o f feed ) respectivel y (Malva r e t al , 1960) . T o dat e th e 
best performanc e o f th e plan t i s th e conversio n o f 2. 6 tonne s o f dr y 
woodshavings i n a  2-shif t da y t o produc e 26 0 litre s o f oi l an d 32 0 k g of powdere d 
charcoal (Hagan , 1982) . Th e oi l an d powdere d charcoa l yield s rang e fro m 6  t o 
13%, dependin g o n th e moistur e conten t o f th e fee d an d ho w efficientl y th e 
reactor temperatur e i s controlled . 

The generall y lo w yield s o f th e oi l an d powdere d charcoa l ma y b e attribute d t o 
inefficiencies i n dryin g o f th e sawdus t an d manua l proces s control . I t ha s bee n 
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recommended tha t fo r hig h oi l yield s th e moistur e conten t o f th e fee d shoul d b e 
10% o r less . Bu t th e fixe d be d drye r ha s prove d unsuitabl e fo r dryin g o f sawdus t 
because th e fin e natur e o f th e sawdus t restrict s th e fre e passag e o f ho t gases . 
Woodshavings hav e bee n drie d satisfactoril y i n th e dryer , an d s o currentl y th e 
reactor fee d consist s mainl y o f woodshaving s wit h som e smal l amount s o f 
sawdust. However , woodshaving s ar e produce d b y onl y a  fe w woo d factorie s an d 
are no t a s readil y availabl e i n larg e quantitie s a s sawdust . Ther e i s therefor e a 
great nee d fo r th e drye r t o b e modifie d t o improv e th e dryin g o f sawdust . 

While locate d nea r a  potentia l user , th e BRR I bric k factory , th e plan t i s ove r 
7 k m fro m th e neares t sourc e o f woodshaving s o r sawdust . Transpor t problem s 
have cause d irregularitie s i n th e suppl y o f plan t fee d an d increase d th e cost s o f a 
hitherto chea p o r relativel y fre e wast e material . 

The combinatio n o f inefficien t fee d drying , irregula r suppl y o f we t feed , lo w 
product yield s an d lac k o f fund s fo r majo r repair s hav e mad e i t impossibl e fo r 
the plan t t o produc e sufficien t quantitie s o f th e pyrolyti c oi l fo r utilisatio n b y 
the bric k factory . 

Application o f product s 

Pyrolytic oi l 

Some o f th e propertie s o f pyrolyti c oi l ar e compare d wit h thos e o f heav y fue l oi l 
in Tabl e 2  (Hagan , 1982) . Th e generall y lo w oi l yields , it s acidi c an d tarr y 
nature, lowe r calorifi c valu e an d highe r flas h point , d o no t sugges t tha t th e 
pyrolytic oi l wil l compet e favourabl y wit h petroleu m fue l oils . It s tarr y an d 
acidic properties , i n particular , mak e i t unsuitabl e fo r conventiona l oi l burner s 
and necessitat e th e us e o f expensiv e corrosio n resistan t storag e tanks . 

However, th e pyrolyti c oi l ha s ver y goo d prospect s a s a n alternativ e woo d 
preservative. I n preliminar y fiel d test s b y Dinse y (1982) , tw o type s o f pyrolyti c 
oil, a  dens e typ e an d a  lighte r on e wer e compare d wit h dieldrin , a  standar d 
termiticide. Woo d block s wer e treate d b y th e immersio n metho d an d expose d t o 
subterranean termite s an d fung i fo r nin e months . Block s wer e inspecte d a t thre e 
month intervals , an d mea n percentag e weigh t los s o f th e block s cause d b y th e 
attack ar e presente d i n Table 3 . 

The test s indicate d n o significan t difference s betwee n th e level s o f protectio n 
against termit e an d funga l attac k offere d b y th e dens e pyrolyti c oi l an d 0.5 % 
dieldrin. Furthe r fiel d test s ar e i n progress . 

