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CHAPTER- I 

INTRODUCTION 

Globally, 140 bil l ion metr ic tons of b iomass is generated every year 

from agricul ture . This vo lume of b iomass can be conver ted to an enormous 

amount of energy and raw mater ia ls , equivalent to approx imate ly 50 bil l ion 

tons of oil. Agr icul tura l b iomass was te converted to energy can substant ial ly 

displace fossil fuel, reduce emissions of g reenhouse gases and provide 

renewable energy to 1.6 bil l ion people in developing countr ies which still lack 

access to electricity. As raw mater ia ls , b iomass was tes have attractive 

potent ials for large-scale industr ies and communi ty - l eve l enterprises . 

B iomass takes the form of res idual stalks, straw, leaves, roots , husk, nut 

or seed shells, was te wood and animal husbandry was te . Wide ly available, 

r enewable and vir tual ly free, was te b iomass is an impor tant resource . 

In India about 4 6 % of total energy consumpt ion is es t imated to be met 

from var ious b iomass resources , i.e. agr icul tural res idues , animal dung, forest 

was te , redwood, etc. India produces a huge quanti ty of agricul tural res idues and 

a major part of it is consumed in t radi t ional uses (such as fodder for cattle, 

domest ic fuel for cooking, construct ion mater ia l for rural hous ing , industr ial 

fuel for boi lers , etc). The direct burn ing of agricul tural res idues in domest ic as 

wel l as industrial appl icat ions is very inefficient. Moreover , t ransporta t ion, 

storage and handl ing problems are also associated wi th its use. One of the 

approach that is being act ively pursued wor ldwide towards improved and 

efficient ut i l izat ion of agricultural and other b iomass res idues is their 

densification so as to produce pellets or br iquet tes . The process of compac t ion 

of residues into a product of higher densi ty than the original raw mater ia l is 

k n o w n as densification or br iquet t ing. The br iquet t ing of b iomass improves its 

handl ing character is t ics , increases the vo lumet r i c calorific value , reduces 

t ranspor ta t ion costs and makes it avai lable for a var ie ty of appl ica t ions . 
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The practice of br iquet t ing of sawdust and other agricul tural res idues 

has been adopted for over five decades in many countr ies . The basic concept of 

br iquet t ing is not new in India, as the prepara t ion of cow-dung cakes and balls 

of coal dust have been in use for m a n y decades . Mechan ized br iquet t ing 

t echno logy was int roduced in India in early 1980s. At present, there are about 

seven commerc ia l manufacturers of br iquet t ing mach ines in India based on 

pis ton-press technology. One of them, M/s Solar Sc ience Consu l t ancy Pvt. 

Ltd., N e w Delhi , has installed about 150 br iquet t ing mach ines all over the 

country in the last few years . 

B i o m a s s resource potential 

The current avai labi l i ty of b iomass in Maharash t ra is es t imated at about 

32029.3 kHa area cover ing agricul tural and forest res idues cor responding to 

potent ial of 3 7 2 5 . 3 M W . In M a r a t h w a d a region the total b iomass genera t ion is 

13126.3 kT/Yr and surplus amount of b iomass is 5100.6 kT/Yr (MNES repor t ) . 

So this surplus amount of b iomass can be conver ted into br iquet tes for fuel 

purpose . Hence, keep ing the above factors in view, an at tempt has been made 

to develop br iquet t ing mach ine which has following scopes and advan tages . 

Scope of Bio Br iquet t ing t echno logy in India 

From the energy scenario and fuel use pattern of the country, assessment 

of Bio br iquet t ing technologies and technologica l capabili ty, was te b iomass 

resource base and past exper ience on br iquet t ing, there is ample scope for 

b iomass br iquet t ing because the organic matter wil l be shredded in small pieces 

to enable the farmer to make use of the same for manufactur ing direct m a n u r e / 

organic manure and ve rmi compost . 

D e v e l o p m e n t of hydropower is very expensive and takes cons iderable 

amount of t ime to develop it before the country can totally rely on it. Till then 

b iomass br iquet t ing could serve as an al ternative source of energy for domest ic 

and industrial use and there is a good resource base - agr icul tural b iomass 

res idues , forest was te and other resources which can be used as raw mater ia ls 
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for producing different br iquet te fuels. This will not only ra t ional ly use the 

was te b iomass (waste to energy) but also genera te employmen t oppor tuni t ies . 

A d v a n t a g e s of us ing br iquettes c o m p a r e d to other solid fuels 

Biomass br iquet tes are cheaper wi th higher practical thermal va lue , 

lower ash content , uniform combust ion . Br iquet tes give much higher boiler 

efficiency because of low mois ture and higher densi ty and can replace the 

following convent ional fuels such as diesel , ke rosene , furnace oil, l ignite , coal, 

f irewood. 

The br iquet t ing b iomass is very efficient for storage of b iomass that 

requires less space and also reduces the t ranspor ta t ion cost. In rural areas the 

b iomass in the loose form is available in abundance wh ich could either be burnt 

inefficiently for genera t ion of heat or it may be used as fodder for an imals . 

Also , there is a p roblem of storage of b iomass which results in u n e c o n o m i c use 

and in env i ronmenta l pollution, hence if such b iomass is processed to prepare 

br iquet tes , it could be used economica l ly for genera t ion of heat, power etc. 

In v iew of the above facts, the project entitled "Design and 

D e v e l o p m e n t of shredder cum br iquet t ing m a c h i n e " was under taken at 

Depar tmen t of Farm Mach ine ry and Power, Col lege of Agr icul tura l 

Engineer ing & Technology , V . N . M . K . V . , Parbhani . (M.S.) wi th the following 

objectives. 

1. To study the physical propert ies of b iomass . 

2. To develop shredder cum br iquet t ing mach ine . 

3. To evaluate the performance of shredder cum br iquet t ing mach ine . 

4. To study the economics of shredder cum br iquet t ing mach ine . 
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CHAPTER-II 

REVIEW OF LITERATURE 

In this chapter, the comprehens ive research work done by var ious 

research workers re levant to present study is presented and summar ized under 

sub head ings . 

1. Physical propert ies of b iomass . 

2. D e v e l o p m e n t and fabrication of br iquet t ing mach ine . 

3. Performance evaluat ion of br iquet t ing mach ine . 

4. Economics of br iquet t ing mach ine . 

2.1 Physical propert ies of b iomass 

Rajvanshi and Joshi (1989) repor ted that l eucaena leucocepha la was a 

l eguminous fast g rowing tree species which was being popular ized in India for 

energy plantat ion. Calorific value of wood was 17.6-18.4 MJ k g - 1 , true densi ty 

was 700-720 k g m - 1 . Bulk densi ty was 200-220 kg/m and ash content was 1 -

2%. 

Talib et al. (1989) repor ted that the p rox imate analysis and heat ing va lue 

of the eucalyptus as follows; volat i le matter : 7 3 . 8 % , ash content: 5.54%, fixed 

carbon: 1 6 . 1 % and calorific va lue : 22.0 MJ/kg . 

Gangde et al. (1998) determined the physical proper t ies ; p rox imate 

analysis and heat ing values of babool (acacia nilotica) wood wi thout bark, 

subabool ( leucaenaleucocephala) r o u n d w o o d with bark, safflower 

(car thamust inctor ius) residue br iquet te and tur (cajanuscajan) stalks were 

studied. Mois ture content was be low 10 per cent in all four fuels. Babool wood 

had the highest bulk densi ty and volat i le matter as 0.73 t m and 83.63 per 

cent, respect ively . Subaboo l had the greatest heat ing value 18.68 M J k g - 1 L H V 

and least ash content 1.6 per cent than rest of the fuels. Safflower res idue 

br iquet te had the highest ash content 14.82 per cent and lowest va lue of fixed 

carbon 9.1 per cent. 

X ianyang et al. (2007) found that China has one of the most abundant 

straw resources in the world, p roduc ing more than 620 mil l ion tons of straw in 

2002, and represent ing about 33 to 4 5 % of energy consumpt ion for l ivel ihood 
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in rural areas. Uti l izat ion of straw as energy with high efficiency and rat ional i ty 

not only meets the demands for energy as the e c o n o m y grows , but also provide 

a basis for env i ronmenta l protect ion and sustainable deve lopment of society in 

China. This paper rev iewed the present util ized technologies of straw in 

b iomass energy, including improved stove, b iogas , straw gasification and straw 

br iquet te , wh ich are a l ready commerc ia l i zed and popular ized in China. Other 

t echnolog ies , such as liquefaction, straw carbonizat ion and bio-coal , are also 

presented. Based on the t echno logy status and potential , the future research and 

deve lopment of straw in the b iomass energy portfolio in China were proposed. 

Zhang et al. (2012) studied physical propert ies of major agricul tural 

crop res idues . The mois ture content de termined were 7.79, 6.58, 6.40, 7.30, 

8.15, 7.86 and 7.45 per cent for whea t straw , rice straw, corn stalk, soybean, 

sugarcane stalk, coffee husk and cotton stalk respect ively . The average particle 

sizes for the whea t straw, rice straw, corn stalk, soybean stalk, sugarcane stalk, 

coffee husk and cotton stalk were 0.42, 0.40, 0.49, 0 .43, 0.55, 0.67 and 0.38 

mm respect ively . The average bulk density was 160.75, 166.29, 127.32, 

242.34, 110.86, 349.06 and 230.55 kg m for the whea t straw, rice straw, corn 

stalk, soybean stalk, sugarcane stalk, coffee husk and cotton stalk, respect ively. 

The average poros i ty was 51 .25 , 83.20, 5 8 . 5 1 , 68 .03 , 77 .58, 64.85 and 74.55 

per cent for the whea t straw, rice straw, corn stalk, soybean stalk, sugarcane 

stalk, coffee husk and cotton stalk, respect ive ly Cot ton g rown in the United 

States today is mechan ica l ly harvested. After the cotton is harvested, the stalks 

are cut or shredded. Before invention, a t tempts were made to combine the 

harvest ing element and the stalk shredder. The harvest ing e lement was carried 

by a vehicle having front and rear whee l s . The harvest ing e lement often was 

located be tween the front and rear whee ls and the stalk shredder was moun ted 

behind the rear whee l s in these previous invent ions . The device for elevat ing 

the harvested cotton to an overhead basket was usual ly mounted behind the rear 

whee l s as wel l . The excessive weigh t behind the rear whee ls tended to 

unba lance the vehic le . 
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Zhang et al. (2012) studied the physical propert ies of corn res idues . 

They found that the mois ture content of maize stalk was 6.4 per cent (w.b.) 

after shredding operat ion. The average bulk density of corn residue was 81.61 

kg m and the average macro porosi ty was found that 58.51 per cent. 

Khard iwar (2013) conducted a study on physical propert ies of crop 

res idues br iquet tes used for gasification. They found that bulk densit ies of 

soybean briquet te , p igeon pea br iquet te and mix br iquet te were in the range of 

598 to 675 kg m . The bulk densi ty was found more wi th pigeon pea br iquet te . 

Demirbas (2004) concluded that that was te paper may be used as a 

partial binder mater ia l alone or in br iquet t ing of whea t straw. Br iquet t ing of 

whea t straw is very difficult at ambient t empera ture . For br iquet te quali ty 

control, the physical parameters such as density, mois ture content and 

compress ive strength were found to be the best indicator of addit ive quality. 

Tests have shown that combust ib le bio was tes can be compressed and 

stabilized to densit ies of the order of 7±10 t imes that of normal bales by the 

appl icat ion of pressures of be tween 470±780 MPa. Only the whea t straw was 

heated to a t empera ture of be tween 345 and 435 oK before compress ion . The 

br iquet te obtained from whea t straw was resistant to attrition, but may be 

reconst i tu ted to its original form by soaking in water . Physical parameters such 

as density, mois ture content and strength were found to be the best indicators 

for br iquet te quality. Br iquet t ing of whea t straw samples wi thout binder 

mater ia l gave products low water res is tance. 

Pongsak J i t tabuta (2015) studied the physical and thermal propert ies of 

the br iquet te by vary ing rice straw and sugarcane leaves ratios of 100:0, 80:20, 

50:50, 20:80 and 0:100 using molasses as the b inding agent. The br iquet te -

molasses to binder ratio of 100:50 was used. Ul t imate and prox imate analyses 

were carried out to determine the average compos i t ion of their const i tuents . 

The physical proper t ies studied included species density, compress ive strength 

and mois ture content. Fuel propert ies were determined using standard 

laboratory me thods . The results indicated that the density, high heat ing value , 

and compress ive strength were also tested. Resul ts showed that fixed carbon 
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was 9 .0613 .63%, volat i le matter was 6 8 . 1 4 - 7 4 . 6 7 % , ash content was 7.84¬ 

12 .85%, and mois ture content was 4 .2 -6 .2%. Resul ts from ul t imate analysis 

showed that the content of C H O N S was follows; 38 .6 -43 .2%, 5.4-6.2%, 

34 .536 .4%, 0 .27 -0 .44% and 0 .02-0 .04%. The high heat ing value was in the 

range of 16.3-17.83 MJ/kg . The density was in the range of 0.53-0.58 kg m - . 

Qiang Hu et al. (2016) invest igated the densifications of b io-chars 

pyrolyzed at different t empera tures to elucidate the effect of t empera ture on the 

propert ies of b io-char pellets and de terminat ion the bonding m e c h a n i s m of 

pel lets . Opt imized process condi t ions were obtained with 128 MPa 

compress ive pressure and 3 5 % water addi t ion content. Resul ts showed that 

both the vo lume densi ty and compress ive strength of bio-char pellets initially 

decreased and subsequent ly increased, whi le the energy consumpt ion increased 

first and then decreased, wi th the increase of pyrolysis t empera ture . The 

mois ture adsorpt ion of b io-char pellets was not iceably lower than raw w o o d y 

shavings but had elevated than the cor responding char part icles . Hydrophi l ic 

functional groups , particle size and binder were the main factors that 

contr ibuted to the cementa t ion of b io-char part icles at different t empera tures . 

The result indicated that pyrolysis of w o o d y shavings at 5 5 0 - 6 5 0 oC a shredded 

followed by densification was suitable to form bio-char pellets for appl icat ion 

as renewable biofuels. 

2. D e v e l o p m e n t and fabricat ion of br iquet t ing machine 

Whipp le (1954) states the objective of this invent ion was to provide 

means for moun t ing a plural i ty of chopping blades w h e r e b y the blades , w h e n 

drawn over a cotton field after the cotton bolls are removed , cut the stalks j u s t 

above the ground and chop the stalks into compara t ive ly fine part icles . 

Another object of the invent ion was to provide a cotton stalk shredding 

mach ine which cut stalks posi t ioned vert ically, laterally, and at substant ial ly 

any angle be tween a vert ical and a hor izontal posi t ion. A further object of the 

invent ion was to p rov ide ' a cotton stalk shredding machine which was of a 

simple and economica l construct ion. 
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Gunter and Nache (1984) repor ted that only suitable method of 

compac t ing b iomass was the extrusion agg lomera t ion process wh ich could be 

applied in different w a y s , depending upon the character is t ics of the raw 

mater ia l for mak ing pellets from coarse mater ia ls wi th low bulk densi ty and 

bad flow character is t ics , the extrusion press wi th flat dies had been proved to 

be universal ly appl icable . In Japan, br iquet t ing seemed to have been c o m m o n 

until recent ly wi th widespread use of Oxala te fuel br iquet tes made of saw dust. 

The Japanese t echno logy has spread to Ta iwan and from there to other 

countries and Thai land. This t echno logy was based on screw press pr inciple . 

Papneja (1986) felt need of deve lopment of appropria te br iquet t ing 

mach ine and a mode l was developed at Prototype D e v e l o p m e n t and Tra in ing 

Centre, Okhla, which used binder less t echno logy work ing at a pressure of 

1400 kg/cm . It used 22 kW power . The equ ipment could handle b iomass 

wh ich was dried, shredded and sieved to a part icular size. Limi ted trials were 

conducted which showed that product ion dropped from 350 kg h - 1 to 290 kg h -

1 in 42 hours and quali ty of br iquet tes was also poor. The die, ring and punch, 

etc. was worn out wi th in a short period. However , wi th use of high speed steel, 

wear rate was reduced by 50 per cent. 

