Performance analysis of Dhaba Size Improved
BiomassCook stove for Commercial Application as
Clean andEfficientCookingSolutions

Abstract

The current study evaluates the behaviour of
theDhaba-
sizecookstoveforcommercialapplicationsinrurala
rea.Further,thestudyfocuses on its impact on the
biomass saving andthe surrounding
environment. The Dhaba-
sizedcookstovesystemwasinstalledfortheexperim
entalinvestigationinR.S.GruhUdyog,Borsad,Ana
nd,Gujarat. Theresultsobtainedbasedonpre-
andpost-
installationofthesystem,thesystemwasassessedth
ecookingpattern, biomass and time consumption,
smokeemission,andsocio-
economiceffect.Duringtheexperiment,10batches
ofRicePapdiwerecookeduniformly. TheDhaba-
sizelmprovedBiomass Cook Stove(IBCS) is
used foronlyboiling water, and attaiscooked on
Traditionaltype of Cook stove. Initially, the
traditional typeof cook stove was used for water
boiling and
theotherforcookingofatta.Basedontheresultsforpr
e-installation and post-installation conditions,it
was found that wood consumption per day
wasreducedwiththereductionintime.Asperdiscuss
ion with the beneficiary, he is happy
withthedesign,efficiency, andperformance ofit.

Keywords:dhabasizecookstove,woodconsumptio
n,timesaving,papdi,pre-installation,post-
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Introduction:

Inindia,accordingtotheyear2011census,65

% of people live inruralareas
andstilldependonsolidbiomassfuelstomeettheiren
ergyneedsforcooking.Firewoodisthemainsourceo
fenergy for 2.7 billion people
worldwide,anditcan meet more than 90% of
household energyneeds for cooking and heating
purposes[1]-
[3].Solidfuelcombustioncanalsoleadtodeforestati
onandforestdestruction,with27-34
%ofglobalfirewoodharvestingbeingconsideredun
sustainable[4]-[7]. Traditionalbiomass
combustion contributes 34-45% of thewarming
caused by  black  carbon, according
torecentestimates.AccordingtotheGlobalBurdeno
fDisease2010evaluation,householdairpollution
caused by solid cooking fuels
causedapproximatelyl.04millionprematuredeath
sand

31.4milliondisability-
adjustedlifeyearsinindia[8], [9] accounting for
6% of the national burdenof disease. National
exposuremodels developedforsolidfuel-

usinghouseholdsestimatedailyaverage PM
2.5(particulate  matter less than  2.5lm
inaerodynamic  diameter)  exposures  of

337,204,and285lg/m*forwomen,men,andchildren
,respectively[10]-[12],farexceedingthe  current
WHO air quality guideline (WHO-AQG) values
(WHO 2006). Since dealing withsolid biofuel
for cooking is inconvenient, somepeopleprefer



electric cook stoves and LPG, but these are
morecostly alternatives [9], [11], [13]. The
penaltyareaoftheeffortistoassesstheacceptabilitya
ndefficacy of implementing better
cookstovesindevelopingcountrieslikelndiainaloc
allycustomized  manner[24].  This  study
investigatesthe suppressing the increased levels
of indoor airpollution(IAP)caused  dueto
biomassburning

intheruralhouseholdsof India[25][26].
1. ImprovedBiomassCookStove(IBCS):

Figure 1 and 2 shows the Dhaba type
improvedbiomasscookstovestoreducethedrudger
yofthepeopleinvolvedinDhabaorsmalleateries.Ru
ralresidents mostly used conventional-style C-
typecookstovesfordomestic useandDhaba-
sizecookstovesforcommercialorcommunity-
basedapplications [14]. Roadside Dhaba uses
wood
asacookingfuelincommercialapplications. Theset
ypes of cook stoves have a very low
efficiencyofabout10-
12%andproducealotofsmoke[15]-[17]. Cooking
with solid biomass fuel releasesdangerous gases
on alarge scale and has a
directimpac\tont ggr,gtz{génhouseeffectandcarbonem
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biomass cook stove for efficient and economic use
inSmall restaurants, Dhaba, and Nasta houses in
ruralareas. The criterialike daily fuel wood
consumption,woodsize,cookingtime,andashdisposalw
ereconsideredindesigningthecookstove.Forthedevelop
ment of the Dhaba size imp roved biomasscook stove,
in-house testing was carriedout, and theperformance
of  various parameter of  the Dhaba
sizeimprovedbiomasscookstovewasanalyzedbySPRE
RI,Anand.

