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ABSTRACT 

A surve y ha s bee n conducte d t o estimat e th e energ y potentia l o f agricultura l an d 
forestry waste s availabl e i n Sierr a Leone , t o provid e th e necessar y informatio n 
base fo r polic y makers . Th e preliminar y result s whic h covere d nin e type s o f cro p 
wastes, thre e differen t anima l waste s an d tw o type s o f forestr y waste s ar e 
presented. Example s ar e discusse d o f ho w th e differen t agricultura l waste s ca n 
be use d t o suppl y th e energ y require d i n mos t o f th e post-harves t operation s tha t 
are carrie d ou t a t villag e level . 

INTRODUCTION 

Sierra Leon e doe s no t hav e a  larg e poo l o f conventiona l energ y resources . T o 
become energ y self-sufficient , non-conventiona l source s o f energ y mus t b e 
developed, includin g biomass . A t presen t i n Sierr a Leone , mos t o f th e biomas s 
used fo r energ y i s i n th e for m o f woo d o r charcoal . Ther e i s potentia l t o exploi t 
a muc h broade r rang e o f biomas s resources . However , i t i s necessar y firs t t o 
assess th e amoun t availabl e nationally . 

The projec t describe d i n thi s pape r ha s bee n carrie d ou t t o determin e th e 
national energ y potentia l fro m agricultura l an d forestr y wastes . 

BACKGROUND O N AGRICULTURE AN D FORESTR Y 

Agriculture (crops ) 

Agriculture play s a  majo r rol e i n th e econom y o f Sierr a Leone , contributin g 
about 28.6 % o f th e tota l expor t earnin g an d 32 % o f th e gros s domesti c product . 
Rice i s th e stapl e cro p an d i s produce d al l ove r th e country . Othe r foo d crop s 
include cassava , maiz e an d millet . Amon g th e cas h crop s are : coffee , coco a an d 
palm kerne l whic h ar e produce d mainl y i n th e souther n an d easter n region ; 
groundnut an d suga r can e whic h ar e produce d i n th e north ; an d citru s fruit s 
which ar e produce d al l ove r th e countr y o n a  ver y smal l scale . O f these , coffe e 
and coco a ran k hig h wit h 16.1 % an d 13.4 % o f th e tota l annua l expor t earning s 
respectively. Together , thes e crop s represen t onl y 10 % of th e GDP . 

Agriculture (Livestock ) 

In Sierr a Leone , th e mai n sourc e o f mea t i s beef . Bu t cattl e rearin g i s no t ver y 
organised an d mos t farm s averag e onl y 10-5 0 hea d o f catt le . Mos t o f th e cattl e 
are i n th e norther n province . Goat s an d shee p ar e reare d i n larg e number s al l 
over th e country . Th e combine d populatio n o f shee p an d goat s i s greate r tha n 
that o f catt le . Goats , shee p an d cattl e ar e seldo m house d o r confined . Piggerie s 
exist onl y i n th e urba n centre s an d thei r adjacen t rura l communities . Th e 
average siz e i s abou t thirt y (hal f o f whic h ma y b e piglets) . Ther e ar e severa l 
poultry farm s i n th e country , wit h fro m 500-50,00 0 chickens . 
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About fiv e percen t o f th e tota l are a o f th e countr y (mainl y south-easter n region ) 
is covere d wit h hig h tropica l forest . Ther e ar e severa l forestr y plantation s 
whose tota l are a i s approximately 10,00 0 ha . 

METHODOLOGY 

Following a n initia l identificatio n o f th e differen t waste s produce d i n th e variou s 
farming operations , tw o paralle l investigation s wer e undertake n t o characteris e 
the waste s an d t o determin e th e tota l resource s usin g dat a fro m fiel d test s an d 
statistical records . 

Identification o f agricultura l an d forestr y waste s 

Wastes hav e bee n classifie d int o fiv e groups : cro p waste s produce d i n farmin g 
operations suc h a s harvestin g an d milling ; firewoo d produce d a s a  resul t o f th e 
bush fallo w farmin g system ; anima l wastes ; waste s fro m forestr y operations ; an d 
wastes fro m agro-industries . 

