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Introduction
One	 of	 the	 main	 objectives	 of	 the	 network	
programme	 “People	 and	 Protected	 Areas:	
Conservation	 and	 Sustainable	 Livelihoods	 in	
Partnership	 with	 Local	 Communities	 around	
Protected	 Areas,	 Phase	 2”	 was	 to	 provide	
site	 specific	 clean	 energy	 solutions	 to	 local	
communities	 living	 within	 or	 around	 Protected	
Areas	 by	 using	 appropriate	 technology	 for	
reducing	fuelwood	consumption	from	forests.	

The	programme	has	been	implemented	with	15	
partner	NGOs/CBOs	covering	more	than	4000	
households.	 	 The	 duration	 of	 the	 programme	
was	from	2014-2017,	during	which	13	partners	
were	 involved	 in	 the	 clean	 energy	 component	
of	 the	programme	and	 introduced	site	specific	
energy	efficient	devices	in	households	to	reduce	
fuelwood	consumption	from	forests.	

Various	 energy	 efficient	 devices	 have	 been	
introduced	 in	 1360	HHs	 in	 65	 villages	 around	
13	 PAs.	 	A	 compilation	 of	 decrease	 in	 use	 of	
fuelwood	 from	 forests,	post	 the	 introduction	of	
the	 diverse	 variety	 of	 energy	 efficient	 devices	
has	been	undertaken	to	assess	the	reduction	of	
use	of	fuelwood	in	the	selected	households.

In	 addition,	 these	 households	 also	 have	 a	
smoke	 free	 environment	 which	 has	 health	
benefits	especially	for	women	and	children.	The	
installation	 of	 these	devices	 has	 also	 reduced	
drudgery	as	less	fuel	wood	has	to	be	collected	
for	 cooking.	 The	 utensils	 also	 do	 not	 become	
black	due	to	the	FED	installation	which	has	led	
to	 easy	 cleaning	 of	 utensils	 and	 less	work	 for	
women.	
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Overview of the 
Intervention

Type of devices introduced 

Different	types	of	energy	efficient	devices	have	been	introduced	at	the	household	and	community	
level	for	both	cooking	and	heating	water	depending	upon	type	of	ecosystem	and	terrain	of	the	
project	sites.	The	different	types	of	devices	introduced	are	fuel	efficient	cooking	stoves,	biogas,	
LPG,	 hamam,	 tandoor	 and	 solar	water	 heater.	 Fuel	 efficient	 devices	 have	 been	 introduced	
in	925	HHs	and	177	HHs	have	started	using	LPG	 for	cooking.	 In	addition,	another	80	HHs	
have	opted	for	FEC+LPG	combination.	Four	solar	water	heaters	have	been	introduced	at	the	
community	level	around	two	PAs	and	one	solar	water	heater	has	been	introduced	by	a	partner	
at	the	school	hostel	which	is	located	in	a	Community	Conserved	Area.

Fuelwood usage before and after intervention

The	average	amount	of	fuelwood	usage	per	household	per	day	before	the	introduction	of	the	fuel	
efficient	chulha	was	found	to	be	16.6	kgs	and	after	 introduction	and	use	of	 the	device	has	been	
found	to	be	11.3	kgs.	The	average	reduction	of	fuelwood	from	the	introduction	of	fuel	efficient	chulha	
was	found	to	be	5.3	kgs	per	day.	The	average	reduction	of	fuelwood	after	the	introduction	of	the	
solar	water	heater	was	estimated	at	80.1	kgs	for	community	as	well	as	HH	use.	The	data	for	the	
graph	of	fuelwood	usage	by	different	devices	has	been	calculated	on	the	basis	of	averages	taken	
from	all	13	locations.
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The	total	fuelwood	reduction	per	day	from	all	
the	devices	in	the	65	villages	is	about	6797.2	
kgs.	 It	 can	 be	 extrapolated	 and	 assumed	
that	around	24,80,978	kgs	is	being	saved	by	
1360	HHs	in	65	villages	in	a	year.	

It	 has	been	estimated	on	basis	of	 sanction	
letters	that	a	one	time	investment	of	Rs	14,	
47,	402	lakhs	was	incurred	for	this	initiative.	
Of	 this,	 an	 amount	 of	 Rs	 4,36,902	 has	
been	spent	on	community	 level	solar	water	
heaters.	 The	 balance	 Rs	 10,10,500	 was	
used	on	all	other	devices.		

Thus,	 it	 has	 been	 estimated	 that	 per	
household	cost	for	reducing	fuelwood	use	is:	

Cost	per	HH	for	other	devices	=
1010500/1355	HH	=	745	INR	only

Cost	per	person	for	community	solar	heaters	
=	436902/200	=	2184	INR

Overall fuelwood reduction through 
energy efficient devices  
The	overall	and	total	fuelwood	reduction	per	day	
from	 the	 introduction	and	usage	of	 the	energy	
efficient	devices	 is	given	below.	This	data	has	
been	calculated	on	basis	of	the	actual	measured	
data	that	has	been	reported	by	the	partners.		

