
A	COMPARATIVE	EXPERIMENTAL	INVESTIGATION	OF	PHYSICAL	AND	CHEMICAL	
PROPERTIES	OF	SAWDUST	AND	CATTLE	MANUREBRIQUETTE	

Exploring	the	alternative	of	fossil	fuel	has	been	one	of	the	major	concerns	for	the	researchers.	At	this	time,	the	usage	of	coal	in	
India	is	51%	and	which	is	limited	to	30	to	50	years.	And	coal	is	very	harmful	to	environment	and	very	costly.		In	this	study,	this	
problem	is	somewhat	mitigated	by	consolidating	the	usage	of	biomass	over	conventional	fossil	fuel.	Initially	different	sample	
of	cattle	manure	and	sawdust	is	taken	to	make	briquette.	For	analyzing	the	physical	properties	such	as	density,	ash	content,	
moisture	content,	water	absorption	capacity	and	porosity.	And	chemical	properties	such	as	percentage	of	hydrogen,	nitrogen,	
carbon	and	sulphur	and	oxygen	have	also	been	studied.	After	that	a	comparative	study	of	physical	and	chemical	properties	of	
briquettes	of	sawdust	and	cattle	manure	has	been	conducted.	And	revealed	that	briquette	made	from	cattle	manure	can	be	a	
better	option	as	it	is	found	to	be	more	cost	effective,	environment	friendly	and	possess	good	heating	value.	Finally	a	survey	of	
footwear	 industry	 located	 in	Bahadurgarh,	Haryana	where	briquettes	made	 from	 sawdust	and	coal	was	used	as	a	 fuel	 for	
heating	boiler.	Based	on	the	result	of	this	research,	usage	of	briquette	of	cattle	manure	is	suggested	to	the	industry	instead	of	
coal	and	sawdust	briquette.	By	using	cattle	manure	briquette	they	can	save	much	capital	annually.		

Key‐Point:	 Comparison	 ofBiomass	 and	 Saw	 dust	 briquettes	 on	 the	 basis	 of	 Physical,	 chemical	 properties	 analysis,	
proximate	analysis	of	sawdust	and	biomass	briquettes.	

1. INTRODUCTION	

Uncontrolled	 population	 growth,	 increase	 in	
urbanization	and	 living	 standard	of	human	being	 result	
worldwide	 concern	 regarding	 sustainable	 development,	
climate	 change	 and	 efficient	 use	 of	 conventional	 fuels.	
Evolution	 of	 renewable	 energy	 and	 its	 application	
towards	 the	 major	 energy	 consuming	 sector	 i.e.	
industrial,	 commercial,	 and	 agricultural,	 transportation	
and	 buildings	 can	 be	 one	 of	 the	 best	 possible	 remedies	
for	sustainable	development.	

In	 India	 per	 capita	 energy	 consumption	 is	 very	 less	 as	
compared	to	other	countries	like	U.S.,	Australia	etc.,	it	is	
due	 to	 less	amount	of	 fuel	present	 in	our	country.	 	 In	a	
present	era	we	are	using	various	kind	of	fuel	for	several	
purposes.	We	use	petroleum	about	35%	but	mostly	it	 is	
used	 for	running	our	vehicles.	We	are	using	natural	gas	
about	 7%	 to	 produce	 electricity	 and	 2%	 to	 run	 our	
vehicle.	A	small	amount	of	nuclear	fuel	is	also	used	to	run	
reactors	to	produce	electricity.		

Countries	 like	 India	are	using	 coal	as	a	major	 source	of	
power	 production	 and	 as	 a	 heat	 source	 in	 many	
manufacturing	units.	Coal	is	a	fossil	fuel	which	is	limited	
to	30	to	50	years	and	 its	 increasing	price	has	become	a	
major	 concern	 for	 many	 industries.	 Briquettes	 like	
sawdust	 briquette	 and	 biomass	 briquette	 can	 be	 a	
replacement	of	coal	as	they	can	be	easily	made	by	human	
being	 with	 about	 half	 cost.	 India’s	 fuel	 share	 of	 fuel	
consumption	 is	 shown	 in	 figure	 1.1	 in	 the	 form	 of	 pie	
chart.	 The	 coal	 consumption	 in	 India	 is	 about	 51%	and	
renewable	energy	counts	for	0.2%.		