R a m a Rao and Kodra (1986) reported about instal lat ion of a plant 

manufactured by M/s . Farm Implement Madras based on " P A R U " t echno logy 

of ITF Delhi . The output of pyroliser was only 50 per cent of rated output 

wh ich was 4 tones out of 6 tons raw mater ia l . The mach ine designed for 

agricul tural was tes , such as r ice-husk, straw, g roundnut shell, etc. was useful 

and all these mater ia ls found more profitable uses . However , there were 

frequent b r e a k d o w n s of the unit. 

Sr ivas tava et al. (1986) developed two proto types of mach ines work ing 

on 2.2 kW and 3.70 kW power electrical motors keeping in v iew the 

requi rement of a small scale br iquet t ing unit for ut i l izat ion in a vi l lage eco¬ 

system, whe re b iomass of agricul tural origin were avai lable in scattered 

manner wi th small to large farmers and agro-based industr ies , . The small 

mach ine was used for agro- was tes wi th b inding mater ia l such as clay etc. had 
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a capaci ty of 50 to 60 kg h - 1 . The other was charcoal br iquet t ing mach ine of 

capaci ty 60 to 70 kg h - 1 using charcoal and dung slurry. Though both mach ines 

were reported to be v iable for cottage industries but i t involved many manua l 

operat ions and a vast var ia t ion in output. The sustained supply of was tes was 

not considered wi th mach ine . 

Choudha ry (1986) repor ted that there were about 15-20 manufacturers 

of br iquet t ing equipment , both for organic b iomass and pyrol ised char. Dur ing 

past few years m a n y mach ines were sold / installed but most of them failed to 

attain desired goal for m a n y reasons . 

Gusain (1986) at D e v e l o p m e n t Al ternat ives developed a hand operated 

ram type brick and br iquet te making press of capaci ty 500 to 800 kg br iquet te 

per day on 8 hour shift. The mach ine was a low cost model , priced at Rs. 

10,000/- and handled both raw and pyrolysed b iomass . 

Car et al. (1984) repor ted that straw was successfully compressed to 

form briquette or pellets in USA to be used as fodder, addit ives and fuel, using 

screw or piston press . In pal let izat ion, ring or flat die presses were used. The 

mater ia l was extruded th rough a perforated breaker plate and the products were 

small cyl inders 6 to 22 mm in diameter . The pal le t izat ion had advantages of 

higher output be tween 4 to 6 tones h - 1 . Wide range of mois ture content could 

be accepted (up to 20 per cent wb) wi th a more convenient operat ion. However , 

the mean straw length ought to be less than 25 mm. 

Sr ivastava et al. (1986) studied that in the screw presses , mater ia l fed 

cont inuous ly into a screw which forced it into a cyl indrical die. The die was 

often heated to raise the tempera ture to the point where lignin flow occurred. 

The pressure built up smoothly along the screw rather than d iscont inuous ly 

under the impact of piston. Screw presses could be of the capaci ty 75 to 250 kg 

h - 1 though larger mach ines were avai lable . 

Sr ivastava et al. (1986) reported that the carbonized mater ia l could be 

br iquet ted in a screw press and in this, as lignin had been destroyed; a binder 

had to be employed. The capital cost of screw mach ines may be a little less 
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than piston uni ts ; however , because of var ia t ion in capacit ies it was difficult to 

compare them directly. 

Sr ivas tava et al. (1986) quoted that p robab ly first br iquet t ing mach ine 

was fabricated in 1920. It was a special press wh ich produced cylindrical 

br iquet tes of 76 mm diameter and 254 mm height. They reported that in 1940, 

during early world war, a lmost every household in Swi tzer land owned a small 

br iquet t ing press for press ing water soaked news prints. 

Er iksson and Prior (1990) found that the ma in tenance cost of screw 

presses was high due to higher wear of screw, which needed frequent rebuilt . If 

the heat ing of die was to be avoided, the b inding by lignin flow wil l not take 

place and a separate binder would be needed. The earliest deve lopment work 

on screw presses was carried out in U S A in the 1930's resul t ing in the 

widespread use of the P R E S - T O - L O G mode l which was based on the conical 

type of screw extruder. The Belgian Biomat design also used conical extruder. 

A Japanese design developed in World War II used heated die and a pro longed 

tapered central shaft of the screw resul t ing in a hol low br iquet te . It was very 

successful and a manufacturer claimed to have sold 600 such uni ts . 

Bha t tacharya et al. (1990) found that the ICS programs in most 

developing countries of the World led to d isseminat ion of improved cooking 

stoves (ICS) so as to rel ieve pressure on b iomass resources . Most of the ICS 

programs were directed towards deve lopment of improved household cooking 

stoves, whi le relat ively less work had been done on deve lopment of bigger 

stoves that could be used in insti tutional k i tchens or certain t radi t ional rural 

cottage industr ies . Three different designs of such stoves, us ing b iomass 

br iquet tes as fuel, had been studied. 

Grover (1990) repor ted that out of 70 plants sold by two countr ies , 

except 6-7, most of these plants became non-funct ional . It was also reported 

that not only br iquet t ing plants stopped work ing but it resul ted in 

d iscont inuat ion of manufactur ing operat ions of these mach ines by 2-3 

companies . 
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Hasan (2003) designed and developed two hay chopping mach ines i.e. 

chopper wi th hel ical Knives (CHK) and suction type hay chopper wi th rotary 

blades (SCRB) mach ine to improve feed intake and digest ibi l i ty of hay by 

ruminan ts . The SCRB mach ine consists of radial b lower and rotary disk wi th 

changeable 2 to 4 blades these two moun ted together on a vert ical shaft. The 

diameter of rotary disk was 300 mm to ensure enough air suction and 

per ipheral speed. The CHK mach ine consisted of a feeding unit and chopping 

unit. The feeding unit consisted of a pair of counter rotat ing roller that has 37 

mm clearance be tween them to pull by pressing hay. Rol lers have 55 mm 

length, 144 mm diameter and special teeth to capture pressed mater ia l . The 

feeding unit was to feed the mater ia l to chopping unit. Six helical knives are 

fixed to the rotor shaft wh ich is adjustable gap with counter shear. 

Shai lendra et al. (2004) developed a water hyacin th chopper wi th 

crusher to reduce vo lume and weigh t of freshly harvested water hyacinth in 

order to overcome the problem of high cost of t ranspor ta t ion of freshly 

harvested water hyacin th from water bodies to the factories. They studied the 

feed rate and knife speed to determine re la t ionships be tween changes in 

specific vo lume , knife speed; percent we igh t loss and feed rates. Weigh t 

reduct ion studies showed that increasing feed rate and knife speed resulted in a 

decrease in weigh t loss. M a x i m u m weigh t loss of 34 per cent was achieved 

with the m i n i m u m feed rate of 1 t h - 1 and a knife speed of 3.1 m s - 1 . The 

mach ine reduced the specific vo lume and weigh t of fresh water hyacinth up to 

64 per cent and 32 per cent respect ive ly at a feed rate of 1 t h - 1 and knife speed 

of 4.7 m s - 1 . The average power and specific energy required to run the 

mach ine was 0.10 kW and 1.4 kW-h t - 1 dry mat ters , respect ively. The output 

capaci ty of the chopper wi th crusher was found to be 1.4 t h - 1 . 

Dexter et al. (2005) developed Sugarcane Charcoal Extruder which 

compressed carbonized sugarcane into envi ronment friendly charcoal 

br iquet tes and comparab le to wood charcoal in burn performance, cost and 

durabili ty. An improved design that was more portable , more robust, and less 

expensive to build than the original ve rs ions . The new design loads the bagasse 
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and binder directly into the feed screw and compresses the mixture us ing 

threads of decreasing pitch. 

Sathi t ruangsak et al. (2006) carried out study with an objective to design 

an extrusion screw to produce b iomass solid fuel in a cold extrusion process 

and invest igated the effects of molasses used as a selected adhes ive on the 

physical propert ies of extruded products . The mater ia l consisted of crushed 

coconut shell char and coconut fibre char mixed in a ratio of 40:60 . The ratios 

of molasses in the mixture were 10:100, 15:100 and 20:100 (by weight) and the 

extrusion die angles were 1.0, 1.1, 1.2, and 1.3 degrees gradat ion per 

exper iment . The exper imenta l results showed that the newly designed screw 

could function proper ly in the output range of 0.75-0.90 kg min - 1 , wh ich was 

close to the design va lue . Regard ing the molasses ' s effect on solid fuel 

proper t ies , increasing the share of molasses was posit ive for both output and 

strength of the resul t ing br iquet tes , whereas the results of increasing die angle 

showed decrease in both output and strength. The compress ive strength varied 

be tween 2.49 to 2.87 MPa in all c i rcumstances , which was cons iderably higher 

than acceptable industr ial level. Fur the rmore , the extruded solid fuel showed 

excellent res is tance to impact force. Regard ing energy consumpt ion , the 

amount of electrical energy used in the extrusion process was insignificant, 

ranging be tween 0.040 to 0.079 k W h k g - 1 . 

Andrzej and W a l d e m a r (2006) analyzed the quali ty of br iquet tes 

produced by a mixture of wood part icles, sawdust and dust using perpetual 

screw briquet te mach ines wi th a heated mould matr ix and the stability of the 

product ion process was further moni tored . The mois ture content and fractional 

compos i t ion of the was te products used for br iquet tes p roduc t ion along with 

the densi ty and degree of pressing of br iquet tes was determined. The quali ty of 

br iquet tes assessed on the basis of the mac roscop ic structure and physical 

parameters was very good. The densi ty was close to 1200 kg m , the mois ture 

content of about 3 % , wi th smooth external surface and h o m o g e n e o u s cross-

section structure. The good quali ty br iquet tes were character ized by 

propor t iona l contr ibut ion of part icular fractions of the l ignocel lu loses blend. 
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The most important reason for the instabil i ty of br iquet te product ion process 

was found to be i nhomogeneous distr ibution of wood dust and not its fractional 

size in the bulk of the l ignocel lulosic mass introduced into the br iquet t ing 

mach ine . 

Adgidz i (2007) developed a forage chopper for chopping crop res idues 

like maize stovers, millet stovers, sorghum stovers, rice straws, gamba grass 

and elephant grass in wet and dry condi t ions . The cutting blade parameters of 

the mach ine were knife edge th ickness ; knife th ickness and sharpening angle 

(level angle) 80pm 4mm, 25degree respect ively . The average chopping 

efficiencies for the wet and dry mater ia ls were 86 and 92per cent respect ively . 

The average chopping rate for the dry mater ia ls was 24 kg h - 1 and the average 

chopping rate for the wet mater ia ls was 15.6 kg h - 1 respect ively. These values 

indicated that the mach ine performed better wi th dry mater ia ls than the wet 

mater ia ls . The average length of cut of mater ia ls was 25 mm, this length makes 

it suitable for the prepara t ion of dry season animal feeds wi th the chopped crop 

res idues as major componen t and minera ls , proteins and v i tamins as a 

const i tuents . It requires only one person to operate and used either in rural or 

urban areas, using either a diesel or petrol engine of 8.5kW and above. 

Thakur and Garg (2007) developed paddy stubble harvester cum 

chopper for chopping left out paddy straw in the combine harvester field for 

sowing wheat . The chopper was evaluated in the paddy field at different 

mois ture content of stubbles (3 levels) , forward speed of the mach ine (3 levels) 

and chopper speed (3 levels) . Three seeding mach ine ry i.e. t radi t ional seed drill 

after incorporat ion wi th two disking and two planking, no-til l drill and strip-till 

drill wi thout incorpora t ion were used for sowing of wheat . Fuel consumpt ion 

and size of cut of paddy res idue were taken as performance parameters . Per 

cent size of cut (less than 10 cm length) of paddy residue increased wi th 

increase in the chopper speed and mois ture content but decreased wi th increase 

in the forward speed. Fuel consumpt ion and size of cut of paddy res idue were 

taken as performance parameters . For better performance, the stubble 

ha rves te r -cum-chopper was operated at 70 per cent (w.b) mois ture content of 
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the stubbles, wi th a forward speed of 2 km h - 1 a n d at a chopper speed of 1500 

rpm. There was no significant difference in the yield of whea t crop in the three 

seeding systems. Chopp ing of paddy stubble was r e c o m m e n d e d immedia te ly 

after combine harves t ing because at higher mois ture content chopping 

performance was found better. 

Pathak et al. (2008) developed and evaluated tractor operated shredder 

used for shredding hort icul tural pruned was te viz., mango , sapota, cashew, 

nu tmeg branches and harvested grasses in order to uti l ize them as organic 

matter as wel l as industrial appl icat ions . 35 hp, 540 ± 10 PTO rpm tractor 

operated shredder was used wi th a capaci ty of 300 kg h - 1 and reported that, at 

op t imum speed of the cutter speed i.e 450 rpm, more than 80 per cent cut 

pieces were observed in the length group of 20 to 24 mm and 40 to 60 mm with 

a capaci ty for all five crop was te . The required operat ion period for 100 kg 

pruned branches of m a n g o , sapota, cashew, nu tmeg and grasses was 0.36, 0.40, 

0.46, 0.51 and 0.32 h. 

Isaac and Bolufawi (2009) stated that for the densification of guinea 

corn res idue, a source of b iomass mater ia l is necessary for the purpose of 

handl ing and space requ i rements . The plant part of the guinea corn res idue was 

collected from the field at a mois ture content of 9 .08% dry basis (db), reduced 

and sieved into three particle sizes d1, d2 and d3. Starch mut i l lage of 40, 45 , 50 

and 5 5 % by weight of the res idue was added as binder. The bulk densi ty of the 

unprocessed and processed guinea corn res idue was determined using A S A E 

standards . Br iquet tes were produced using hydraul ic press and a cyl indrical die 

(56 mm ) at pressures of 7.5, 8.5, 9.5 and 10.5 MPa. The particle sizes were 

separated into three distinct size ranges of 4.7 mm (d1 ) , 1.7 mm (d2) and 0.6 mm 

(d 3 ) . The mean mois ture content of the relaxed br iquet tes was 7 . 1 5 % (db). The 

bulk densi ty of the unprocessed mater ia l was 46.03 kg m , and the mean 

relaxed br iquet tes bulk densi ty was 208.15 kg m wi th a vo lume reduct ion of 

about 4 5 0 % . The m a x i m u m densi ty of the br iquet tes ranged from 789 to 1372 

kg m - 3 . The m a x i m u m and m i n i m u m axial re laxat ion occurred in the first 30 

minutes of the extrusion wi th values 138.64 and 2 8 % respect ive ly in the 
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longi tudinal axis, the m a x i m u m and m i n i m u m radial re laxat ion were 11.5 and 

1.4% respect ively. The briquet tes were kept safely for a period of six months 

wi thout deteriorat ion. 

J ibr in et al. (2013) designed and developed crop res idue crushing 

mach ine . They reported that crop res idues majorly used for l ivestock feed 

during dry season and fifty eight per cent of farm residue used for l ivestock 

feed during rainy season. In the peak of the dry season, stubble pasture supplies 

more than ninety per cent of l ivestock feed. The supply of res idues such as 

corn, millet, wheat , and other cereal stovers as a l ivestock feed crop res idue 

crushing mach ine was developed. This res idue crusher admit ted res idue, 

chopped it and then crushed to desired grain size. Des igned crusher was run by 

10kW diesel engines . 

Ni thyanan th et al. (2014) designed a was te shredder mach ine to reduce 

the agro waste so as to convert it into useful nour ish ing fertilizer and it reduced 

the heap amount of pol lut ion. It decreases the man work thus mak ing the farm 

neat and clean. In this shredder input power and rigid support was provided by 

a K A M C O Tera- t rac 4 W tractor by means of PTO (Power Take Off) shaft and 

three point l inkage. PTO shaft of the tractor acted as a basic power input and 

the three point l inkage provided a rigid support to the mach ine . Var ious kinds 

of blades were used for chipping and powder ing operat ions like sawing blades , 

rotary b lades , and t r iangular shape b lades . These types of blades were used to 

attain m a x i m u m fineness of agro-was te . 