Fuelwood usage before and after installation

FEC

fuelwood fuelwood
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Fuelwood usage per household

The	fuelwood	usage	in	the	FED	also	depends	on	the	family	size	of	the	household.	Majority	of	the	
households	in	which	FED	have	been	introduced	have	a	family	size	of	1	to	5.	While	43%	of	the	HHs	
where	FED	have	been	introduced	in	a	family	size	of	6	or	more	members.

It	was	estimated	that	on	an	average,	8.2	kgs	per	HH	per	day	of	fuelwood	was	used	by	families	with	
1	to	5	members	after	the	introduction	of	the	FED	device.	While	the	fuelwood	used	by	families	of	6	or	
more	members	after	the	introduction	of	the	FED	estimates	to	15.2	kgs	per	HH	per	day.
 

Major forest species used as fuelwood 

Across	all	13	sites,	it	was	found	that	different	fuelwood	species	are	used	for	cooking	and	heating	
purposes.	Tectona grandis	is	being	used	as	fuelwood	species	at	five	sites	while	Rhododendron 
aboreum	is	being	used	at	3	sites.
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Rough estimation of wood and 
carbon saved 

A	 rough	 calculation	 was	 done	 to	 estimate	
the	 wood	 and	 carbon	 saved	 through	 this	
intervention.	 The	 biggest	 drawback	 for	 this	
exercise	 is	 that	 the	 fuelwood	 headloads	
comprise	 of	 different	 species	 and	 it	 is	 not	
possible	to	estimate	the	quantum	of	fuelwood	
used	species	wise	in	each	household.	Thus,	
density	of	the	species	used	and	the	estimated	
figures	have	been	given	below
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Wood Density of species used 

Species         Wood Density  
         (Kg/m3)

Bombax ceiba    330
Alstonia scholaris    360
Pinus lambertiana    450
Samanea saman    450
Rhododendron arboreum   490
Grevillea robusta    540
Cedrus deodara      560
Eucalyptus globules    600
Artocarpus hirsutus    640
Tectona grandis    650
Terminalia arjuna    680
Quercus incana    700
Cassia fistula     710 
Shorea robusta    720
Acacia leucophloea    760
Anogeissus latifolia    760
Dalbergia sissoo     770
Robinia pseudoacacia   770
Acacia nilotica    780
Terminalia elliptica    850
Acacia catechu    880
Senegalia catechu    880
Manilkara hexandra    890

Average Density          661.7391304
Source: FAO 



Rough Calculation 

Volume of wood saved

Average	 Trunk	 density--	 660	 (as	 per	 table	
above)

Branch	 density	 has	 been	 taken	 as	 an	
approximate	 and	 has	 been	 halved	 from	 trunk	
density	--300	

Total	fuelwood	saved	6797	kgs	per	day

Volume	of	wood	saved	6797/300	=	22.65	cu	m/
day	(taking	the	lowest	density)

22.65 x 365 days = 8267.25 cu m of wood 
saved per year

Carbon saved

2480978	kgs	of	fuelwood	is	saved	in	a	year.	
Using	0.4	as	conversion	factor	to	calculate	the	
Carbon	in	wood.

2480978 x 0.4 = 992391.2 eq. kg of Carbon is 
saved annually

To	estimate	the	carbon	from	biomass	data	if	no	
specific	data	is	available,	a	default	value	of	0.4	
has	been	used.

List	of	species	whose	density	is	not	available
	 1.	 Alnus nepalensis

	 2.	 Alnus nitida

	 3.	 Anogeissus pendula

	 4.	 Berberis aristata

	 5.	 Diasporus melanoxylon

	 6.	 Ficus palmata

	 7.	 Holigarna arnottiana

	 8.	 Pinus wallichiana

	 9.	 Prinsepia utilis

	 10.	 Prunus persica

	 11.	 Quercus robur

	 12.	 Senna auriculata

 13.	 Syzygium cumini

	 14.	 Terminalia paniculata

 15.	 Vachellia nilotica

 16.	 Vitex agnus-castus
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Energy efficient devices being used across in project villages
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Guidance from 
the Ground 
Brief overview of an Energy Efficient Device 

An	 energy	 efficient	 device	 is	 any	 equipment	
or	a	machine	whose	purpose	 is	 to	 reduce	 the	
requirement	of	energy	required	for	any	service	or	
product.	The	People	and	PAs	network	initiative	
has	focused	on	reducing	fuelwood	consumption	
for	household	level	cooking	and	water	heating.	
Diverse	 energy	 efficient	 devices	 have	 been	
introduced	by	the	NGO	partners	in	the	villages	
depending	upon	the	needs	and	suitability	of	the	
area.	The	technology	has	been	mainly	sourced	
from	 the	 technical	 partners	 like	 ARTI	 Pune,	
DEEP	Solan,	and	Envirofit	Bangalore.	