Briquette	can	be	defined	as	block	of	regular	or	irregular	
shape	 generally	 made	 up	 of	 organic	 wastewith	 the	
considerable	amount	of	calorific	value	and	which	can	be	
used	for	both	industrial	as	well	as	agricultural	purposes.	
Biomass	 is	 a	 form	 of	 renewable	 energy	 which	 is	

abundantly	 found	 on	 earth	 and	 is	 used	 as	 solid,	 liquid	
and	gaseous	fuel.	As	the	cost	of	biomass	fuel	is	less	than	
conventional	 fuel,	 it	 has	 been	 used	 in	 small	 scale	
industries	 and	 other	 household	 purposes.	 If	 we	 talk	
about	 the	present	scenario	biomass	as	a	renewable	 fuel	
is	the	second	largest	form	of	energy	used	commercially.	
Of	 the	 total	 requirement	 of	 the	 world	 energy	
consumption	12%	is	fulfilled	by	biomass.	It	also	reduces	
the	 requirement	 of	 wood	 burning	 in	 household	
application	for	example	cooking,	water	heating	etc.	

Briquettes	 made	 from	 sawdust	 is	 very	 ecofriendly	
briquettes	 and	produce	 smokeless	and	 long‐lasting	 fire.	
Sawdust	 briquettes	 have	 high	 calorific	 value	 and	 bulk	
density	 than	 the	 coal.	 Sawdust	 briquettes	 are	 more	
popular	 than	 other	 type	 of	 briquettes	 because	 if	 it’s	
lower	price	and	high	energy	density	and	less	ash	content.	
When	 sawdust	 and	 charcoal	 combined	 with	 other	
material	 like	 fevicol	 or	 other	 binder	 they	 makes	 the	
regular	 chunks	 of	 the	 briquettes.	 In	 rural	 areas	 and	
villages	 the	sole	mean	of	 energy	 is	wood	because	other	
sources	 of	 fuel	 such	 as	 gas	 kerosene	 is	 either	 not	
available	 or	 very	 costly	 and	 hence	 beyond	 the	 reach	 of	
common	 men.	 Due	 to	 this	 forests	 are	 cut	 with	 a	 very	
rapid	 speed	 depleting	 and	 degrading	 the	 ecological	
balance	 and	 therefore	 conservation	of	 forest	 and	hence	
our	 ecosystem	 have	 been	 one	 of	 the	 major	 concern	 of	
several	researchers.	Sawdust	briquette	provides	remedy	
to	this	problem	up	to	major	extent.	

Emerhi,	 E.A.	 studied	 the	 demand	 of	 wood	 as	 a	 fuel	
increasing	 exponentially.lets	 take	 an	 example	 of	 a	
country	Africa	which	consist	of	12%	population	from	the	
rest	 of	 the	world	 and	 accounts	 of	 4%	of	 global	 energy,	
due	 to	 this	 reason	wood	 fuel	 is	 about	 to	 finish	 and	 the	
price	 increasing	 day	 by	 day.	 It	 was	 forecasted	 that	 by	
2030	 the	 supply	 of	 wood	 fuel	 might	 be	 decreased	 by	
28.6x10	 metric	 ton	 and	 the	 demand	 might	 be	 go	 to	
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213.4x103	metric	ton.	For	this	reason	it	is	very	necessary	
to	develop	an	alternative	fuel	to	replace	wood.	

S.	garivaitstudiedthe	residue	generated	from	agricultural	
crop	 such	 as	 sugarcane,maze	 etc.	 have	 same	 chemical	
and	 physical	 properties	 as	 documented	 in	 china.The	
residue	 generated	 from	 oil	 balm	 is	 more	 suitable	 for	
biological	 process	 in	 comparison	 to	 coal	 the	 energy	
density	 and	 ash	 content	 are	 lower.	 The	main	 benefit	 is	
low	percentage	of	sulphur	and	nitrogen	which	is	good	for	
environmental	 health	 as	 comparison	 to	 coal	 while	
burning	to	generate	energy.	

2. METHODOLOGY	

2.1	 PROCEDURE	 OF	 MANUFACTURING	 OF	
BRIQUETTES	BY	HAND			

We	can	use	a	Steel	Pot	or	Plastic	bottle	about	5	cm‐10	cm	
in	diameter	to	shape	the	briquette.	We	have	used	a	steel	
pot	(taper	katori)	of	diameter	4	cm	at	one	end	and	6	cm	
at	 other	 end,	with	 a	 length	 of	 2	 cm.	 So	 volume	 is	 kept	
constant	 for	 both	 saw	 dust	 briquettes	 and	 animal	
manure	 briquettes	 for	 our	 convenience	 to	 find	 the	
density.	

2.1.1	SAW	DUST	BRIQUETTES	 	 	

Now	collect	the	saw	dust	from	sawmills.	Now	add	diluted	
fevicol	(fevicol	mixed	in	water)	as	binder	with	saw	dust	
to	 make	 briquette	 in	 a	 bucket.	 Now	 take	 mixture	 of	
above	and	put	it	in	steel	pot	then	press	it	tightly	so	that	
part	of	moisture	may	come	out	the	put	it	 for	at	 least	30	
minutes	and	then	take	it	out	and	put	it	in	sun	light	for	3	
days	to	7	days,	to	make	the	briquette	100%	dry	and	will	
be	use	full	for	physically,	Chemically	properties	and	also	
for	better	combustions.	

