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Thegovernments,businessfirms,policymakers,advocacygroups,andeventhepublicrecentlyarehotly
debatingontheissuesofenvironmentallyfriendlypractices.Inthiscontext,beingapartof‘goinggreen’,
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ofgreenbankinginitiativesofbanksandalsoanalyzesthefactorsthatinfluencesuchpracticesofthe
customers.Usinga structuredquestionnaire, theprimarydatawerecollected from403commercial
banksofKathmanduvalley,Nepal.Theawarenessindexwasprepared,andthebinarylogitmodelwas
appliedfortheeconometricanalysis.Thisstudyobservedthatthecustomersarepositivetowardsthe
environmentallyfriendlypracticesofbanksandreadytoadoptthegreenbankingpractices.Theresearch
impliesthatinordertopromoteenvironmentalsustainability,banksandfinancialinstitutionsshouldbe
abletoeducatethecustomersaboutgreenbankingpracticesandtheirbenefits.
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Renewableenergysourcesarecleanenergysourcesthatmeettheenergyneedsinasustainableway.
Therefore,itisnecessarytoinvestinrenewableenergysources.However,therearesomedifficulties
inrenewableenergyinvestments.Ithasproblemssuchashighinitialinstallationcost,underdeveloped
technological infrastructure, and insufficient financial support. Several financial products are being
developedinordertoovercomethementioneddifficulties.Inthiscontext,thepurposeofthisstudyis
toexplaintheroleofgreensukukinthefinancingofrenewableenergyinvestments.Dependingonthis
purpose,thestudyhasbeenexaminedwithaliteraturereview.Theproductionofrenewableenergysources
canbeencouragedwithgreensukuk.However,greensukukisanadvantageforIslamiccompaniesthat
wanttorealizeenvironmentalprojects.Ontheotherhand,itofferstheopportunitytotheenvironmentally
friendlyIslamicinvestorstoevaluatetheirsavings.

Chapter 4
FinancingSustainableDevelopmentinanEmergingEconomy:ThePrivatePensionSystemin
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Fatih Kayhan, Kırklareli University, Turkey

ThepurposeofthischapteristoreviewtheTurkishprivatepensionsystemasakeydeterminantof
sustainabledevelopmentofthecountry.Theprivatepensionsystemisofgreatsignificanceinorderto
promotesustainabledevelopment.Thisisattributabletothefactthathighleveloftotalsavingswhich
aresecuredthroughindividualsavingsareconducivetoinvestmentsandinturnfinancessustainable
developmentandgrowth.Turkey,asanemergingeconomy,isconsideredtobeoneofthoseeconomies
withlowleveloftotalsavings.Inanefforttodealwiththisissue,governmentspaidattentiontoan
increasinglevelofsavingsofhouseholds.Individualretirementsystem(privatepensionsystem)isdevised
soastoincreasesavingsandtofundinvestmentswithnationalsources.Therefore,itissafelyargued
thattheveryrationalebehindtheintroductionofprivatepensionsystemisassociateddirectlywiththe
aimofincreasingtotalsavingsintheeconomyandensuringsustainabledevelopment.
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of a holistic model for the transformation of agricultural holdings, aimed at the implementation of
sustainableagrotechnology.TheThirdGreenRevolution,itsantecedents,orientations,andpurposes,
aswellastheconceptandfunctionalaspectsofsustainablefoodsystemsareanalysed.Finally,amodel
oftransformationofagriculturalholdingstowardstheimplementationofSustainableAgriculture4.0
isproposed,aswellasagenericmethodologyapplicabletospecificprojectslocatedinspecificareas,
throughformulaforchangeandcost-benefitanalysis.
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Sustainable production and consumptionof food are vital for sustainable development.About one-
thirdofallfoodproducedforhumansareeitherlostorwastedcausingincreasedfoodinsecurityand
immenseeconomicandsocialcosts.Inaworldwherefaminehasbeenanalarmingissue,anyaction
toreducefoodlossandwaste(FLW)iscrucial.Thischapterreviews,fromasustainablesupplychain
perspective,theextantliteratureonfoodsupplychainsanddiscussesFLWissues,especiallywithinthe
contextofsustainableconsumptionoffruitsandvegetables.Aframeworkforsustainablefoodsupply
chains(SFSCs)frombothproductionandconsumptionendsarediscussed.Indoingso,suchcurrent
disruptiveintelligenttechnologiesasblockchainandtheinternetofthingsareemphasizedaspotential
enablersforSFSCs.Mainlydrivenbyconsumers’awarenessofthepressingissuesintheworldand
consumptionbehaviour,mitigatingFLWinSFSCswouldnotonlyresultinefficientlandandwateruse
butalsopositivelyimpactclimatechangeandlivelihoodstowardssustainabledevelopment.
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Theimplementationofurbangardens,whichareincreasinglyappearingincities,aimstorespondactively
tothegrowingdemandforurbanspacesfortheinstallationofurbangardens,creatingconditionsforthe
practiceofsustainableagricultureinanurbancontext.Throughtheseinitiatives,itisintendedtoensure
thattheneedsofthepopulationaremetandtomaximizethebenefitsarisingfromthepracticeofurban
agriculture,bothfortheenvironmentandforpeople’squalityoflife.Technologyisafacilitatingelement
intheprocessofacquiringandmaintainingtheseurbangardens.Thischapterpresentsanappthatcan
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entrepreneurship,andinnovation)onregionalcompetitiveness,aswellastoproposefutureactivities
and measures required to be implemented to improve the competitive performance of the regions.
Theresearchwasconductedonthesampleof18regionsinsixEuropeancountries:Serbia,Croatia,
Slovenia,NorthernMacedonia,Montenegro,andRomania.Thedatabasewasprepared,andthestatistical
processingwasperformedinSPSS.Inthisdataanalysis,thefollowingmethodswereused:comparative
analysis,correlation,andregressionanalysis.Theresultsoftheresearchshowedthattheimpactofthe
determinants—importdependence,thenumberofpupilsenrolledinsecondaryeducation,grossdomestic
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Theaimofthechapteristopointtheimportanceofeco-innovationandITtechnologiesforthesustainable
developmentofhealthandrecreationaltourisminSerbia.Thesubjectoftheresearchistherehabilitation
centerinEasternSerbia.Themainideaofthechapteristoshowhowthosehospitalinstitutionsuse
artificialintelligence-ITtechnologiesforimprovingrecoveryservicestopatientsinthepost-COVID
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condition.Thechapterwilldiscussthemostcommontypesofsupportandmeasurestofacilitatethe
functioning of eco-tourism in Serbia with the aim to adopt good practices of developed countries
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thechapteristopointtonewstrategiesinspatourism,toshortenthetimeandreducebusinesscosts.
Thiswouldcontributetothesustainabilityoftourism.

Chapter 11
WhatDrivesEco-DesignInnovationsinEuropeanSMEs?................................................................ 191

Gamze Ozturk Danisman, Kadir Has University, Turkey

Buildingonthenatural-resource-basedview,andusingasampleof7,165EuropeanSMEs,thischapter
investigatesthedriversofeco-designinnovationsamongSMEsunderthreecategories:(1)sustainability-
orientedfirmcapabilities,(2)technologicalcapabilities,and(3)accesstofinance.Thefindingsrevealthat
sustainability-orientedcapabilitiesachievedthroughinvestmentsintocirculareconomyarethestrongest
driverofSMEs’eco-designinnovations.Firms’technologicalcapabilitiesarealsofoundtoboosttheir
abilitytoadopteco-designinnovations.WhileequityfinanceincreasesthepossibilitiesforSMEsto
devoteresourcestoeco-design,grantfinanceisinterestinglyobservedtodecreasesuchpossibilities.The
moretraditionallyusedformofdebtfinanceremainsdetachedfromeco-designimplementations.The
studycontributestoabetterunderstandingofhoweco-designpracticescanbebroadenedwithinSMEs
andhighlightspolicyrecommendationsinthisregard.