Mr idaney et al. (2014) described rice husk br iquet t ing industr ies wh ich 

could be run profitably in Nepal , if s imple extruder mach ines are used instead 

of mak ing huge inves tment on the import of compl ica ted t echno logy from 

abroad. Rice husk the basic raw mater ia l for br iquet t ing, is very abrasive in 

nature wi th over 19 % ash wh ich causes the wear ing of the screw. The project 

has under taken research to address the technical p roblem of wear ing of the 

screw by the in t roduct ion of new type of spray we ld ing techniques to enhance 

the life of screw. 
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Ali N u r r a k h m a d Siregar et al. (2014) designed a single screw extruder 

and analyzed using Finite E lement Method (FEM) and Computa t iona l Fluid 

D y n a m i c s (CFD). Three different geomet r ica l d imens ions of screw extruder 

were designed and analyzed using FEM and CFD with software A N S Y S 

P O L Y F L O W to study s imulat ion of the flow and the behavior of Ja t ropha 

dough through a single screw extruder. In a pre l iminary study, this study 

focused to s imulate the ve loc i ty profile and local shear rate indie section wi th a 

power law model . The result obtained revealed that three important Parameters 

as in des igning a single screw extruder were gap area (clearance) in the range 

of 0.5 to 1.0 mm, chamber area (normal pitch) in the range 17 to 22 mm and 

root area. 

Anak A g u n g Putu Susas t r iawan et al. (2014) designed small scale screw 

extrusion mach ine is designed and tested it for making compact sawdust 

br iquet tes in rural area in Indonesia . The extrusion mach ine was powered by 

5,5 HP gasol ine internal combus t ion engine. In this work, br iquet t ing mach ine 

was used to produce sawdust br iquet tes which two different ratios of starch-

sawdust . The ratios of starch to sawdust were 1:4 and 2:4. Sawdust br iquet tes 

have a length of 3 cm and 4 cm for both compos i t ion rat ios. The performance 

of the mach ine was invest igated in term of density changes of br iquet tes after 

three days. The densi ty of sawdust br iquet tes j u s t after extrusion process was 

compared wi th the densi ty of sawdust br iquet tes after 3 days sunlight drying. 

The result shows that the extrusion mach ine is able to produce compact 

sawdust br iquet tes wi th different ratios of starch to sawdust . The result also 

indicated that 3 cm long sawdust br iquet tes which starch to sawdust ratio 2 : 4 

has the lowest densi ty changes and has the highest compress ive strength. 

3. Per formance evaluat ion of br iquet t ing machine 

M o h a n (1986) and T I D E (1992) quoted that marke t ing of br iquet tes of a 

large scale commerc ia l unit (more than one tone) had several p rob lems such as 

regular availabil i ty of raw mater ial , storage space, packing, marke t ing of 

product and levy of taxes by some of the gove rnmen t s , compet i t ive price of 

firewood and high price of raw mater ia l . 
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Bhat t acha rya et al. (2002) conducted exper iments on a hea ted-die 

screw-press br iquet t ing mach ine . Average savings in the electrical energy 

consumpt ion due to preheat ing were 23.5 % at heater and 10.8 % at motor 

respect ively . The average total energy saving was about 10.2 %. The lowest 

electrical energy consumpt ion for r ice-husk was 0.172 and 0.150 k W h / k g of 

br iquet tes produced, wi thout and with pre-heat ing respect ively . The b iomass 

stove developed for die-heat ing .was found to perform satisfactorily, and 

requires per iodical fuel loading and ash-scraping. The stove could heat the die 

to the required tempera ture range of 300-320°C for br iquet t ing during 

cont inuous operat ion. Average electrical energy saving due to rep lacement of 

electrical heaters wi th the b iomass stove for die-heat ing was est imated to be 

about 35 % of total electrical energy consumpt ion . 

Renewab le Energy Techno log ies in Asia (2003) evaluated the effect of 

raw mater ia l type on the performance of the integrated b iomass br iquet t ing 

system, consist ing of the b iomass pre-heater , die-heat ing stove and smoke 

remova l system. Resul ts indicated cons iderably less energy consumpt ion w h e n 

mixed raw mater ia ls (rice husk and sawdust , at 1:1 ratio by volume) were used 

in compar i son with pure rice husk as raw mater ia l . Significant reduct ions in 

electrical energy consumpt ion have been real ized wi th the in t roduct ion of the 

die-heat ing stove to replace the electrical coil heaters . The smoke recycl ing 

system has also improved the work ing envi ronment at the br iquet t ing plant, by 

significantly reducing smoke in the vicinity. 

Fabienne et al. (2006) tested and evaluated several me thods and 

procedures for the de terminat ion of particle density of pellets and br iquet tes . 

Round robin trials were organized involving five European laborator ies , wh ich 

measured the particle densit ies of 15 pellet and five br iquet te types . The test 

included stereo metr ic me thods , me thods based on liquid d isp lacement 

(hydrostat ic and buoyancy) applying different p rocedures and one method 

based on solid d isplacement . From the results for both pellets and br iquet tes , it 

became clear that the appl icat ion of a method based on either liquid or solid 

d isp lacement (only tested on pellet samples) led to an improved reproducibi l i ty 
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compared to a stereo metr ic method. For both, pellets and br iquet tes , the 

var iabi l i ty of m e a s u r e m e n t s s trongly depended on the fuel type itself. For 

br iquet tes , the three me thods tested based on liquid d isp lacement lead to 

similar resul ts . A coating of the samples wi th paraffin did not improve the 

repeatabi l i ty and the reproducibi l i ty . De te rmina t ions wi th pellets proved to be 

most rel iable w h e n the B u o y a n c y method was applied using a wet t ing agent to 

reduce surface tens ions wi thout sample coating. This method gave the best 

va lues for repeatabi l i ty and reproducibi l i ty , thus less repl icat ions were required 

to reach a given accuracy level. For wood pellets , the method based on solid 

d isp lacement gave better va lues of repeatabi l i ty ; however , this ins t rument was 

tested at only one laboratory. 

Yousi f et al. (2006) reported that br iquet t ing of the carbonized 

agricul tural residues represents one of the possible solutions to the local energy 

shortages in many developing countr ies . It consti tutes a posi t ive solution to the 

p rob lem of increasing rates of desertification in m a n y areas wor ldwide . 

Agr icul tura l res idues are not at tractive as a household fuel source for urban 

areas because they are very bulky and have low energy intensity. Also , to 

el iminate the smoke genera t ion w h e n burning agricul tural res idues requires 

process ing it by carbonizat ion before being used as a house-hold indoor fuel. 

Previous ly invest igated, br iquet t ing mach ines lacked high product iv i ty and 

were of compl ica ted designs. The present study put forward a mach ine of 

simple design which could be manufac tured locally in Sudan and of much 

higher product ivi ty . The local Sudanese br iquet t ing exper ience was 

overviewed, studying all the al ternative available opt ions and the marke t 

potential . The study presented a detailed design study of the new br iquet t ing 

mach ine . The pro to type was made and tested in the field at al-gazeera area in 

Sudan. The invest igat ion results indicated that the new mach ine has a 

product ion rate better than all the previous al ternat ives. This low pressure 

screw br iquet t ing mach ine was found to have a p roduc t ion rate equivalent to 

about eight t imes better than the product ion rate of the best local competi tor . 

The product ion cost was found to be lower due to the lower binder requ i rement 
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for the new mach ine , which is lower by about 6 5 % . The initial mois ture 

content of the feed stock required for this mach ine is lower by about 30 % 

compared to the best al ternat ive, wh ich results in shorter drying t ime for the 

fuel br iquet tes produced. The quali ty of the produced br iquet tes was found to 

be better and of lower smoke genera t ion w h e n burned due to the lower b inder 

content. 

M o h a m e d (2008) evaluate the performance of shredder for shredding 

crop res idues such as rice straw, cotton stalks and maize stalk in Egypt . They 

used three shredder mach ines (Kader, Mabrouk and Vermeer) which were 

operated by 60 hp, Massey Ferguson tractor under cutting rotor speeds ranging 

from 1000 to 2000 rpm. Compar i son of mach ines was made based on 

product ivi ty , consumed energy, cutting length and total costs. Mabrouk has the 

highest product iv i ty for three crop res idues at 1800 rpm (0.98, 1.02 and 0.91t h -

1) for rice straw, cotton stalk and maize stalks respect ively . Vermeer shredder 

had the lowest consumed energy for cotton and maize stalks at 1800 rpm 26.60, 

26.72 k W - h t - 1 respect ively . However the Mabrouk shredder had the lowest 

operat ion cost and had the highest cutting length percentage than kader and 

ve rmeer shredder. 

Gonulol et al. (2009) evaluated three different stalk chopper mach ines 

by using of al ternative stalk chopping methods in sunflower farm. The different 

stalk chopper mach ines were two different rotary type m a c h i n e s ( R T 1 andRT 2 ) 

and heavy duty disc h a r r o w ( C O N ) . T h e y de termined particle size distr ibution 

after chopping, m a n a g e m e n t parameters of the mach ine and energy 

requi rement in the sunflower farm. The smaller particle size was achieved by 

using rotary type mach ines . The chopping wh ich was done by mach ines wi th 

rotary type was r e c o m m e n d e d in sunflower farm, because they were more 

economica l and gave desired stalk particle size than heavy duty disc harrow. 

Juri Olt and Mihke l Laur (2009) analyzed the features of producing 

br iquet te from different herbaceous b iomater ia l and cardboard was te and 

described the prob lems that can arise in the pressing operat ion. The screw press 

was used. The proper br iquet te was formed from whea t straw, rye straw and 
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cardboard and the satisfactory one from rye straw together wi th m e a d o w hay. 

Whi le the rye straw br iquet te exhibi ted the highest calorific value and the 

lowest ash content, the leaf br iquet te had the highest ash content and the lowest 

calorific va lue . 

Basher et al. (2010) designed, developed and evaluated a stalk chopper. 

Stalk chopper was constructed by using locally avai lable mater ia ls and the 

chopper was developed for supply of fodder for animal husbandry bus iness . It 

has a mater ia l capaci ty of 45.69 kg h - 1 and cutting efficiency of 91 per cent. 

Adarsh et al. (2010) studied on e rgonomic assessment of manua l fodder 

cutter. They determined the human energy expendi ture in operat ing a manua l 

chaff cutter for that, they selected three operators of different age groups and 

selected different types of fodder crops viz., maize , pearl, millet and sorghum. 

Increase in energy expendi ture wi th increase in feeding rate was reported. The 

specific energy of fodder cutter increased wi th increase in diameter stalk and 

also specific energy varied wi th mater ial , and was lower in case of dried 

mater ia l of similar diameter 

Arshdeep et al. (2011) evaluated a tractor mounted straw chopper cum 

spreader to overcome the p rob lem of left out straw after combine harvest ing in 

the paddy field for paddy whea t rotation. They first chopped the paddy straw 

by using this mach ine and then incorporated in soil wi th m i n i m u m tillage 

efforts. They selected two levels of mois ture content of paddy straw viz.,30 & 

40 per cent (w.b), three levels of chopping speed viz., 1300, 1450 & 1600 rpm 

and three levels of forward speed viz., 2.0, 2.5 & 3.0 km h 1 respect ively . Effect 

of mois ture content on size of chopping was found to be non-signif icant . Per 

cent size of cut (up to 4 cm) of paddy straw increased wi th increase in chopper 

speed and decreased wi th increase in forward speed. Fuel consumpt ion at lower 

mois ture content was low. Fuel consumpt ion (l h - 1 ) increased wi th increase in 

chopping speed as wel l as wi th increase in forward speed. Final ly opt imized 

the combina t ion of chopping speed and a forward speed were 1450 rpm and 2.0 

km h - 1 respect ively. 
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Gaikwad and Bhargav (2012) studied on size reduct ion mach ine for 

arecanut sheath for animal fodder. They reported that the mach ine can chop 

about 92 kg h - 1 of the arecanut sheath having mois ture content in the range of 

10 - 15 per cent db at rota t ional speed of 700 rpm. The dry fodder produced by 

the mach ine can be fed to all k inds of farm animals including buffaloes, cows, 

oxen ' s , sheep and goat. 

Ga ikwad and Bhargav (2012a) studied the cutting character is t ics of 

arecanut sheath for use as animal fodder. A factorial exper iment was therefore 

conducted using texture analyzer to study the cutting character is t ics of the 

arecanut sheath for proper size reduct ion. Three different cutting configurations 

were evaluated for cutting energy requ i rements , peak cutting forces required 

and the quali ty of cut obtained. A two d imens iona l shearing configuration was 

found to be suitable for size reduct ion of arecanut sheath wi th peak cutting 

force of 350 N. The incl inat ion angle of cutter knife and speed of cut were not 

found to be significantly affecting the p h e n o m e n o n of cutting. 

R a m e s h M. Singh (2013) revealed the rev iews on br iquet t ing scope and 

potent ial in Nepal , wh ich still relies heavi ly on t radi t ional sources of energy for 

cooking, heat ing and l ivestock feeding. In search for a l ternat ives to fuel wood 

and uti l ization of was te b iomass , br iquet t ing was int roduced in 1982 by the 

private sector to p roduce charred rice br iquet tes and rice husk br iquet te in 

1987. A close analysis of the situation during the 1980s revealed that the entire 

br iquet t ing efforts came from the private sector, wi thout any gove rnmen t 

support in terms of policies , incent ives and mot ivat ion. Also there was no 

technical backs topp ing and very little R & D to support br iquet t ing. So because 

of var ious t e chno -economica l p rob lems , most of the br iquet t ing industries 

closed down. 

Gunaseka ran et al. (2014) studied on selectivity and palatabi l i ty of tree 

fodders in sheep and goat fed by cafeteria method. They were selected four 

Madras red breed of sheep and four kanni breed of goats fed wi th four locally 

avai lable tree species viz., a lbizialebbek, g l i r ic idiasepium, 

l eucaena leucocepha la and ingadulce was studied through intake studies by 
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cafeteria method for a period of 35 days. The nutrient composi t ion of the tree 

leaves was analyzed. Leucaena l eucocepha l a was most ly preferred by sheep and 

goats and the consumpt ion of tree leaves was 24.41 ± 0.67 and 33.90 ± 3.27 g-

DM k g - 1 metabol ic body weight per day respect ively . In both sheep and goat, 

palatabi l i ty of l euceana leucocepha la and ingadulce were ranked first and 

second respect ively. Gl i r ic id iasepium was ranked third in goats followed by 

a lb izz ia lebbeck in whereas a lb izz ia lebbeck was ranked third in sheep followed 

by gl i r ic id iasepium. The study concluded that leaves of l euceana leucocepha la 

could serve as a better tree fodder for small ruminan t s . 

Ma lakhova (2015) proposed a method of compact ing of Seversk C H P P 

(Russia) ash by v ibra t ion br iquet t ing using a number of binders (polyvinyl 

alcohol , glyoxal , liquid sodium glass) . The main character is t ics of Seversk 

C H P P ash such as chemical composi t ion , particle size distr ibution, bulk 

density, content of unburnt carbon and radioact ivi ty have been determined. 

Invest igat ion of the effect of binder concentra t ion on the static strength of 

granules revealed that the increase of binder concent ra t ion resulted in the 

g rowth of static strength of the dried granules that reached a m a x i m u m at the 

concent ra t ion of 10 wt %: 0.28 MPa for polyvinyl a lcohol , 0.63 MPa for 

g lyoxal and 0.40 MPa for liquid sodium glass . 

Husa in et al. (2015) concluded that an at tempt has been made to convert 

these res idues into solid fuel. The palm shell and fibre is densified into 

br iquet tes of diameter 40, 50 and 60 mm under modera te pressure of 5 to 13:5 

MPa in a hydraul ic press . Exper iments were carried out to de termine density, 

durabili ty, impact and compress ive strength of the br iquet tes . The heat ing 

value , burning character is t ics , ash and mois ture content were other objects of 

the study. A rela t ionship be tween press pressure and the br iquet te densi ty has 

been established. The produced br iquet tes have densit ies be tween 1100 and 

1200 kg m . The br iquet tes proper t ies are quite good with good res is tance to 

mechan ica l dis integrat ion, and will wi ths tand wet t ing . The gross calorific value 

is about 16:4 MJ k g - 1 (maf), and the ash content was about 6% and the 

equi l ibr ium mois ture content was about 12%. Further work is required to 
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acquire comple te unders tanding of the densification process before good 

quali ty and durable br iquet tes could be made free from cracks. 