2.1.2	ANIMAL	MANURE	(COW	MANURE)	BRIQUETTE	

Collect	the	Animal	Manure	from	near	area	of	your	home	
as	 it	 is	easily	available.	As	 in	 case	of	Saw	Dust	we	have	
used	 binder	 as	 diluted	 fevicol	 but	 in	 case	 of	 Animal	
Manure	 there	 is	 no	 need	 to	 mix	 the	 binder	 in	 Animal	
Manure.	Take	some	part	of	it	and	put	it	in	steel	pot	then	
press	it	tightly	so	that	part	of	moisture	may	come	out	the	
put	it	for	at	least	30	minutes	and	then	take	it	out	and	put	
it	in	sun	light	for	3	days	to	7	days,	to	make	the	briquette	
100%	dry	and	will	be	use	full	 for	physically,	Chemically	
properties	and	also	for	better	combustions.	

We	 can	 also	make	 circular	 briquettes	 of	 both	 Saw	dust	
and	 Animal	Manure	 directly	 by	 hand,	 but	 disadvantage	
will	 be	 that	 volume	 will	 not	 remain	 constant.	 So	 there	
will	be	variation	in	density,	Ash	Contents	like	properties.	
So	 it	 is	 suggested	 to	 use	 any	 pot	 to	 keep	 the	 volume	
constant.	

2.2	PARAMETERS	TO	BE	CALCULATED	

2.2	 1.	 Volume	 of	 sawdust	 and	 animal	 manure	
briquette		

V=	(π/4)	d1d2L	

2.2.2.	 Density	 of	 sawdust	 and	 animal	 manure	
briquette	

Density	can	be	defined	as	 the	 ratio	of	 the	mass	and	 the	
volume	 at	 a	 particular	 relative	 humidity	 and	
temperature.	By	calculating	density	the	total	 time	taken	
in	burning	that	 is	how	long	any	substance	takes	time	to	
burn	 completely	 can	 be	 determined.	 Simply	 density	 of	
any	 briquette	 sample	 can	 be	 measured	 by	 taking	 the	
ratio	 of	 mass	 of	 briquette	 in	 kg	 to	 the	 volume	 of	
briquette	 in	m3.	Mass	 can	 be	 found	 by	 using	weighting	
machine	 and	 volume	 can	 be	 determined	 by	 using	
arcmedes	 principle	 by	 submersing	 the	 sample	 into	 the	
water	and	measuring	the	fluid	displaced.	

D=	Mass	of	briquette/volume	of	briquette	

2.2.3.	Ash	content	

Ash	can	is	defined	as	waste	material	or	residue	after	the	
combustion	 of	 any	 substance.	 In	 any	 sample	 in	 organic	
matter	 or	 amount	 of	 mineral	 content	 approximately	
calculated	 with	 the	 help	 of	 ash.	 In	 the	 present	 study	 a	
sample	 of	 briquette	 is	 taken	 and	 heated	 up	 by	 using	
watch	 glass	 580°C	 temperature	 up	 to	 complete	
combustion.	After	the	complete	combustion	the	residuals	
of	 sample	 content	 is	 taken	 and	 measured.	 The	 whole	
procedure	is	repeated	for	both	type	of	briquette.	

Mash=	Mass	of	briquette	after	combustion	

Mash	per	kg	of	briquette=	Mash/Mass	of	briquette	before	
combustion	

2.2.4.	Rate	of	burning	

Rate	of	burning	can	be	defined	as	amount	of	combustion	
of	any	substance	per	unit	time.	For	calculation	of	rate	of	
burning,	 Burn	 a	 sample	 of	 briquette	 up	 to	 complete	
combustion	 and	 noted	 down	 the	 time	 of	 burning.	 This	
parameter	shows	the	how	long	briquette	can	give	heat.		

R=	Mass	of	briquette/total	time	taken	in	combustion	

2.2.5.	Moisture	content	

Moisture	can	be	defined	as	the	amount	of	water	present	
in	 the	 samples	 of	 briquette.	 The	 watch	 glass	 whose	
weight	 is	 known	 is	 kept	 with	 briquettes	 sample	 in	 an	
oven	for	2	hrs	at	110°	C	and	after	that	the	sample	is	kept	
in	open	atmosphere	for	cooling.	And	the	weight	of	cooled	
sample	 is	 taken	and	noted	down.	The	moisture	 content	
in	the	briquette	affects	the	heating	value.	 If	 in	briquette	
the	moisture	is	more	the	heating	value	less.	