Chapter 12
InvestigationofGreenCriteriaWithClusteringAnalysisinGreenSupplierSelection..................... 207

Mehmet Ali Taş, Turkish-German University, Turkey
Serap Akcan, Tarsus University, Turkey

Greensupplierselectionhasacrucialimportanceforbusinesses.Inthepast,theselectionofsuppliers
wassolelybasedonconventionalcriteriasuchascost,quality,andflexibilitywhereasexpectationsof
businessestransformedintoday’sworldongroundsofraisedenvironmentalawareness,publicpressure,
andregulations.Alternativescalledgreensupplierssensitivetotheenvironment,preservingtheecological
balance,managingwastes,andpreventingpollutionincreasedinvalue.Thisstudyanalyzespracticeson
theselectionofgreensuppliers.Thearticlesbetween2014and2021wereanalyzedfromtheperspective
ofgreencriteria.Thegreencriteriainthe50articlesdeterminedaredividedinto28groups.Withthe
k-meansalgorithm,thesecriteriagroupsaredividedintofourclusters,whichwasaimedtoanalyzethe
usagefrequencyofgreencriteria.Thisstudyisintendedtocontributetogreensupplierselectionpractices
inacademiaandindustryinthefuture.

Chapter 13
ApplicationofFuzzyTopsisandTaguchiMethodsforOptimizationProblemsWithDisruptive
Risk:ASystematicReview................................................................................................................. 229

Tamer Aksoy, Ibn Haldun University, Turkey
Gencay Karakaya, Istanbul Commerce University, Turkey
Shahryar Ghorbani, Sakarya University, Turkey

Rankingandchoosingresearchprojectsandanalyzingexperimentsareusuallydifficultandcomplex
responsibilitiesforprofessionalresearchcouncilsatuniversitiesandresearchcenters.Itscomplexitystems
fromhavingmorethanonevariableineachproject,andtheparticipationofmanydecision-makersinthe

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use





rankingprocessandselectionofresearchprojectsbasedonmanyvariables.Thefuzzysettheoryprovides
therequiredflexibilitytoshowtheuncertaintyaboutthelackofknowledge,andalsoitcanmanage
theuncertaintyintherealworldthatthevaluesofcriteriaarenotdefinedproperly.Forthispurpose,in
theenvironmentwherethecriteriaofresearchprojectsarevaguelydefined,therankingmethodssuch
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Preface



Disruptivetechnologieshavedramaticallyalteredthewaytraditionalbusinessesoperateandhavebeen
studiedinthelasttwodecadesineverysector.Disruptivetechnologiesarealsoveryimportantfrom
thepointofviewofsustainabledevelopment.Thesetechnologiescancausesignificantgreenhousegas
reductionsandotherbenefitsintermsoflogisticsandsmartcities.Thisbookwillexplorethisvery
importantconceptasitrelatestoalltherelevantindustries.Thisbookoffersresearchcontributions,
constructivedebates,andinvestigationsonnewlegislationondisruptivetechnologies,green(sustain-
able)ITandprocesses,Industry4.0,healthcareinformaticsandapplicationsintermsofenvironmental,
defenseandsocialissuesforboththemanufacturingandserviceindustries.

Disruptive Technologies and Eco-Innovation for Sustainable Development providesmanagers,acade-
micians,scientists,andresearchersinvariousgovernment,public,andprivatesectorsanin-depthlook
intonewtechniques,strategies,andtechnologiesforachievingenvironmentalsustainabilitythroughbest
businessandtechnologypractices.Thebookcoverstopicalissuesincludingsustainablestrategyand
innovation,advancedtechnologiesrelatedtothe4thIndustryRevolution,greendigitalization,sustain-
ableassetmanagement(ILS,operationandmaintenance,reliability,lifecycleetc.),energyanddefense
efficientsystems,greenandsustainabletransformation,aswellasothertopicslikeproductusability,
reverseandclosedloopsupplychain,environmentalissues(carbonfootprints,globalwarming,recycling
andreusesystems,appliedergonomics,climatechange),andallthosetopicsrelatedtologic,philosophy
andhistoryofscienceandtechnologyfromthegreen/sustainablepointofview.

Themanyacademicareascoveredinthispublicationinclude:

• Disruptivelogistics,
• GreenIT,
• Reverselogistics,
• Industry4.0,
• Greenlogistics,
• SCORmodel,
• Sustainablefarming,
• Informationsystems,
• Greenenergy,
• Sustainableenergy,
• Carbonemissions,
• Robots,
• Sustainablecities,

xv

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use



Preface

• Smartcities
• DigitalTransformation
• E-Commerce
• GreenSupplyChains
• LifeCycleCosting
• Multi-CriteriaDecisionMaking
• QualityManagement
• RenewableEnergySources

IamveryhappytofinalizetheninthbookprojectIrealizedwithIGIGlobal.Igavethefirstbook
proposaltoIGIGlobalinthesummerof2013.Thisfirstbookwasfinalizedtowardsfall2014andpub-
lishedashardcopyinJanuary2015.Thispublicationincluded28contributions.Ithasbeennearlysix
yearssincetherelease.LateritalsoenjoyedWebofScienceindexation.Sustainabledevelopmentover
theyearshasenjoyedevermoreattentionintheacademiccommunity.AsaresultIdecidedtopursue
otherbookprojectswithsimilartitles.Thislastbookcontains15valuablecontributionsfromeminent
authorsfromninedifferentcountries.ThecountriesincludeTurkey,Canada,Pakistan,Nepal,Spain,
Portugal,RepublicofSerbia,MexicoandVietnam.

Chapter1startsthediscussionwithanexcellentanalyticalpaperentitled“DevelopmentsinFinancial
TechnologiesforachievingSustainableDevelopmentGoals(SDGs):FinTechandSDGs”.TheSustain-
ableDevelopmentGoals(SDGs)canbeseenasthecriticalgoalforeverycountryintheworld.Inthis
vein,astableglobalfinancialsystemisneededthesedaystosatisfyitsdutytoboosttheprivatecapital
mobilisationtoachievesustainabledevelopmentandsteadyeconomicgrowth.Nevertheless,several
obstacleslimitingsuchfinancialmobilisationhavebeenidentifiedbyscholars,practitionersandstandard
setters.Recently,digitaltransformationandadvancement,specificallyinthefinancesector,includea
widerangeoftechnologicaldevelopments,andapplicationssuchasblockchain,internetofthings,big
data,artificialintelligencearepromisedtoenhanceperformanceinthefinancialsector.Thepotential
ofdigitalapplicationsinthefinancesectortoresolvecriticalobstaclesinfinancingforinclusiveand
sustainablegrowthbecomesevident.Thischapteraimstoprovideasummaryandadetaileddiscussion
ofthelatestdevelopmentsinfinancialtechnologiesthatbothfacilitatetheSDGsandalsocontributeto
futuresustainableinternationalbusiness.

Chapter2isabout“CustomerPerceptionandAwarenessonGreenBankingPractices:AnAlternative
StrategyonEnvironmentalSustainability”.Thegovernments,businessfirms,policymakers,advocacy
groupsandeventhepublicrecentlyarehotlydebatingontheissuesofenvironmentallyfriendlyprac-
tices.Inthiscontext,beingapartof‘goinggreen’,GreenBankingwhichplaysanimportantrolein
environmentalsustainabilityhasbeenabuzzwordintheglobalbakingindustry.Thisstudyidentifies
howthecustomersperceivetheemergingconceptofgreenbankinginitiativesofbanksandalsoanalyzes
thefactorsthatinfluencesuchpracticesofthecustomers.Usingastructuredquestionnaire,theprimary
datawerecollectedfrom403commercialbanksofKathmanduvalley,Nepal.Theawarenessindexwas
preparedandthebinarylogitmodelisappliedfortheeconometricanalysis.Thisstudyobservedthat
thecustomersarepositivetowardstheenvironmentallyfriendlypracticesofbanksandreadytoadopt
thegreenbankingpractices.Theresearchimpliesthatinordertopromoteenvironmentalsustainability,
banksandfinancialinstitutionsshouldbeabletoeducatethecustomersaboutgreenbankingpractices
andtheirbenefits.

xvi
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Chapter3investigates“TheRoleofGreenSukukforSustainableEnergyProduction”.Renewable
energysourcesareacleanenergysourcethatmeetstheenergyneedsinasustainableway.Therefore,
itisnecessarytoinvestinrenewableenergysources.However,therearesomedifficultiesinrenewable
energyinvestments.Ithasproblemssuchashighinitialinstallationcost,underdevelopedtechnologi-
calinfrastructure,andinsufficientfinancialsupport.Severalfinancialproductsarebeingdevelopedin
ordertoovercomethementioneddifficulties.Inthiscontext,thepurposeofthisstudyistoexplainthe
roleofgreensukukinthefinancingofrenewableenergyinvestments.Dependingonthispurpose,the
studyhasbeenexaminedwithaliteraturereview.Theproductionofrenewableenergysourcescanbe
encouragedwithgreensukuk.However,greensukukisanadvantageforIslamiccompaniesthatwantto
realizeenvironmentalprojects.Ontheotherhand,itofferstheopportunitytotheenvironment-friendly
Islamicinvestorstoevaluatetheirsavings.