Three criteri a wer e identifie d fo r selectin g a  particula r plan t cro p wast e a s a 
possible sourc e o f energy . Firstly , th e cro p shoul d hav e a n annua l productio n i n 
excess o f 10,00 0 tons . Second , th e moistur e conten t o f waste s i s les s tha n 20 % 
making the m goo d candidate s fo r thermochemica l conversion . However , we t 
wastes ar e suitabl e fo r bacteriologica l conversion . Third , th e rati o o f wast e t o 
crop shoul d b e high . Fo r instance , cassav a stem s wer e no t considere d becaus e o f 
the lo w rati o o f ste m t o root . 

As fa r a s anima l waste s ar e concerne d onl y confine d animal s an d large r animal s 
were selected . Goa t an d shee p waste s wer e no t considere d suitable . Althoug h 
cattle ar e no t confine d i n mos t cases , th e siz e o f thei r dropping s an d th e limite d 
distances ove r whic h the y roa m make s th e collectio n o f cowdun g a  potentiall y 
economic exercise . Poultr y an d pigger y waste s wer e als o considere d i n thi s 
study. 

In th e cas e o f agro-industria l waste s onl y soli d waste s wer e considere d sinc e 
most liqui d waste s ten d t o b e ver y dilute . Tw o forestr y waste s wer e considered ; 
sawdust an d woo d cut-offs . 

It i s widel y believe d tha t deforestatio n i s cause d b y clearin g o f fores t fo r 
firewood. Howeve r i n mos t developin g countrie s lik e Sierr a Leone , forest s ar e 
not cleare d fo r firewood . Firewoo d i s a  wast e produc t o f th e lan d preparatio n i n 
the bus h fallo w farmin g system . Thu s th e quantit y o f firewoo d availabl e depend s 
on th e exten t o f th e foo d cro p farmin g operations . I n thi s study , firewoo d i s 
considered a s a  wast e fro m th e farmin g work . 

Laboratory experiment s 

Laboratory test s wer e carrie d ou t t o determin e som e o f th e relevan t physica l 
characteristics o f th e wastes . Th e propertie s measure d were : moistur e content ; 
calorific value ; bul k densit y an d as h content . Th e energ y content , th e thermo -
chemical conversio n prospects , an d problem s involve d i n transportin g larg e 
quantities awa y fro m th e poin t o f productio n wer e determined . 

Forestry 
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Determination o f wast e factor s 

Total productio n o f variou s crop s wa s obtaine d fro m statistica l records . Th e 
proportion i t wa s t o cro p produce d wa s estimate d i n fiel d experiments . Th e 
method fo r th e collectio n o f fiel d dat a varie d fro m cro p t o crop . Belo w th e 
methods use d t o determin e th e wast e facto r whic h i s define d a s th e rati o o f th e 
waste t o th e primar y product s ar e described . Tw o broa d categorie s o f waste s 
have bee n defined : thos e produce d o n farm s an d thos e produce d durin g 
processing of f th e farms . 

Wastes lef t o n far m lan d 

Only ric e stra w an d th e natua l vegetatio n remove d durin g lan d preparatio n fo r 
farming, ca n b e considere d a s a  far m waste . 

a. Determinatio n o f wast e facto r fo r ric e straw : I n Sierr a Leon e durin g 
harvesting mos t o f th e stra w i s lef t o n th e far m an d onl y th e stem s 
containing th e seed s ar e cut-off . Stra w fro m a  measure d are a wa s 
collected an d weighe d an d th e rati o o f stra w t o padd y produced , thu s 
calculated. Th e wast e facto r thu s obtaine d wa s estimate d a t variou s 
locations an d fo r bot h uplan d ric e farm s an d bolilan d swamps . 

b. Natura l vegetation : Durin g lan d preparatio n fo r farmin g th e natura l 
vegetation i s cleared . Mos t i s burn t an d serve s a s a  soi l fertiliser . Th e 
larger tree s ar e traditionall y use d fo r firewood . Availabl e statistic s on 
the volum e o f woo d pe r acr e o f fores t lan d i n Sierr a Leon e (Alant a 1979 ) 
and o n th e tota l acreag e o f uplan d ric e far m develope d annually , wa s use d 
to calculat e th e tonnag e o f firewoo d availabl e annuall y fro m ric e farming . 