M	 moisture=	 (Initial	 Mass	 of	 briquette)‐(Final	 mass	 of	
briquette)	

2.2.6.	Water	absorption	capacity	

Water	 absorption	 capacity	 of	 briquettes	 depends	 upon	
porosity.	Water	absorption	capacity	present	in	briquette	
can	 easily	 calculated	 by	 cell	 opening.	Water	 absorption	
capacity	test	can	be	done	by	taking	the	weight	of	various	
sample	of	briquette	of	equal	dimension.	The	test	samples	
are	submerged	into	150	ml	of	water	for	10	min.	after	that	
excess	 water	 is	 taken	 out.	 The	 volume	 of	 taken	 out,	
volume	 of	 water	 which	 is	 still	 present	 in	 the	 briquette	
and	 weight	 of	 the	 initial	 sample	 after	 submersion	 of	
water	is	calculated	and	noted	down.	
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C	 water	 absorption=	 Final	 mass	 of	 briquette‐Initial	 mass	 of	
briquette	

2.2.7.	Volatile	matter	content	

Volatile	matter	can	be	defined	as	components	present	in	
the	 briquette	 except	 moisture	 which	 is	 determined	 by	
prescribed	 standards	 which	 when	 expose	 to	 high	
temperature	 liberate	some	amount	of	sulphur,	aromatic	
hydrocarbons	 and	 some	 short	 and	 long	 hydrocarbons.	
To	 determine	 the	 percentage	 of	 volatile	 matter	 in	
briquette,	standard	sample	are	taken	and	pulverized	and	
then	subjected	 to	 furnace	at	about	550°C	and	after	 that	
natural	cooling	is	done	after	that	weight	is	measured	and	
percentage	of	volatile	matter	 is	determined	by	using	by	
following	mathematical	formula.	

Volatile	matter	content=	(mass	of	oven	dried	briquette)‐
(mass	of	briquette	after	10	min)	

2.2.8	Heating	value	

Heating	 value	 of	 any	 substance	 can	 be	 defined	 as	 the	
amount	of	heat	energy	released	by	complete	combustion	
of	unit	weight	of	fuel.	If	the	latent	heat	of	condensation	of	
water	 is	 included	 in	 this,	 it	 is	 termed	 as	 gross	 calorific	
value	 otherwise	 it	 is	 called	 net	 calorific	 value.	 It	 also	
helps	 in	 predicting	 the	 amount	 of	 oxygen	 required	 for	
the	 complete	 combustion	 of	 any	 fuel.	 The	 fuel	 which	
contains	higher	amount	of	oxygen	has	less	calorific	value	
as	 less	 oxygen	 is	 required	 for	 complete	 combustion	
whereas	 the	 fuel	 which	 have	 hydrocarbon	 have	 lower	
degree	of	oxidation	and	hence	has	higher	calorific	value.	
If	 the	 moisture	 content	 in	 the	 briquette	 is	 high,	 the	
heating	value	is	also	less.		

2.3	A	CASE	STUDY	

A	survey	of	 footwear	 industry	named	 “ACE	FOOTMARK	
PVT.	 LIMITED”	 Bahadurgarh,	 Haryana	 is	 done	 where	
coal	and	sawdust	is	used	as	a	burning	fuel	for	the	boiler.	
All	 the	 raw	 materials	 required	 for	 manufacturing	
footwear	 such	 as	 EVA(Ethylene	 venylasitate),LDP(Low	
density	 polyethylene),	 zinc	 oxide,	 steric	 acid,	 zinc	
state,caco3,ADCL	 as	 blowing	 agent	 and	 DCP	 as	 curing	
agent	 are	mixed	 in	 prescribed	 proportion	 in	 a	 Kneader	
machine	 at	 200°C	 temperature.	 After	 that	 sheet	 is	
manufactured	in	a	roller	machine	and	then	after	by	using	
press	 machine	 sole	 of	 required	 thickness	 is	 made.	
Different	 sizes	 of	 sole	 are	 cut	 by	using	different	mould.	
And	 the	 slot	 is	 sent	 for	 printing	 by	 using	 a	 conveyor	
machine.	Buffing,	drilling	and	step	fitting	is	performed	by	
specific	machine	and	the	lot	is	ready	for	packaging	after	
washing	and	inspection.	It	has	been	found	that	3	tone	of	
sawdust	briquette	is	used	every	day	and	a	kg	of	briquette	
costs	Rs	5.40	when	 coal	 is	not	 available.	They	use	both	
the	fuel	to	run	their	boiler	as	per	availability	of	fuel.	The	
production	 on	 the	 full	 capacity	 when	 the	 average	
breakdown	 would	 half	 an	 hour	 was	 30000	 pair	 of	
sleeper	 manufactured	 every	 day.	 By	 inquiring	 it	 was	
found	 that	 due	 to	 the	 shortage	 of	 supply	 of	 sawdust	
briquette	 they	 always	 kept	 coal	 of	 two	 days	 in	 their	
inventory	 the	main	 reason	 behind	 the	 supply	might	 be	
due	 to	 the	 low	 production	 of	 saw	 dust	 briquette	 as	
compare	 to	 the	 consumption	 in	 the	 footwear	 industrial	
area.	 They	 also	 acknowledged	 that	 production	 of	

