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Abstract. Being addressed in SDG Goals 11,12,13, and 14 (UNDP, Sustainable Development Goals,
2015),municipal solid waste management is now considered a global issue. There is a need to increase the efficiency
of
thecurrentMSWMsystemtomanagethegrowingamountofgeneratedwastewiththecurrentmanagementcapacity. Thepaper
investigates the resource consumption at various stages of the MSWM (especially for biodegradable waste)system
and identifies the value and value stream. The value stream is visualized by identifying the stages of MSWMpractices
(Nodes) and the value they add to the process. Furthermore, identified nodes that do not add any value
andconsumeresourcesareeliminatedtocreatea2-Nodemodelfroma4-nodeexisting

modeltoimprovetheefficiencyofthecompletemanagementprocess.
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Introduction

The increasing urbanization has posed several management challenges to all the urban local bodies,
andthedevelopingcountriesarestrugglingtoachievetheUNSDGs2030report(UNDP, TheSustainableDev
elopmentGoalsReport2020,2020). ThemanagementofMunicipalSolidWaste(MSW)isoneofthemajorch
allengesforurbanlocalbodies.Solidwastevolumesareincreasingdailywiththegrowingurbanpopulation,a
ndurbanlocalbodiesareconstantlystrugglingtoscaleupwiththeincreasingsolidwastegeneration(NITIAa
yog,2021).Thisscenarioisathreattoasustainablebuiltenvironment,andit is crucial to handle the waste
in a manner where it does not pose a threat to the sustainability of thebuilt

environment(Chadar&Keerti,2017)

Efforts tobring improvementin MunicipalSolid WasteManagement (MSWM) in India through policyto
design and innovation are in place. The lean approach helped to improve performance in
theautomobile to construction sectors; in MSWM too researchers are exploring the same
applicabilityusing research techniques like multi-criteria decision-making, indicator-based

performance mapping,andcase-studymethods.

The value stream mapping (VSM) is one of the stages in lean approach which includes set of all
thespecific actions required to bring a specific product (whether a good, a service, or, increasingly,
acombination of the two) through the three critical management tasks of any business: the problem-
solving task, which runs from concept to detailed design and engineering to product launch,
theinformation management task, which runs from order-taking to inventory management and the
physicaltransformation task proceeding from raw material to a finished product in the hands of the
customer(Womacké&Jones,1996,2003).Thisvalue-

streamismaintainedbycreatingflowwithintheprocess.

This paper investigates the applicability of the lean approach in MSWM practices, such as value
streammapping (VSM) and appropriate value-added interventions for improving the flow of bio-
degradablewaste(baW).Thepaperreviewsdatafrom28municipalcities(Biswas,etal.,202 1 )andcomparest
hepresent 4-Node system (Fig.1) to a proposed 2-Node system (Fig. 3) through value stream
mapping(VSM).

TheVSMtechniqueidentifiesprocessescarriedoutatspecifiednodesthataddvaluetotheprocessofMSWM.
The value addition at specified nodes are analysed, and the nodes that do not add any
valuebutconsumeresourcesaresuggestedtobeeliminatedfromthesystemtoreduceresourceexpensesandin

crease thehandlingcapacityofmunicipalbodies.

Eliminating processes that are consuming resources and not adding any value will provide
betteropportunity and resources for the processes that add value. Additionally, with reduced

resourceconsumption,theULBscanmanagemoreM S Wundertheirlimitedresource.
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Figurel:Current(4-Node)flowprocessforMSWM

Methodology

Data from 28 municipal cities from India are sourced from secondary source (Biswas, et al.,
2021).CommondataareextractedtoanalysethegenerationtodisposalpatternofMSW.Relativevaluesfortot
al waste and corresponding bgW for city groups are presented with graph plotting to identify the
shareofbyWintotalwaste(Figl).Furthermore,Populationrange-wisegenerationofbyWandtheshareofbdW
in total generated waste is analysed, which identified importance of creating flow in the bqW

valuestreamandtheeffectivenessof2-nodedecentralizedsystemforefficientbyWmanagement.

Value stream exploration for better-performing eight selected cities is investigated further; the
valuestream for byW vs total municipal waste is mapped for comparison. The flow process in
baWmanagementofbest-

performingcitiesisreviewed,andlessonsarelearnedintheformofinterventionbasket.

ResultsandDiscussion

L ComparativeanalysisfortotalMSWgenerationtoBiodegradableWastegeneration.

The calculated mean value of total generated waste is 711.4 TPD and that of bsW is 372.3 TPD
(Biswas,et al., 2021). Apart from some cases, a higher share of byW in total waste, approximately
60%,
isobservedforcitieshavingahigherpopulationrange(Morethanfivelakhs)(Fig.2). Astheamountandcontri
butionofbsWintotal MSW generationincreases,theresourcesusedby UL Bsforhandlingandmanagement
of the same increases in a similar manner. It becomes critical in such cases to use
theresourcesjudiciouslytomaketheprocessefficientandsustainable. ThestagesintheSWMsystemthatadds
actualvaluetowardstheSWMprocessexistsatNodelandNode3,Node2andNode4onotherhandsthatinclu
destransportationanddisposal,notaddinganytruevaluetothebs Wmanagementandthereisalsoscopeforeli

minatingthesenodeswhichwillbediscussedinnextsection.
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Figure2:TotalgeneratedMSWtoBiodegradablewaste
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Tablel:Reviewtableforselectedeightbest-performingcities(Biswas,etal.,2021).