Chapter4isadiscussionon“FinancingSustainableDevelopmentinanEmergingEconomy:Private
PensionSysteminTurkey”.ThepurposeothischapteristoreviewTurkishPrivatePensionSystemas
akeydeterminantofsustainabledevelopmentofthecountry.Privatepensionsystemisofgreatsignifi-
canceinordertopromotesustainabledevelopment.Thisisattributabletothefactthathighleveloftotal
savingswhicharesecuredthroughindividualsavingsareconducivetoinvestmentsandinturnfinances
sustainabledevelopmentandgrowth.Turkey,asanemergingeconomy,isconsideredtobeoneofthose
economieswithlowleveloftotalsavings.Inanefforttodealwiththisissue,governmentspaidattention
toincreasinglevelofsavingsofhouseholds.Individualretirementsystem(privatepensionsystem)is
devisedsoastoincreasesavingsandtofundinvestmentswithnationalsources.Therefore,itissafely
arguedthattheveryrationalebehindtheintroductionofprivatepensionsystemisassociateddirectly
withtheaimofincreasingtotalsavingsintheeconomyandensuringsustainabledevelopment.

Chapter5 focuseson“Agriculture4.0 foraSustainableFoodSystem:AHolisticModel for the
TransformationofFarmsTowardsaSustainablePrecisionAgriculture”.Thischapteraimstoanalyse
the concept and implementation strategiesofAgriculture4.0within the frameworkof the studyof
disruptivetechnologiesandeco-innovation,whichallowsfacingtheneedsderivedfromasustainable
foodsystem.Todothis,itstrategicallyreflectsonthedesignrequirementsofaholisticmodelforthe
transformationofagriculturalholdings,aimedattheimplementationofsustainableagrotechnology’s.
TheThirdGreenRevolution, itsantecedents,orientations,andpurposes,aswellas theconceptand
functionalaspectsofsustainablefoodsystemsareanalysed.Finally,amodeloftransformationofag-
riculturalholdingstowardstheimplementationofSustainableAgriculture4.0isproposed,aswellas
agenericmethodologyapplicabletospecificprojectslocatedinspecificareas,throughFormulafor
ChangeandCost-BenefitAnalysis.

Chapter6isanotherlookattheimportanceofFoodLossandWaste.Sustainableproductionand
consumptionoffoodarevitalforsustainabledevelopment.Aboutone-thirdofallfoodproducedforhu-
mansiseitherlostorwastedcausingincreasedfoodinsecurityandimmenseeconomicandsocialcosts.
Inaworldwherefaminehasbeenanalarmingissue,anyactiontoreducefoodlossandwaste(FLW)is
crucial.Thischapterreviews,fromasustainablesupplychainperspective,theextantliteratureonfood
supplychainsanddiscussesFLWissues,especiallywithinthecontextofsustainableconsumptionof
fruitsandvegetables.Aframeworkforsustainablefoodsupplychains(SFSCs)frombothproduction
andconsumptionendsarediscussed.Indoingso,suchcurrentdisruptiveintelligenttechnologiesas
blockchainandtheinternetofthingsareemphasizedaspotentialenablersforSFSCs.Mainlydrivenby
consumers’awarenessofthepressingissuesintheworldandconsumptionbehaviour,mitigatingFLW
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inSFSCswouldnotonlyresultinefficientlandandwaterusebutalsopositivelyimpactsclimatechange
andlivelihoodstowardssustainabledevelopment.

Chapter7examinestheconceptofManagingaMunicipalUrbanGarden.Theimplementationof
urbangardens,whichareincreasinglyappearingincities,aimstorespondactivelytothegrowingdemand
forurbanspacesfortheinstallationofurbangardens,creatingconditionsforthepracticeofsustainable
agricultureinanurbancontext.Throughtheseinitiatives,itisintendedtoensurethattheneedsofthe
populationaremetandtomaximizethebenefitsarisingfromthepracticeofurbanagriculture,bothfor
theenvironmentandforpeople’squalityoflife.Technologyisafacilitatingelementintheprocessof
acquiringandmaintainingtheseurbangardens.Thischapterpresentsanappthatcanbeusedbyfarm-
erstomanagetheproductionofconsumergoodsinthisspace,providinginformationaboutthestatus
ofcrops,productstobegrown,andtypesofrequiredmaintenance.Thisappsimplifiestheproduction
processandalsoincreasesthesustainabilityofagricultureactivitiesconsideringtheeconomic,social,
andlogisticaldimensions.

Chapter8focusesonacomprehensiveentrepreneurshipmodelfortheinternationalizationofgreen
innovationbusiness.Theobjectiveofthispaperistoanalyzethefunctioningofanintegralmodelof
entrepreneurshipingreeninnovationbusiness(GIB)thatiscurrentlyemergingandintheprocessof
internationalization.Therefore,thisworkaimstostudythecentralperspectivesoftechnologythatare
basedonthephenomenonofentrepreneurshipandthusdevelopastrategythatadaptstocompanieswith
anecologicalbasistoachieveinternationalization.Thisarticleanalyzesaparticularcompany,which
specializesinecologicalbiomineralorganicfertilizer,wherenochemicalproductisusedtoproduce
thecomposition,everythingthatismarketedismadeupofabaseoforganicmineralsandotherorganic
compounds.

Chapter9illustratesthenotionof“RegionalCompetitiveness:TheoreticalandEmpiricalAspect”.
Theaimofthepaperwastomodeltheimpactofselecteddeterminants(tradeopenness,humancapital,
entrepreneurshipandinnovation)onregionalcompetitiveness,aswellastoproposefutureactivities
andmeasuresrequiredtobeimplementedtoimprovethecompetitiveperformanceoftheregions.The
researchwasconductedonthesampleof18regionsinsixEuropeancountries:Serbia,Croatia,Slovenia,
NorthernMacedonia,MontenegroandRomania.Thedatabasewaspreparedandthestatisticalprocessing
wasperformedinSPSS.Inthisdataanalysis,thefollowingmethodswereused:comparativeanalysis,
correlationandregressionanalysis.Theresultsoftheresearchshowedthattheimpactofthedetermi-
nants:ImportDependence,TheNumberofPupilsEnrolledinSecondaryEducation,GrossDomestic
ExpenditureonResearchandDevelopmentandTheNumberofCompaniesper10,000inhabitantson
thecompetitivenessoftheregion(statistically)significant.

Chapter10isastudyon“Eco-InnovationandITTechnologiesforSustainableDevelopmentofHealth
andRecreationalTourismofSerbia”.Theaimofthechapteristopointtheimportanceofeco-innovation
andITtechnologiesforthesustainabledevelopmentofhealthandrecreationaltourisminSerbia.The
subjectoftheresearchistherehabilitationcenterinEasternSerbia.Themainideaofthepaperisto
showhowthosehospitalinstitutions,useartificialintelligence-ITtechnologiesforimprovingrecovery
servicestopatientsinthepost-COVIDcondition.Thechapterwilldiscussthemostcommontypesof
supportandmeasurestofacilitatethefunctioningofeco-tourisminSerbiawiththeaimtowiththeaim
toadoptgoodpracticesofdevelopedcountries(Hungary).Ecologicaltourismtakesplaceinareasof
pureandpreservednature.Thecontributionofthepaperistopointtonewstrategiesinspatourism,
toshortenthetimeandreducebusinesscosts.Thiswouldcontributetothesustainabilityoftourism.
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Chapter11providesexamplesonthedriversofeco-designinnovationsinEuropeanSMEs?Building
onthenatural-resource-basedview,andusingasampleof7,165EuropeanSMEs,thispaperinvestigates
thedriversofeco-designinnovationsamongSMEsunderthreecategories:(1)sustainability-oriented
firm capabilities, (2) technological capabilities and (3) access to finance. The findings reveal that
sustainability-orientedcapabilitiesachievedthroughinvestmentsintocirculareconomyarethestrongest
driverofSMEs’eco-designinnovations.Firms’technologicalcapabilitiesarealsofoundtoboosttheir
abilitytoadopteco-designinnovations.WhileequityfinanceincreasesthepossibilitiesforSMEsto
devoteresourcestoeco-design,grantfinanceisinterestinglyobservedtodecreasesuchpossibilities.
Themoretraditionallyusedformofdebtfinanceremainsdetachedfromeco-designimplementations.
Thestudycontributestoabetterunderstandingofhoweco-designpracticescanbebroadenedwithin
SMEsandhighlightspolicyrecommendationsinthisregard.