4. E c o n o m i c s of br iquett ing machine 

Jorapur and Rajvanshi (1997) evaluated the economics of a throat less 

down draft gasifier of rated capaci ty 1080 MJ h - 1 and the output of 675 MJ h - 1 . 

The economics was more attractive for the gasification system. 

Anon (1999) repor ted that intense flame emitted from gasifier burner 

replaces convent ional diesel fired burners in industr ies . The payback period for 

50000 kcal h - 1 , The rmal gasifier was 18 months and for 250000 kcal h - 1 , i t was 

12 mon ths . 

Tripathi et al. (1999) evaluated the unit cost of thermal energy for 

b iomass gasif ier-based inst i tut ional cooking systems and compared with that 

for LPG and coal-based inst i tut ional cooking opt ions . It works out to Rs 

0 .37MJ - 1 for a 29 kWa, (25 000 kcal h - 1 ) b iomass gasifier system whi le for a 

291 kWa, (250 000 kcal h - 1 ) system it is Rs 0 .23MJ - 1 . B iomass gasif ier-based 

inst i tut ional cooking systems were a lways financially more attractive than 

cor responding coal -based systems and were even better than LPG based 

systems. 

Savani et al. (2004) reported on the economics for agricul tural was te 

shredder. They revealed that the cost required for shredding of one ton of castor 

stalk, cotton stalk and pigeon pea stalk was Rs. 272, 282 and 246 respec t ive ly 

and benefit-cost ratio was 2.44. 

Pathak et al. (2008) developed a tractor operated stat ionery shredder and 

they studied the cost economics for shredder and concluded that the total cost 

of tractor operated shredder was Rs. 33,800 excluding tractor cost. 

Elfatih et al. (2010) evaluated the modified chopper for cutting rice 

straw for compos t ing and they studied the cost economics for modified chopper 

and they concluded that the highest cost of operat ion was 240.7 LE t - 1 , 

Meanwhi l e the lowest cost was 129.2LE t - 1 . 

M o h a m e d and Ghanem (2010) were studied the performance of 

modified thresher. They reported that lowest cost for producing of one Mg 
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from shredded green rice straw was of 14.05LE and the consumed energy for 

the unit was of 5.632 k W - h M g - 1 at feed rate of 300 kg h - 1 , shredding cylinder 

speed of 18.4 m s - 1 and concave clearance ratio of 1.0. 

Teerapot W e s s a p a n (2010) designed a compact screw-press br iquet t ing 

mach ine which combined three functions including crushing, mix ing and 

br iquet t ing in a single unit. By el iminat ing individual mach ines , the 

significantly higher savings in space, mater ia l handl ing and worker , and the 

improved efficiency can be realized. This t echno logy also helps to reduce cost 

and product ion t ime, and improve product ivi ty, and eventual ly led to be able to 

survive in compet i t ive env i ronments . This paper also presented character iz ing 

proper ty of the br iquet tes produced by the developed mach ine . Finally, a cost 

analysis for the compact br iquet t ing mach ine is presented. 

Manoj Kumar Sha rma (2015) concluded extrusion produc t ion 

t echno logy of br iquet tes is the process of extrusion screw was tes (straw, 

sunflower husks , buckwhea t , etc.) or finely shredded wood waste (sawdust) 

under high pressure . There is a t r emendous scope to bring down the waste of 

convent ion energy sources to a considerable level th rough the development , 

p ropaga t ion of non-conven t ion br iquet tes t echno logy i.e. br iquet tes mach ine , 

br iquet tes plant, b iomass br iquet tes plant for product ion of agro res idue 

br iquet tes to meet thermal energy requi rement . Therefore, this substitute 

energy m e d i u m is given nat ional priori ty as appears to be the only pe rmanen t 

solution into restr ict ion of the nat ional laws and avoid pol lu t ions . 
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CHAPTER-III 

MATERIALS AND METHODS 

This chapter deals wi th the me thods adopted in deve lopment of the 

shredder cum br iquet t ing mach ine and the exper imenta l m e t h o d o l o g y used to 

evaluate the mach ine as influenced by the b iomass , mach ine and operat ional 

parameters are descr ibed. The deve lopment work and laboratory trials have 

been conducted at Dept t . of Farm Mach ine ry and Power Engineer ing , Col lege 

of Agr icul tura l Eng ineer ing & Technology , V N M K V , Pa rbhan i . For 

conduct ing the study, efforts are made to design and deve lopment of shredder 

cum briquet t ing mach ine in order finalizes their d imens ions for the capaci ty of 

120 kg h - 1 output of br iquet tes . Also the physical parameters of raw mater ia l in 

terms of bulk density, sphericity, ar i thmet ic mean diameter and geomet r ic 

mean diameter, mois ture content and calorific value was studied. The 

procedure adopted for evaluat ing its per formance and mach ine economics are 

also discussed. The res idues were procured from Vasan t rao Naik M a r a t h w a d a 

Krishi Vidyapee th fields. The study was conducted in the following sequence . 

1. Physical propert ies of b iomass . 

2. D e v e l o p m e n t and fabrication of shredder cum br iquet t ing mach ine . 

3. Performance evaluat ion of shredder cum br iquet t ing mach ine . 

4. Economics of shredder cum br iquet t ing mach ine . 

3.1 Study of selected physical propert ies of Physical characteris t ics of 

b i o m a s s : 

1. Bulk densi ty 

2. Spher ic i ty 

3 . Ar i thmet ic and Geomet r i c mean diameter 

4. Mois ture content 

5. Calorific value 
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3.1.1 Bulk density 

Bulk densi ty of b iomass was determined by using water d isp lacement 

method . This method was used to measure the vo lume of individual b iomass . 

(Kharidwar et al., 2013) . 

A ,, , 3 W e i g h t of b i o m a s s , kg 
B u l k d e n s i t y , kg m = r • 3-

V o l u m e of b i o m a s s , m - 3 , , 

. (3.1) 

3.1.2 Spheric i ty 
Spherec i ty of b iomass was determined by using following equat ions 

(Mohsenin , 1970). 

A = (L x W x T ) 1 / 3 

L . . . (3.2) 

Where , 

<f> = Spherec i ty 

L = Length of res idue, mm 

W = Width of res idue, mm 

T = Thickness of residue, mm 

3.1.3 Ar i thmet i c and geometr ic mean d iameter 

For each b iomass , the length, wid th and th ickness of b iomass were 

measured on r andomly selected b iomass . The length, width and th ickness of 

samples were measured using a metal tape and digital calliper wi th an accuracy 

of 0.01 mm. The ar i thmet ic mean diameter (Da) and geometr ic mean diameter 

(Dg) of the samples were calculated by using the following equat ions 

(Mohsenin , 1970). 

Da = t i f i l . . . (3.3) 

Dg = (L + W + T ) 1 / 3 , m m . . . (3.4) 
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3.1.4 Mois ture content 

The mois ture content of b iomass is defined as the quanti ty of water per 

unit mass of the wet sheath. Mois ture content of b iomass at the t ime of freshly 

fallen varies drast ically (Biddappa, 1960). The mois ture content of b iomass 

was measured by oven dry method. Init ial ly the sample wi th the k n o w n weigh t 

(25 g) was kept in oven at 105 °C for 24 hours . The oven dry sample is then 

weighed . The mois ture content of sample was calculated by the following 

formula (Khardiwar et al., 2013) . 

M.C = < A x100 
W (3.5) 

Where , 

M.C = Mois tu re content of b iomass , per cent 

W 1 = weight of sample before drying, g 

W 2 = weigh t of sample after drying, g 

3.2 Des ign and deve lopment of shredder cum br iquet t ing machine 

3.2.1 Des ign of b iomass shredder 

The b iomass shredder has been designed for chopping of b iomass into 

small pieces suitable for br iquet tes . The b iomass shredder consists of 

cylindrical cutter head with blades which compress and advance the b iomass 

into the cut terhead. The shredder is operated by an electric motor and power is 

t ransmit ted to the cyl indrical cut terhead th rough the shaft via the pu l ley ' s v-

belt. It is manua l ly fed wi th cont inuous process through the feeding chute. The 

whole b iomass passes hor izonta l ly and ver t ical ly against the rotat ing blades 

and meet the knives which is moun ted inside the cutter head frame, whi le 

rotat ing cutter b lades b iomass rubs and crushes and it is chopped into small 

pieces like powder (3 to 6 mm) and it comes down through meshes which is 

placed at the bot tom. The overall size of b iomass shredder was 765 mm in 
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length, 610 mm in width and 1065 mm in height . The b iomass shredder unit 

gets power for mot ion from electric motor moun ted on bot tom of the main 

frame. 

3.2.2 Selection of pr ime m o w e r : 

The selection of suitable power source is very impor tant whi le 

developing any type of agricul tural mach ine . So, the electric motor or diesel 

engine is to be selected as a power source wh ich drives the chopping cut terhead 

unit carrying the knives in the shredder. A pulley of 150 mm diameter was 

provided on electric motor wh ich acts as pr ime mover . 

For gett ing high speed, motor was connected large pulley and 

cylindrical cut terhead shaft connected to small pulley. 

The electric motor was mounted on the main frame by using two pairs 

of MS angles and provis ion was made to slide the motor to get desired tension 

on the belt. In be tween motor and MS angle frame, a w o o d e n plank of 20 mm 

thick and 460 mm length was placed in order to absorb the v ibra t ion offered by 

the motor during the operat ion. The isometr ic v iew and front v iew of b iomass 

shredder cum br iquet t ing mach ine was shown in Fig. 3.1 and 3.2. The isometr ic 

v iew and front v iew of b iomass shredder cum br iquet t ing mach ine designed in 

solid works was shown in Fig. 3.3 and 3.4. 

3.2.3 Des ign cons idera t ion: 

3.2.3.1 Des ign of shafts: 

a. Des ign of cylindrical cutterhead shafts 

The torque t ransmit ted by the shaft was calculated by using formula 

suggested by Khurmi and Gupta (2006). 

2 x7ixN . . . (37) 

Where , 

T = torque t ransmit ted by the shaft, N - m m 
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Fig. 3.1 Front view of shredder cum Briquetting Machine 



Dimensions are in cm 

Fig. 3.2. Isometric view of shredder cum Briquetting Machine 



Fig. 3.3. Isometric view of shredder cum Briquetting Machine 
in Solid Works 



Fig. 3.4. Front view of shredder cum Briquetting Machine in 
Solid Works 



P power, W 

N rpm of shaft 

1490x60 
T 

2 x 3.142x 900 

T 15.81 N - m 

T 15.81x 10 3 N - m m 

The torque t ransmi t ted by the shaft (T) 

T xrxdz 

(3.8) 

W h e r e , 

T = Tors ional shear stress, MPa (for Mild Steel T = 42 MPa K h u r m i and 

15.81 x 1 0 3 = — x 42 x d 

16 

1 3 15.81 x 103 x 16 

3.142 x 42 

d = 12.42 x 2 mm 

d = 24.84 mm 

The shaft d iameter w a s selected as 25 mm. 

3.2.3.2 Des ign of power t ransmis s ion system 

V-bel t drive system of was selected for power t r ansmiss ion as this 

system w o r k s sat isfactori ly at l inear speed from less than 0.5 m s - 1 up to 20 m 

s - 1 . The select ion of the pul ley and belts for cy l indr ica l cu t te rhead shaft we re 

m a d e based on fol lowing criteria. 

> Ra ted power deve loped by electric motor , kW = 1.49 

> Ra ted speed of motor drives pulley, rpm = 1440 

Gupta , 2006) 

d = diameter of the shaft, mm 
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> Cylindrical cut terhead diameter , mm 

> A s s u m e of cyl indrical cutterhead speed, rpm 

= 260 

= 900 

3.2.3.3 Des ign of belt and pulley 

a. Des ign of pulley 

The pul ley was used to t ransmit power from electric motor shaft to 

cylindrical cut terhead shaft. Before design of pulley assume cyl indrical 

cut terhead shaft speed as 900 rpm. (Shashi , 2015) 

Cylinder per iphera l speed (m s - 1 ) = 

W h e r e , 

D = Cut terhead diameter , m 

N = Cyl indr ical cut terhead speed, rpm 

So, 

Cylinder per iphera l speed (m s - 1 ) 

-1 \ 77 D N 

60 
.(3.9) 

n x 0 .26 x 9 0 0 
60 

Cylinder per ipheral speed (m s - 1) =12.246 

Motor shaft speed, rpm 
Velocity ratio = 

Cylinder shaft speed, rpm (3.10) 

1440 
Veloc i ty ratio = = 1.6 

Y 900 

The diameter of the pulley ( d 1 ) on motor shaft was determined as following, 

d2 = Veloci ty ratio x d1 ... (3.11) 

W h e r e , 

d2 = Diameter of drive pulley, mm 

d1 = Diameter of driven pulley, mm 

150 = 0.9 x d1 = 93 .75mm 

Hence a pulley of standard 75 mm size was selected and provided on the 
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cutterhead shaft. 

b. Des ign of V-Belt 

A belt provides a convenient means of transferring power from one shaft 

to another. Belts are frequently necessary to reduce the higher rota t ional speeds 

of electric motors to lower values required by mechan ica l equipment . The belt 

driver relies on frictional effects for its efficient operat ion. W h e n the belt 

connect ing two pul leys is s tat ionary, the tens ions in the two port ions of the belt 

are equal but w h e n torque is applied to the driving pul ley, one port ion of the 

belt is stretched and the other port ion becomes slack. 

The propert ies of a V-belt viz., density, cross sectional area and 

a l lowable tensile stress (a) were taken as 1000 kg m , 150 mm and 2.5 MPa. 

A groove angle (20) of 35°, pul ley of 0.25 was considered as co-efficient of 

friction (u) be tween pul ley and belt (Khurmi and Gupta, 2006) . 

The mass of the belt per unit length, 

m = Cross section area, m x Length , m x Densi ty , kg m ... (3.12) 

m = 150x 10 - 6 x i.6x 1000 = 0.24 kg per meter length of belt 

The centrifugal tension of the belt (Tc) given by; 

T C = m x v , N (3.13) 

W h e r e , 

m mass of the belt per meter length 

V Veloc i ty of the belt, m s 

V (n x D x N) /60 (3.14) 

V 3.142 x 75 x 900/60 = 3.53 m s 

So, C 0.24 x 9.81x 3 .53 2 ,N 

Tc 29.33N 

M a x i m u m tension in the belt, 
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2 2 
T = o, N mm x S e c t i o n area of bel t , mm (3.15) 

W h e r e , 

a = Al lowable tensi le stress = 2.5 MPa 

T = 2 .5x 106 x 150x10 -

T = 375 N 

Therefore, 

Tens ion in tight side of the belt, 

T 1 = T - Tc (3.16) 

T1 = 375 - 29.33 = 345.67 N 

The tension in the slack side of the belt (T2) calculated as follows 

For open belt drive 

sina = 
O M 

2 x 2x 2 x 660 
- 0.056 (3.17) 

a 3.21° 

Angle of lap on smaller pulley (/. e. pul ley on motor shaft), 

9 = 180- (2 x 3.21) 

9 = 173.58° 

9 = 173.58 x n /180 = 3.02 rad. 