Part	no	 Part	of	the	FED	 	 Contribution	to	improved	cooking			 	 	
	 	 	 	 	 	 performance

1	 	 Grate	 	 	 	 The	grate	allows	air	entry	from	below	the	fuel	
	 	 	 	 	 	 into	the	FED.	This	ensures	better	mixing	between	
	 	 	 	 	 	 air	and	fuel	and	more	complete,	cleaner		
	 	 	 	 	 	 combustion

2	 	 Secondary	air	hole	 	 This	enables	introduction	of	more	air	into	the	FED	
	 	 	 	 	 	 as	needed	so	that	combustion	is	cleaner	and	
	 	 	 	 	 	 complete
      

In	some	 instances	 the	 technology	sourced	was	
either	 modified	 and	 improved	 to	 suit	 the	 local	
needs	 and	 increase	 its	 acceptability.	 In	 some	
cases,	 these	were	 also	 then	 locally	 fabricated.		
For	all	 of	 this,	 capacity	building	was	also	done	
through	 TIDE	 for	 our	 partner	 NGOs	 and	 few	
community	 leaders	 to	 create	 awareness	 about	
the	 technical	 aspects	 of	 the	 FED,	 the	 basic	
requirements	 like	 efficiency	 tests	 and	 other	
aspects	of	a	good	fuel	efficient	device.		

Parts of Fuel Efficient Device and its 
contribution to its performance 

The	 parts	 of	 an	 improved	 FED	 have	 been	
explained	in	the	context	of	PYRO	Mini	which	has	
almost	all	the	features	that	need	to	be	present	in	
a	natural	draft	fuel	efficient	device	needed	for	HH	
cooking	needs.
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Part	no	 Part	of	the	FED	 	 Contribution	to	improved	cooking			 	 	
	 	 	 	 	 	 performance

3	 	 Ash	box	 	 		 This	helps	in	collection	of	residual	ash	after	burning	
	 	 	 	 	 	 of	fuel.	Quick	and	easy	collection	of	ash	from	the	
	 	 	 	 	 	 grate	ensures	that	the	primary	air	from	below	the	
	 	 	 	 	 	 grate	is	as	per	design	without	any	blockage

4	 	 Combustion	chamber	 This	ensures	good	mixing	between	the	air	and	
	 	 	 	 	 	 the	fuel.	It	also	ensures	that	too	much	air	does	
	 	 	 	 	 	 not	enter	the	stove	and	that	the	flame	temperatures	
	 	 	 	 	 	 are	as	high	as	possible	under	the	circumstances

5	 	 Insulation	 	 	 This	is	a	refractory	liner	for	the	stove	to	prevent		
	 	 	 	 	 	 heat	loss	from	the	body	of	the	FED.	

6	 	 Top	plate	 	 	 The	top	plate	defines	the	distance	between	the	
	 	 	 	 	 	 stove	and	the	vessel.	It	ensures	that	maximum	
	 	 	 	 	 	 convective	heat	is	transferred	to	the	vessel	and	
	 	 	 	 	 	 that	the	flames	touch	the	vessel

7	 	 Chimney	 	 	 This	is	the	conduit	for	transferring	flue	gases	or		
	 	 	 	 	 	 products	of	combustion	from	the	FED	body	into	
	 	 	 	 	 	 the	ambient	air

8	 	 Reducer	 	 	 This	is	an	attachment	that	is	useful	when	smaller	
	 	 	 	 	 	 vessels	are	used

Some	 of	 the	 FED	 designs	 used	 by	 the	
partners	 in	 this	 programme	 that	 can	 be	
easily	 replicated	 and	 scaled	 up	 in	 similar	
geographical	 locations	 and	 community	 is	
detailed	below.

In	 addition	 it	 is	 very	 crucial	 to	 ensure	
that	 the	 first	 thing	 one	 carries	 out	 before	
introducing	 the	 device	 is	 a	 user	 needs	
assessment.	This	is	needed		to	understand	
what	type	of	FED	the	community	is	looking	
for	 and	 what	 are	 their	 requirements.	 The	
user	 needs	 assessment	 form	 which	 has	
been	developed	and	used	 in	select	areas	
is	given	below.	This	can	be	adapted	further	
and	 used	 before	 initiating	 selection	 and	
installation	of	FEDs.
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User Needs Assessment Questionnaire

The	 questionnaire	 helps	 the	 project	 team	
understand	what	kind	of	FED	should	be	identified	
and	 selected	 based	 on	 the	 requirements	 of	 the	
different	stakeholders.	This	questionnaire	looks	at	
the	situation	from	the	point	of	view	of	the	user	as	
well	as	the	partner	disseminating	the	device.

The	first	step	is	to	assess	the	current	conventional	
device	in	use.	Users	can	rate	the	performance	of	
the	conventional	device	on	a	scale	of	1	to	5	(5	very	
good,	1	very	bad	or	5	most	preferred	and	1	least	
preferred)	from	their	perspective.	This	enables	an	
understanding	of	the	conveniences	and	hardships	
involved	in	cooking	on	conventional	FEDs.

The	second	step	 is	 to	 then	ask	 the	user	 to	also	
assess	 the	 proposed	 device	 along	 the	 same	
parameters.	The	local	partner	also	has	to	observe	
and	inform	the	user	about	the	special	features	of	
the	FED.	

Feature  Characteristic   Conventional stove (user) FED (User)

Versatility	 	 Boiling	performance	
	 	 	 (cook	rice,	dal,	sabji	)

	 	 	 Roasting	performance
	 	 	 (cook	rotis	of	different	kinds)

	 	 	 Frying	performance
	 	 	 (puris,	pakodas,	samosas	etc)
  
Sub	total

Convenience		 Ability	to	control	or	
	 	 	 regulate	the	flame

	 	 	 Ability	to	cook	multiple	
	 	 	 dishes	at	the	same	time

	 	 	 Useful	for	other	applications
	 	 	 (space	heating,	food	drying	etc.)