Detailed chemica l analysi s o f th e pyrolyti c oi l ar e ye t t o b e undertaken , bu t th e 
analysis o f simila r product s b y Adamcza k (1973 ) indicate d tha t th e dens e 
pyrolytic oi l ma y consis t o f phenols , carboni c acids , tar-oil s an d tar-coke . 
Currently mos t o f th e pyrolyti c oi l fro m th e demonstratio n plan t i s sol d a s woo d 
preservative a t ¢  22.0 0 (U S $  0.45 ) a  litre . Considerin g it s calorifi c valu e th e oi l 
may no t b e easil y markete d a s fue l a t mor e tha n US $ 0.2 0 a  litre . 

Powdered charcoa l 

Powdered charcoa l ha s bee n teste d fo r domesti c cookin g i n a n adapte d sawdus t 
stove (Figur e 2) . Th e calorifi c valu e o f th e powdere d charcoa l i s 23,50 0 kJ/kg , 
compared wit h 25,00 0 kJ/k g fo r ordinar y charcoal . Howeve r i n compariso n wit h 
the conventiona l charcoa l stov e i n Ghana , calle d "coa l pot" , th e hea t efficienc y 
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of th e powdere d charcoa l stov e wa s muc h lower . Furthe r desig n modification s 
need to be made. 

The powdere d charcoa l ha s bee n successfull y converte d t o briquette s usin g 
cassava starch , pyrolyti c oi l o r natura l gum s (fro m a  tropica l tree , Acaci a 
Senegal) as binders . Thes e had satisfactory burnin g properties , high compressiv e 
strength an d considerabl e resistanc e t o abrasio n an d t o shatte r whe n droppe d 
from a  height . Th e briquette s mad e wit h cassav a starc h seeme d mos t suitabl e 
for domesti c cooking , th e othe r binder s producin g a  lo t o f smok e an d a n 
unpleasant odou r durin g burning . Som e o f th e propertie s o f th e charcoa l 
briquettes mad e wit h cassav a starc h a s binde r ar e compare d wit h thos e o f 
ordinary charcoal in Table 4 (Hagan, 1982). 

The briquette s mad e wit h pyrolyti c oi l o r tre e gum , however , hav e potentia l 
industrial applicatio n b y direct combustio n i n lime kilns and steel furnaces , o r by 
gasification t o generate produce r gas . Th e producer ga s ma y be used directly i n 
industrial kiln s o r a s alternativ e fue l fo r stationar y engines , fo r example , fo r 
water pumpin g an d electricit y generation . Preliminar y gasificatio n test s o f 
briquettes mad e wit h pyrolyti c oi l an d o f ordinar y charcoa l hav e bee n done in a 
locally fabricate d down-draugh t gasifie r (Hagan , 1985) . Th e compositio n o f th e 
producer ga s from th e tw o types o f charcoa l ar e shown in Table 5 , in comparison 
with typica l value s fo r ga s fro m charcoa l a s reporte d i n th e literatur e 
(Kjellstrom, 1980) . Othe r result s fro m th e preliminar y test s ar e summarise d i n 
Table 6. 

The calorifi c valu e o f th e ga s produce d fro m th e charcoa l briquette s i s 
comparable t o tha t o f th e ga s fro m ordinar y charcoal . Bot h value s were , 
however, lowe r tha n th e typica l valu e o f 4. 1 MJ/Nm 3 fo r charcoa l reporte d b y 
Kjellstrom (1980) . Thi s may be attributed t o the low carbon monoxid e and higher 
carbon dioxid e content s o f th e gas in the preliminary tests . I t ma y be possible to 
upgrade the calorifi c valu e of th e gas by finding th e optimum balanc e o f ai r an d 
fuels flo w an d the mos t suitable physica l size of the briquettes . 

The lower calorifi c valu e of th e gas , certain gasifie r desig n factor s an d th e fue l 
quality ma y accoun t fo r th e rathe r lo w overal l efficienc y o f th e gasifier , 
compared wit h th e typica l gasifie r efficienc y o f 70 % reporte d b y Kjellstro m 
(1980). However , ther e i s som e scop e fo r improvin g th e gasifie r performance , 
for example , by modifications o f th e heart h an d grate zones . Th e gasifie r test s 
were onl y preliminar y an d furthe r test s ar e require d t o demonstrat e th e rea l 
potential o f charcoa l briquette s fo r th e generatio n o f produce r ga s o f 
satisfactory quality . 