Wastes produce d off-far m 

This grou p include s al l th e waste s i n th e post-harves t operation s suc h a s millin g 
and threshing , a s wel l a s thos e generate d b y agro-industries . 

a. Ric e husk , peanu t shell s an d coffe e husk : Al l thes e waste s ar e generate d 
during th e millin g (o r shelling ) o f th e primar y product . A  measure d 
quantity o f th e uncleane d produc t (i.e . padd y rice , unshelle d peanu t etc ) 
was mille d (o r shelled ) an d th e weigh t o f th e wast e an d th e primar y 
product recorde d separately . Th e rati o o f th e wast e t o th e primar y 
product i s the wast e factor . 

b. Coco a pods : Cocoa-bea n productio n statistic s ar e normall y quote d fo r 
dried beans . Th e wast e facto r wa s therefor e base d o n drie d beans . A 
weighed sampl e o f th e podde d coco a wa s take n an d processe d b y th e 
traditional method . Th e drie d bean s an d th e drie d pod s wer e weighe d an d 
the wast e facto r computed . 

c. Pal m frui t fibres : Thi s typ e o f wast e i s produce d o n a  larg e scal e i n thre e 
main oi l mill s processin g pal m fruits . A  known quantit y o f pal m frui t wa s 
processed. Th e rati o o f pal m frui t fibre s t o th e quantit y o f pal m oi l 
produced gav e th e wast e factor . 

d. Wood y remain s o f pal m frui t bunches : Th e pal m fruit s ar e loosel y 
attached t o a  thorn y mas s whic h i s disintegrate d durin g processin g fo r 
palm oil . Th e wood y remain s ar e a  usefu l sourc e o f energy . Th e wast e 
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factors fo r thi s wast e wa s estimate d fro m a  mas s balanc e take n ove r th e 
total crop . 

e. Pal m kerne l shells : T o determin e th e quantit y o f shel l generate d pe r uni t 
weight o f pal m kerne l produced , a  know n quantit y o f th e unshelle d unit s 
was cracke d an d th e weigh t distributio n betwee n th e kerne l an d th e shel l 
recorded. 

f. Bagasse : Ther e i s onl y on e suga r mil l i n th e country . Th e factor y 
provided informatio n o n th e quantit y o f bagass e t o suga r produced . 

g. Livestoc k (poultry , pigger y an d cattl e waste) : Anima l compound s (e g a 
poultry, a  piggery ) wer e visite d onc e a  da y (earl y i n th e morning ) t o 
collect al l waste s o f th e previou s day . Th e tota l wast e wa s divide d b y th e 
number o f animal s presen t t o giv e th e wast e pe r animal . Th e averag e 
weight o f th e animal s involve d i n th e experimen t wa s als o recorded . 

Forestry waste s 

Two type s o f waste s ar e generate d b y th e fores t industry : sawdus t an d woo d 
cut-off. Som e o f th e latte r i s usuall y lef t o n th e fores t floo r b y th e loggin g 
team. Th e quantit y o f woo d cut-of f produce d depend s o n compan y practic e an d 
hence th e wast e facto r wil l var y wit h th e company . Thes e industrie s wer e 
visited an d interviewe d o n th e quantit y o f wast e the y produced . A n averag e o f 
the estimate s wa s use d a s wast e facto r fo r th e industry . 

Data o n primary product s 

To gai n regiona l an d nationa l estimate s fo r wast e product s informatio n o n th e 
annual productio n o f th e primar y product s wa s obtained . Thre e mai n source s o f 
information wer e used : publishe d report s o r data , communication s wit h 
industries an d governmen t departments , an d visit s t o industries . Th e 
Agricultural Statistica l Bulleti n (PEMS U 1983 ) prove d th e mos t usefu l sourc e o f 
published data . Publishe d b y th e Planning , Evaluation , Monitoring , an d Service s 
Unit (PEMSU ) o f th e Sierr a Leon e Government' s Ministr y o f Agricultur e an d 
Forestry, i t ha s informatio n o n th e annua l productio n o f nearl y al l majo r crop s 
produced i n th e country . I t als o ha s informatio n o n th e natur e an d siz e o f bot h 
natural an d plantatio n forests . 

RESULTS AND DISCUSSIO N 

Physical characteristic s o f th e waste s 

The result s o f th e experiment s t o determin e th e bul k density , moistur e content , 
ash conten t an d calorifi c valu e o f th e waste s ar e give n i n Tabl e 1 . Wit h th e 
exception o f pal m kerne l shells , al l wast e product s ar e ver y bulk y (bul k densit y 
less tha n tha t o f water) . Thi s ha s ver y unfavourabl e implication s fo r th e 
transportation, particularl y o f ric e husts . Thu s thes e waste s wil l hav e t o b e use d 
locally. 