	 	 	 Time	for	start	and	stop

	 	 	 Ability	to	keep	the	food	hot

Sub	total

Economics	 	 Operating	expense	/	day

	 	 	 Capital	cost	of	stove

	 	 	 Any	other	direct	earning	from	
	 	 	 stove	(food	for	sale,	scrap	value)

	 	 	 Any	other	(pl.	add)

Sub	total

Based	 on	 the	 above,	 it	 is	 important	 that	 a	
discussion	 is	 held	 between	 the	 users	 and	
the	partners	on	what	 is	needed,	what	should	
one	use,	how	to	use	and	why	we	need	to	use	
a	 FED.	 Besides	 the	 reasons	 for	 fuelwood	
consumption,	the	need	for	smoke	free	indoors	
and	better	cooking	conditions	also	need	to	be	
stressed	upon.	

This	will	also	help	to	analyse	if	there	are	any	
contradictions	in	the	choices	or	preferences	of	
different	stakeholders.
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Safety		 	 	 Smoke	&	soot	emissions
    
	 	 	 	 Stability

	 	 	 	 Temperature	of	outer	body

	 	 	 	 Any	other	(pl.	add)

Sub	total

Supply	&	support	 	 Durability	/	long	life

	 	 	 	 Provision	of	other	
	 	 	 	 support	/	assistance

	 	 	 	 Credibility	of	manufacturer

Sub	total

Environmental	impacts	 Energy	efficiency

	 	 	 	 Emission	reduction

	 	 	 	 Arrested	deforestation

	 	 	 	 Any	other	(pl.	add)

Sub	total

Fuel	energy	source	 	 Stove	is	multifuel

	 	 	 	 Can	use	agro	residues

	 	 	 	 Local	availability	of	fuel

	 	 	 	 Fuel	processing	required

Sub	total

Overall total

Feature    Conventional  FEDs
A.	Versatility	
B.	Convenience
C.	Economics
D.	Safety
E.	Supply	&	support
F.	Environmental	impacts
G.	Fuel	energy	source
Overall total

Sub totals of different stove features
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Insights into specific adaptations and 
fabrication 

ARTI- Improved Laxmi Chulha

Himal	 Prakriti	 in	 villages	 around	Askot	Wildlife	
Sanctuary,	 Pithoragarh	 district,	 Uttarakhand	
has	 introduced	 the	 above	 mentioned	 model.	
After	a	 few	demonstrations	and	 feedback	 from	
community,	the	design	from	ARTI	was	modified	to	
suit	the	local	need	and	make	it	more	acceptable.	

Deep Cookstove

This	 model	 was	 introduced	 in	 villages	 around	
Nargu	 Wildlife	 Sanctuary,	 Mandi	 District,	
Himachal	 Pradesh.	 The	 partner	 actually	
conducted	a	 in-situ	 trial	of	multiple	models	and	
then	 based	 on	 local	 community	 feedback	 and	
actual	observation,	identified	this	to	be	the	most	
suited	for	the	region.		

 
Besides	 being	 acceptable	 to	 the	 people	 and	
popular,	 the	 other	 advantages	 offered	 by	 this	
design	were:	
  
	 •	 Fabrication	 possible	 at	 the	 local	
level	welding	shop
	 •	 Multiple	 benefits	 including	 inbuilt	
water	 heating	 arrangement	 (without	 having	
to	 use	 an	 additional	 utensil),	 high	 thermal	
efficiency	 (>40%,	 resulting	 in	 lesser	 fuel	wood	
consumption)	and	reduction	in	indoor	smoke
	 •	 Compact	design	offering	possibility	
of	two	or	three	pot-	holes
	 •	 Easy	 post-installation	 mainte-
nance	possible	at	the	household	level.
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This	 model	 also	 incorporates	 a	 hamam	 (a	
traditional	water	heating	arrangement	using	wood)	
with	a	piped	system	for	letting	in	cold	water	and	
delivery	of	hot	water	as	well	as	an	arrangement	
to	eject	 the	smoke	out	of	 the	kitchen.	Although	
the	water	heating	and	 the	piping	arrangements	
make	the	design	more	expensive	than	others,	the	
various	advantages	offered	by	design	made	the	
this	model	attractive	for	 the	 local	people	as	the	
villages	are	located	in	a	cold	valley	in	Himachal	
Pradesh.	

Steps for Local Fabrication 

The Steel Structure

The	 basic	 framework	 of	 the	 DEEP	 cookstove	
consists	of	two	interconnected	steel	tanks	around	
which	the	rest	of	the	cookstove	is	constructed.	
These	 tanks	 are	 shaped	 out	 of	 16	 gauge	mild	
steel	 sheet	 folded	 and	 welded	 to	 form	 two	
identical	tanks	of	size	6”x7”x9”(width	X	height	X	
depth)	that	are	interconnected	using	welded	MS	
sockets	and	a	threaded	pipe	nipple	of	size	3/4”	
(see	drawing)	using		plumber’s	paste.	