briquette	in	large	amount	is	in	Rajasthan	not	in	Haryana	
therefore	 shortage	 in	 supply	 of	 briquette	 occurs	
frequently.All	 the	 relevant	 data	 was	 acquired	 from	 the	
GM	 of	 the	 company.	 This	 data	 will	 be	 used	 in	
comparative	study	of	briquettes.		

They	 only	 use	 briquette	 of	 sawdust	 rather	 than	
briquettes	made	of	biomass	but	the	variation	in	the	cost	
was	 increased	 by	 192%	 for	 using	 sawdust	 in	 place	 of	
biomass.	On	the	other	hand	the	calorific	value	is	more	as	
compare	to	sawdust.	Which	result	in	more	consumption	
of	 sawdust	 briquette	 as	 compare	 to	 biomass	 briquette.	
Another	 fuel	 used	 by	 them	 to	 run	 their	 boiler	 is	 coal	
which	 is	 the	 most	 expensive	 cost	 around	 Rs.12‐14/kg	
(cost	fluctuate	as	per	the	cost	in	market)	and	the	calorific	
value	is	less	as	compare	to	other	two	briquettes.	

3. RESULT	AND	DISCUSSION	

Two	briquettes	of	saw	dust	and	biomass	were	taken	and	
their	physical	and	chemical	properties	with	reference	of	
coal	were	compared.	

3.1	VOLUME	

V	=	(π/4)d1d2L	

V	=	(π/4)×4cm×6cmx2cm	=	37.68cm3	

3.2	DENSITY	

Mass	of	Briquette	of	animal	manure	(Mam)		 =
	 11.868gm	

Mass	of	Briquette	of	Saw	Dust			 (Msd)	 	 =
	 13.294gm	

Volume	of	Briquette	of	animal	manure	(Vam)	 =
	 37.68cm3	

Volume	of	Briquette	of	Saw	Dust	(Vsd)		 	 =
	 37.68cm3	

Density	of	Briquette	of	animal	manure	(ρam)	 =
	 Mam	/	Vam=	11.868/37.68													

=0.315gm/cm3	=	315	kg/m3	

Density	 of	 Briquette	 of	 saw	 dust	 (ρsd)=Msd	 /	 Vsd	 =	
13.294/37.68	

=0.3528gm/cm3=	352.8kg/m3	

	

Fig.	3.1	Comparison	of	density	of	briquettes	
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Storage	 and	 transportation	 of	 biomass	 briquette	 is	
difficult	 because	 its	 density	 is	 lower	 than	 sawdust	
briquette.	 The	 comparison	 of	 density	 of	 briquettes	 is	
shown	in	figure	3.1.	

3.3	WATER	ABSORPTION	CAPACITY	

It	was	observed	by	us	that	the	water	absorption	capacity	
of	 briquette	 of	 saw	 dust	 (2.943)gm/m	 is	 less	 than	 the	
animal	 manure	 (3.841)	 gm/m.	 From	 this	 it	 was	
concluded	 that	 the	 porosity	 of	 the	 animal	 manure	
briquette	 is	 high	 as	 compare	 to	 the	 saw	 dust	 briquette	
which	 result	 the	 higher	 density	 of	 saw	 dust	 briquette.	
Due	 to	 higher	 density	 of	 the	 saw	 dust	 briquette,	 it	will	
result	 in	 the	more	calorific	value	and	the	calorific	value	
of	biomass	is	less.		

3.3.1	Animal	Manure	

Initial	mass	of	sample	=	13.19gm	

Mass	of	paper	 	 =	2.33gm	

Total	Mass	 	 =	15.52gm	

Mass	of	sample	put	in	water	for	10	minutes	=	53.93gm	

Mass	 of	 water	 absorbed	 by	 sample	 per	 min.	 =	 (53.93‐
15.52)/10	=	3.841	gm	of	water	per	min.	

3.3.2	Saw	Dust	

Initial	mass	of	sample	=	11.63gm	

Mass	of	paper	 	 =	2.35gm	

Total	Mass	 	 =	13.98gm	

Mass	of	sample	put	in	water	for	10	minutes	=	43.41gm	

Mass	 of	 water	 absorbed	 by	 sample	 per	 min.	 =	 (43.41‐
13.98)/10	=	2.943	gm	of	water	per	min.	

The	variation	of	water	absorption	capacity	of	 the	above	
two	fuel	is	shown	in	figure	3.2.	