The moistur e conten t o f mos t o f th e cro p waste s (wit h th e exceptio n o f bagasse ) 
ranged fro m 11-20% . Henc e the y ca n readil y b e converte d t o othe r form s o f 
energy throug h an y o f th e thermo-chemica l route s suc h a s combustion , pyrolysi s 
and gasification . Biologica l conversio n wil l requir e th e additio n o f a  lo t o f 
water, an d bacteria , an d wil l hav e a  lon g retentio n time . Th e moistur e conten t 
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of anima l waste s wa s fairl y hig h -  varyin g betwe n 16 % an d 86% . Th e lowe r 
figure represent s cowdun g whic h wa s usuall y droppe d i n ope n field s wher e the y 
dried befor e collection . Th e averag e moistur e o f forestr y waste s wa s 30% , 
which correspond s t o tha t o f we t wood . 

The as h conten t o f mos t o f th e waste s i s fail y low . Th e onl y exception s ar e ric e 
husk an d stra w whic h hav e ver y hig h as h conten t (approximatel y 20%) . Th e as h 
contents o f pal m frui t fibres , pal m kerne l shells , sawdus t an d othe r forestr y 
wastes ar e negligible . 

Gross energ y value s ar e inversel y correlate d wit h as h content , a s woul d b e 
expected, sinc e as h represent s weigh t contributin g zer o energy . 

Waste factor s 

Tables 2- 4 giv e th e wast e factor s fo r al l th e cro p waste s considere d i n thi s work . 
Table 5  summarises th e dail y dropping s o f animals . Tabl e 6  contain s informatio n 
on th e percentag e o f log s tha t i s waste d i n sawmills . 

These dat a ar e simila r t o publishe d wor k especiall y i n th e cas e o f ric e hus k 
(Pitakarnnop e t a l 1983) . Ric e stra w t o grai n rati o i s ver y hig h becaus e o f th e 
low grai n yiel d pe r hectare . Padd y productio n i s 1. 3 tonn e pe r hectar e compare d 
with 3- 5 tonne s pe r hectar e reporte d i n som e literatur e (Dunn  e t a l 1983) . Th e 
larger yiel d correspond s wit h improve d farmin g methods . 

Daily dropping s pe r anima l ar e als o ver y muc h lowe r tha n thos e reporte d i n th e 
literature becaus e o f th e lowe r averag e weigh t o f th e animals . I n th e cas e o f 
catt le, th e dun g wa s dr y whe n collecte d an d explain s th e lo w valu e fo r th e dail y 
droppings. 

Total energ y fro m agricultura l an d forestry waste s 

Tables 7- 9 giv e th e tota l waste s associate d wit h eac h o f th e majo r crops . Waste s 
associated wit h ric e ar e th e mos t abundant . Ric e stra w top s th e lis t i n quantity , 
followed b y waste s fro m clearin g fo r ric e farmin g an d the n ric e husk . Amon g 
the forestr y wastes , woo d cut-of f i s th e mos t abundan t an d i n th e livestoc k 
cowdung dominates . 

The tota l energ y availabl e nationall y fro m al l majo r agricultura l an d forestr y 
wastes i s give n i n Tabl e 10 . B y far , th e mos t importan t wast e i s dr y woo d 
collected durin g clearin g o f natura l vegetatio n i n th e bus h fallo w farmin g 
system. Som e o f thi s waste , especiall y tha t generate d o n farm s clos e t o urba n 
areas, i s alread y bein g use d a s firewood . 

Other majo r potentia l energ y source s ar e ric e stra w an d husk . Howeve r becaus e 
of thei r hig h as h conten t an d lo w bul k density , thes e fuel s wil l hav e a  ver y shor t 
radius o f economi c usefulness . Th e larges t energ y potentia l fro m agro-industrie s 
is bagass e produce d b y th e suga r mills . Thi s an d othe r waste s lik e pal m frui t 
fibres an d pal m kerne l shell s ar e currentl y bein g use d b y th e industrie s tha t 
produce them . I n addition , a  smal l numbe r o f farmer s wh o proces s oi l pal m b y 
traditional method s als o us e pal m frui t fibre s a s energ y source s i n som e part s o f 
the country . 