To find tension at slack side, following formula were used; 

(3.18) 

2.303 log TL = p x 9 x cosec (p/2) (3.19) 

2.303 log 0.25 x 3.02 x cosec (35/2) = 2.50 

T L 
log = 2.51/2.303 = 1.085 

* T2 ; 

2 L 
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12.16 
A T2 , 

T2 = 345.67/12.02 = 28.42 N 

The power t ransmit ted per belt; 

P = (T1 - T2) v = (693.99 - 60.45) 2.35 . . . (3.20) 

P = 1118.72 W = 1.119 kW 

Therefore, 

N u m b e r of V-bel ts required to transfer power to cylinder pulley from 

motor pulley was calculated by following this formula; 

.K T t p T T 1 , . , Total power transmitted 
Number of V belts required = (3 21) 

Power transmitted per belt 

1.49 
Number of V - belt required = = 1.34 = Say 1 

1.11 
So, one V-belt was selected for power t ransmiss ion . 

The length of the belt was calculated based on the d iameters of the 

driver and driven pulleys and centre to centre distance be tween the pul leys . The 

formula used for calculat ing the length of the belt is, 

L = n ( r 2 - r 1 ) + 2x + A _ A - . . . (3.22) 

L = n(75 - 37.5)+ 2 (6 6 0 ) + ( 7 5 - 3 7 . 5 ) 

L = 1359.63 mm 

3.2.4 Fabricat ion of electric motor operated b iomass shredder 

3.2.4.1 Feeding chute 

The feeding chute was the componen t of b iomass shredder, wh ich 

receives the b iomass and fed it to the cutter head. It was kept in t rapezoidal 

shape. The b iomass was manua l ly fed wi th cont inuous process . The feeding 
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chute was made from mild steel sheet (Ojha and Michael , 2003) . The overall 

d imens ions of the feeding chute were 480 mm x 380-130 mm x 95 mm length, 

top and bo t tom width and height of feeding chute, respect ively. 

3.2.4.2 Cyl indrical cut terhead 

a. Shape 

In this study b iomass shredder consist of a cylindrical cut terhead was 

used for shredding b iomass . It was a cyl indrical shape cut terhead with blades 

on a revolving cylinder for chopping mater ia ls into required size. It was 

moun ted on the shaft. A cyl indrical type cut terhead was developed and 

evaluated for chopping of b iomass . The overall d imens ions of cut terhead were 

260 mm diameter and 110 mm length. 

b. Blades 

The blade is an important componen t in the cylindrical cutterhead of 

b iomass shredder. In this study, straight hammer blades are used for chopping 

of b iomass . The blades are moun ted parallel to the cylinder axis to get better 

per formance . The length of the hammer blades is kept equal to the length of the 

cylinder. To obtain a clean cut, blades operate close to the shear plate wi thout 

striking (Ojha and Michael , 2003) . It is made from high carbon steel 

(Gagadishwar , 2010) and a v iew of Fabr icat ion work of shredder has been 

shown in plate 3.1 and cut tehead unit was shown in plate 3.2. 

• No. of blades vary on cylindrical cut terhead = 4 

• Angle be tween four number of b lades = 90 0 

• Mater ia l of cutting blades = High carbon steel 

• Length of cutting b lades , mm = 120 

• Wid th of cutting blades , mm = 80 

• Thickness of cutting blades , mm = 15 
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Plate 3.1. A view of fabrication work of shredder 



Plate 3.2 Cutterhead unit of shredder 



Table 3.L Specif ication of b iomass shredder 

Sr. No Componen t s /pa r t s Shape /d imens ions 

1 Main frame 

Shape of the frame Rectangular 
Length x wid th x height, mm 7 6 5 x 6 1 0 x 1 0 6 5 

2 Chopping unit 
Cyl indr ical cut terhead (length x diameter) , mm 310x 260 
Shape Cyl indr ical 
Type of blades Straight 
N u m b e r of blades vary ing on cylinder 
per iphery 

4 

Size of the knives (width x height x th ickness) , 
mm 

8 0 x 1 2 0 x 1 5 

Cylinder shaft (length x diameter) , mm 450x30 
Shape Cyl indr ical 

3 Feeding unit 
Feeding chute 
length, mm x top and bot tom width, mm x 
height, mm 

480 x 380-130 x 95 

Shape Trapez ium 

4 Power t ransmiss ion system 

Size of the motor drive pul ley (groove x 
diameter) , mm 

1 x 150 

Size of shaft (diameter) , mm 25 
Size of the driven pul ley on cylinder shaft 
(groove x d iameter) , mm 

1 x 75 

5 Pr ime mower 

T y p e 
Single phase 
Induct ion motor 

Frame of the electric motor (length x width, 
mm) 

5 0 0 x 3 0 0 

Electr ic motor capacity, kW 1.49 
Rated speed, rpm 1440 
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3.2.5 Design and deve lopment of br iquett ing machine 

3.2.5.1 S c r e w press br iquet t ing machine 

The developed br iquet t ing mach ine was a single extrusion die screw 

press . It consists main ly of driving motor, screw, die, belts and the housing 

with a hopper . The belt t ransmits power from the motor to the screw through 

the pulley. W h e n the motor is started, raw mater ia l is fed into the mach ine 

th rough the hopper; the raw mater ia ls are compressed in the barrel, and 

extruded th rough the die. The mach ine has a product ion capaci ty of about 120 

kg h - 1 and it is driven by a 1.49 kW, 1440 rpm electric motor driving the screw 

shaft at 300 revolu t ions per minute (rpm). Dur ing operat ion, the rotat ing screw 

takes the mater ia l from the hopper through the barrel and compresses it against 

the die which forms a build up of pressure gradient along the screw. The screw 

cont inuous ly forces the mater ia ls into the die and A v iew of fabrication of 

br iquet t ing mach ine plate 3.3 and Screw extruder has shown in the plate 3.4. 

3.2.5.2 C o m p o n e n t s of br iquet t ing machine 

Briquet t ing mach ine has following componen t s 

a) Br iquet t ing s tand: A base wh ich supports the br iquet t ing barrel & screw 

assembly . 

b) Drive m e c h a n i s m : The br iquet t ing mach ine is driven with electrical motor 

wi th the help of pulley drive. The groove pul ley is mounted on motor as 

wel l as on the shaft of connect ing rod for power t ransmiss ion to obtain 

desire speed. 

c) Thrus t bear ings: The br iquet t ing screw is normal ly supported wi th a 

bear ing at the driven end. A significant rearward thrust is absorbed by the 

bear ing to compensa te for the force imparted to the br iquet ted mater ia l as it 

is being moved forward along the length of the screw. 

d) Feed hopper: The feed hopper provided the opening th rough which feed 

mater ia ls enter the screw. 
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Plate 3.4. A View of Screw Extruder 



e) B a r r e l : The barrel of the extruder is often manufactured in sections wh ich 

are bolted together as barrel sections are heavy, such construct ion aids di-

assembly and al lows for rep lacement of sections wi thout replacing entire 

barrel . 

f) D i e : The extruder is equipped with a series of cylindrical shaped holes 

where br iquet t ing mater ia l emerges from the mach ine in the form of 

br iq/uet tes . The die hole take number of shapes to form the br iquet tes into 

rods, spheres, denotes , tubes, strips etc. 

3.2.5.3 Theoret ica l cons iderat ions 

The design of br iquet t ing mach ine involved the re la t ionship be tween 

screw and barrel geomet ry and feed mater ia l propert ies wi th flow rate, pressure 

drop and power consumpt ion . To solve the basic flow equat ions, the following 

assumpt ions were made : 

i. F low should be laminar. 

ii. F low should be steady. 

iii. F low should be fully developed. 

iv. Barrel should be s tat ionary and the screw is rotat ing. 

v. Slip should not occur at the wal ls . 

3.2.5.4 Des ign cons iderat ion 

Basic design parameters considered were as follows: 

a. Mach ine Capaci ty (Q) = 120 Kg h - 1 

b. Die diameter (D d) = 30 mm 

c. Bulk Dens i ty (p) in Kg m 

Similarly, the assumed Parameters were 

d. Diameter of Screw in mm 

e. Pitch of the screw press in mm 

f. Shaft Diameter in mm 
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3.2.5.4.1 Calculat ion of helix angle 

The br iquet t ing mach ine consisted of extruder screw rotat ing in a barrel, 

fitted t ightly wi th connect ing rod. The br iquet t ing screw consisted of a central 

shaft upon which a helical flight was wrapped . The open area bounded by the 

flights on the sides was lead. The helix angle is calculated by formula given by 

(Deepali 2010) 

9= t an - 1 — . . . (3.23) 

where , 

9 = Helix angle , degree 

S = Pitch of the screw, m 

D = Inside diameter of the barrel , m 

3.2.5.4.2 D e t e r m i n a t i o n of theoret ical screw v o l u m e per pitch 

The basic design considera t ion for the screw design is the capaci ty of 

the was te process and the average bulk densi ty of the raw waste after size 

reduct ion. The theoret ical screw vo lume has been calculated by the formula 
(Deepali , 2010) 

V = Area x Pitch 

VS= '4(D-cf) x S . . . ( 3 . 2 4 ) 

W h e r e 

V s = Theoret ica l vo lume of screw per pitch, m 

D = Screw diameter , m 

d = Shaft diameter, m 

S = Pitch of the Screw, m 

3.2.5.4.3 D e t e r m i n a t i o n of screw revolution 

Speed of screw is calculated by consider ing mass flow rate, product 

density, theoret ical screw vo lume per pitch (Vs) and filling. (Deepali , 2010) 
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m = — . . . (3 .25) 
60 

via ( 3 2 6 ) 

W h e r e , 

Q = Capaci ty of br iquet t ing mach ine , kg h - 1 

N = S c r e w revolut ion, rpm 

' m = Mass flow rate, kg m i n 1 capaci ty of br iquet t ing mach ine , kg h 1 

(f> = Filling efficiency, % 

p = Bulk density of b iomass , kg m 

3.2.5.4.4 De terminat ion of drive power 

Drive power was dependent on flow rate, gravity, d i sp lacement 

length, res is tance and calculated by formula as follows (Deepali , 2010) 

P (m, V„ L, p, f„ r]) 

( 3 . 2 7 ) 

Neglec t ing gravi ta t ional effects (g = 1) 

Drive power (Pd), 

m X L X — X g (3.28) 

30000 

Torque on the screw, T N (3.30) 

W h e r e , 

L = Leng th of the screw press , m 

n d = Efficiency of drive, % 

fi = Mater ia l factor 
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3.2.5.4.5 Pul ley shaft power 

Shaft Power (P s) required for br iquet t ing mach ine after consider ing the 

pul ley efficiency was (Deepali , 2010) 

Ps = — kW % . . . (3.31) 

Where , r\p= Efficiency of pulley, % 

3.2.5.4.6 Motor power 

Motor power P m was est imated from the given equation. (Deepali , 2010) 

Pm = P, (1+ 5) . . . (3.32) 

The factor S is the a l lowances made for motor efficiency taken from 

A p p e n d i x I. 

3.2.5.4.7 Actual motor speed 

The actual motor speed (n) was given by selected slip factor "s" as 

follows (Deepali , 2010) 

n = N (1-S) . . . ( 3 . 3 3 ) 

Slip factor was selected on the basis of calculated capaci ty of electrical 

motor from A p p e n d i x II. 

3.2.5.4.8 Design of pulley 

The diameter of smaller pul ley was determined by applying Saverin 's 

empir ical formula. Pul ley design was main ly dependent on the power to be 

t ransmit ted and required revolut ion of the mach ine . The simple drive 

m e c h a n i s m was selected for the design. Small pul ley diameter was 

Where , 

Pm = Power, to be t ransmit ted, kW 
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Vmax M a x i m u m speed of shaft, rpm 

N o w the big pul ley diameter is calculated by following formula 

Ni d2 

W h e r e , 

N 1 = Revolu t ion of mach ine shaft, rpm 

N 2 = Revolu t ion of motor shaft, rpm 

d2 = Diameter of pulley on motor shaft, mm 

d1 = Diameter of pulley on mach ine shaft, mm 

Table 3.2 Specif ication of the br iquet t ing m a c h i n e 
No. of screws 1 
Diameter of shaft, mm 25 
No . of exit tubes 3 
Diameter of exit tube, mm 30 
Overal l length of mach ine , mm 630 
Overal l wid th of mach ine , mm 380 
Overal l height of mach ine , mm 660 
Rota t ions of screw, rpm 300 
Power required, kw 1.49 
Capaci ty of mach ine , (kg h - 1 ) 120 

3.3 P e r f o r m a n c e and evaluat ion of shredder cum br iquet t ing mach ine . 

The performance of shredder cum br iquet t ing mach ine was evaluated 

under lab condi t ions . The parameters such as chopping length, mach ine output 

capacity, power consumpt ion , percentage loss and mois ture content, capacity of 

br iquet t ing mach ine , and br iquet t ing efficiency were recorded during the lab 

tests. As there was no specific test code available for test ing of shredder cum 

br iquet t ing mach ine , the pert inent parameters relevant to machine performance 

de terminat ion are measured . The laboratory trials were carried out at College of 

Agr icul tura l Engineer ing & Technology , Parbhani during 2016-17 . 
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3.3.1 Per formance of b iomass shredder: 

The performance of b iomass shredder was evaluated under lab 

condi t ions . The parameters such as chopping length, mach ine output capacity, 

power consumpt ion , percentage loss were recorded during the lab tests. As 

there was no specific test code avai lable for test ing of b iomass shredder, the 

pert inent parameters relevant to mach ine performance de terminat ion were 

measured . The labora tory trials were carried out at College of Agr icu l tura l 

Engineer ing and Techno logy , Parbhani during 2016-17 . The samples of 

B iomass were brought from the M a r a t h w a d a Agr icul tura l Univers i ty fields 

such as soybean husk, whea t straw, cotton stalk, forestry waste shown in the 

plate 3.5. 

The var ious performance evaluat ion parameters were calculated by 

observat ions made on each t reatment . The dependent parameters on each 

t rea tment combina t ions were shown below. 

1. Chopping length, mm 

2. Output capacity, kg h - 1 

3. Percentage loss, per cent 

4 . Power consumpt ion , k W h 

3.3.1.1 C h o p p i n g Length 

The chopping length of b iomass main ly depends on the number of 

b lades used and cyl indrical cut terhead speed. The chopping length of b iomass 

after shredding operat ion was measured in mm by using digital vernier cal ipers . 

The chopping length of b iomass was recorded r andomly in the lab by laying 

1m size frame. It was expressed by using the formula (Ojha and Michael , 

2003) . 

N K . . . (3.37) 
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Plate 3.5. Biomass Samples Taken For Operation 



W h e r e : -

L = Chopping length, mm 

D = Diameter of feed cutter, mm 

N = Cylindrical cutter head speed, rpm 

K = N u m b e r s of blades on the cutter head 

3.3.1.2 Output capacity 

Output capaci ty of b iomass shredder was measured by we igh ing the 

amount of b iomass shredded in unit t ime . It was calculated in metr ic units by 

duffee's formula (Ojha and Michael , 2003) . 

C = W x H x L x N x R x K . . . (3.38) 

W h e r e : -

C = Output capaci ty of b iomass shredder, kg h - 1 

W = Width of throat, mm 

H = Height of throat, mm 

L = Chopping length, mm 

N = N u m b e r of knives on the cut terhead 

R = Cut terhead speed, rpm 

K = Constant equal to 2 x 10" 

3.3.1.3 Percentage loss 

The percent loss of b iomass was obtained in the powder form after 

chopping of b iomass by shredder was considered as a percentage of loss of 

b iomass . Percen tage loss of b iomass incurred during chopping of b iomass was 

expressed by using formula (Fayose, 2007) 

. . . (3.39) 

, Total mass of sample (kg) - Mass after cutting (kg) , n n 
Percentage loss , % = 5 v " x 100 

Total mass of sample (kg) 
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3.3.1.4 P o w e r consumpt ion (C p ) 

The power consumpt ion of b iomass shredder was calculated by us ing 

formula (Shashi, 2015) 

A Amount of material fed, kg 
Cp = (3 40) 

Time taken for feeding, h x Average wattme ter reading, kW 

3.3.2 Per formance of br iquet t ing machine 

Mixture of b iomass and binder wi th appropr ia te mois ture content around 

4 0 % in prede te rmined propor t ion was prepared wi th thorough uniform mixing . 

Mixture for br iquet te p roduc t ion was prepared 2 hours before the actual 

work ing . 

Wel l prepared b iomass mixture is fed in the barrel through hopper. 