	

Fig.	3.2	Comparison	of	water	absorption	capacity	of	
briquettes	

3.4	DETERMINATION	OF	ASH	CONTENT	

3.4.1.	Animal	manure	

Initial	 mass	 of	 sample	 for	 complete	 combustion=	

11.55gm	

Mass	of	watch	glass	with	ash	=	32.240gm	

Mass	of	watch	glass	only=	30.230gm	

Mass	of	ash	=	2.01gm	

Time	 taken	 by	 sample	 for	 complete	 combustion	 =	 8	
minutes		

3.4.2.	Saw	dust:	

Initial	 mass	 of	 sample	 for	 complete	 combustion	 =	
14.82gm	

Mass	of	watch	glass	with	ash=	33.050gm	

Mass	of	watch	glass	only	 =	30.830gm	

Mass	of	ash											=	2.22gm	

Time	 taken	 by	 sample	 for	 complete	 combustion	 	 =	 14	
minutes	

	

Fig.	3.3	Comparison	of	ash	content	of	briquettes	

From	 the	 observation	 is	 it	 was	 concluded	 that	 the	 ash	
content	 in	 biomass	 briquettes	 (174	 gm/kg	 of	 fuel)	 is	
greater	 than	 saw	 dust	 briquettes	 (149	 gm/	 kg	 of	 fuel).	
The	comparison	of	ash	content	is	shown	in	figure	3.3.	

3.5	RATE	OF	BURNING	

Consider	 same	 mass	 of	 both	 the	 briquettes	 of	 animal	
manure	 and	 saw	 dust.	 Now	 start	 combustion	 of	
briquettes	 at	 same	 time	 and	 note	 down	 the	 time	 for	
complete	combustion.	This	will	give	the	rate	of	burning.	

The	rate	of	burning	of	animal	manure	briquettes		 =
	 1.44375(gm/min)	

The	rate	of	burning	of	saw	dust	briquettes		
	 =	 1.0585	 (gm/min)	

The	rate	of	burning	of	biomass	briquette	is	greater	than	
the	sawdust	briquette.	The	comparison	of	rate	of	burning	
is	shown	in	figure	3.4.	
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Fig.	3.4	Comparison	of	rate	of	burning	of	briquettes	

3.6	MOISTURE	CONTENT	

The	 comparison	 of	 moisture	 content	 of	 briquettes	 is	
shown	in	figure	3.5.		

3.6.1	Biomass	briquette		

Initial	mass	of	biomass	briquette	sample	 =	11.55	gm	

Mass	of	briquette	after	drying																							 =8.93	gm	

Moisture	content	in	briquette	 	 =11.55‐10.93	

																																																																							 =	0.62gm	

Moisture	content	per	kg	=0.62/11.55=0.0536kg=53.6	gm	

3.6.2	Sawdust	briquette	

Initial	mass	of	sample																																	 =14.82	gm	

Mass	of	briquette	after	drying																					 =11.50	gm	

Moisture	content	in	briquette																								=14.82‐13.50	

																																																																								 =1.32	gm	

Moisture	 content	 per	 kg	 =1.32/14.82=0.0890kg=89.06	
gm	

It	can	be	shown	that	from	histogram,	moisture	content	in	
biomass	is	0.62	gm	which	is	less	than	sawdust	briquette.	
If	 moisture	 content	 in	 the	 briquette	 is	 greater	 the	
starting	 of	 burning	 starts	 late.	 So,	 the	 burning	 starts	 in	
animal	manure	briquette	more	rapidly	than	the	sawdust	
briquette.	 The	 biomass	 briquette	 produces	 less	 smoke	
than	the	sawdust	briquette.	

	

Fig.	3.5	Comparison	of	moisture	content	of	briquettes	

3.7	ULTIMATE	ANALYSIS	

	

Fig.	3.6	Ultimate	analysis	

The	 ultimate	 analysis	 of	 sawdust	 and	 cattle	 manure	
briquette	 is	 shown	 in	 figure	 3.6.	 From	 the	 ultimate	
analysis,	it	is	concluded	that	the	percentage	of	carbon	in	
sawdust	 briquette	 is	 high	because	of	 it	 the	 briquette	of	
sawdust	is	more	harmful	to	environment	than	the	cattle	
manure	 briquette.	 Hydrogen	 and	 oxygen	 in	 cattle	
manure	 briquette	 is	 lower	 than	 the	 sawdust	 briquette	
because	 of	 it	 the	 burning	 will	 be	 good	 of	 sawdust	
briquette.	Sulphur	and	nitrogen	content	in	cattle	manure	
briquette	 is	greater	 than	the	sawdust	briquette	because	
of	it	the	animal	manure	briquette	is	very	harmful	to	the	
environment.	 Then	 the	 sawdust	 briquette	 is	 good	 for	
making	the	briquette.	