At	the	back	of	the	tanks,	one	1/2”	MS	socket	is	
welded	in	each	for	the	water	inlet	and	outlet	pipes	
to	be	threaded	in.	

The	 socket	 for	 connecting	 the	 inlet	 is	 placed	
near	 the	 top	of	 the	steel	 tank	while	 the	one	 for	
connecting	the	outlet	 is	placed	near	the	bottom	
of	the	other.	

Tank Testing

The	most	important	step	after	the	tanks	are	ready	
is	to	test	it	for	leaks.

There	are	 two	ways	of	detecting	 leaks	 in	 the	
tanks:
	 a)	 Plug	 one	 of	 the	 1/2”	 sockets	 at	
the	back	of	one	of	the	tanks	and	fit	a	6”	GI	pipe	
nipple	on	the	other	one.	Using	a	funnel,	fill	up	
the	tanks	with	water	to	see	if	any	is	coming	out	
of	any	gaps	or	holes	in	the	welding.
	 b)	 Plug	 one	 of	 the	 1/2”	 sockets	 at	
the	back	of	one	of	the	tanks	and	fit	a	L	shaped	
GI	pipe	and	elbow	combination	big	enough	to	
immerse	the	two	tanks	into	a	tub	or	drum	filled	
with	 water.	After	 immersing	 the	 two	 tanks	 in	
water,	air	 is	pressed	into	the	open	end	of	the	
L	shaped	pipe	arrangement	to	detect	if	any	air	
comes	out	of	any	holes	or	gaps	in	the	welding.			

If	 leaks	have	been	detected,	 they	have	to	be	
rectified	at	the	fabricator’s	end	itself.

Spacing and Siting

The	DEEP	cookstove	requires	minimum	of	23	
inches	of	space	from	the	front	to	the	back	(upto	
the	facing	wall)	for	the	two	pot-hole	design.	
Before	 initiating	 installation	of	 the	cookstove,	
the	 user	 preference	 regarding	 its	 placement	
within	 the	kitchen	and	 the	 location	of	 the	hot	
water	outlet	and	cold	water	 inlet	needs	 to	be	
discussed	and	identified.	

Accordingly	the	siting	is	finalised	and	the	steel	
tanks	are	placed	on	 the	ground	as	shown	 in	
the	 drawing	 and	 their	 position	marked	 using	
chalk.
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Plumbing System

The	plumbing	system	of	the	cookstove	is	made	
out	 of	 threaded	 1/2”	 GI	 pipe	 and	 compatible	
accessories.	It	provides	access	for	introducing	
cold	water	into	the	tanks	as	well	as	to	receive	
hot	water	at	the	appropriate	location.	

The	cold	water	inlet	is	connected	to	piped	water	
supply	 through	 a	 valve	 meant	 to	 control	 the	
inflow.	

In	houses	without	piped	water	supply	(as	was	
mostly	the	case	in	the	Nargu	Sanctuary	area),	
the	inlet	pipe	is	extended	about	33”	above	the	
cookstove	and	a	large	funnel	attached	to	its	top	
to	facilitate	letting	water	into	the	pipe.	

The	height	of	the	hot	water	outlet	is	kept	at	least	
18”	lower	than	the	cold	water	inlet	and	is	located	
at	a	suitable	place	within/outside	the	kitchen	to	
receive	hot	water	in	a	bucket.	

Where	 the	water	 inlet	 is	not	 connected	 to	 the	
piped	water	supply	system,	there	is	no	need	to	
have	a	tap	at	the	hot	water	outlet.	

The	 hot	 water	 pipe	 can	 be	 insulated	 using	
biodegradable	material	like	rice	straw	to	improve	
thermal	efficiency	of	the	water	delivery	system.	 14

Mud Plastering

Once	 the	 plumbing	 has	 been	 completed,	
plastering	work	can	be	undertaken.	Plastering	is	
done	using	moistened	clay	earth	of	a	consistency	
that	makes	it	workable,	neither	too	rigid	nor	too	
soft/watery.	

Before	initiating	plastering,	it	is	ensured	that	the	
clay	has	been	kneaded	enough	 to	 remove	any	
lumps,	stones	and	make	it	even.
 
The	 consistency	 is	 adjusted	 by	 adding	 more	
water	or	mud	to	the	mud-water	mix.	Often	some	
wheat	straw	or	goat	hair	is	mixed	with	the	clay	to	
add	strength	to	it.	It	takes	about	2	cement	bags	
full	of	prepared	mud	to	plaster	one	cookstove.

Plastering	 is	first	undertaken	at	 the	base	of	 the	
cookstove.	 For	 this	 purpose,	 the	 steel	 tanks	
are	 lifted	 from	their	position	and	a	1/2”	 layer	of	
plaster	placed	on	the	floor	where	 the	 tanks	are	
to	be	placed.	

This	is	to	fix	the	steel	tank	structure	to	the	ground	
which	 is	 important	 not	 just	 during	 the	 period	
when	the	cookstove	is	in	use	but	also	while	the	
plastering	is	being	done.	