The estimate d tota l energ y availabl e annuall y fro m waste s produce d o n farm s 
and i n agro-industrie s i s abou t 1. 5 millio n tonne s oi l equivalent . Thi s i s ver y 
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significant sinc e th e annua l impor t o f crud e oi l t o Sierr a Leon e i s approximatel y 
300,000 tonnes . 

Mode of utilisatio n o f waste s 

Most o f th e waste s produce d b y industrie s ar e use d i n thos e factorie s a s a  sourc e 
of energy . Pal m oi l mill s us e th e pal m frui t fibre s an d th e nu t shell s t o fir e thei r 
boilers, an d bagass e produce d b y suga r mill s i s similarl y used . Recently , th e 
forest industrie s corporatio n o f Kenem a i n th e easter n regio n starte d usin g thei r 
wastes t o generat e electricit y t o ru n al l thei r machines . Sawdus t ca n als o b e 
used fo r cookin g o r bakin g i n speciall y designe d stove s an d oven s (Massaquo i 
1985; Bassey 1983) . 

Other waste s evaluate d her e hav e no t ye t bee n recognise d b y farmer s a s 
potential energ y sources . I n orde r t o promot e th e utilisatio n o f thes e waste , 
notice mus t b e mad e o f th e fac t tha t thei r lo w bul k densit y require s the m t o b e 
used a t o r nea r th e poin t wher e the y ar e generated . Promotiona l efforts , shoul d 
aim a t augmentin g existin g energ y source s fo r far m activitie s an d providin g 
energy fo r othe r wor k currentl y bee n undertake n b y huma n labour . 

Thus, effort s t o utilis e ric e hus k o r stra w shoul d concentrat e o n usin g the m i n 
some for m i n drying , millin g o r parboiling . Th e us e o f ric e hus k i n stove s t o 
parboil padd y ar e currentl y underway . Simila r effort s shoul d b e mad e i n 
converting ric e hus k t o ga s whic h coul d b e use d t o ru n ric e mills . 

Farm waste s shoul d b e considere d individually . Al l th e processin g an d farmin g 
operations associate d wit h a  particula r wast e shoul d b e examine d t o identif y 
those step s tha t coul d b e energised . 

CONCLUSION 

A survey o f Sierr a Leone' s energ y potentia l fro m agricultura l an d forestr y waste s 
has bee n carrie d out . Fro m th e result s o f th e surve y th e followin g conclusion s 
can b e drawn . 

i. Th e tota l energ y fro m plan t wastes , whic h i s estimate d a t 1. 5 millio n 
tonnes o f oi l equivalen t pe r annum , i s abou t fiv e time s th e tota l annua l 
crude oi l import . 

ii. Th e tota l energ y fro m cro p waste s alon e i s mor e tha n doubl e tha t o f th e 
annual crud e oi l import . 

iii. Th e tota l energ y fro m th e dea d remain s o f th e natura l vegetatio n whic h i s 
cleared i n th e bus h fallo w system , i s estimate d a t 23,85 2 TJ/annu m o r 
542,000 T.O.E . 

iv. Th e tota l energ y fro m crop s associate d wit h ric e farmin g i s abou t 700,00 0 
tonnes oi l equivalent . 

v. Th e lo w bul k densit y o f th e waste s mean s tha t the y ar e bes t use d i n th e 
communities i n whic h the y ar e produced . 

vi. I t i s possibl e t o us e th e energ y availabl e fro m som e cro p waste s t o 
energise th e operation s leadin g t o th e productio n o f th e waste . A n 
example i s th e us e o f ric e hus k stove s t o parboi l rice . 
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vii. Th e energ y availabl e fro m forestr y waste s i s no t substantia l bu t exis t i n 
large quantitie s i n a  fe w locations . 

viii. Amon g th e livestoc k wastes , cowdun g ha s th e larges t energ y potentia l bu t 
since mos t o f th e cat t l e ar e no t house d i t i s difficul t t o us e thi s waste . 

ix. Al l wast e fro m agro-industrie s ar e currentl y bee n use d b y th e producer s 
to ru n thei r boilers . 
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TABLE 1 : Physica l characteristic s o f majo r agricultural an d 
forestry wast e 