Project administration 

A preliminar y economi c analysi s b y Haga n (1982 ) indicate d tha t th e pyrolyti c 
conversion o f sawdust an d woodshavings could be profitable i f th e Demonstratio n 
Plant wer e efficientl y manage d t o operat e fo r a  minimu m o f 30 0 days per yea r 
on 2  shifts (1 6 hours ) eac h day , an d th e oi l an d charcoa l sol d a t marke t prices . 
The paybac k perio d wa s projecte d t o b e abou t 3  years an d th e interna l rat e o f 
return was 45%. 

However, owin g t o th e budge t constraint s an d th e administrativ e set-u p o f th e 
research institute , i t ha s not been possible to manage the Demonstration Plan t t o 
be self-sustaining. Th e plan t i s frequently shu t dow n as a  resul t o f lack of fund s 
for majo r plan t modifications , fo r exampl e o f th e fee d dryer , fo r majo r plan t 
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repairs, an d fo r th e read y transpor t o f plan t fee d an d shif t worker s t o th e plan t 
site. I t ha s therefor e no t bee n possibl e t o demonstrat e th e economi c viabilit y o f 
the pyrolysi s o f sawdust , whic h coul d hav e enhance d th e disseminatio n o f th e 
technology. 

The administratio n o f demonstratio n project s o f thi s natur e shoul d involv e 
potential commercia l users , fo r exampl e larg e privat e bric k factories , o r som e 
other industria l interes t group , fo r example , sawmills . Thes e bodie s coul d assis t 
in th e provisio n o f fund s an d profitabl e managemen t o f th e plant , whils t th e 
research institut e provide s th e technica l skill s fo r monitorin g th e plan t 
performance an d fo r necessar y desig n modifications . 

CONCLUSIONS 

Considering th e foregoin g result s an d observation s o f th e Pyrolyti c Conversio n 
Demonstration Project , th e followin g conclusion s ar e made : 

i. Th e concep t tha t th e pyrolyti c oi l i s th e mos t importan t produc t o f 
pyrolysis a s a n alternativ e industria l fue l ma y hav e t o b e revised , sinc e it s 
properties ma y no t enhanc e read y competitio n wit h commercia l 
petroleum fue l oils . Mor e emphasi s ma y hav e t o b e accorde d t o charcoa l 
which ma y b e briquette d wit h par t o f th e pyrolyti c oil . Th e briquette s 
may b e gasifie d t o generat e produce r ga s fo r industria l kiln s an d furnaces , 
or use d directl y fo r th e sam e purpose s b y direc t combustion . Furthe r 
gasifier experiment s ar e neede d t o establis h th e gasificatio n o f th e 
briquettes a s a n economica l energ y conversio n process . 

ii. I t woul d see m mor e practica l an d economica l t o marke t th e pyrolyti c oi l 
primarily a s a  woo d preservative . I t i s therefor e necessar y t o undertak e 
laboratory analysi s o f th e oi l t o identif y it s significan t constituents , an d 
also t o explor e othe r possibl e applications . 

iii. Som e aspect s o f th e manua l operatio n o f th e plan t nee d t o b e reviewe d t o 
ensure highe r produc t yield s an d quality , an d uninterrupte d production . I n 
this regard , certai n vita l operation s o f th e plan t shoul d b e mechanised . 
These includ e th e reacto r chargin g an d charg e agitation . Fo r bette r 
control o f reacto r temperatures , a  modes t automati c syste m fo r th e 
control o f air/fee d rati o ma y b e worthwhile . 

iv. Th e pyrolyti c conversio n o f sawdus t coul d b e profitabl e i f th e plan t i s 
managed o n a  commercia l basis , wit h th e product s bein g sol d a t marke t 
prices an d wit h fund s readil y availabl e fo r plan t repair s an d suppl y o f ra w 
materials. I n thi s effort , a  sawmil l o r a  woo d preservativ e marketin g 
company, wh o ar e potentia l user s o f th e pyrolysi s technology , ma y b e 
requested t o participat e i n th e demonstratio n project . 