Chapter12performsananalysisofinvestigationofgreencriteriawithclusteringanalysisingreen
supplierselection.Theselectionofgreensuppliersisofcrucialimportanceforbusinesses.Inthepast,
theselectionofsupplierswassolelybasedonconventionalcriteriasuchascost,quality,andflexibility
whereasexpectationsofbusinessestransformedintoday’sworldongroundsofraisedenvironmental
awareness,publicpressure,andregulations.Alternativescalledgreensupplierssensitivetotheenviron-
ment,preservingtheecologicalbalance,managingwastes,andpreventingpollutionincreasedinvalue.
Thisstudyanalyzespracticesontheselectionofgreensuppliers.Thearticlesbetween2014and2021
wereanalyzedfromtheperspectiveofgreencriteria.Thegreencriteriainthe50articlesdeterminedare
dividedinto28groups.Withthek-meansalgorithm,thesecriteriagroupsaredividedintofourclusters,
whichwasaimedtoanalyzetheusagefrequencyofgreencriteria.Thisstudyisintendedtocontribute
togreensupplierselectionpracticesinacademiaandindustryinthefuture.

Chapter13exploresthe“ApplicationofFuzzyTopsisandTaguchiMethodforOptimizationProblem
WithDisruptiveRisk:ASystematicReview”.Rankingandchoosingresearchprojectsandanalyzing
experimentsareusuallydifficultandcomplexresponsibilitiesforprofessionalresearchcouncilsatuniver-
sitiesandresearchcenters.Itscomplexitystemsfromhavingmorethanonevariableineachproject,and
theparticipationofmanydecision-makersintherankingprocessandselectionofresearchprojectsbased
onmanyvariables.TheFuzzysettheoryprovidestherequiredflexibilitytoshowtheuncertaintyabout
thelackofknowledge,andalsoitcanmanagetheuncertaintyintherealworldthatthevaluesofcriteria
arenotdefinedproperly.Forthispurpose,intheenvironmentwherethecriteriaofresearchprojectsare
vaguelydefined,therankingmethodssuchasTaguchi,whichcanreducethenumberofexperimentsand
makingprocessmoreefficient,canbeusedforqualitydesignindesigningandprocessingproduct.In
thiswork,firstofallwewillreviewfuzzyTOPSIStechniqueandtheTaguchimethodaswell,thenwe
canapproachresearchefficiencyandoptimizationofthelevelofeffectiveparametersinanexperiment.

Electricvehiclesaregainingmorepopularitythanever.InthislightChapter14talksabout“The
ImpactofEnvironmentalConcernonConsumerAttitudeandIntentionTowardElectricVehicles”.This
researchaimstoanalyzetheimpactofenvironmentalconcernsonTurkishconsumers’attitudestoward
andintentiontopurchaseEVs.Itisalsoaimedtoinvestigatetheroleofdemographicalcharacteristics
–gender,age, income,andeducation-on those impacts.Given thepurpose,adescriptivestudywas
conductedthroughanonlinesurveywithasampleof334consumers.Theresearchfindingsindicate
thatenvironmentalconcernplaysasignificantlyinfluentialroleintheattitudetowardandintentionto
purchaseEVs.Thestudyalsoconfirmsthatenvironmentalconcern’simpactontheattitudeandinten-
tiontowardEVsdiffersintermsofgender,age,andincome.Onlywomenshowapositiveinfluenceof
environmentalconcernontheattitudetowardEVs.Thereisnodifferenceinthedirectorindirectlink
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betweenEVpurchaseintentionandenvironmentalconcernforagegroups.Environmentalconcern’s
indirectinfluenceontheintentiontobuyEVsisthehighestandsignificantlydifferentfortheconsum-
erswith7500-9999TLincome.

Wearabledeviceslikewatchescoupledwithsmartphonesarealsogainingpopularityinthehealth
andsportssectors.Thelastchapterofthebookwillconcludewithanuptodatecrossculturalstudyon
thisnewtechnology.Withrapidchangeintechnologyworldwide,innovativeproductssuchaswearable
technologydevicestendtohaveanuprisingtrend.Consumers,however,arenotnecessarilyadaptive
intheirnatureandtheirperceptionisshapedbymanyfactors.Theaimofthisresearchistoinvestigate
theconsumeracceptanceofwearabletechnologydevices,specificallysmartwatches.Thestudyextends
thewidelyusedtechnologyacceptancemodelwiththeintroductionofnewvariables.Forthepurpose
ofthestudy,surveydatawascollectedfromGermanandTurkishuniversitystudents.Theoverallre-
sultsprovidevalidationtopreviousliteraturewhileintroducingnewfactorsforconsumeracceptance
oftechnologyproducts,wearabletechnologydevicesandsmartwatches.Importanceofthisresearch
comesfromtheinnovativeandpromisingnatureofthewearabletechnologydevicesconcept,thelack
ofworkonsmartwatchesinliteratureaswellasthecross-culturalnatureofthestudy.Thestudyalsohas
managerialimplicationsfortechnologycompanieswhochaseaftergrowthintheirbusinesses.

Ulaş Akküçük
Boğaziçi University, Turkey 
July 2021
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ABSTRACT

The Sustainable Development Goals (SDGs) can be seen as the critical goal for every country in the 
world. In this vein, a stable global financial system is needed these days to satisfy its duty to boost the 
private capital mobilisation to achieve sustainable development and steady economic growth. Nevertheless, 
several obstacles limiting such financial mobilisation have been identified by scholars, practitioners, 
and standard setters. Recently, digital transformation and advancement, specifically in the finance sec-
tor, include a wide range of technological developments, and applications such as blockchain, internet 
of things, big data, artificial intelligence are promised to enhance performance in the financial sector. 
The potential of digital applications in the finance sector to resolve critical obstacles in financing for 
inclusive and sustainable growth becomes evident. This chapter aims to provide a summary and a de-
tailed discussion of the latest developments in financial technologies that both facilitate the SDGs and 
also contribute to future sustainable international business.
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1. DIGITAL FINANCE AND SUSTAINABLE DEVELOPMENT GOALS (SDGS)

The Sustainable Development Goals (SDGs) were approved in September 2015 as a collective aim for 
the 194 participating countries in the United Nations to eradicate poverty, conserve the world and secure 
the prosperity for human beings. Scheyvens et al. (2016) stressed the long-term demand for driving sus-
tainable and inclusive economic growth in the SDGs and the 2030 Agenda for Sustainable Development 
report. Furthermore, the G20 Sustainable Finance Study Group (SFSG) (2018) emphasises that, besides 
the environmental perspective, additional aspects of sustainable development must also be considered in 
order to gain benefits from private capital mobilisation to pursue sustainable development and the stabil-
ity of the financial system. It is therefore proposing that the term sustainable finance should be adopted 
more broadly (Allen et al., 2016). The report indicates that, through direct and indirect support of the 
SDG framework, sustainable finance can be widely acknowledged as funding, related institutional and 
market arrangements which combine to lead to the achievement of solid, stable, healthy and inclusive 
growth. This movement was aimed at achieving the beneficial influences of investments for social and 
economic gains, such as job creation, technical innovation, poverty alleviation and social integration 
(Allen et al., 2018). A major problem in today’s global financial environment is mobilising private capital 
to stimulate economic growth and stabilise the finance sector. Digitalisation, especially its nexus with 
finance (digital finance or financial technology), encompasses a wide variety of technology innovations, 
including big data, artificial intelligence (AI), mobile platforms, blockchain and the Internet of Things 
(IoT). Digital transformation is not a recent feature of the financial system. For the past twenty years, 
automated technologies and transformation have greatly increased performance in the financial industry 
(Collste et al., 2017; Hinson et al., 2019). Digital finance is increasingly demonstrating its potential to 
address obstacles relevant to the growth of finance for sustainable development.