	 •	 A	 baffle	 (raised	 ridge	 shaped	
structure)	fashioned	out	of	clay	is	placed	within	
the	second	pothole	to	direct	the	flame	towards	
the	bottom	of	 the	utensil.	The	distance	of	 the	
top	of	the	baffle	and	the	bottom	of	the	utensil	is	
kept	at	3/4”.
	 •	 The	plaster	 takes	 a	 few	days	 to	
dry	out	before	the	cookstove	can	be	used.	This	
period	varies	with	the	ambient	temperature	and	
humidity	between	3	days	and	a	week.

The Smoke Pipe

The	smoke	pipe	is	one	of	the	most	important	but	
often	the	least	cared	for	part	of	the	cookstove.	It	
not	only	provides	the	exit	for	the	polluting	smoke	
from	 the	 cookstove	 but	 also	 helps	 create	 the	
air	draft	that	increases	the	ingress	of	fresh	air	
into	the	cookstove’s	firebox,	making	the	wood	
burning	process	more	efficient.	

For	 these	 households,	 the	 smoke	 pipe	 was	
made	 out	 of	 0.63	mm	GI	 sheet	metal	 that	 is	
used	to	make	steel	trunks	by	local	fabricators.	
Alternately,	 it	 can	 be	 made	 from	 reinforced	
cement	pipes	that	are	available	in	many	parts	
of	the	country.	

The	 pipe	 is	 3”	 in	 diameter	 and	 consists	 of	
pieces	of	3’	height	that	telescope	into	the	next.	
The	 smoke	 pipe	 has	 a	 slit	 at	 the	 appropriate	
position	for	inserting	a	GI	sheet	metal	damper	
which	 is	used	 to	 regulate	 the	flow	of	air,	 (and	
hence	 the	burn	 rate	of	 the	wood)	 through	 the	
pipe	(open	while	starting	 the	fire	and	 inserted	
once	the	higher	rate	of	burning	is	reached.
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Thereafter,	the	insides	of	the	firebox,	the	top	and	
the	sides	of	the	steel	tanks	are	plastered	as	per	
the	thickness	given	in	the	drawings.	Care	is	taken	
to	thinly	plaster	the	inner	walls	of	the	cookstove	
(1/2”)	 or	 the	water	 inside	 the	 tanks	would	 take	
longer	time	to	get	heated.	

Plastering	is	done	according	to	the	measurements	
given	in	the	drawing.	Care	is	taken	to	ensure	that	
:
	 •	 Adequate	 space	 (3”)	 is	 provided	
between	 the	 two	 pot-holes	 to	 ensure	 that	 two	
utensils	of	medium	size	can	be	accommodated.	
	 •	 Reinforcement	 in	 the	 form	 of	
steel	rebars	also	has	to	be	provided	to	give	the	
vulnerable	portions	 (between	 the	 two	pot-holes	
and	 between	 the	 rear	 pot-hole	 and	 the	 smoke	
box)	greater	strength.
	 •	 The	 shape	 of	 the	 potholes	 is	 as	
round	 as	 possible	 and	 the	 top	 surface	 of	 the	
cookstove	 is	 leveled	 so	 that	 no	 gaps	 remain	
between	 utensils	 and	 the	 stove	 surface	 during	
use.	If	the	gaps	remain	smoke	would	be	released	
and	 air	 draft	 for	 the	 proper	 functioning	 of	 the	
cookstove	 would	 not	 be	 created.	 This	 shape	
is	 given	 by	 using	 a	 utensil	 of	 adequate	 shape	
and	 size	 (often	 a	 small	 karahi	with	 a	 spherical	
bottom).
	 •	 Stones/pieces	 of	 baked	 bricks	
can	be	used	 to	 fill	 up	areas	at	 the	back	of	 the	
cookstove	or	below	the	plumbing.	
	 •	 A	tunnel	of	adequate	size	is	shaped	
between	 the	 two	 potholes	 at	 the	 appropriate	
location	so	that	just	the	right	amount	of	fire	goes	to	
the	second	pot-hole.	Another	tunnel	is	fashioned	
between	the	rear	pot-hole	and	the	smoke	box	to	
ensure	 that	 the	 smoke	 and	 hot	 air	 are	 ejected	
through	the	flue	pipe,	unhindered.
 



 The	smoke	pipe	is	ejected	out	of	the	roof	of	the	
house	 where	 a	 GI	 sheet	 metal	 flange	 can	 be	
used	to	prevent	water	ingress.

The Grate

The	grate	is	another	important	but	least	focused	
upon	part	of	the	cookstove.	In	this	model,	the	grate	
was	6”x6”	size	with	2”	high	legs,	made	out	of	8mm	
welded	steel	rebars.	The	introduction	of	the	grate	
into	 the	original	design	of	 the	DEEP	cookstove	
increased	 the	 thermal	efficiency	by	about	10%.	
The	 grate	 facilitated	 more	 efficient	 combustion	
of	 wood	 and	 lesser	 smoke	 generation.	 In	 this	
design,	 the	grate	developed	was	 removable	so	
that	 the	 ash	 can	 be	 easily	 removed	 from	 the	
firebox	bottom.