Waste 

CROP 
Rice hus k 
Rice stra w 
Firewood (average ) 
Cocoa pod s 
Coffee husk s 
Peanut shell s 
Palm kerne l shell s 
Palm frui t fibre s 
Woody remain s o f 
palm frui t bunche s 
Bagasse 
FORESTRY 
Sawdust 
Wood cut-off s 
(Green) 

ANIMAL 
Piggery 
Poultry 
Cowdung 

Bulk 
density 
(kg/m) 

107 
320 
650 

-
575.5 
429 

1315.56 
826 

-
-

200-220 

690 

-
-
-

Moisture 
content 

(% we t basis ) 

11.87 
17.91 
17.5 
19.27 
17.35 
16.35 
12.02 
11.48 

10.2 
50 

50 

50 

90 
85 
16.8 

Ash 
content 

(%) 

20.3 
17.9 
Neg. 
10.2 

9.4 
14.2 

1.31 
Neg. 

Neg. 
11.3 

Neg. 

10.5 

-
-
-

Calorific 
value 

(MJ/Kg) 

12.75 
13.5 
16.5* 
14.2 
15.35 
15.46 
16.4 
23.21 

18.2 
9.3+ 

10.5 

1.8 
4.4 

14.5 

* Menyong a (1983) ; +  National Academ y o f Scienc e 
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TABLE 2 : Wast e facto r o f som e crop s waste s 

Waste (primar y product ) 

Rice hus k (ric e paddy ) 
Rice hus k (cleane d rice ) 
Dry coco a pod s (beans ) 
Coffee husk s (coffe e seeds ) 
Peanut shell s (peanut ) 
Palm kerne l shell s (kernel ) 
Palm frui t fibre s (oil ) 
Woody remain s o f pal m frui t 
bunches (oil ) 

Average 
weight 

of sampl e 
(Kg) 

20 
20 
11 

5.5 
28.0 
16.0 
24 

Average 
weight 

of primar y 
(Kg) 

20 
13.5 

1.5 
1.25 

14.0 
5.6 
3.6 

Average 
weight 

of wast e 
(Kg) 

6.5 
6.5 
1.5 
1.25 

14.0 
10.4 

3.5 

Bagasse (sugar ) 60,000 6,000 20,000 

Waste wt o f ws t 
factor =  w t o f pr i 

0.325 
0.482 
1 

1 
1 
1.85 
0.97 

1.48 

3.3 

* 
* 

** 
*** 

* I n th e cas e o f coco a pod s an d coffe e husk , th e differenc e betwee n th e sampl e weigh t an d 
the su m o f tha t o f th e primar y an d wast e i s du e t o moistur e whic h wa s remove d afte r 
drying th e wast e an d th e primar y product . 

** Estimate d b y thi s work . 

*** Magbas s Suga r Factor y (persona l communication) . 

TABLE 3 : Computatio n o f wast e facto r fo r ric e stra w 

Area o f farm s brushe d 
(3.85 x  3.45 ) 

Quantity o f ric e stra w 
gathered (Kg ) 

Straw/hectare (kg/ha ) 
Paddy/hectare (kg/ha ) 
Waste facto r 

Swamp ric e 

13.30 m 2 

to 
7520.0 

1500 
5.013 

Upland ric e 

13.30 

6 
4511 
1340 
3.37 

(PEMSU 1982 ) 

N.B. Th e rati o o f uplan d ric e t o swam p ric e i s 3.254/1.263 . Henc e th e averag e 
waste facto r fo r stra w i s given b y 

(3.254 x  3.37 ) +  (1.26 3 x  5.013 ) =  3.7 8 

2 m 
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TABLE 4: Weigh t o f dea d wood generated fro m bus h fallow farmin g syste m 

Average volum e o f wood/hectar e 
Quantity o f paddy/hectar e 
Volume o f wood/tonn e padd y 
Approximate densit y 
Weight o f wood/tonn e o f padd y 

5.48 
1.35 
4.06 
0.650 
2.6 

m3/ha PEMS U (1982 ) 
tone/ha 
m /tonn e 

0 
tonne/m 
tonnes/tone o f padd y 

TABLE 5 

No of 
animals 

Poultry 
Piggery 
(Unit 
waste) 
Cowdung 
(air 
dried) 

1000 

49 

23 

Total Averag e Annua l 
daily dropping s dropping s 

droppings pe r anima l tonnes / 
(kg/day) pe r day animal/yea r 

kg/animal/day 

60 

90 

80.5 

0.06 

1.83 

3.5 

0.0216 

0.66 

1.26 

Average Dail y 
weight o f droppin g 

animal %  of liv e w t 
(kg) 