Ext rus ion screw driven by single phase, 2hp electric motor conveys the 

mater ia l to the die of cylinder. At last stage, screw compresses the feed 

mater ia l wi th die and br iquet tes come out from nar row opening of die. These 

br iquet tes were collected in trays so that mois tened br iquet tes should not fall 

down and get damaged. Br iquet tes were carried to sun drying so as to get dried 

br iquet tes of p remium quality. 

Table 3.3 Proport ion for product ion of br iquettes from var ious b iomass . 

Sr No. Mater ia l s Proport ions 

1 Soybean Husk + Water + Dung + Ash 65 : 25 : 10 : 5 

2 Whea t Straw + Water + Dung + Ash 65 : 25 : 10 : 5 

3 Cotton stalk + Water + Dung + Ash 65 : 25 : 10 : 5 

4 Forest was te + Water + Dung + Ash 65 : 25 : 10 : 5 

3.3.2.1 Propert ies of b iomass 

Assessmen t of the phys io -chemica l propert ies of b iomass for br iquet t ing 

purpose was planned to evaluate its suitability. The T G A analysis of this 

b iomass would be useful for its ant icipated wider appl ica t ions . Deve lopmen t of 
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un-carbonized b iomass br iquet t ing for domest ic uses using cheap b iomass such 

as soybean husk, whea t straw, cotton stalk, forestry was te may be just i f ied 

w h e n appropr ia te devices for the product ion of the br iquet ted b iomass were 

developed or made avai lable in the country and the price of the product is 

compet i t ive wi th convent iona l fuel. Thus it was needed to utilize the b iomass 

was te in a suitable form which was easy to carry and store. There is a need to 

p romote a t echno logy to convert this loose b iomass was te in the form of solid 

fuel th rough the route of densification. 

Propert ies of b iomass like mois ture content, bulk density, calorific 

value , volat i le matter, ash content were studied. These proper t ies are more 

useful for designing of br iquet t ing mach ine . The details p rocedure to find out 

the characteris t ics of raw b iomass is followed by the guidel ines given in text 

book of B iomass produc t ion and ut i l izat ion t echno logy (Rathore et al. 2007) 

3.3.2.2 Propert ies of Br iquet tes 

The propert ies of br iquet tes including mois ture content, density, 

calorific value , volat i le matter , carbon content and ash content was calculated 

by standard formulas are following 

3.3.2.2.1 De terminat ion of mois ture content 

The mois ture content of raw b iomass was determined by calculat ing the 

loss in weight of mater ia l using hot air oven dying method at 105 °C to 110°C 

for one hour and up to constant we igh t loss. (Dara, 1999) 

W2 —Wi 
Mois ture content (% wb) = x 100 . . . (3.41) 

Where , 

w1 = weight of crucible, g 

w2 = weight of crucible + sample, g 

w 3 = weight of crucible + sample, after heat ing, g 
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3.3.2.2.2 D e t e r m i n a t i o n of volat i le matter 

The dried sample left in the crucible was covered wi th a lid and placed 

in an electric furnace (muffle furnace), main ta ined at 925 ± 20°C for 7 minutes . 

The crucible was cooled first in air, then inside a desiccator and we ighed again. 

Loss in weight was reported as volat i le matter on percentage basis . (Dara, 

1999) 

W5 —W6 
Volat i le matter (%) = x 100 . . . (3.41) 

W5 -W4 

Where , 

w4 = weight of the empty crucible, g 

w5 = weight of empty crucible + sample , g 

w 6 = weight of the crucible + sample after heat ing, g 

3.3.2.2.3 D e t e r m i n a t i o n of ash content 

The residual sample in the crucible was heated wi thout lid in a muffle 

furnace at 700 ± 50° for one half hour. The crucible was then taken out, 

cooled first in air, then in desiccators and weighed . Heat ing, cooling and 

we igh ing was repeated, till a constant weight obtained. The res idue was 

reported as ash on percentage basis (Dara, 1999). 

W9 —W7 
Ash content (%) = x 100 . . . (3.42) 

Wg -W7 

Where , 

w7 = weight of the empty crucible, g 

w8 = weight of empty crucible + sample, g 

w9 = weight of the crucible + ash, g 

3.3.2.2.4 Fixed carbon determinat ion 

The fixed carbon percen tage was calculated by using following 

re la t ionship . Percentage of fixed carbon = 100 - % of (moisture content+ 

46 



volat i le mat ter + ash) 

3.3.2.2.5 Calorific va lue 

The calorific va lue of br iquet ted fuel was de termined by using bomb 

calorimeter . The calorific value of br iquet ted fuel was de termined by using 

following formula (Dara, 1999). 

fW+w)x(7\ —72) 
Calorific value (Kcal/kg) = . . . (3.43) 

X 

W h e r e , 

W = weight of water in calorimeter , kg 

w = water equivalent of apparatus 

T 1 = initial t empera ture of water , °C 

T2 = final t empera ture of water , ° 

X = weight of fuel sample taken, kg 

3.3.2.3 Br iquet te densi ty 

For br iquet te densi ty measuremen t , the br iquet te length and diameter 

were measured and thus the vo lume was calculated. The br iquet tes were 

we ighed using a digital ba lance . The br iquet te densi ty was calculated by 

dividing the average mass of the br iquet te over its vo lume . 
3.3.2.4 Capacity of briquetting machine 

The capaci ty of the mach ine is the total mass taken from the outlet and 

determined by using we igh ing balance to the total t ime taken. I t was calculated 

by given formula 

Capacity Q, k g h — 1 = T « A . . . M . . . , 

3.3.2.5 Eff ic iency of br iquet t ing machine 

Efficiency is a measure of how much work or energy conserved in a 

process . The efficiency is the mach ine output, divided by the mach ine input, 
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and expressed as a percentage . 

. Machine Output (kq) m *c\ 
Efficiency, n = M a . h , n . , n P u t (icq) x 1 0 0 % ) 

3.3.2.6 P a r a m e t e r tested for Br iquet t ing machine 

1. Effect of screw speed: 

Two different size of driving pulleys were used to determine the effect 

of screw speed on product ion rate, energy consumpt ion and densi ty of var ious 

b iomass mater ia ls . 

3.3.2.7 Sun drying of briquettes 

Sun drying is being considered as a possible al ternative for drying the 

b iomass br iquet tes . The energy is freely avai lable which makes it an attractive 

energy source. Br iquet tes were carried to sun heat ing so as to get dried 

br iquet tes of p remium quality. 

3.4 E c o n o m i c s of shredder cum briquet t ing machine . 

Cost of operat ion was calculated by consider ing fixed and var iable 

costs. Fixed costs were calculated by consider ing parameters were 

depreciat ion, interest, shelter and insurance . Var iable costs also called as 

operat ional costs. It includes repair and main tenance , power consumpt ion , oil 

or lubricat ion and labour costs. The total fabrication cost of the shredder cum 

br iquet t ing mach ine was calculated taking into cons idera t ion the mater ia ls used 

and labor charges . Knowing the output capaci ty of the unit, the cost of 

operat ion of mach ine was calculated. 

3.4.1 Cost of machine 

The total product ion cost of b iomass shredder cum br iquet t ing mach ine 

is the total cost of mater ia ls used for var ious componen ts of mach ine and total 

cost of labor used for fabrication works . 

3.4.2 Cost of Opera t ion 

The cost of operat ion of b iomass shredder cum br iquet t ing mach ine 

includes the fixed cost and var iable cost. The fixed cost genera l ly includes 
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depreciat ion, interest on investment , insurance, taxes and housing. Opera t ing 

cost includes the cost of repairs and main tenance , electrici ty charge and labour 

charges . 

3.4.3 B r e a k e v e n point 

The b reakeven point of mach ine is an indicat ion that the mach ine should 

work at least for that es t imated t ime in hours of operat ion per year. The 

b reakeven point of shredder cum br iquet t ing mach ine was expressed by 

consider ing the relat ions be tween annual fixed costs, custom charges per hour 

and total operat ing cost wh ich is given below: (Shashi, 2015) 

A „ Annual fixed cost, (Rs h - 1 ) 
BEP = 1 A . . . (3.39) 

Income (Rs h ) - Total operating cost (Rs h ) 

3.4.4 Payback period 

The payback period for the developed b iomass shredder cum br iquet t ing 

mach ine was calculated to know the t ime required to get back the investment . 

The payback period was est imated by using the following formula. (Shashi, 

2015) 

A , . . , Initial cost of machine 
Payback period 

Average net annual benefit . . . ( 3 4 0 ) 

3.4.5 Benefit-cost ratio 

Benefi t-cost ratio is the compar i son of present wor th of cost wi th 

present wor th of benefits. The benefit cost ratio was calculated by using the 

following formula. (Shashi, 2015) 

„. To ta l b e n e f i t 
B e n e f i t - co s t r a t i o = 

Tota l c o s t o f i n v e s t m e n t (341) 

Total benefit = Average annual net profit (Rs) x Life of mach ine in years 
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CHAPTER-IV 

RESULTS AND DISCUSSION 

In this chapter, the results per ta ining to physical propert ies of b iomass , 

design and deve lopment of different componen ts of shredder cum br iquet t ing 

mach ine , performance evaluat ion of shredder cum br iquet t ing mach ine for 

shredder at different cylindrical cut terhead speeds, and with numbers of blades 

and for br iquet t ing mach ine the factors that main ly influence the selection of 

raw mater ia ls are mois ture content, ash content, flow character is t ics and 

particle size are used, presented and ana lyzed . The economics of shredder cum 

br iquet t ing mach ine is also presented in this chapter . The results are presented 

under the following head ings . 

4.1 Physical characteris t ics of b i o m a s s : 

The different physical character is t ics of selected b iomass was 

determined and represented in Table 4.1 and it was shown in the Fig. 4 . 1 . 

Table 4.1 Physical characterist ics of b iomass 

Sr. 
No. 

Samples 
Bulk 

density, 
k g / c m 3 

Spherici ty, 
mm 

Ar i thmet ic 
mean 

diameter, 
mm 

Geomet r i c 
mean 

diameter, 
mm 

Mois ture 
content, 

% 

1 Soybean husk 290.99 0.230 8.91 3.65 9.6 

2 Whea t straw 128.97 0.039 173.47 8.005 9.5 

3 Cotton stalk 209.33 0.033 481.41 13.89 9.2 

4 Forest was te 275.40 0.248 33.36 4.45 12 

4.1.1 Bulk density 

The procedure followed to measure the bulk densi ty of b iomass was 

explained under 3.1.1 Section. The m a x i m u m bulk densi ty was found to be 

290.99 kg m for soybean husk and the m i n i m u m bulk densi ty was recorded to 

be 128.97 kg m for whea t straw at 9 to 12 per cent of mois ture content (w.b). 
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Fig. 4.1 Physical characteristics of selected biomass 



4.1.2 Spheric i ty 

The procedure followed to measure the spherici ty of b iomass was 

explained under 3.1.2 Section. The m a x i m u m spherici ty of b iomass was 0.248 

mm for forestry was te , whi le it was m i n i m u m of 0.033 mm for cotton waste at 

9 to 12 per cent of mois ture content (w.b). 

4.1.3 Ar i thmet i c and geometr ic mean d iameter 

The procedure followed to measure the ar i thmetic mean diameter of 

b iomass was explained under 3.1.3 Section. 

The ar i thmetic mean diameter of the b iomass was found to be m a x i m u m 

of 484.41 mm for cotton stalk, whi le m i n i m u m for 8.91 mm for soybean husk 

at 9 to 12 per cent of mois ture content (w.b). 

The geomet r ic mean diameter of b iomass was m a x i m u m of 13.89 mm 

for cotton stalk, whi le m i n i m u m for 3.65 mm for soybean husk at 9 to 12 per 

cent of mois ture content (w.b). 

4.1.4 M o i s t u r e content 

The procedure followed to measure the mois ture content of b iomass was 

explained under 3.1.4 Section. The m a x i m u m mois ture content of dry b iomass 

was found to be 12 per cent whi le it was a m i n i m u m of 9 per cent respect ively. 

F rom the results i t was found that the proper/ efficient shredding was occurred 

in the range of 9 to 12 percent mois ture content for different b iomass . 

4.2 Des ign and deve lopment of different c o m p o n e n t s of s h r e d d e r cum 

br iquet t ing m a c h i n e 

The different componen t s of shredder cum br iquet t ing mach ine were 

designed and developed as explained in the Sect ion 3.2. The results per ta in ing 

to the design and deve lopment of shredder cum br iquet t ing mach ine are 

presented be low and a v iew of electric motor operated shredder cum 

br iquet t ing machine was shown in the plate 4 . 1 . 
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Plate 4.1. A View of electric motor operated Shredder cum 
Briquetting Machine 



4.2.1 Des ign of shredder 

The details pertaining to selection of shredder was explained in Sect ion 

3.2.1. 

The electric motor operated b iomass shredder designed and fabricated 

for chopping of b iomass res idues used for a br iquet tes as a solid fuels. It 

consist of a main frame, shear plate, feeding chute, cyl indrical cut terhead unit 

and power t ransmiss ion system. The overall d imens ions of pro to type of 

b iomass shredder were 765 mm in length, 610 mm in wid th and 1065 mm in 

height. 

4.2.1.1 Selection of prime m o w e r 

The details per ta ining to selection of pr ime mover was explained in 

Sect ion 3.2.2. A single phase electric motor of 1.49 kW power rated and speed 

of 1440 rpm was selected as pr ime mover for b iomass shredder. 

4.2.1.2 Des ign of shafts 

The details per ta ining to selection of design of shafts was explained in 

Sect ion 3.2.3.1.The design was based on torsion strength considered by 

calculat ing the drive torque of rotat ing shaft wh ich was subjected to twist ing 

m o m e n t only. 

a. Des ign of cylindrical cutterhead shaft 

The details per ta ining to design of cylindrical cut terhead shaft was 

explained in Sect ion 3 .2 .3 .1 . (a) The diameter of shaft was calculated by using 

formula 3.7 and 3.8. Hence , the diameter of cylindrical cut terhead shaft was 

selected as 30 mm. 

4.2.1.3 Des ign of power transmiss ion system 

The details per ta ining to design of power t ransmiss ion system was 

explained in Sect ion 3.2.3.2. The power t ransmiss ion system of the power 

operated b iomass shredder was designed by consider ing an electric motor as 
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pr ime mover having 1.49 kW power and rated speed of 1440 rpm. The power 

from the electric motor is t ransmit ted to cyl indrical cut terhead shaft by using 

the V - belt. The suitable diameter of pul ley were selected and mounted on 

cylindrical cut terhead shaft that can be explained in Section. 3.2.3.3.(a) and 

3 .2 .3 .1 . A single grooved pulley of 150 mm diameter was provided on electric 

motor to t ransmit the power. 

4.2.2 Fabr icat ion of b i o m a s s shredder 

Shredder mach ine was fabrication as per the design procedure . The 

specifications were presented in the table 3 . 1 . 

4.2.3 Des ign and deve lopment of br iquet t ing machine 

Briquet t ing mach ine was designed and fabricated as per design 

procedure . The calculat ions were presented in A p p e n d i x 1. 

4.3 Per formance and Eva luat ion of Shredder cum Br iquet t ing machine 

4.3.1 Per formance and Eva luat ion of S h r e d d e r : 

The var ious performance evaluat ion parameters were calculated by 

observat ions made on each t reatment . The dependent parameters on each 

t rea tment combina t ions were shown below. The performance of shredder 

mach ine was shown in the plate 4.2 and a v iew of Shredded raw mater ia ls has 

shown in plate 4 .3 . 

1. Chopp ing length, mm 

2. Output capacity, kg h - 1 

3. Percentage loss, per cent 

4 . Power consumpt ion , k W h 
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Plate 4.2. Performance of Shredder 



Plate 4.3. A view of shredded raw materials 



4.3.1.1 C h o p p i n g Length 

Table 4.2 Effects on chopping length of b iomass shredder 

Sr. No. Samples 
Chopping length, mm 

Sr. No. Samples 
1 2 3 

1 Soybean husk 3.5 3.2 3.6 

2 Whea t straw 4.5 5 4.9 

3 Cotton stalk 5 5.2 5.5 

4 Forest was te 3.5 4.5 4.6 

The procedure adapted to find out the chopping length of b iomass 

shredder was explained under 3.3.1.1 Section. Effects on chopp ing length of 

b iomass shredder were presented in Table 4.2. It was observed that, the 

chopping length for 4 numbers of blades var ied in the range of 3.2 to 5.5 mm 

with cylindrical cut terhead speed of 900. The m i n i m u m chopping length 3.2 

mm was recorded whi le m a x i m u m length was 5.5 mm. 