Cost of the fabrication 

The	 following	 estimate	 of	 cost	 is	 a	 rough	
calculation	based	upon	the	costs	incurred	for	the	
cookstoves	fabricated	for	the	project.	These	costs	
would	 vary	 from	 place	 to	 place	 and	 fabricator	
to	fabricator	(for	 the	steel	 tanks	and	the	smoke	
pipe).	
	 1.	 Steel	 tanks	 (fabrication	 and	
material)	–	Rs.	1200	(including	GST)
	 2.	 GI	 pipes	 for	 plumbing	 –	 Rs.	 30	
per	 running	 foot,	 accessories	 like	 elbows	 and	
sockets,	unioins	are	additional
	 3.	 Smoke	pipe	–	Rs.	35	per	 running	
foot
	 4.	 Flange	–	Rs.	150.00
	 5.	 Cap	for	smoke	pipe	–	Rs.	50.00
	 6.	 Damper	for	smoke	pipe	–	Rs.	20.00
	 7.	 Installation	–	Rs.	600.00
Total	cost	comes	to	about	Rs.	3000.00	that	10’	of	
smoke	pipe	and	15’	of	water	pipes	are	used.	

Some Important Aspects 

The	 installation	of	 the	cookstove	 is	an	 intricate	
process	 that	calls	 for	precision	and	attention	 to	
details	if	the	desired	results	are	to	be	achieved.	
The	 following	 points	 have	 to	 be	 kept	 in	 mind	
during	the	installation	of	the	cookstove:
	 1.	 The	 smoke	 pipe	 should	 be	 of	 a	
length	between	8-12’.	 	A	 longer	and	wider	pipe	
would	result	in	greater	draft	and	quicker	burning	
of	fuel	and	hence	wastage	of	heat/fuel.	A	narrow	
or	 short	would	 result	 in	weak	draft,	 resulting	 in	
more	smoke	and	wastage	of	heat/fuel.
 

	 2.	 The	 height	 of	 the	 firebox	
should	be	just	adequate	(between	6”	and	7”)	
to	ensure	that	the	flames	touch	the	bottom	
of	 the	 utensil	 while	 providing	 adequate	
space	for	the	wood	to	burn	freely.	Also,	the	
height	of	the	firebox	should	be	suited	to	the	
size	of	the	fuel-sticks	to	be	used	as	well	as	
to	the	local	requirement	of	making	chapatis	
of	a	particular	size	etc.
	 3.	 The	top	2”	of	the	rim	of	each	
pot-hole	 is	 given	 a	 conical	 shape	 using	 a	
round	bottomed	utensil	of	a	size	just	larger	
than	the	pot-hole	to	ensure	that	it	is	able	to	
accommodate	utensils	of	various	sizes.
	 4.	 Using	 too	 big	 a	 utensil	 on	 a	
pot-hole	would	result	in	less	amount	of	heat	
transferred	 to	 its	 bottom	 and	 greater	 time	
taken	 for	 food	 to	get	cooked.	 In	 the	event	
that	 there	 is	 no	 other	 option	 but	 to	 use	 a	
larger-than-optimum	sized	utensil,	a	gap	is	
introduced	between	the	utensil	and	the	top	
of	the	cookstove	by	using	small	stones.	This	
would	allow	 the	flames	 to	 touch	a	greater	
surface	area	of	the	utensil	so	that	the	food	
gets	cooked	faster.
	 5.	 The	 inlet	 of	 the	 tunnel	
between	the	front	pot-hole	and	the	rear	pot-
hole	should	not	be	too	low	as	to	allow	most	
flames	 to	 be	 transmitted	 to	 the	 rear	 pot-
hole.	It	should	be	about	3”	above	the	floor	
of	the	firebox.
	 6.	 When	there	is	no	utensil	over	
the	rear	pot-hole,	it	should	be	covered	with	
a	fitting	plate/cover	 to	 force	all	smoke	 into	
the	chimney.
	 7.	 The	sides	of	 the	smoke	pipe	
often	 get	 filled	 with	 soot	 which	 has	 to	 be	
removed	 periodically.	 The	 bottom	 of	 the	
smoke	pipe	rests	upon	a	box	like	chamber	
that	can	be	opened	by	removing	the	stones	
that	form	its	side	to	facilitate	the	cleaning	of	
the	pipe.
	 8.	 The	cookstove	requires	a	thin	
layer	of	plaster	every	few	days	as	a	means	
of	repair	and	reinforcing	the	structure.	This	
can	be	easily	done	using	a	runny	emulsion	
made	of	mud	and	water.	
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 Modified Tandoor  

This	was	carried	out	 for	villages	 in	and	around	
Khokhan	 Sanctuary,	 Kullu	 district,	 Himachal	
Pradesh.	 The	 traditional	 tandoor	 has	 been	
replaced	 by	 the	 modified	 tandoor	 in	 select	
households	to	improve	its	efficiency	and	reduce	
fuelwood	usage	for	space	heating.	

Some	of	the	modifications	are
	 1)	 A	grate	has	been	introduced	which	
helps	in	combustion	and	leads	to	less	smoke.		
	 2)	 Removable	 ash	 tray	 has	 been	
installed	which	helps	to	take	ash	easily	from	the	
tandoor.
	 3)	 The	 improved	 tandoor	 has	 a	 two	
slide	system	which	provides	better	air	circulation	
and	makes	it	easy	to	start	the	fire	in	the	tandoor.