60 

200 

3.05 

1.75 

Industry 

TABLE 6 : Statistic s o n forestry waste s 

Percentage o f log s waste d a s 

Panguma Sawmill s 

Forest Industrie s Corporatio n 

SILETI 

Average 

sawdust 

4 

3 

Not applicabl e 

3.5 

wood cut-of f 

36 

30 

50 

38.7 

Total 

40 

33 

50 

41 

1 6 
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TABLE 7: Computatio n o f tota l waste s generate d annuall y (crops ) 

Wastes (primary product ) 

Rice hus k (padd y rice ) 
Rice stra w (padd y rice ) 
Dead natura l vegetatio n 

(paddy rice ) 
Cocoa pod s (cocoa beans ) 
Coffee husk s (coffe e seeds ) 
Peanut shell s (peanut ) 
Palm kerne l shell s 

(palm kernel ) 
Palm frui t fibre s (pal m oil ) 
Woody remain s o f pal m frui t 

(oil) bunche s 
Bagasses (sugar ) 

Waste 
factors 

(tonne/tonnes) 

0.325 
3.78 

2.6 
1.0 
1.0 
1.0 

1.85 
0.97 

1.48 
3.3 

Total annua l 
primary productio n 

(tonnes) 

556,000 
556,000 

556,000 
8,600 

30,500 
10,100 

41,000 
49,000 

49,000 
6,000 

Total 
waste 

(tonnes) 

180,700 
2,101,680 

1,445,600 
8,600 

30,500 
10,100 

75,850 
47,530 

72,520 
20,000 

Waste Waste a s 
% of lo g 

Sawdust 3. 5 

Wood cut-off s 38. 7 

Total Forestr y Waste s 

TABLE 8: Computatio n o f tota l waste s (forestry ) 

Annual quantity of log s handle d 

tonnes 

71,000 46,15 0 

71,000 46,15 0 

(m3) 

Total 
waste 

(tonnes) 

1615.75 

17,860 

19475.3 

TABLE 9: Computatio n o f tota l waste s (animals ) 

Waste 

Cowdung 

Poultry 

Piggery 

Total Anima l Wast e 

Waste per 
animal pe r yea r 

tonnes/animal yea r 

1.26 

0.0216 

0.66 

Total anima l 
population 

333,181 

3973,000 

15,000 

Total annua l 
waste 

(tonnes) 

420,000 

85,817 

9,900 

515,717 
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TABLE 10 : Tota l energ y potentia l fro m waste s 

Type of wast e 

Rice hus k 
llice stra w 
Cocoa pod s 
Coffee hus k 
Peanut shell s 
Palm kerne l shell s 
Palm frui t fibre s 
Woody remain s o f 

palm frui t bunche s 
Bagasse 

A. Tota l Cro p Wast e 

B. Clearin g o f natura l 
vegetation fo r 
farming 

Sawdust 

Wood cut-off s 

Total wast e 
produced 
annually 
(tonnes) 

180,700 
2,101,680 

8600 
30,500 
10,100 
75,850 
47,530 

72,520 
20,000 

1,445,600 

1615 

17,860 

C. Tota l Forestr y Wast e 

Cowdung 

Poultry 

Piggery 

D. Tota l Anima l Wast e 

Grand Total (A+B+C+D ) 

420,000 

85,817 

9900 

Calorific 
value 

GJ/tonne 

12.75 
13.5 
14.2 
15.35 
15.46 
16.4 
23.2 

18.2 
9 .4 

16.5 

10.5 

10.5 

14.5 

4 . 4 

1.8 

65,819, 

Total energ y 
potential 

(GJ) 

2,303,925 
28,372,680 

122,120 
468,175 
156,146 

1,243,940 
1,102,696 

1,319,864 
188,000 

35,277,352 

23,852,400 

16,957 

187,530 

204,497 

6,090,000 

377,594 

17,820 

6,485,414 

160 

Total energ y 
in tonnes oi l 
equivalent* 

52,362 
644,833 

2775 
10,640 

3548 
28,271 
25,061 

29,996 
4272 

801,758 

542,100 

385 

4262 

4647 

138,409 

8581 

405 

147,385 

1,495,890 

* tonn e o f oi l =  44 G J 
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