Future wor k 

The followin g activitie s ar e t o b e undertake n o n th e Pyrolyti c Conversio n 
Demonstration Project : 

i. Seriou s effor t t o increas e produc t yield s throug h bette r proces s contro l 
and necessar y plan t modifications . 

ii. Furthe r studie s o n charcoa l briquettin g an d gasificiation . 
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iii. Laborator y analysi s o f th e pyrolyti c oi l t o identif y importan t constituent s 
and othe r possibl e uses . 

iv. Laborator y pyrolysi s experiment s o n wast e fro m differen t Ghanaia n wood s 
and othe r agricultura l wastes . 

v. Furthe r developmen t wor k o n th e powdere d charcoa l stove . 
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TABLE 1 : Availability o f Forestr y an d Agricultura l Waste s i n Ghan a 

Waste materia l 
Quantity generate d Majo r source s 

tonnes/year i n Ghan a (regions ) 

Reforestation wast e 
Coconut wast e 
Rice stra w an d husk s 
Logging wast e 

Sawdust 

Oil pal m wast e 

1,000,000 
686,000 
517,700 
403,000 

25,500 

23,000 

All nin e region s 
Western Centra l 
Northern, Uppe r 
Western, Ashanti , 
Brong-Ahafo 
Western, Eastern , 
Ashanti, Brong-Ahaf o 
Western, Easter n 

TABLE 2 : Comparison o f pyrolyti c oi l wit h heav y fue l oi l 

Property Pyrolyti c Oi l Heav y Fue l Oi l 

Calorific valu e (kJ/kg ) 
Flash poin t (°C ) 
Specific gravit y 

23,900 
104 

1.19 

41,000 
66 

0.94 

TABLE 3 : Mean percentag e weigh t los s o f treate d woo d block s 
exposed t o termite s an d fung i 

Treatment 

% Weigh t los s o f block s 
3 month s 6  months 9  month s 
exposure exposur e exposur e 

Dense pyrolyti c oi l 
Light pyrolyti c oi l 
0.5% dieldri n solutio n 
Untreated 

7.7 
6.7 
5.7 

.20.6 

9.8 
25.6 

8.4 
61.9 

16.8 
55.5 
17.1 
89.8 
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TABLE 4 : Properties o f charcoa l briquette s 
(with cassav a starc h a s binder ) compare d wit h ordinar y charcoa l 

Property Charcoal briquette s Ordinar y charcoa l 

% pure carbo n conten t 9 0 
% volatil e matte r 1. 0 
% ash conten t 10. 0 
% moistur e conten t 3. 4 
Compressive strength , m  Pa 2. 3 

95 
0.7 
4.7 
0.2 
3.7 

TABLE 5 : Composition o f produce r ga s fro m charcoa l briquette s 
and ordinar y charcoa l 

Gas Ga s compositio n Typica l ga s 
composition fro m compositio n 

from ordinar y fro m charcoa l 
briquettes charcoa l (fro m literature ) 

% %  % 

co2 
CO 
H2 
CH4 

4.0 
7.8 
1.6 
1.6 

6.0 
16.6 

3.8 
1.2 

3.0 
28.7 

3.8 
0.2 

TABLE 6 : Summary o f gasifie r tes t result s 

Average feedin g rate , kg/h r 
Average ga s discharg e rate , Nm 3/min 
Calorific valu e o f gas , MJ/Nm 3 

Rate o f energ y production , MJ/h r 
Efficiency o f gasifier , % 

Gasification 
of charcoa l 
briquettes 

10.4 
0.23 
2.84 

39.2 
16 

Gasification 
of ordinar y 

charcoal 

8.4 
0.23 
2.83 

39.2 
18 
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FIGURE 1 : Flow diagra m o f pyrolysi s syste m 

FIGURE 2 : Sketch o f powdere d charcoa l stov e 
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