Efficiency Testing of FEDs

The	 most	 important	 aspect	 of	 fuel	 efficient	
devices	 is	 to	 ensure	 that	 they	 are	 efficient.	 In	
the	context	of	FEDs,	efficiency	means	the	ratio	
of	 the	 useful	work	 performed	 by	 a	machine	 or	
in	 a	 process	 to	 the	 total	 energy	 expended	 or	
heat	 taken	 in.	 Testing	 of	 an	 FED	 develops	 an	
understanding	 on	 how	 good	 or	 bad	 a	 stove	 is	
and	also	assess	what	 is	 the	deviation	 from	the	
performance	expected	or	committed.	

 The	testing	of	stoves	is	important	for	the	
following	reasons:

	 •	 Develops	a	better	understanding	
of	 the	 process	 of	 combustion,	 heat	 utilization	
and	operation
	 •	 Provides	 an	 opportunity	 to	
observe	 the	 reactions	 of	 the	 users	 and	 to	
assess	the	acceptability	of	the	stoves.
	 •	 Provides	 a	 basis	 for	 comparing	
different	stoves

There	 are	 two	 methods	 for	 assessing	 the	
performance	of	FEDs	at	the	field	level.	

a)	The	water	heating	test.	

	b)	The	specific	fuel	consumption	test.

The	 details	 of	 only	 the	 water	 boiling	 test	 are	
provided	below	as	this	was	followed	in	the	field	
and	the	training	for	the	same	was	also	provided.	
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Water heating test

Note:	This	test	is	different	from	the	standard	stove	
testing	methodology	of	BIS	which	is	very	rigorous.	
However	the	test	recommended	is	simpler	to	carry	
out	in	the	field	and	the	efficiency	numbers	would	
be	close	to	BIS	test	results.	(not	identical)

The	water	heating	 test	measures	 the	amount	of	
fuel	and	time	required	to	heat	a	weighed	quantity	
of	water	from	ambient	to	90	deg.	C.	

The	data	to	be	noted	when	carrying	out	this	test	
and	the	calculations	are	given	below.	
 
It	is	recommended	that	the	test	is	carried	out	for	
one	hour	which	is	the	standard	household	cooking	
time.	

Cover	 the	 vessels	 containing	 water	 with	 a	 lid	
during	the	experiment.

When	the	water	in	the	vessels	reaches	90	deg.	C	
one	should	exchange	vessels.	

The	 first	 vessel	 should	 be	 replaced	 by	 another	
weighed	vessel	+	water	and	so	on	for	the	duration	
of	the	test	which	would	be	for	one	hour.

DATA SHEET FOR WATER BOILING TEST

Vessel	1
Initial	weight	of	vessel	+	Lid:	 	 	
W1kgs
Wt.	of	vessel	+	water:	 	 	 	
w1kgs
Weight	of	water:	w	=	(w1	–	W1)	kgs

Vessel	2
Initial	weight	of	vessel:	W2kgs
Wt.	of	vessel	+	water:	w2kgs
Weight	of	water:	w	=	(w2	–	W2)	kgs

Initial	weight	of	firewood:	X1kgs

Initial	temperature	of	water	T1:	deg	C	

Experiment	started	at:	 									time
   
Temperature	profile

Experiment	stopped	at:	[time]
Duration	of	test:	[in	hours]
Final	temperature	of	water	in	vessel	1	T2:	[deg	
C]
Final	 temperature	of	water	 in	 last	 vessel	T3:	
[deg	C	]
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Final	weight	of	firewood	remaining:		 	
X2kgs
Weight	of	firewood	consumed:		 	 	
Xfuel	=	(X1	–	X2)	kgs

Hout=	[(n–1)	×	(W	×	Cv+	w	×	Cw)	×	(t2-t1)]	+	
[(W	×	Cv+	w	×	Cw)	×	(t3–t1)]

Hin=	(Xfuel×	Hfuel)	+	(Xk×	Hk)

Efficiency	η	=	100	×	Hout/Hin

Abbreviations used in the data sheet and for 
calculations

w	=	wt.	of	water	in	vessel,	in	kg.
W	=	wt.	of	vessel	with	lid	and	stirrer,	in	kg.
Xfuel=	wt.	of	solid	fuel	consumed,	in	kg
Hfuel=	calorific	value	of	wood	(or	solid	fuel),	
in	kJ/kg
Xk=	wt.	of	kerosene	used	for	ignition	(kg)
Hk=	calorific	value	of	kerosene,	in	kJ/kg
t1	=	initial	temperature	of	water	in	°C
t2	=	final	temperature	of	water	in	°C
t3	=	final	temperature	of	water	in	last	vessel	
at	the	completion	of	test	in	°C
n	=	total	no	vessel	used
Cw=	specific	heat	of	water	(=	4.12kJ/kg/°C)
Cv=	specific	heat	of	the	material	of	the	vessel	
(aluminium)	(=0.896kJ/kg/°C)
Hout=	heat	output	of	the	stove	(heat	utilized	
)	in	kJ
Hin=	heat	input	into	the	stove	(heat	produced)	
in	kJ
η	=	thermal	efficiency	in	percent

(Source: TIDE)
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