S.No | City— Amountof Approach LessonLearnt
ManagingBody baW (% towardsbetterMS
oftotalMS WM
W)
1. Bobbili— 34 Promoting on- Combination of
BobbiliMunicipa sitecomposting,D centralizedand
Icorporation ecentralised decentralizedcompostingfo
composting refficient
management
2. | Mysuru— 55 Decentralized Zero- Zone-wise,
MysuruCityCorp waste DecentralisedProcessing
oration managementunits providesefficiency,convenie
nce,and
accessibility.
3. Vengurla — 82 IncentivesforOn- Providing
Vengurla siteprocessing incentivesencourages on-
MunicipalCouncil siteprocessing,moreefficientf
or
bulkwastegenerators.

4. Vijayawada 59.47 On-Site Promoting on-
Composting,commu sitecomposting increases
nitykitchen theefficiencyofthesysteman

d
benefitsthecommunity.

5. Panchgani 75 Combination Combination of
ofcentralized centralizedand
anddecentraliz decentralizedcompostingfo
ed refficient
processing management

6. Paradeep 56 Introducing Localself-
Localwomenself- helpgroupshelpefficientan
help ddecentralized
groups processing,createawareness

7. Thiruvananthapuram | 67 Community Providing subsidies
MCF,Source- forsettingupon-
leveltreatment,40%on | sitecompostingand
-siteprocessing methanation

facilitiesencouragespeoplefo
ron-site
D treatment.

N &
ragciNo. D




Journal of Vibration Engineering(1004-4523) || Volume 23 Issue 6 2023 || www.jove.science

8. Alappuzha 74 Community Communityinvolvement

involvement promoteson-siteprocessing
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IR FlowAnalysisofbestperformingcities

The flow analysis of best performing cities (specifically in byW management) has reflected
thedecentralizedmanagementofbsWasacommonfactoroftheirsuccess(Table1). Theexampleslistedinthet
ablecollectsthebyWanddecomposesthemlocallyorpromotesonsiteprocessing. Thesuccessof these
examples creates a scope to manage the byW through on-site processing or decentralisedprocessing

which will be and efficient and sustainable to manage by implementing 2 Nodes (Fig.3)only.

Boththesefindingsprovidedtheopportunitytoproposea2-Nodeflow(Fig.3)insteadoftheexistingfour
node-system (Fig 1). Limiting the flow in two nodes shows significant value addition and
lesserresourceconsumption.Itmakestheprocessconvenientandefficient,asexperiencedintheabovebest-
performingcities. Thereplicationofthesamewithaviewofeliminating4nodesintoa2-
Nodesystemcouldbetheguidingprocessformanagingbodies.ItwillhelpvisualizetheMSWMfromaperspe

ctiveofValueadditionandresourceconsumptionwithinthesystem.

N 1 N 2
Generation Complete
Sourct.e processing of
segregation biodegradable
Processing waste
Collection

Figure3:2-NodebdWmanagement

Conclusion
Waste is an inherent result of economic activity, like any metabolic system. (Ludwig, Hellweg,
&Stucki,2003).ThepaperemphasizeslookingatMS WM fromthevalueandValuestreammanagementpersp

ectiveandimplementinganeconomicmodelforSWM(especiallyforbyWmanagement).

Theleanvalue-additiontotheFlowthroughimprovisingfournode-systemtoa2-

nodesystembringsseveraladvantages.

a) DecentralizedlocalbyWmanagement.

b) reducedtransportation(costsavingsandlowerenvironmentalimpact)

¢) reducedthetimegapbetweengenerationandprocessing.

d) Thesurroundingenvironmentisbetterandpleasant,limitingthereleaseofCH4 whichisaGHG.

e) Localprocessingleadingtoasenseofcompetitionamongneighboringlocalities.
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f) Locallivelihoods.
g) Incentivesandsubsidyschemespromoting decentralized managementcan

createsustainableMSWMsystem.
Abasketofinterventionsisproposedtotransformthe4-nodesystemintoa2-nodesystembothatNode 1andNode2.

a) ProvidingPerformance-basedrewards.

b) Linkingbulkwastegeneratorswiththelocalpeople.
¢c) Zone-wiseprocessingunits.

d) Establishingon-sitesubsidizedprocessingunits

e) Promotinglocalself-helpgroups.

f) Continuousawarenessprograms.

Eliminating processes that are consuming resources but not adding value to the system will improve

thesystem'sefficiency,andthe2-nodemodelcouldbetheguidingway.

EliminatingthegeneratedbsWatnode2willprovidebetteropportunitiesandresourcesformanagingwastefr

omothercategoriesandreducetheimpactofbgWonlocalsurroundingsandtheenvironment.

Originality/Value

Based on secondary source- data, value stream mapping on MSWM for Indian cities is
uniquelyconducted.Decentralized2-Nodebiodegradablewastemanagementis proposedfollowing lean-
approach based value-stream mapping and creating Flow through intervention baskets. This can
bereplicated in other municipal areas to strengthen the flow and make India “Swatch Bharat” and

theSDGs.
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