In general, the term ‘digital finance’ represents the digitalisation or application of digital technologies 
in the financial sector. This trend covers digital advancement, services and applications in the financial 
services sector, such as online banking, chip cards, online payment, mobile wallets and payment apps 
(Zhou et al., 2018). Ozili (2018) describes digital finance enterprises as companies developing technolo-
gies for the incorporation of integrated digital banking, mobile applications and distribution networks, 
microfinance, payment solutions, peer-to-peer loans and crowd-funding. Although parts of the above-
mentioned digital systems and services are well-developed (e.g. chip cards and online banking), there 
are several other services and business models that are innovative, yet not commonly employed, and also 
lead to the transformative potential for the financial sector. These creative services and business practices 
are focused on emerging technology, are at the forefront of recent debates and are also called “FinTech” 
solutions. Although there is no standard consensus on a definition, the term ‘digital finance’ is widely 
used in academia and the private sector, to represent a large number of the latest financial products, 
enterprises, applications and innovative ways of digital consumer engagement and interaction. Several 
definitions of digital finance have also been provided by international organisations and the private sec-
tor. George et al. (2020) defined digital financial services as any financial process involving information 
technology, namely digital money, mobile and online financial platforms, teller services and branchless 
banking. Meanwhile, according to the study by Przychodzen & Przychodzen (2015), it is characterised 
as the employment of the Internet and related innovative technology in the finance market.

In the same vein with “digital finance”, the term “FinTech” is a terminology that derives from the 
terms “financial” and “technology” and generally explains the relationship between digital, in particular, 
the Internet-related technologies (including cloud technology, mobile technology, wireless technology, 
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etc.) and existing business practices of the financial services sector (including loans, banking transac-
tions and mortgages) (Puschmann, 2017). Traditionally, FinTech refers to pioneers and disruptors in 
the finance industry that employ the availability of instantaneous, flexible and protective financial 
communication channels, especially through the Internet and electronic data processing (Puschmann, 
2017). Goldstein et al. (2019) distinguished between ‘sustaining FinTech’, i.e. existing financial services 
providers that aim to secure their market dominance through the use of information technology,’ and 
“disruptive FinTech”, i.e. new businesses and start-ups that threaten established providers by providing 
new products and services. Nicoletti et al., (2017) offered an insightful article on how differently the 
term “FinTech” is used and interpreted by numerous scholars and organisations of “FinTech”, which 
stands for financial technology. It is generally defined as ‘technically activated financial innovation that 
promotes new business models, applications, mechanisms and products, which could have a substantial 
influence on financial markets and financial services. Although there is no universal concept, the above 
definitions indicate that sustainable digital finance can be interpreted as the intentional employment of 
digital finance applications for funding, as well as support for related economic and market structures 
that contribute to sustainable growth.

There is a general consensus in research that FinTech can have a significant influence on financial 
growth. Nevertheless, whether FinTech encourages or restricts sustainable economic development has not 
yet been identified. The reason is that on the one hand, FinTech is related to networks, and data process-
ing can improve the efficacy of financial services by enhancing financial products and service processes, 
and then encouraging technological advancement for future economic development. Furthermore, Pus-
chmann (2017) confirms that FinTech can be incorporated into new businesses and social organisations, 
leading to an advanced economic paradigm that could boost economic development. On the other hand, 
Goldstein et al. (2019) claimed that neither an inadequate FinTech nor overregulation is beneficial to 
economic development. In addition, Nicoletti et al. (2017) suggested that the FinTech environment may 
have an impact on the transmission mechanism of monetary policy and the efficacy of macro-prudential 
government policies in shaping the financial cycle, thus constraining economic development.

Evidence also indicated that digital finance or FinTech has a great influence on ecological and social 
benefits (Deng et al., 2019). In regard to social development, scholars such as Zhang et al. (2021) have 
stated that the primary advantage of FinTech is its ability to build a more just and inclusive society. 
However, the potential consequences arising from the development of FinTech cannot be ignored (Ryu 
& Ko, 2020). As far as ecological sustainability is concerned, FinTech can stimulate the deployment of 
investments for energy security and environmental initiatives, encourage the construction of renewable 
energy and environmental facilities, and contribute to environmental development by providing cheap 
and adequate funding.

2. TECHNOLOGICAL APPLICATIONS IN FINANCIAL SECTOR

As stated earlier, FinTech can be described as emerging technologies that can expand the spectrum of 
finance and bring about a disruptive transformation of the way financial operations function in the world. 
Fintech is delivering many changes in the way business is operated in the traditional financial industry 
and turning them obsolete through disintermediation (Das, 2019). Although financial intermediaries 
such as commercial banks, investments banks and mutual funds still dominate the financial service and 
provide valuable financial service to customers and investors, their roles in the international market are 
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being usurped by the fintech enterprises. For example, in the commercial banking area, the peer-to-peer 
lending platform allows individual borrowers or businesses to lend money directly from lenders at an 
affordable price rather than using commercial banking services (Duygun et al., 2020). Peer-to-peer lend-
ing is also widely known as social lending, which implies the facilitation of lending with disintermedia-
tion. The disintermediating financial service model offers benefits over traditional bank lending, such 
as lower capital requirements, flexible and favourable lending term, and lower operating expenses than 
banks (Boratyńska, 2019). Another example came from the increasing popularity of cryptocurrencies 
such as Bitcoin or Ethereum. Those currencies allow the transfer of value across the Internet without 
requiring intermediaries. Some applications and advantages came from the use of cryptocurrencies 
that have been reported by scholars such as early-stage start-ups crowdfunding, private transactions, a 
censorship-resistant alternative store of wealth (Vincent & Evans 2019). These changes result in serious 
threats to the traditional business model of any financial institutions and banks.

Detailed discussions of each technology - cellular or mobile technologies, blockchain, satellite im-
agery, big data, machine learning and artificial intelligence (MLAI), and Internet of things (IoT), are 
included in the following sections:

2.1. Mobile (or Cell) Technology

Mobile technological advances have allowed ‘mobile money’ and activated computer programs to work 
on smartphones through applications that provide access to a wide range of goods and services. These 
techno-financial transactions, variously known as mobile money (MM), m-banking, or mobile transfers, 
are gradually being incorporated into the global financial capital structure. Facilitating and promoting 
technology-aided resources for maximising financial inclusion is a recurring theme in the United Na-
tions Sustainable Development Goals (Ochara & Mawela, 2015; Hoang et al., 2020). Electronic payment 
systems have converted mobile telephones into interfaces with the financial sector and are now trusted 
by over a billion people. According to Foth et al. (2011), 69 percent of adults had a financial institu-
tion account at the time, which increased by 7 percent in 2014. More than 60 percent of adults in many 
countries in sub-Saharan Africa have a digital wallet (Foth et al., 2011). Electronic payment systems 
in developing countries have also included new delivery mechanisms (through agent networks, secure 
communication and a power supply for them) and enhanced compatibility so that users of various ap-
plications and technologies can make seamless transactions that are as good as cash (Foth et al., 2011). 
Digital payment technology has contributed to socio-economic development through financial inclusion 
and security protection during crises and pandemics. Initially, mobile money platforms (MMPs) and 
associated mobile wallet technologies which allow electronic transactions through smartphones were 
developed for person-to-person (P2P) and money transfers, with the potential for broad accessibility 
(Ochara & Mawela, 2015).

