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ABSTRACT 

The pape r briefl y describe s a  charcoa l retor t mode l designe d t o improv e 
efficiency o f charcoa l productio n an d recover y o f by-products . Th e desig n i s 
technically sound . Howeve r th e initia l prototyp e wit h 4. 5 m 3 retor t chambe r 
capacity i s not economically viable . A  10 m 3 capacit y retor t chambe r increase d 
the profi t margi n wit h a  correspondin g 18 % increas e i n th e rat e o f retur n o n 
investment. Th e rat e i s furthe r increase d b y 30 % i f th e crud e pyroligneou s 
liquor an d ta r wa s t o b e sol d t o a  centra l processin g distiller y plant . Th e 
reliability and durability of th e retort prototyp e i s also reported . 

INTRODUCTION 

In attemptin g t o improv e o n th e metho d o f productio n o f charcoal , theoretica l 
and experimental wor k has been undertaken aime d a t designing , constructing an d 
testing a  charcoa l retor t model . Th e mode l (Yamb a 1983 ) consists o f a  retor t 
chamber an d furnac e connecte d b y fiv e stainles s stee l tube s (Figur e 1) an d 
includes a  hea t exchange r fo r recover y o f by-product s i n th e for m o f 
pyroligneous liquor . 

The mode l ha s bee n extensivel y evaluate d t o establis h optimu m operatin g 
conditions an d determin e techno-economi c viability , reliabilit y an d durability . 
The findings ar e reported i n this paper . 

TECHNO-ECONOMIC EVALUATION 

The charcoa l retor t prototyp e ha s been extensivel y teste d ove r mor e tha n 300 0 
hours of actua l operation ove r a  perio d o f fiv e years . Th e mode l ha s proved t o 
be technically soun d in as far a s charcoal production and recovery of by-product s 
is concerned. 

Factors affectin g th e productio n rate , ie conversion efficiency , includ e initiatio n 
reaction temperature , an d carbonisatio n an d stabilisatio n time s (Yamb a 1984) . 
Highest conversio n efficienc y (35% ) was achieved a t a  carbonisation temperatur e 
of 350°C , and stabilisation an d carbonisation time s of 5  and 9  hours respectively . 
Under thes e condition s ther e wa s a  highe r recover y o f th e by-product s i n th e 
form o f pyroligneous liquor and tar . 

Data obtaine d fro m th e desig n specification s o f th e retor t mode l constructed , 
such a s steel, refractory bricks , electric motor , etc , wer e use d t o determine th e 
total investmen t requiremen t o f th e project . Th e retor t chambe r o f th e retor t 
model was determined a s 0.2 5 m 3. T o arrive a t a n economicall y viabl e projec t 
two retor t chambe r capacitie s o f 4. 5 m 3 an d 1 0 m 3 wer e selecte d base d o n 
dimensional analysis . Sinc e th e siz e o f th e retor t chambe r i n th e forme r an d 
latter case s increase d thre e and four time s respectively t o that o f th e model , the 
material cos t fo r th e retor t chambe r increase d three , nin e an d 27-fol d fo r th e 
4.5 m 3 retor t chambe r capacity , an d four , 1 6 and 64-fol d fo r th e 1 0 m 3 retor t 
chamber capacit y pe r uni t metre , mas s an d volum e respectively . Th e tota l 
capital investmen t als o include d th e cos t o f constructio n an d assembl y o f th e 
plant. 
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The material s require d fo r th e constructio n o f th e furnace , increase d b y a 
quarter, an d a  hal f fo r a  4.5m 3 an d 10m 3 capacit y respectively . T o obtai n th e 
required hea t fo r sustainin g a  continuou s operatio n o f nin e hours , a  blowe r wit h 
twice the capacity of tha t used in the mode l was recommended. 

Data, suc h as , amoun t o f wast e fue l an d electricit y consumed , fo r determinin g 
the operatin g cost s wa s obtaine d fro m variou s test s undertake n o n th e retor t 
model. Th e dat a wer e the n extrapolate d t o obtai n th e operatin g cost s require d 
for th e 4. 5 m 3 an d 1 0 m 3 retor t chambe r capacities . T o determin e th e tota l 
production cost , the cos t o f maintenanc e estimate d a t a n average annua l rate o f 
5% of th e capital investmen t and labour wer e added to the operating costs. 

A comparison o f th e investmen t an d performanc e i n th e firs t yea r o f operatio n 
of charcoa l retort s o f thre e differen t capacitie s i s show n o n Tabl e 1 . Thi s 
analysis suggest s tha t th e prototyp e mode l i s not  economicall y viable . Th e 
situation slightl y improve s i n th e 4. 5 m 3 retor t chambe r capacit y bu t onl y 
marginally a s th e rat e o f investmen t i s only 2.0 % an d 11.0 % fro m th e sale s o f 
charcoal alone , an d charcoa l an d th e crud e by-produc t respectively . Th e profi t 
margin increase s significantl y usin g a  10m 3 capacit y charcoa l retor t prototype . 
There i s a  corresponding increas e i n the rat e o f return o n investment o f 16. 2 and 
31.7% from th e sales of charcoa l only, and charcoal and the crude by-product . 