4.3.1.2 O u t p u t capaci ty 

Table 4.3 Effects on output capaci ty of b iomass shredder 

Sr. No . Samples Output Capaci ty kg h - 1 

1 Soybean husk 40 
2 Whea t straw 36 
3 Cotton stalk 20 
4 Forest was te 48 

The procedure adapted to find out the output capaci ty of b iomass 

shredder was explained under 3.3.1.2 Section. The effect of output capacity of 

b iomass shredder was presented in Table 4 .3 . 

For 4 numbers of blades, output capaci ty var ied in the range of 20-48 kg 

h - 1 . The m i n i m u m capaci ty obtained for cotton stalk is 20 kg h - 1 , whi le 

m a x i m u m capaci ty 48 kg h - 1 for forest was tes . Because the cotton stalk 
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mater ia l was rigid and hard so it has taken more t ime to shred the mater ia l than 

others. 

4.3.1.3 Percentage loss 

Table 4.4 Effects on Percentage loss of b iomass shredder 

Sr. 
No. 

Samples 
Total mass of 
Samples , kg 

Mass after 
cut t ing, kg 

Percentage loss, 
Percent 

1 Soybean husk 10.2 10.1 0.98 

2 Whea t straw 6.5 6.48 0.30 

3 Cotton stalk 5.5 5.48 0.36 

4 Forest was te 13 12.8 1.5 

The procedure adopted to measure the Percentage loss of b iomass 

shredder was explained under 3 .3 .1 .3 . Effects of percentage of loss of b iomass 

shredder were presented in Table 4.4. 

For 4 numbers of b lades , the percentage of loss varied in the range of 

0.30 to 098 per cent wi th cyl indrical cut terhead speed of 12.246 m s - 1 . The 

m i n i m u m percentage of loss 0.30 per cent was recorded for whea t straw, whi le 

m a x i m u m percentage of loss 1.5 per cent for forest was tes . 

4.3.1.4 P o w e r consumpt ion (Cp) 

Table 4.5 Effects on power consumpt ion of b iomass shredder 

Sr. No . Samples Power consumpt ion , k W h k g - 1 

1 Soybean husk 0.0125 

2 Whea t straw 0.0132 

3 Cotton stalk 0.0400 

4 Forest was te 0.0102 

The procedure adopted to measure the power consumpt ion of b iomass 

shredder was explained under 3.3.1.4. The effects of power consumpt ion of 

b iomass shredder are presented in Table 4 .5 . 
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For 4 numbers of b lades , power consumpt ion varied in the range of 

0.0102 to 0.0400 k W h k g - 1 . T h e m a x i m u m power consumpt ion was 0.0400 

k W h kg - 1 for cotton and m i n i m u m 0.0102 k W h k g - 1 for forest was te . 

4.3.2 Per formance and Evaluat ion of Br iquet t ing machine 

The exper imenta l results of performance of br iquet t ing mach ine were 

reported in the following tables given below. It was observed that product ion 

capaci ty of the design mach ine was in the range of 115 to 125 kg per hour and 

good quali ty br iquet tes could be produced and the required shredded raw 

mater ia ls and binders were shown in the plate 4.4 and preparat ion of raw 

mater ia ls shown in plate 4.5 and the performance of br iquet t ing mach ine was 

shown in the plate 4.6 

4.3.2.1 Propert ies of b i o m a s s 

The propert ies of b iomass like calorific value , mois ture content, ash 

content, volat i le matter, densi ty were studied as per the standard method as 

explained in section 3.3.2.1 

4.3.2.2 Propert ies of Briquet tes 

The propert ies of br iquet tes like calorific value , mois ture content, ash 

content, volat i le matter, densi ty were evaluated as per the standard method as 

explained in section 3.3.2.2 and the exper imenta l findings are given in the 

Table 4.6 and proximate analysis of br iquet tes were shown in fig. 4.2. 

Table 4.6 Different treatments for product ions of briquettes with 

propert ies 

Sr. 
No. Materials Weight 

(kg) 
Density 
(kg cm -3) 

Moisture 
content 

(%) 

Volatile 
matter 

(%) 

Ash 
content 

(%) 

Fixed 
Carbon 

(%) 

Calorific 
Value 

(kcal kg -1) 

1 Soybean Husk + 
Dung + Water + Ash 0.045 1141.09 6.8 22.62 6.8 13.54 4520 

2 Wheat Straw + 
Dung + Water + Ash 0.044 1148.94 10.20 68.80 7.9 18.2 4285 

3 Cotton stalk + Dung 
+ Water + Ash 0.045 1269.03 7.89 58.30 3.5 21.98 4860 

4 Forest waste + Dung 
+ Water + Ash 0.046 1188.59 8.62 60.72 9.6 16.50 3596 
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Plate 4.5. Preparation of Raw Materials 



Plate 4.6. Performance of Briquetting Machine 



Fig. 4.2 Proximate analysis of briquettes 



Table 4.7 C o m p a r i s o n of calorific va lue of raw materials and their 

briquettes 

Sr. N o . R a w materials 
Calorific va lue of 

raw materials (kcal 
kg - 1 ) 

Calorific va lue of 
br iquettes (kcal kg - 1 ) 

1 Soybean Husk 4170 4520 

2 Whea t straw 3800 4285 

3 Cotton stalk 4252 4860 

4 Fores t ry was te 3000 3596 

From above table 4.7 it was found that calorific value of br iquet tes was 

found in the range of 3596 to 4860 kcal k g - 1 and it was observed that amongs t 

all the t reatment , calorific value of br iquet tes was more than the calorific value 

of raw mater ia l because br iquet tes has more densi ty and compac t ion than loose 

mater ia ls . 

4.3.2.3 Dens i ty of Br iquet tes : 

The densit ies of br iquet tes were calculated by us ing method was 

explained under section 3.3.2.3 and var ious samples of exper imenta l findings 

are given in table 4.8, 4.9, 4.10, 4.11 and the measu remen t s of physical 

propert ies to determine the bulk densi ty were shown in plate 4.7. 

Table 4.8 Dens i ty of Soybean Husk + D u n g + W a t e r + Ash 

Sample Weight (kg) D iameter (m) Len gt h ( m) V o l u m e ( m 3 ) Dens i ty (kg m - 3 ) 

1 0.048 0.030 0.056 3 . 9 5 x 1 0 - 5 1215.18 

2 0.045 0.030 0.060 4 . 2 3 x 1 0 - 5 1063.82 

3 0.046 0.030 0.057 4 . 0 2 7 x 1 0 - 5 1142.28 

It was est imated from above table that average densi ty of Br iquet tes 

obtained was 1141.09 (kg/m 3 ) 
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Plate 4.7. Measurement Of Physical Properties To Determine The 
Density Of Briquettes 



Table 4.9 Dens i ty of W h e a t Straw + Dung + W a t e r + Ash 

Sample Weight (kg) D i a m e t e r ( m ) Len gt h ( m) V o l u m e ( m 3 ) 
Dens i ty 
(kg m-3) 

1 0.045 0.030 0.060 4 . 2 3 x 1 0 - 5 1063.82 

2 0.047 0.030 0.055 3 . 8 8 x 1 0 - 5 1211.34 

3 0.043 0.030 0.052 3 . 6 7 x 1 0 - 5 1171.66 

It was est imated from above table that average densi ty of Br iquet tes 

obtained was 1148.94 (kg/m 3 ) 

Table 4.10 Dens i ty of Cotton stalk + D u n g + W a t e r + Ash 

Sample Weight (kg) D i a m e t e r ( m ) Len gt h ( m) V o l u m e ( m 3 ) 
Dens i ty 
(kg m - 3 ) 

1 0.048 0.030 0.059 4 . 1 6 x 1 0 - 5 1153.84 

2 0.049 0.030 0.055 3 . 8 8 x 1 0 - 5 1262.88 

3 0.052 0.030 0.053 3 . 7 4 x 1 0 - 5 1390.37 

It was est imated from above table that average densi ty of Br iquet tes 

obtained was 1269.03 (kg/m 3 ) 

Table 4.11 Dens i ty of Forest was te + Dung + W a t e r + Ash 

Sample Weight (kg) D i a m e t e r ( m ) Len gt h ( m) V o l u m e ( m 3 ) 
Dens i ty 
(kg m - 3 ) 

1 0.046 0.030 0.056 3 . 9 5 x 1 0 - 5 1164.55 

2 0.049 0.030 0.058 4 . 0 9 x 1 0 - 5 1198.04 

3 0.045 0.030 0.053 3 . 7 4 x 1 0 - 5 1203.20 

It was est imated from above table that average densi ty of Br iquet tes 

obtained was 1188.59 (kg/m 3 ) 

An overall result shows that " C o t t o n stalk + Water + Dung + Ash" 

mixture has highest densi ty among all mix tures tested. 
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4.3.2.4 Capaci ty of br iquet t ing machine: 

The capaci ty of the br iquet t ing mach ine was calculated by us ing formula 

as explained under 3.3.2.4 and shown in table 4.12. 

Table 4.12 Capaci ty of br iquett ing machine 

Observat ions Weight (kg ) 
Time 

required(min) 
Capac i ty (kg h - 1) 

Soybean Husk + Water + Dung + Ash 
1 6.00 2.85 124.56 
2 6.50 2.75 126.21 

Whea t Straw + Water + Dung + Ash 
1 5.00 2.75 109.09 
2 6.00 3.05 118.03 

Cotton stalk + Water + Dung + Ash 
1 6.50 3.80 102.63 
2 6.00 3.06 114.28 

Forest was te + Water + Dung + Ash 
1 8.00 3.80 126.31 
2 8.50 3.90 130.76 

It was observed that, capaci ty of br iquet t ing mach ine for " Forest was te 
+ Water + Dung + Ash" mixture was more than capaci ty of other mixtures as it 
has high res is tance for compact ion . 

4.3.2.5 Br iquet t ing efficiency 

The br iquet t ing efficiency of mach ine was calculated by using formula 
as explained under 3.3.2.5 and shown in table 4 .13 . 

Table 4.13 Efficiency of br iquet t ing mach ine 

Observa t ions Input(kg) Output(kg) 
Br iquet t ing Efficiency 

(%) 
Soybean Husk + Water + Dung + Ash 

1 6.00 5.80 96.66 
2 6.50 6.35 97.69 

Whea t Straw + Water + Dung + Ash 
1 5.00 4.60 92.00 
2 6.00 5.65 94.16 

Cotton stalk + Water + Dung + Ash 
1 6.50 6.15 94.61 
2 6.00 570 95.00 

Forest was te + Water + Dung + Ash 
1 8.00 7.95 99.37 
2 8.50 8.35 98.23 
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It was observed that, efficiency of br iquet t ing mach ine for "Forest was te 

+ Water + Dung + Ash" mixture was more than others as it has high res is tance 

for compact ion . 

4.3.2.6 Effect of Screw speed: 

The effect of screw speed on product ion rate , energy consumpt ion and 

densi ty was explained under section 3.3.2.6 and obtained findings of those 

parameters are given in the table 4.14 

Table 4.14 Effect of screw speed with different parameters 

Sl 
Samples 

Speeds 
no. 

Samples 
Screw speed (300 rpm) Screw speed(350 rpm) 

1 Product ion rate (kg/hr) 120 135 

2 
Total energy consumpt ion 

(kWh) 
1.7 1.5 

4 Dens i ty (kg m ) 1262 956 

3 

It was observed that the densi ty was very poor 956 kg m at screw 

speed of 350rpm whi le , densi ty was good 1262 kg m at screw speed of 300 

rpm. So slow speed rpm was suitable to attain good quali ty of br iquet tes . 
4.3.2.7 Sun drying of br iquet tes : 

Sun drying of br iquet tes was explained under section 3.3.2.7 and 

obtained results are shown in the given table and after drying the pictorial v iew 

of var ious br iquet tes has shown in the plate 4 .8 . and shown in table 4 .15 . 

Table 4.15 Sun drying of br iquet tes : 

Sr. 

No. 
Samples Time, hr 

Initial weight , 

kg 

Final weight , 

kg 

1 Soybean husk 3.59 0.0460 0.0255 

2 Whea t straw 4.45 0.0455 0.0238 

3 Cotton stalks 5.38 0.0465 0.0265 

4 Forest was te 4.23 0.0460 0.0232 
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Plate 4.8. A pictorial view of various briquettes 



It was observed that br iquet tes have lost their weight more than 4 0% in 

sun drying. The t ime required for drying cotton stalk br iquet te was m a x i m u m 

to bring its we igh t from 0.0465 kg to 0.0265 kg, least t ime was required for 

soybean husk. This may be due to highest bulk densi ty of cotton stalk 

br iquet tes amongs t all. 

4.4 E c o n o m i c s of Shredder cum Br iquet t ing machine . 

The cost of operat ion of Shredder cum Briquet t ing mach ine was 

determined as per the procedure enumera ted by R N A M (1983) and formulae ' s 

are explained under section 3.4. The economics of Shredder cum Briquet t ing 

mach ine were calculated and was presented in Table 4.16. It was observed that, 

the cost of operat ion of shredder cum br iquet t ing mach ine was 97.53 Rs h - 1 and 

4 Rs k g - 1 for market price of br iquet tes and income from briquet tes 180 Rs h - 1 . 

B reakeven point, payback period and benefit cost ratio were 109.27 h a n n u m - 1 , 

1.72 year and 4.6 respect ively. The cost es t imat ion of Shredder cum 

Briquet t ing mach ine was presented in A p p e n d i x - IV. 

Table 4.16 Economics of Shredder cum Br iquet t ing machine 

I tems Rs. R e m a r k s 

Cost of Shredder 30000 Comple te Fabr ica t ion cost 

Cost of Br iquet t ing mach ine 27000 Comple te Fabr ica t ion cost 

Market price of br iquet tes , 
Rs k g - 1 

4 Harves t ing / t ranspor ta t ion 

Opera t ing cost shredder + 
Br iquet t ing mach ine (fixed 
cost + operat ion cost) 

97.53 Rs per hour 

Mach ine Capaci ty 120 Kg h 1 

Total product ion 180 Rs per hour 

Net profit 32988 Rs per year 

Payback period 1.72 years 

B-C ratio 4.6 years 
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CHAPTER-V 

SUMMARY AND CONCLUSION 

Adequa te supply of energy at a reasonable cost is a key factor in the 

economic deve lopment of country. B iomass is the third largest p r imary energy 

resource in the world, after coal and oil. In all its forms, b iomass current ly 

provides about 1250 mil l ion tones oil equivalent (MTOE) of pr imary energy. 

The renewable source of energy based on b iomass was uti l ized to fulfill wor ld ' s 

14 per cent of energy supply (Hall et al. 1991). For developing and Agr icu l ture 

based countr ies , the ut i l izat ion of the res idues from agricul tural sector as 

pr imary or secondary source of energy is cons iderably at tract ive. Wi th regards 

to energy shortage and envi ronmenta l issues, it is wide ly accepted that 

r enewable energy seems to be one of the promis ing energy resource and shall 

play a major role in the foreseeing years . Direct combus t ion of b iomass may 

generate smoke and is not efficient. Br iquet t ing of b iomass provides cleaner 

fuel for power genera t ion and thermal appl icat ion directly or after charr ing 

(pyrolysis) . 

Present invest igat ion was under taken at Col lege of Agr icul tura l 

Engineer ing & Technology , V N M K V , Parbhani on important issues of b iomass 

shredder cum br iquet t ing mach ine wi th objectives viz., Study of physical 

propert ies of b iomass , Des ign deve lopment shredder cum br iquet t ing mach ine 

and performance evaluat ion of shredder cum br iquet t ing mach ine and 

economics of developed shredder cum br iquet t ing mach ine . The results are 

summar ized and the conclus ions were drawn and presented under here. 