2.2. Blockchain Technology

Blockchain is a collective database that is spread through vast peer-to-peer networks with secured ex-
changes. It is fundamentally recognised as a stable, permanent, provable and straightforward mechanism 
for storing transactions and documents, owing to the encrypted, distributed nature of the blockchain data 
and the consensus framework. Specifically, its technology enables users to ‘tokenise’ natural capital. It 
also allows pre-agreed programming conditions that are automatically fulfilled after certain procedures 
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have been done and if certain conditions have been reached (Lund et al., 2019). Such ‘smart contracts’ 
(for example, the sale of assets at a certain price) may be negotiated without the need for a third party to 
control the release of assets. Blockchain technology is being used on a wide scale in the finance market, 
largely because of its ability to store transaction information and other confidential data safely. Each 
transaction is secured, and the likelihood of significant cyber-attacks is relatively minimal when block-
chain technology is used (Giungato et al., 2017). Blockchain infrastructure is now the foundation of a 
range of cryptocurrencies. The idea of the blockchain originates from the invention of the blockchain 
bitcoin (Giungato et al., 2017). This “chain” comprises the entire history of legitimate and authenticated 
transactions among users of the network (Lund et al., 2019). Blockchain infrastructure was initially 
envisaged to be used mainly for digital currency transactions: ‘BlockChain 1.0’. Nevertheless, beyond 
the framework, the platform has a wide scope, and it demonstrates capabilities that are also important to 
other fields. Blockchain infrastructure will also be used for contracting, crowdfunding and e-wallets, thus 
becoming “BlockChain 2.0” The third state, “BlockChain 3.0”, focuses on applications in areas beyond 
business and finance, such as “government, health, literacy, culture and art” (Furfaro et al., 2019). It 
simplifies the internal management processes of institutional and non-state pension funds, accountabil-
ity of financial transfers, assurances of purposeful usage, security and efficiency of administration and 
services, free and open transfer between funds, coordination of client and fund records, and the privacy 
of the data (Giungato et al., 2017).

2.3. Big Data

Big data is the utility of the large scale of structured and unstructured data to anticipate behaviours in 
finance, business and management of customers, that, overall, support the decision-making process. 
There are multiple trillion US dollars moving across international markets, and financial analysts who 
are responsible for working with the related data source aim to deliver precise and accurate predictions 
and decision-making (Del Vecchio et al., 2018a). Values behind this data fundamentally depend on how 
it is collected, synthesised, analysed and visualised. The current financial analysis system is unable to 
support the synthesis, analysis and interpretation of the huge source of structured and unstructured data 
without powerful ICT platforms; data analysts are increasingly implementing other supporting technologies 
such as cloud computing, big data analytic tools, machine learning and artificial intelligence (Garg et al., 
2019). The integration of other advanced technologies such as cloud computing, big data analytic tools, 
machine learning and artificial intelligence helps to cut down the costs of human resource intensive, as 
well as enhancing scalability, accuracy, flexibility and security for targeting efficient ways of decision-
making. One example of big data analytics is the accurate risk analysis, in which the decision-making 
based on big data analytics allow the unbiased analytic tools and procedures (Kudva & Ye, 2017). These 
analytical capabilities consider multiple aspects varied from the economic perspective, customer engage-
ment and financial capital of each enterprise to identify potential risks and opportunities related to each 
business. Another example of big data analytics has resulted from the fraud detection and prevention 
powered by machine learning (Kudva & Ye, 2017). The employment of machine learning and big data 
allows the analytics of buying patterns, thus enabling the identification of fraud when a bank card is 
stolen and notifying the customer of threats. As a result, big data analytics aim to transform not only 
individual enterprise processes, but also the whole global financial service sector (Garg et al., 2019).
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2.4. Satellite Imagery

Satellite images are earth images captured by imaging satellites operated by governments and corpora-
tions around the world. Satellite mapping providers sell images to governments and corporations, such 
as Apple Maps and Google Maps, by licensing them (Sutton, 2003). The spatially-collected astronomical 
images should not be confused. Big data is summed up with a large amount of increasingly complex data 
from a number of diverse internal (and external) channels, providing consumers with more possibilities 
to provide real-time market perspectives. Given the perspective of the financial sector, the analyst can 
access satellite images, which enable investigators to estimate historical and forecast future data such 
as timing and value of yields, farm crop yields, planting cycles, trends in production, the timing of the 
arrival of agricultural products, which can help to facilitate insights for credit assessment (Shen et al., 
2013). In short, while the introduction and development of satellite imagery–based forecast is still in 
its infancy, emerging research in this area proves that satellite imagery forecasts will be able to reduce 
transaction expenses of accessing rural farmers, which makes financial capital more affordable for farm-
ers, especially those in developing countries (Netzband et al., 2007).

2.5. Machine Learning & Artificial Intelligence (MLAI)

Machine Learning & Artificial Intelligence (MLAI) helps to evaluate massive data sets, develop actions 
and pricing patterns, automate and significantly improve the decision-making process by using sophisti-
cated computer science and algorithms. Artificial Intelligence (AI) and Machine Learning (ML) are two 
of the most widely used technologies in FinTech, delivering the opportunity to contribute a greater role 
in the financial sector as developments continue (Nishant et al., 2020). Some of AI and ML’s FinTech 
applications include automation, productivity enhancement, reduction of operational costs, security 
enhancement, customer engagement improvement, as well as personal marketing and selling strategy 
(Nilashi et al., 2019). First, regarding automation, AI-based working procedures are able to replace inef-
fective paperwork procedures, with the aim of providing more efficient approaches to manage, share, 
store and use the information that reduces expenses and time spent on document processing. Besides, 
in terms of productivity, MLAI can be used to replace the daily repetitive work of employees, hence 
reducing human resource-intensive and relevant costs. In addition, employees and managers can pay 
attention to more valuable duties such as decision-making tasks, thus generating additional value for a 
business (Khakurel et al., 2018). Moreover, MLAI allows efficient supervision of accomplished tasks 
through the relevant set of Key Performance Indicators (KPIs), which enhance security and compliance. 
MLAI can also help to maintain and improve continuous connection and communication with custom-
ers and other stakeholders through the automation capability. Another way in which MLAI can help 
is to decrease the time spent dealing with errors, consumer issues, contacting, searching for data and 
information from days to just a few minutes (Nilashi et al., 2019). Furthermore, other applications such 
as automated chatbot or MLAI-based virtual assistants are able to screen and sort customer complaints, 
which also helps to reduce long wait times and inefficient problem resolutions, thus, enhancing customer 
satisfaction (Nishant et al., 2020).
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2.6. Internet of things (IoT)

Beier et al. (2018) explained that IoT could be determined as a global network of interconnected objects 
that is exclusively addressable, based on common communication protocols. In addition, Salam (2020) 
stated that IoT could be used as a complex and global network system based on common and integrated 
networking protocols and with self-configuring functionalities. In this particular network infrastructure, 
physical and virtual “objects” are embedded, have identities, physical attributes and virtual personalities, 
employ smart interfaces, and are seamlessly integrated into the information network. In the case of IoT, 
this new layer of “things” can be seen as an expansion of collective human-computer interactions and 
communications. More explicitly, IoT can be a mutualistic connection between the physical and virtual 
worlds, which enables people and “things” to be linked at any time, everywhere, with everything and ev-
eryone, preferably using any path/network and service via low-cost connected sensors, and AI contributes 
to machine learning that automates exploration, enables smart computers to perform non-routine tasks 
(Khatua et al., 2020). IoT can change the relationship between companies and customers by contributing 
to the fulfilment of communication and interconnectivity, then integrating intelligence into devices to 
process information and make real-time autonomous intelligent decisions without requiring any human 
involvement and/or intervention ((Del Vecchio et al., 2018b; Salam, 2020). There are diverse applications 
of IoT in the financial service sector such as immediate customer connection, smart customer navigation, 
customer satisfaction enhancement, and security and business efficiency improvements. First, through 
the capability of IoT and MLAI, a financial institution can develop an online customer support centre, 
which can provide customer support services 24 hours a day and reduce the physical contact between 
the customer and financial providers, thus saving costs, time and human resource-intensive for both the 
customer and the financial institution. In addition, the IoT allows the prediction and forecast of customer 
shopping behaviours based on their shopping history. The business users of IoT can thus navigate and 
introduce customers to new products and services related to historical shopping records (Hribar & DaSilva, 
2019). Therefore, this simple approach enhances efficiency and customer satisfaction. In addition, IoT 
can also help to generate and send personalised emails and messages with personalised financial plans, 
hence, enhancing customer care and services. Another application of IoT comes from authentication and 
security, in which customer biometrics such as fingerprints can also be stored as a security approach in 
accessing online banking services. Finally, the most important application of IoT comes from the pos-
sibility of automation, in which IoT allows the deployment of daily automated financial services in the 
business; for instance, Citibank allows customers to access and withdraw money from the ATMs using 
their smartphone instead of a card, thus improving customer service and reducing the need for human 
resources (Perera & Zaslavsky, 2014).