2. SiteofExperiment:

First,TheDhabasizelBCShasheeninstalledat
R.S. GruhUdhyog (DhruviPapad) at
Borsad,AnandtoproducePAPDI,MATHIYA,and
SUVALI.R.S.GRUHUDHYOGiswell-
knowntoproduceadifferentflavourofPAPDI,MA
THIYA,SUVALI,andFARALI products.The
name of the product is DHRUVI,
differenttypesofPAPDIarethemainproducts,andot
hersareseasonalproducts.Averageproductionis15
0to200kg/day,andchanges
basedondemandthrough 15 labour employees.
The organizationcan supply its product to local
dealer as well asothercountries through
parcelservices.

3. MaterialandMethods:

FortheevaluationofDhabasizecookstovecollected
pre-installationandpost-installationdata for
impactanalysis at R.S. GruhUdyog,Vasna,
Borsad,Anand. To carry out an effectiveanalysis,
some of the key elements listed
belowwereassessedbasedonacomparisonofcollect
eddata.

a) Cookingpattern[20],

b) Biomassconsumption,

c) Smokeemission[18],

d) CycleTime

e) Socio-economiclmpact
Thetotal22productshavebeenmadelikeMathiya,S
uvali,Faralibasedonproductdemand.For cooking
of rice papdi, 10 kg of riceflour,500gm salt,
10gm soda are mixed and20litres
ofwaterisheatedatitsboilingpointthentransferred
to processing unit. The capacity ofutensilused
forboilingwateris100 litres.
a) Cooking pattern:

Papadi making process can be categorised
intothree parts: (i) Cooking atta, (ii) Papadi
makingunitand(iii)Packing.ltwasobservedthatfor
theattacookingprocess,duringpre-installation



survey, they used 2 nos. of Traditional type
ofCook stove (TC) was used. One (TC-1) is
usedfor boiling water and another one (TC-2) is
usedfor mixing masala and cooked rice atta.
Cookedatta is transfer to papdi making machine,
withhelp of papdi making machine papdi
preparedand dry it for 5 to 7 hours in open
sundry.

Forcontinuousprocess,biomassfeedingiscontinuo
uslyneededtomaintaintemperatureand 2 nos. of
labors were required for feedingbiomass and
supplying raw materials during thecooking
process and others are working in
papdiprocessing unit for operating machines and

otheroperations.
Transfercooke
Water Papdi =] d
boilingand [ Attamakin papdilaFtatoma
mixing gonTC-2

b)

Figure3. Cookingprocessfor
PAPDIproduction

After installation of dhaba size IBCS, total of
2nos. of cook stove is used, in which dhaba
sizelBCSisusedforboilingwaterandmixingmasala
sandTCisusedforcookingattaonly. Thewhole
cooking process must require
continuouscookingprocessofpapdiproductionism
entionedhere:

Biomassconsumption:Biomassconsumptionper
day is a very important parameter for thecooking
process. The papdi-making process is
acontinuousprocessandforthisobservedbiomassfe
eding in dhaba-size cookstove and traditional-
type cook stove for 10 batches of rice
papdiattacooking cycle. After installation of
dhaba
sizelBCS,thewholecookingprocessof10batchesis
donethrough2nos.ofthecookstove.Duringthisproc
ess,weobservedbiomassfeedinginthedhabasize
cookstoveandTC.

c) Smokeemission:Thelocationofthepapdicooking

unit  is

a

behind the beneficiary’s home
ndduetothecontinuouscookingprocess,smokeemiss

ionmayhaveharmfulgases.The

polluted local environment may have
dangerouseffectonlabours,familymembersandnei

ghbours. Smoke emission is based on
woodconsumptionperday.
d) Cycle Time: The papdi-making process is

acontinuousprocessandobservedthetimerequiredf
orlObatchesofricepapdimaking.Dhaba-size cook
stove is used for boiling waterduringthepost-
installationsurvey.Thetimerequiredforboilingwat
erinTCduringpre-installation is also observed and

it also effect
onthetemperaturerequiredforcooking.

e) Socio-economic Impact: This
GruhUdyoghas been started in  October
2017.Average

dailyproductionis150to200kgandalsoitdependson
demand. The quality ofall products isgood
andcertifiedbytheFoodandDrugControl Administr
ation, Guijarat. The owner can
facilitatecustomizedproductsbasedonthedemando
fcustomers.So,somefamousproductsaredemandin
ginothercountriesthroughparcelservices.Duringpi
ckseason(DiwaliandJanmashtami)Mathiya,Suvali
,Cholafali,etc.products are in high demand.
During pick season,dailyproductionisaround300-
350kg. Thestabilityanddurabilityofthecookstovear
eimportantforcontinuousandefficientoperation.