3.8	ECONOMIC	ANALYSIS	BY	CASE	STUDY	

CASE‐1	Taking	coal	as	fuel		

 Production	 of	 pair	 of	 sleeper	 in	 “ACE	 FOOTMARK	
PVT.	LTD.”	Per	day	=	30000	

 Coal	required	per	day	=	4000	kg	
 Calorific	value	of	coal	=	3620	Kcal/kg	
 Total	 energy	 produce	 by	 coal	 to	 fullfill	 the	

production	requirement	

=	coal	required	per	day	x	calorific	value	of	coal	

=	4000	×	3620		

=	14480000	kcal/kg	

 Cost	of	coal	per	kg	=	Rs	10/kg	
 Cost	 of	 coal	 consumed	per	 day	 =	 coal	 required	 per	

day	x	cost	of	coal	per	kg	

=	4000	x10	

=	Rs	40000	

CASE‐2Taking	cattle	manure	as	fuel		

 Calorific	value	of	cattle	manure	=	3066.67	Kcal/kg	
 Total	 energy	 required	 	 to	 fullfill	 the	 production	

requirement	

=	14480000kcal/kg	

 Cattle	manure	required	per	day	
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=	 Total	 energy	 required	 for	 production/calorific	
value	of	cattle	manure		
=	14480000/3066.67	
=	4721.74	kg	

 Cost	of	cattle	manure	per	kg	=	Rs	3.20/kg	
 Cost	 of	 cattle	 manure	 consumed	 per	 day	 =	 cattle	

manure	required	per	day	x	cost	of	cattle	manure	per	
kg	

=	4721.74x3.20	

=	Rs	15109.568	

CASE‐3	Replacing	coal	and	cattl	manure	briquette	 from	
sawdust	briquette	as	fuel		

 Sawdust	required	per	day	=	3305.94	kg	
 Calorific	value	of	sawdust	=	4380	Kcal/kg	
 Total	 energy	 produce	 by	 sawdust	 to	 fullfill	 the	

production	requirement	

=	sawdust	required	per	day	x	calorific	value	of	sawdust	

=	3305.94	x4380		

=14480000	kcal/kg	

 Cost	of	sawdust	per	kg	=	Rs	5.40/kg	
 Cost	 of	 sawdust	 consumed	 per	 day	 =	 sawdust	

required	per	day	x	cost	of	sawdust	per	kg	

=	3305.94	x4.50	

=	Rs	14876.73	

Table	3.1	Comparison	of	fuels	on	various	parameters	

	

3.9	COMPARISON	OF	CALORIFIC	VALUE		

The	comparison	of	calorific	value	of	coal,	 cattle	manure	
and	 sawdust	 briquette	 is	 shown	 in	 figure	 3.7.	 It	 is	
concluded	that	the	calorific	value	of	sawdust	briquette	is	
higher	 than	 the	 other	 two	 types	 of	 fuel.	 The	 calorific	
value	of	cattle	manure	briquette	is	3066.67	Kcal/kg	(ref.	
20)	 and	 of	 sawdust	 briquettes	 is	 4380	 Kcal/kg	 is	 from	
MSME	 report	 (annexure	 1).	 The	 briquette	 of	 sawdust	
produces	more	heat	than	the	requirement	of	this	will	be	
low	 as	 compare	 to	 cattle	manure	 briquette	 and	 coal	 to	
produce	same	quantity	of	product.		

	

Fig	3.7	Comparison	of	calorific	value	of	fuels	

3.10	COMPARISON	OF	REQUIRED	FUEL	PER	DAY	

	

Fig	3.8	Comparison	of	amount	of	fuels	per	day	

The	Cattle	manure	requirement	will	be	high	for	the	same	
quantity	 of	 product	 as	 its	 calorific	 value	 is	 low.	 The	
comparison	 of	 amount	 of	 fuel	 required	 per	 day	 of	
different	types	of	fuel	is	shown	in	figure	3.8.	The	amount	
of	 cattle	 manure	 briquette	 is	 4721.74	 kg	 per	 day.	 The	
requirement	of	sawdust	briquettes	 is	3305.7	kg	per	day	
which	is	less	due	to	its	higher	calorific	value.	