This section has outlined the current development in financial technologies. In the next part, the 
importance of sustainable development goals is discussed.

3. THE SUSTAINABLE DEVELOPMENT GOALS (SDGS)

The UN global commitment is an important part of the SDGs. Following its introduction in September 
2015, the paper “Transforming Our World: The 2030 Agenda for Sustainable Development” commits 
world leaders to poverty alleviation and sustainable development until 2030 (Allen et al., 2018). The 
current generation of priorities ensures both the urgency of progress and the case that this development 
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must be equitable and foster equity. The priorities and objectives laid out an extraordinarily bold and 
optimistic vision, with the aim of freeing the world from poverty, hunger and disease, and also free from 
fear of violence, i.e. a world with universal literacy and equal and accessible access to quality education, 
health care and social security, and promising more prosperous and inclusive communities (Allen et al., 
2016). Although taking into account various national conditions, growth would have to be uniformly 
applicable to all nations, and no one should be left behind.

The SDGs are a declaration of aspirations designed to direct sustainable development efforts. The 
goals are not part of a binding formal contract; they are part of a revitalised global alliance to func-
tion within a spirit of global unity. They also reflect voluntary recommendations that are expected to 
encourage policy and regulatory actions in areas of vital interest over the next 15 years. However, the 
targets are not set down in the Convention, and countries are not technically obligated to enforce them 
(Scheyvens et al., 2016). The adoption of the SDGs would therefore ultimately rely on civil society 
and people exerting influence on their respective governments to enforce the objectives. In addition, 
global commitment in promoting the execution of the priorities and objectives would be key to the ac-
complishment of the SDGs (Collste et al., 2017). While interconnected and indivisible, as well as being 
multinational in nature and widely applicable, the SDGs take into account various national realities, 
capacities and stages of growth. Each government would need to set its own national goals, led by the 
global degree of optimism while considering national circumstances. In addition, each government will 
determine how these aspirational and global goals can be integrated into national development systems, 
policies and strategies. While SDGs are not legally binding, it is expected that policymakers will create 
national structures to achieve the objectives (Purvis et al., 2019).

4. HOW CAN DIGITAL FINANCE CONTRIBUTE TO ACHIEVE 17 SDGS?

The financial service sector has an intrinsic relation to UN SDGs, although financial inclusion and 
FinTech are not impartial. Instead, both dimensions play a critical role in creating a prosperous world in 
the future. Capital markets have reached such a high degree of sophistication that they can offer payment 
services, long-term lending, insurance services and savings/investment options to support the financial 
service sector through FinTech that could indeed contribute to all of the 17 UN SDGs (Hinson et al., 
2019). Financial inclusion is undoubtedly one of the most significant processes, if not the most significant, 
towards achieving the Sustainable Development Goals (SDGs), and FinTech is one of the best methods 
for these goals to be accomplished. National Economies should concentrate on implementing policies 
for digital financial transition while also maintaining financial inclusion (Ozili, 2018).

FinTech now includes diverse innovations, including the application of artificial intelligence and big 
data. This breakthrough is capable of promoting financial inclusion more efficiently. The most direct and 
clear solution is mobile money, although the long-term approach is more difficult. FinTech establishes 
a basis for a new financial environment (George et al., 2020). The incorporation degree of emerging 
modern technology is varying and it also needs significant improvement before being applied in practice. 
Big technology, machine learning, and to a lesser degree, blockchain have improved the efficiency of a 
significant number of financial institutions, which has led to a decrease in knowledge asymmetries and 
costs associated with developing funding instruments for long-term renewable assets, as well as provid-
ing transparency and enhancing stakeholders’ expertise in recognising, evaluating and managing risk 
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(Puschmann, 2017). Of the new technologies, IoT has made some of the major differences in making 
investments more intricate and encouraging sustainable resource deployment.

Mobile money has been one of the fastest-growing inventions in the world (Bai et al., 2020). This 
massive, increasing popularity is supported by the spread of smartphones, as well as the speed, flexibility, 
convenience and affordability of mobile money (Al Amri & Almaiah, 2020). The main uses of mobile 
money are to send and receive cash transfers. Approximately a quarter of unbanked adults in sub-Saharan 
Africa are currently providing cash or over-the-counter (OTC) funds (Ramos-Soler, et al., 2019). Mobile 
money P2P transfers have emerged as an alternative to the alert that OTC services still outperform mobile 
money services in much of sub-Saharan Africa in terms of cost-effectiveness. However, the sending 
and receiving of remittances has become the main usage of mobile money in sub-Saharan Africa (Ma 
et al., 2017). Mobile money can also serve as a vital means of financing smallholder farmers and con-
tributing to increased investment in agribusiness. However, the impacts on environmental protection are 
unclear since efficiency gains cannot be accomplished in environmentally friendly ways. As the reach 
of the MMPs grew, users were able to use mobile financial services to make deposits and withdrawals, 
make personal-to-business payments, pay taxes, collect payments from businesses and governments, 
save, lend, borrow, take out insurance and make investments contributing to the widespread inclusion 
of non-banking companies in the financial system (Zhao et al., 2019). The provision of these services 
may have a positive impact on health (SDG 3), jobs (SDG 8), education (SDG 4) and poverty alleviation 
(SDG 1) through improved productivity. However, as noted earlier, the effect on environmental sustain-
ability may be unclear. However, initiatives that integrate mobile financial services with other (green) 
technologies, as well as interoperability between MMPs, monitoring technology and big data platforms 
(possibly integrating with digitised agricultural systems) have enormous potential to enhance synergies 
between the pillars of sustainability (Nguyen et al., 2021).

Financial technologies such as Machine Learning and AI are important for evaluating the investment 
decisions of local investors. Digital methods allow for the measurement of sustainability within financial 
investments. Digital finance provides a realistic solution for people to make more resource-conscious 
and equitable buying decisions. At the end of the day, buying decisions have a considerable impact on 
consumer actions. This information has been brought to our attention by emerging technology (Hinson 
et al., 2019). This is encouraged by the rapid development of the Internet of Things and provides much 
knowledge on the implications of sustainability. On one side, studies show that Blockchain and AI will 
transform monetary transaction information into carbon footprints, stressing real-time environmental 
impacts of financial transactions for the first time in history (Blakstad & Allen, 2018; Deng et al., 2019). 
On another side, the increase in the use of Blockchain technology and other fintech also deliver concerns 
over the enormous power consumption, heat generation, and additional costs for the operation of those 
technologies (Li et al., 2019; Sedlmeir et al., 2020). Online social media helps individuals to be more 
educated about the products which they have bought and ensures that these goods have been manufac-
tured in an environmentally sound manner (Ozili, 2018). More environmentally conscious products and 
services would contribute to more purchases. People are inspired by digital investment, as institutional 
investors and as public pension policyholders, to balance environmental development goals with busi-
ness behaviour in the best possible way (Nguyen et al., 2021). There is a plurality of customers in the 
European Union who are strongly geared toward the values of non-financial goals.

With the increased use of emerging technology, it is now possible to transform non-financial priori-
ties into investments (Hoang et al., 2020). They will mobilise their assigned funds more efficiently and 
become even more interested in value-chain finance. Online networks tie together sustainable-tech firms 
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Table 1. Real example of how financial technologies can help Sustainable Development Goals (SDGs) 
achievement

Sustainable Development 
Goals (SDGs) and Indicators

Potential financial 
technologies able to 

help
Examples References

Goal 1. End Poverty in All its Forms Everywhere

Indicator 1.1.1. Proportion 
of the Population Below the 
International Poverty Line

mobile technology, ML, 
big data analytics

M-Pesa is a typical example for the use of mobile 
banking service in Kenya, which allows customers 
to store and transfer money through their cell 
phones. M-Pesa is proved to reduce poverty 
in Kenya by 2%. Those alternative financial 
services similar to M-Pesa have facilitated 
peer to peer (P2P) lending and crowdsourcing 
services in developing countries and contribute 
to the development of the financial sector, create 
more jobs and benefit small businesses and poor 
households.