4. Analysis

Theperformanceevaluationofbiomasscookstovei
nvolvesmonitoringthevariousfactorsrelatedtoitsef
ficiency,gasemissions,safety,andoverall
effectiveness  [3], [15], [16],
[23].Performance analysis of Cook
involves
acombinationoflaboratorytesting,fieldtrials,andu
ser surveys. Governments, NGOs, and
researchinstitutionsmayconducttheseanalysestop
romotetheadoptionof
cleanerandmoreefficientcookingtechnologies,
particularlyinregionswheretraditionalstoves

[21]-
stove



contributetoindoorairpollutionanddeforestation.

Table 1. Depicts the monitored
parameterswhichreflect the enhanced
performance ofDhaba

sizeimprovedbiomasscookstove.Performancetest
ingofthenewlydesignedDhaba-
sizebiomasscookstovebasedonHigherefficiency
&loweremissioncomparedtotraditional CHULHA
S.

Multi-fuelacceptability.

Portable,safe,andconvenientforeaseofopera

tion.

Bettercontroloftheheat.

Easyashremoval whileinuse.

Table 1.Measured Performance
ParametersofDhaba-
sizelmprovedBiomassCookstove
Parameter| Burning | Thermal Power ({0
rate(kg | efficienc rating (9/Mad)
/h) y (%) (kW)
Onfield 3.9 31.7 6.75 0.0619
Conditions

5. ResultsandDiscussion

InitialassessmentofbehaviorandimpactofDhabasi
zelBCScomparedtoTC,wehaveemphasis initially
on five features as
mentionedearlier. ltsimpactisaccessedandfoundhi
ndrances while wusing dhaba size IBCS
whichmay affect directly and indirectly on the
cookingprocess and production rate.

A) CookingPattern:BasedonFig.1,thepapdi-
making process is in three parts as
discussedearlier.Duringthisprocess,
Inthecaseofthepre- installation process only
two nos. of TCis used and two no of labours
had worked formaterial supply and biomass
feeding in thecookstove.Inthecaseof post-
installationprocessalsotwonoofcookstovesha
veutilisedandonly  onelabouris  required
tosupplyrawmaterialsandsimultaneouslymain
taincontinuouslybiomassfeeding.

Due to this continuous process higher
temperatureismaintainedandatthetimeofmoredema
nd(pickseason)2nos.ofcookstovecanusetocookattaf
orfastprocess.

B) BiomassConsumption:Duringpre-
installation, 2 no of TC and long mixed
woodwere used for the cooking process. Long
mixwood is purchased at 40 X per 20 kg rate.
Duringl0 batches, wood consumption for
boiling waterwas 26kg and for cooking atta 54kg
of wood wasconsumed.Inthecaseofthepost-
installationcondition,traditionaltypeofcookstoveh
aveutilized for cooking and Dhaba size cook
stovewas used for water boiling.During 10
batches,wood consumption for boiling water was
12.5kg,andwoodconsumptionforTCwas35kg.Ov
erallwoodconsumptionforl0batchesofpapdimaki
ngmoreinthepre-
installationprocesscomparestopost-
installation.Aftertheinstallationofdhabasizecooks
tovewoodconsumption per day isless. Around
50% of
thewoodhadbeensavedforthel0batchesofboiling
water.Daily20batchesofpapdiattacookingand25k
gof woodsavingperday.Average 6750 kgof wood
saving per year. As
aresultofthecombustionefficiencywasimprovedb
y48%andannual2,70,000% savings,thisis
ahugeamountforabeneficiary.