Performance ca n b e furthe r improve d i f a  marke t fo r th e by-product s i s 
identified. Fo r thi s reason, i t i s recommended tha t a  centra l distiller y b e set u p 
for processin g th e by-product s int o product s suc h a s woo d tar , aceti c acid , 
acetone and methy l alcohol. 

DETERMINATION O F RELIABILITY AN D DURABILITY O F 
THE CHARCOAL RETOR T PROTOTYPE 

To determine eliabilit y an d durabilit y o f th e system , i t i s important t o conside r 
separately it s variou s components : namel y retor t chamber , furnace , piping , 
blower assembl y an d hea t exchanger . Th e criteri a fo r determinin g th e variou s 
economic indices of reliability and durability mus t also be defined . 

The mos t importan t criterio n o f reliabilit y i s th e probabilit y o f non-failure , 
intensity o f failur e an d averag e dow n time . Fo r th e charcoa l prototype , th e 
probability o f non-failur e ca n be measured b y the probability (P) of non failure of 
the various identified component s as follows : 

P = P r P f P b P p P h e (1) 

where P  i s probabilit y o n non-failur e o f th e charcoa l prototype ; P r o f retor t 
chamber, P f o f furnace ; P b o f blowe r assembly ; P p of piping system; Ph e o f hea t 
exchanger. Th e mos t vulnerabl e o f al l th e component s i s th e furnac e whic h i s 
subjected t o high temperatures . 

The intensit y o f failur e o f th e prototyp e ca n b e define d a s th e rati o o f th e 
number of failure s o f the whole plant during a given tim e interva l t o the averag e 
number of failure s o f it s different component s as given below. 

(2) 
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where t i i s averag e lengt h o f tim e betwee n tw o consecutiv e failure s i n a  give n 
operating time , an d n  i s numbe r o f failure s i n a  give n operatin g time . 

Durability i s a n economi c analysi s inde x whic h ca n b e use d t o determin e th e 
economic lif e o f th e charcoa l plant . I t largel y depend s o n operatin g cost s fo r 
maintenance an d repai r an d it s armotisatio n rat e ove r a  give n servic e life . Th e 
economic servic e lif e ca n b e determine d b y th e minimu m poin t o n a  grap h 
showing th e tw o losses agains t operatin g time . 

The servic e lif e o f th e charcoa l prototyp e accordin g t o result s fro m th e mode l i s 
estimated a t 1 0 years . Th e mos t critica l componen t whic h ha s bee n identifie d 
from th e intensiv e testin g i s th e furnace . Accordin g t o availabl e data , th e 
furnace, i n particula r th e refractor y bricks , wil l hav e t o b e replace d 
approximately onc e i n ever y tw o years . Anothe r critica l componen t requirin g 
frequent replacemen t withi n th e sam e orde r o f tim e i s th e stainles s stee l furnac e 
hood an d it s associate d pipin g whic h ar e subjecte d t o hig h therma l stresses . 

During th e pilo t plan t commissionin g stage , al l th e variou s economi c indice s 
which hav e bee n identifie d mus t b e determine d an d monitored . 

CONCLUSIONS 

The techno-eeonomi c evaluatio n whic h ha s bee n undertake n i n thi s wor k ha s 
shown tha t th e 1 0 m 3 retor t chambe r capacit y offer s th e bes t investment . A 
pilot plan t base d o n suc h a  capacit y mus t b e constructe d fo r furthe r testin g an d 
commissioning prio r t o commercia l productio n o f th e design . 

During destin g o f th e pilo t plant , al l attempt s shoul d b e mad e t o collec t dat a fo r 
determining th e reliabilit y an d durabilit y o f th e pilo t plant . 
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where i s intensit y o f failure s o f th e plant ; N a y i s average numbe r o f no t faile d 
components o f th e plants ; L  i s given operatin g tim e interval . 

With th e hel p o f equatio n 2 , th e probabilit y o n non-failur e ca n b e determined , 
using th e followin g equation : 

(3) 

where e  i s natura l logarithm . 

The mea n dow n tim e (To ) of th e prototyp e ca n b e determine d from : 

(4) 
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TABLE 1 : Investmen t performanc e i n Kwach a a t firs t yea r o f 
operation o f a  charcoa l retor t o f thre e differen t capacitie s 

Capital requiremen t 
Net sale s fro m charcoa l onl y * 
Net sale s fro m charcoa l an d b y product s + 
Costs (ra w materia l operationa l cost , 

overheads, etc ) 
Net ppofit(loss ) befor e ta x + 
Income ta x * 
Income ta x + 

Net profit(loss ) afte r ta x * 
Net ppofit(loss ) afte r ta x + 
Annual rat e o n capita l * 
Annual pat e o n capita l + 

Capacity (m 3) 
0.24 4. 5 10. 0 

5000 70,00 0 95,00 0 
1000 24,00 0 52,00 0 
1350 33,00 0 73,00 0 

8000 
(-6650) 

-
-
-
-
-
-

22,000 
11,000 

600 
3300 

1400 
7700 
2% 
11% 

30,000 
43,000 

6600 
12,900 

15,400 
30,100 
16.2% 
31.7% 

* Yamb a 1983 ; +  Yamb a 198 4 

FIGURE 1 : Charcoa l retor t mode l 


	Determination of Techno-Economc Viability, Reliability Amd Durability Op a Charcoal Retort Prototype