The selected physical propert ies of b iomass in terms of (bulk density, 

spherecity, ar i thmetic and geometr ic mean diameter and mois ture content) were 

de termined by using standard procedures . Var ious componen t s of the prototype 

shredder cum br iquet t ing mach ine were designed and developed and the 

mach ine componen t s were fabricated. The developed shredder cum briquet t ing 

mach ine was operated by 2 hp electric motor . 
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For opt imizing the operat ional parameters of prototype shredder cum 

br iquet t ing mach ine , the performance evaluat ion of shredder cum br iquet t ing 

mach ine was carried out wi th major influencing factors viz., for shredder -

cylindrical cut terhead speed (12.246 m s - 1 ) , numbers of b lades (4) and screw 

speed (300 rpm) . The performance evaluat ion of shredder cum briquet t ing 

mach ine was conducted at Dept. of Farm Machinery and Power , C A E T , 

V N M K V , Parbhani and the res idues were procured from Vasan t rao Naik 

M a r a t h w a d a Krishi Vidyapee th fields. The var ious parameters are viz, for 

shredder - chopping length, output capacity, percentage of loss and power 

consumpt ion and for br iquet t ing mach ine - density, mois ture content, calorific 

value and prox imate analysis (volatile matter, fixed carbon and ash content) 

were determined and analyzed. The conclus ions were drawn from the findings 

of the exper iment conducted in the present invest igat ion were summar ized 

under the following headings . 

> The bulk density of res idues like soybean husk, whea t straw, cotton 

stalk and forestry was te was 290.99 , 128.97, 209.33 and 275.40 kg m - 3 

respect ively and sphericity was 0.230, 0.039, 0.033 and 0.248 

respect ive ly and ar i thmet ic mean diameter was 8 .91 , 173.47, 481 .41 and 

33.36 mm respect ive ly and geomet r ic mean diameter was 3.65, 8.005, 

13.89 and 4.45 mm respect ively. , at 9 to 12 per cent mois ture content 

(w.b). 

> The chopping length of b iomass shredder increased as the cylindrical 

cut terhead speed decreased. 

> The chopping length was found in the range of 3.2 to 5.5 mm for 12.246 

m s - 1 cylindrical cut terhead speed with 4 numbers of b lades . 

> The output capaci ty of b iomass shredder was found in the range of 20 to 

48 kg h - 1 for 12.246 m s - 1 cyl indrical cut terhead speed with 4 number of 

b lades . 

63 



> The percentage of loss was found in the range of 0.30 to 1.5 percent for 

cylindrical cut terhead speed of 12.246 m s - 1 wi th 4 numbers of b lades . 

> It was observed that the power consumpt ion were recorded in the range 

of 0.0102 to 0.0400 k W h k g f o r 12.246 m s - 1 cyl indrical cut terhead 

speed with 4 number of b lades . 

> The screw press br iquet t ing mach ine was designed as per standard 

procedure and fabricated satisfactory for the capacity of 120 kg h - 1 . As 

per design and fabrication the mach ine found satisfactory for different 

agricul tural and forest was te . 

> It was observed that the cost of operat ion of shredder cum br iquet t ing 

mach ine was 97.53 Rs h - 1 and cost of br iquet tes was 4 Rs k g - 1 . 

> Breakeven point and payback period were 109.27 h a n n u m - 1 and 1.72 

year, respect ively . 

> Benefi t-cost ratio was 4.6. 

Cons ider ing from the above following results we concluded the 

br iquet t ing m a c h i n e : 

> For soybean husk the output capaci ty of mach ine was 125 kg h - 1 and 

wi th 97.17 % efficiency. 

> For whea t straw the output capaci ty of mach ine was 113 kg h - 1 and wi th 

93.08 % efficiency. 

> For cotton stalk the output capaci ty of mach ine was 108 kg h - 1 and wi th 

94.80 % efficiency. 

> For forestry waste the output capaci ty of mach ine was 128 kg h - 1 and 

wi th 98.80 % efficiency. 

64 



SUGGESTIONS FOR FUTURE WORK 

The following suggest ions were made for improvemen t of the present 

work and scope of related work. 

> Studies can be under taken for shredding of b iomass by modifying 

shredder for organic manu r e purpose and prepar ing compost . 

> The performance of the br iquet t ing mach ine wi th var iable speed drive 

m e c h a n i s m has to be evaluated. 

> Long term test of mach ine has to be done. 

> Test ing of var ious br iquet tes for its per formance in down draft gasifier, 

improved cook stove and furnaces may be studied. 

> Au toma t ion system has to be done for whole sys tem.(mixing , 

conveying , heating) 
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Agricul tura l res idues are producing in large amount but they are 

used inefficiently that pollute the environment . Apar t from the p rob lems of 

t ranspor ta t ion , s torage, and handl ing , the direct burn ing of loose b iomass in 

convent ional grates is associated wi th very low thermal efficiency and 

widespread air pol lut ion. To overcome these problems the b iomass mater ia ls is 

compressed and increased its density. The propert ies study of b iomass was 

carried out for the details es t imat ion of character is t ics of b iomass . The b iomass 

characteris t ic like Bulk densi ty, Spher ic i ty , Ar i thmet ic and Geome t r i c mean 

diameter , Mois tu re content , Calorific value were carried out during the study. 

The prox imate analysis of br iquet tes was also done during the study. 

The shredder cum br iquet t ing mach ine was designed and 

developed as per standard p rocedure , for shredder chopping length var ied in the 

range of 3.2 to 5.5 mm and output capaci ty was varied in the range of 20-48 kg 

h - 1 and For br iquet t ing mach ine 120 kg h - 1 capaci ty and the 30 mm diameter 

and 60 mm length of br iquet tes found as per design. Detai l design calculat ion 

of screw, drive power required , pul ley design, and required speed were done 



for screw press br iquet t ing mach ine . The drive power of 2 hp motor was used 

to get the denser br iquet te through this developed screw press. 

The economic analysis of the br iquet t ing process was evaluated 

for the net annual benefit , benefit to cost ratio and payback of the system and 

found to be Rs. 32988 , 4.6 and 1.72 years respect ively . 





APPENDIX-I 
Design D e v e l o p m e n t of Br iquet t ing M a c h i n e : 

Calculat ion of helix angle 

The helix angle for the screw design main ly depends on the d iameter of 

the screw and the pitch of screw press . It was calculated from the given 

formula be low 

9= t an - 1
 —rT 

TlD 

9 = t a n 1 3 . 1 4 x 0 . 1 6 

9 = 7.9 degree 

Determinat ion of theoret ical screw v o l u m e per pitch 

The theoret ical screw v o l u m e was given by 

Vs = Area x Pitch 

VS= 4 (D-d) x S 

3 14 
= — ; - (0 .16 2 - 0.03 2 ) x 0.07 

4 

= 1.35x 103 m 

Determinat ion of screw revolution 

Speed of screw was dependent on mass flow ra te , product dens i ty , 

theoret ical screw vo lume per pitch (Vs) and filling and it was calculated by 

using formula. 
Q 

m = — 

m 
N Vsp(f> 



Where , p is the densi ty of b iomass = 160.75 k g / m 3 and 0is the filling 

efficiency = 5 %. From above formula the revolu t ion required was est imated 

= 2/ ( 1 . 3 5 x 1 0 " 3 x 160.75 x 0 . 0 5 ) 

N1 = 200 rpm 

Determinat ion of drive power 
The power required to transfer the mater ia l from first flight to the die 

was est imated by the formula given below. 

P= m X LX X g 

Neglec t ing gravi ta t ional effects (g) and consider ing the drive efficiency as 
5 .5%, Drive power calculated was 

Pd = 2 x 0.50 x (0.4/0.55) 

P d = 0.72 kw 

After consider ing the correct ion factor = 0.72 x 1.01 

P = 0.73 kw 

P 30000 
Torque on the screw, T = — X 

0.72 30000 
-X • 200 3.14 

34.87 = 35 Nm 

Pulley shaft power 
Shaft Power (P s) required for br iquet t ing mach ine after consider ing the 

pul ley efficiency 

kW% 

_ 0.73 

= 0~55 

= 1.32 kw 

Where , 11= Efficiency of pulley, % 

P 



M o t o r power 

Motor power Pm was est imated from the given equation. 

The factor S was the a l lowances made for motor efficiency. Motor a l lowance 

factor for 1.32 kw motor was selected from A p p e n d i x II. (S = 0.4) 

pm = p (1+ S) 

P„ = 1.70 11 + 0.1.) 

= 1.85 kw 

Thus the avai lable motor power 2 hp was adopted for the design operat ion 

Actual motor speed 

The actual motor speed (n) was given by selected slip factor "s ". 

From Append ix III slip factor for 1.85 kw motor was 7.0 %. 

Actua l motor speed est imated is , 

n = N (1-S) 

= 900 (1 - 0.07) 

= 837 rpm 

Design of pulley 

Saverin 's empir ical formula was used to determine the diameter of 

smaller pulley. Pul ley design was main ly depends on the power to be 

t ransmit ted and required revolut ion of the mach ine . The simple drive 

m e c h a n i s m was selected for the design. Smal l pul ley diameter was est imated 

d2 = 630 i/PmikW) 

-A27T,r|max 

d2 = 630 / / [ 1 . 8 5 / ( 2 * 3.14 * 837) ] 

= 630 x 0.080 = 44.1 

Thus small pul ley of standard diameter was selected as d2 = 75mm 

Driven pulley d iameter 

Now, the big pulley diameter was est imated by substi tuting the 

calculated values of rated motor speed, actual motor speed and diameter of big 

pul ley in following formula 



Ni dz 

837 = d 

200 _ 75 

= 313.8 mm 

Thus small pul ley of standard diameter was selected as d2 = 300mm 

Design of conveyer flight 

Sect ional flights wi th right hand flights on a single screw were selected 

in the design. As shown in the plate 2 (b). This flight section was butt we lded 

to form the comple te screw. N o w over all conveyor length = 0.5m + 2 X pitch 

of conveyer flight = 500 + 2 X 100 

= 700 mm 

No . of flights = 700/100 = 7 flights 

It is p roposed to take all right handed flights from inlet end of t rough to outlet. 

Thickness of flight = 3 mm. Mater ia l = Mild steel (MS). 



APPENDIX II 

Pm (kW) 5 

0.4 

0.75 0.4 

1.5 

2.2 

3.7 0.4 -0 .25 

5.5 

7.5 

11 

15 0.25 - 0.15 

18.5 

22 

30 

37 

45 0.15 - 0.10 

Data for typical allowances made for motor efficiency 



APPENDIX III 

s(%) 

kW 2P 4P 

E E E 

0.2 9.5 10.0 10.0 10.5 

0.4 8.0 8.5 8.5 9.0 9.5 10.0 

0.75 7.0 7.5 7.5 8.0 8.0 8.5 

1.5 6.5 7.0 7.0 7.5 7.5 8.0 

2.2 6.0 6.5 6.5 7.0 6.5 7.0 

3.7 5.5 6.0 6.0 6.5 6.0 6.5 

5.5 5.5 6.0 5.5 6.0 5.5 6.0 

7.5 5.5 6.0 5.5 6.0 5.5 6.0 

11 5.0 5.5 5.5 6.0 5.5 6.0 

15 5.0 5.5 5.0 5.5 5.5 

19 5.0 5.0 5.0 

22 4.5 5.0 5.0 

30 4.5 5.0 5.0 

37 4.5 5.0 5.0 

Data for percent slip of different types of electric motors 



APPENDIX - IV 

: 57000 

: 8 

: 10 

: 15 

: 2 

: 8 

: 37.50 

: 400 

: Straight line method 

Cost of operation of shredder cum briquetting machine 

Assumptions made: 

Initial cost of shredder cum briquetting machine, Rs 

Life of shredder cum briquetting machine, years 

Salvage value, per cent 

Interest rate, per cent 

Shelter and insurance, per cent 

Price of electricity, Rs kW - 1 

Operator charge, Rs h - 1 

Annual use of shredder cum briquetting machine, h 

Depreciation 

I. Cost of operation for shredder cum briquetting machine 

a. Annual fixed cost 

i) Depreciation (D): 

The annual depreciation value can be calculated by the following expression 

D = Z A l 
L x H 

Where, 

D = depreciation, Rs h - 1 

P = purchase price,Rs h - 1 

S = salvage value, 10 per cent of purchase price 

L = life of the machine in years 

H = number of working hours per year 

D = 57000 - 5700 = 16.03 Rs h - 1 . . . (i) 
8 x 400 



ii) Interest (I): 

Annual interest is calculated on an average investment by using the prevailing 

interest rate by the following formula: 

T P + S i 
2 H 

Where, 

I = annual interest charge, Rs h¬ 

i = interest rate, per cent 

I = 57000 + 5700 x 0.15 
2 400 

I=11.75Rsh - 1 . . . (ii) 

iii) Shelter and Insurance: 

Insurance and shelter charges together are taken @ 2 per cent of the purchase 

price per year. 

Shelter and Insurance = 
H 

Shelter and Insurance = 0.02 x 57000 

400 

=2.85 Rs h - 1 . . . (iii) 

Total fixed cost = i + ii + iii = 16.03+ 11.75 + 2.85 = 30.63= 31 Rs h - 1 . . . (a) 

b. Operating cost 

i) Repair and maintenance costs: 

Repair and maintenance costs are considered as an essential and significant 

part of machinery ownership. Repairs and maintenance cost was taken 10 per cent of 

the purchase price of the machine per year. 

Repair and maintenance costs = 57000 x 0.1 = 14.25 Rs h - 1 

400 . . . (iv) 



ii) Electricity cost: 

Electricity cost was calculated on the basis of actual fuel consumption in 

tractor. 

Cost of per kW electricity was taken Rs. 2.75. 

Electricity required for 1 hour = 1.76 kW h - 1 

Electricity cost = 8 x 1.76= 14.08 Rs h - 1 . . . (v) 

iii) Lubricants cost: 

Charge of lubricant was taken 5 per cent of the electricity cost. 

Lubricating cost = 14.08 x 0.05 = 0.7 Rs h - 1 . . (vi) 

iv) Operator charge: 

The cost of operator was calculated from the actual labor charges paid 

in rupees per day at the prevailing rates in the study area. 

Rs. 300/day is paid for machine operator, 8 hour taken for one day 

Operator charge = 3 0 0 = 37.5Rs h - 1 . . . (vii) 
8 

Total operating cost = iv + v + vi + vii = 14.25+14.08+ 0.70+ 37.5=66.53 Rs h - 1 

. . . (b) 

Total cost of operating the shredder cum briquetting machine = 31 + 66.53 = 97.53 = 

87 Rs h - 1 . . . (c) 

Market price of briquettes per kilogram, Rs kg - 1 = 4 

Income from briquettes per hour = 5 x 45 = 180 Rs h - 1 Wet briquettes = 120 

Dry briquettes = 45 

Breakeven point, h per annum: 

Annual fixed cost, Rs = Total fixed cost of shredder cum briquetting machine x 

Annual usage of shredder cum briquetting machine in hrs. 

Annual fixed cost, Rs = 31 x 400 



Annual fixed cost, Rs = 12400 

A , . Annual fixed costs, Rs 
Break even point 

Income Rs h - - Total operating costs, Rs h -

5200 
BEP 

180 - 66.53 

BEP, h annum 1 = 109.27 

A , , . , Ini t ial cos t of m a c h i n e 
P a y b a c k p e r i o d , year : 

A v e r a g e net annual prof i t 

Average net annual profit, Rs = Income, (Rs h"1) — Total operating cost (Rs h"1) X 

Annual usage 

Annual usage of shredder cum briquetting machine = 400 h 

Average net annual profit, Rs = (180 - 97.53) x 400 

Average net annual profit, Rs = 32988 

Payback period = 57000 
32988 

Payback period = 1.72 year. 

Total benefit 
Benefit - Cost ratio (B - C) 

Total cost of investment 

Total Benefit = Average annual net benefit (Rs.) x Life of the machine in years 

Total Benefit = 32988 x 8 

Total Benefit = 263904 Rs. 
Total cost of investment for shredder cum briquetting machine = Rs. 57000 

B-C Ratio = 263904 
57000 

B-C Ratio = 4.6 