C) Smoke emission: More smoke emission
inpre-installation conditions though 2 nos. of TC
isused. The localatmosphere ispolluted due
tosmokeemission,whichisharmfultofamilymemb
ers,laboursandchildren.Ashdepositiononwallsand
vesselsandtoughtoclean. Asdiscussed earlier,
while using dhaba size cookstove, biomass
consumption is less due to thecomplete
combustion of biomass. As a resultofthissmoke,
emissionsare less.The design
offorceddraftcookstovehastwotypesofairinletsint
heformsofholes:Primaryholeslocatedatthebottom
andsecondaryholeslocatedattheperipheryoftheinn
erbody.The



fan continuously supplies air to help with
thecombustionprocess.Duetothecompletecomb
ustion  process, less smoke emission
andmoreheatisproduced.Moreheatproducedcau
ses less time required for cooking and
woodconsumptionrate perday.

D) CycleTime:Duringthepre-
installationcondition,2nos.of TCwasused,andalo
ngmixof wood isused. The total time required
for 10batches is 215 minutes and the average
timerequired for one batch is 21.5 minutes.
AfterinstallationofdhabasizelBCS,thetimerequi
red for 10 batches is 146 minutes and
theaveragetimerequiredforonebatchisl14.6minut
es. Overall time saving for 10 batches
ofpapdimakingis69minutes.Basedonthecompar
ison of time required in pre-installationand
post-installation  conditions, average of
6.9minutes was saved per batch which reflects
thesignificant reduction of approximate 30%
timesaving. Daily production of papdi is 200
kg in20 nos. of batches. Overall, 69 minutes
can besaved and can be utilized for further
productionof40 kgof papdi.

E) Socio-economic Impact: R.S.
GruhUdyogis3 years old business in Vasna
area. Only thisGruhUdyoghave a machine
facility to makepapad and dry it open sundry.
The name of itsproduct is Dhruvipapad and
supply is based
ondemandinthemarketandseason. Thebeneficiar
y had used 2 no of traditional
typecookstovesforcookingpapdi.Butitstimecons
umingandemitsmoresmoke.Asperdiscussion
with the beneficiary, he thinks thatcomplete
combustion of biomass generates lesssmoke
andmore heat.Asresult,the overallefficiency of
boiling water is increases and lesswood
consumed. Beneficiary like the design
ofIBCSbecauseafanisforcedtocombustbiomass
competently. TheshapeofdhabhasizelBCS IS
cylindrical and at the bottom of IBCS,4 nos. of
primary holes and small holesareprovidedat the
top side of the periphery. As aresult of this
design, more heat
productionaswellasmoreheatstorageinsidetheco
okstove.Beneficiaryhasaschedulethatlasts

batchesofsabudanachakrimakingandprefertouse
stored boiled water (no need to
boilwaterseparately).UltimatelyBeneficiaryhas
promotedsavingoftimetoboilwater,savingofwoo
d (around 1.2 kg of biomass per batch forIBCS
and 2.4 kg per batch for TC, and savingof
money due to more heat storage capacity
ofIBCSin100literofwater.Allthefamilymembers
orbeneficiarieshaveinvolvedinpapdimakingpro
cess,includingMother,daughter,son, wife, and
around 10 nos. of labourers
fordailywages.Hiswifehasbeenhelpedwithcooki
ng papdi. After the adoption of dhaba
sizelBCS, his mother also helped in the
cookingprocessduetolesssmokeemission.Thelo
cationofthebeneficiaryhouse

isbesidecookingunit,Duetolesssmokeemission,i
ndoor air pollution
decreasedandtheworkingenvironmentbecamego
od.Alllabouresarehappilyandefficientlyworkin
cookingandprocessingunits.

Conclusions:

The conclusions that can be drawn from
thisstudyare:

1.

Dhabasizecookstovehasapositiveenvironment
al impact, whose significance
islimitedduetothelowdisseminationlevel,anda

beneficial socio-economicimpact.

. Thesocio-

economicimpactofthestoveisbeneficial ~ and
improves the localenvironmentandlifestyle.
This stove helps households to save time
(138minuteson averageper day).

Secondly, households purchasing 50 %
woodsavemoney.
Thirdly, a switch from the traditional to

theDhabasizecookstoveforboilingwatercontin
uously.
Smokeemissionreductionandindoorairpollutio
ndecrease,whichcanincreasethesafetyof
thekitchenenvironment.



7. In terms of future recommendations,
greaterdissemination of the Dhaba size cook
stoveshouldbepursuedwithcustomizedcontrib
ution(basedonthedemandforaccessories).
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