3.11	COMPARISON	OF	PRICES	OF	FUELS	PER	KG	

As	shown	from	the	figure	3.9,	the	price	of	cattle	manure	
briquette	is	much	lesser	than	coal	and	sawdust	briquette.	
The	price	of	 cattle	manure	briquette	 is	Rs	3.20/kg,	 and	
the	coal	is	Rs	10/kg.	The	difference	between	in	prices	of	
coal,	 sawdust	 briquette	 and	 cattle	 manure	 briquette	 is	
high	than	the	capital	saving	percentage	for	one	day	will	
be	 very	 high.	 The	 coal	 is	 also	 harmful	 to	 environment	
and	 for	 health	 of	 employees	 and	 very	 costly	 to	 the	
company.	 From	 this	 analysis	 the	 usage	 of	 sawdust	
briquette	 is	better	than	the	cattle	manure	briquette	and	
coal.	The	cattle	manure	briquette	 is	 also	harmful	 to	 the	
environment	and	easily	available	in	Haryana.	
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Fig	3.9	Comparison	of	price	per	kg	of	fuels	

3.12	COMPARISON	OF	TOTAL	COST	OF	 FUEL	 FOR	1	
DAY	

The	 comparison	 of	 total	 cost	 for	 one	 day	 of	 different	
fuels	is	shown	in	figure	3.10.	The	cost	of	coal	for	1	day	is	
Rs	40000	which	 is	 very	high	 in	 respect	 of	 sawdust	 and	
cattle	manure	briquette.	The	 total	 cost	 for	 sawdust	and	
cattle	manure	briquette	is	Rs	14876.73	and	Rs	15109.57.	
The	 sawdust	briquette	 is	 very	 cheap	 than	 the	 coal.	 The	
total	 cost	 for	 sawdust	 and	 cattle	 manure	 briquette	 is	
about	same.	

	

Fig	3.10	Comparison	of	total	cost	of	fuels	

3.13	 PERCENTAGE	 SAVING	 OF	 BRIQUETTES	 IN	
COMPARISON	OF	COAL	

	

Fig	3.11	Percentage	saving	of	briquettes	in	comparison	
of	coal	

The	 percentage	 saving	 of	 capital	 of	 sawdust	 briquette	
and	 cattle	manure	briquette	 in	 comparison	with	 coal	 is	
shown	 in	 figure	3.11.	The	 cattle	manure	briquette	have	

about	62.23%	capital	saving	and	sawdust	briquette	have	
about	62.80%	saving	in	respect	of	coal.	The	saving	in	the	
case	of	sawdust	briquette	is	more	than	the	cattle	manure	
briquette.	

4. CONCLUSION	

From	 the	 above	 study	 of	 two	 different	 briquettes	
following	point	was	concluded:	

 Density	 of	 saw	 dust	 is	 more	 than	 that	 of	 biomass	
(cow	dung).	

 Water	absorption	capacity	of	biomass	 in	more	 than	
saw	dust.	

 Volume	of	ash	content	is	little	more	in	cattle	manure	
briquette	as	compared	sawdust	briquette	

 Rate	of	burning	of	biomass	is	more	than	sawdust.	
 Moisture	 content	 of	 sawdust	 is	 more	 than	 cattle	

manure	briquette.	
 Volatile	mater	is	more	in	saw	dust	than	biomass.	
 Carbon	content	in	saw	dust	is	more	than	biomass.	
 Calorific	 value	 of	 cattle	 manure	 briquette	 is	 lower	

than	the	sawdust	briquette.	
 The	 oxygen	 content	 in	 cattle	 manure	 briquette	 is	

also	lower	than	the	sawdust	briquette.	
 The	 nitrogen	 and	 sulphur	 content	 in	 cattle	manure	

briquette	 is	 greater	 than	 the	 sawdust	 briquette.	
Than	the	cattle	manure	briquette	is	more	harmful	to	
the	environment.	

From	the	detailed	study	of	both	 fuels	 it	 is	 seen	 that	 the	
sawdust	 briquette	 is	 better	 fuel	 the	 coal	 and	 cattle	
manure	briquette	because	of	its	higher	calorific	value.	It	
is	also	economic	for	 industrial	and	domestic	purpose	as	
it	is	produce	from	agricultural	waste.	

And	 from	 the	 industrial	 analysis,	 the	 sawdust	briquette	
is	 very	 economical	 than	 the	 coal..	 The	 cattle	 manure	
briquette	 have	 about	 62.23%	 capital	 saving	 in	
comparison	 of	 coal	 and	 sawdust	 have	 about	 62.80	 %	
capital	saving.	As	the	calorific	value	of	sawdust	briquette	
is	more	 than	 the	 coal	 and	 cattle	manure	 briquette,	 the	
requirement	 of	 fuel	 is	 much	 lesser	 than	 the	 coal	 and	
cattle	 manure	 briquette	 for	 same	 quantity	 of	 sleepers.	
For	the	production	of	30000	pair	of	sleeper,	the	required	
sawdust	 briquette	 is	 only	 3305.94	 kg	 while	 for	 coal	 is	
4000	kg	and	for	cattle	manure	briquette	it	is	4721.74	kg.	
Than	 the	briquette	of	 sawdust	 is	 best	 for	 the	 industrial	
purposes.	
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