Van Hove, L., & Dubus, 
A. (2019); Markus, M. 
L., & Nan, W. V. (2020); 
Ryu & Ko (2020).

Indicator 1.3.1. Proportion of 
population covered by social 
protection floors/ systems

mobile technology, IoT

In developing countries such as India and 
Bangladesh, the digitalization of cash transfers 
through online payments has been reported as 
efficiency improvement and corruption reduction.

Saini et al., (2017); 
Mohanty & Pawar 
(2019); Mishra (2019).

Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture

Indicator 2.3.2 Average income 
of small-scale food producers

Blockchain, mobile 
technology, AI

Blockchain technology and AI enable the 
application of smart contracts - a transaction 
protocol that automatically executes, control or 
document legally relevant events and actions. 
This application can help farmers from all over 
the world to securely connect and execute their 
contracts with the buyers.

Goldenfein & Leiter 
(2018); Cong & He 
(2019); Singh et al. 
(2020).

Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all

Indicator 4.4.1 Proportion 
of youth and adults 
with information and 
communications technology 
(ICT) skills

IoT, MLAI, satellite 
imagery

While the financial technologies have been 
embedded into the daily activities, the ICT 
skills of youth and adults will also increase. 
The ICT incubators and accelerators all over the 
world, such as F10 Incubator and Accelerator 
in Zurich, have developed multiple courses and 
programs that allow people to access and improve 
their digital business and financial innovation 
capability.

Jakobsen et al. (2017); 
Unterhalter (2019); 
Bondarenko et al. (2019).

Goal 7. Ensure access to affordable, reliable, sustainable and modern energy for all

Indicator 7.1.2 Proportion 
of population with primary 
reliance on technology

Mobile technology, 
IoT, AI

The integration of IoT and mobile technology 
allows telecommunications companies to deliver 
their service for excluded communities by a pay-
for-use model, such as Questsol (Guatemala) and 
Simpa Network (India).

Rastogi (2018); Yadav 
et al. (2019); Salvia & 
Brandli (2020).

Goal 8. Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all

Indicator 8.4.1 Material 
footprint, material footprint per 
capita, and material footprint 
per GDP

Big data, IoT, MLAI, 
satellite imagery

The integration of advanced technologies such as 
big data, IoT, MLAI and satellite imagery can help 
to provide transparency about the environmental 
impact of consumption choices. One of the 
pioneers of this movement is the Ant Forest 
Programme, which interprets financial transaction 
data into individual carbon accounts, therefore 
encourage users to reduce carbon activities.

Lin et al. (2017); Zheng 
& Meng (2018); Zhang 
et al. (2021).

continued on following page
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and financiers so that they can cooperate. These technologies combine curated order flows, contract data 
and artificial intelligence data to construct artificial investments for investors (Nguyen et al., 2019). The 
mapping of the practice of digital finance through G20 Countries and the private sector illustrates how 
digital finance is helping to unlock multiple new possibilities.

Table 1 shows the potential contributions made by sustainable digital funding towards achieving 
consistent SDG targets in the global SDG indicator framework that was set and determined by the Inter-
Agency/Expert Committee at the 48th UN Statistical Commission meeting in March 2017. It shows how 
to link sustainable financial technologies to simple SDG metrics, which are both highlighted and not 
comprehensive. Therefore, the issues which attribute to unique SDG metrics may not provide examples 
of the effects of digital funding on the inclusion by both active or passive investments of environmental 
and social factors in decision-making. Table 1 shows that sustainable digital finance already contributes to 
many SDGs. Further study is needed to determine the potential of current and evolving digital systems to 
achieve the SDGs and measure the effect of SDGs beyond the framework of financial inclusion practices.

Besides, digital finance can help to empower the future generation and support sustainable devel-
opment. The most likely system to achieve the Sustainable Development Goals is by using business 
strategies, incentives, and legislation that shifts financial capital internationally. Due to the growing 
focus on environmental and social responsibility of companies in the EU, renewable energy and ESG-
related risk capital have boomed in the region. In addition, this contributes to modernising the banking 

Sustainable Development 
Goals (SDGs) and Indicators

Potential financial 
technologies able to 

help
Examples References

Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation

Indicator 9.3.2 Proportion of 
small-scale industries with a 
loan or line of credit

Mobile technology, 
blockchain, big data

The AI, big data and blockchain technologies 
have enabled the expansion in the peer to peer 
lending and crowdfunding platforms. Thus, 
those advancements have offered new sources of 
funding for micro, small and medium enterprises 
(MSMEs).

Chatnani (2018); 
Piliyanti (2019); 
Candraningrat et al. 
(2021)

Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access to justice for all and build effective, 
accountable and inclusive institutions at all levels

Indicator 16.5.1 Proportion of 
persons who had at least one 
contact with a public official 
and who paid a bribe to a 
public official, or were asked 
for a bribe by those public 
officials, during the previous 
12 months

Mobile technology, IoT, 
MLAI, big data

Online financial services through Mobile 
technology, IoT, MLAI, and big data can help to 
leverage transparency and security transactions 
and cut down corruption and money laundering. A 
recent study shows that online pension payments 
in India result in more than 40% reduction in bribe 
demands.

Klapper & Singer 
(2017); Blakstad & Allen 
(2018); Zarrouk et al. 
(2021)

Goal 17. Strengthen the means of implementation and revitalize the Global Partnership for Sustainable Development

Indicator 17.17.1 Amount 
of United States dollars 
committed to (a) public- private 
partnerships and (b) civil 
society partnerships

Digital finance applications contribute to 
generating new partnerships between public-
private and civil society; for instance, the 
Sustainable Digital Finance Alliance is developed 
by Ant Financial Services and UN Environment 
Programme to harness digital technologies for 
sustainability in the financial sector and global 
business context.

Babu et al. (2020); 
Adegbite & Machethe 
(2020); Mi et al. (2021).

Table 1. Continued
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system and can assist in achieving sustainable development goals (SDGs). Financial inclusion and the 
service sector will be the main driving forces that can remove poverty from Malaysia (Mondal, 2015). 
China’s development of digital transformation technology is a remarkable development example (Mi 
et al., 2021). Digitalisation will ensure that SDGs are responsive and appropriate to the context. This 
action will enable organisations to integrate SDGs into their current decision-making process. Many 
individuals feel that globalisation brought up enormous technological advancements. This will lead to 
an expanding global economy and an increased standard of living worldwide. Developments focus on 
data to sustain sustainable growth at the local level (Zheng & Meng, 2018; Zhang et al., 2021). This 
also applies to differences in levels of growth, levels of decentralisation and the extent of government 
e-services developed. There are countries with stronger centralisation of power, such as Colombia, that 
have an advantage over countries with less centralisation. There are several success stories in Europe 
and the rest of the world regarding e-government. As seen in Table 1, FinTech is directly or indirectly 
playing a role in some of the UN Sustainable Development Goals (SDGs).

5. CHALLENGES TO LEVERAGING FULL POTENTIAL 
OF SUSTAINABLE DIGITAL FINANCE

Besides potential contributions to the SDGs’ accomplishments, there are multiple barriers to the influ-
ences of financial technologies to fulfil the 17 SDGs. The main obstacles in the industries for supporting 
SDGs are financial pressures and the impediments faced by faulty technical technology and expensive 
updates. Reinforcing such a platform is needed yet inadequate. One of the most critical and special is-
sues that must be addressed relates to the minimal knowledge of sustainable business models and weak 
sustainability business models. In order to leverage the capacity of digital finance completely, many 
organisations are expected to be coordinated to meet this need (Puschmann, 2017). Reasonable costs 
and effective broadband services mean that the advantages of digital finance can be realised, particularly 
in cloud computing. This will ensure that a communication network will decrease the availability of 
gathering reliable economic data, resulting in inaccurate predictive analytics (Goldstein et al., 2019). 
Additionally, while financial institutions have significantly progressed the digital transformation of 
back-office operations, the larger financial institutions still run their traditional IT procedure, hindering 
the potential to integrate the data by the centrally-controlled dataset. Blockchain is not a well-suited 
platform to connect with most standard business work floors and networks. The expenses and operating 
challenges of this are considerably high.

Another point is that technologies such as blockchain and IoT are both in the early stages of deploy-
ment, with the high technical expense, uncertainty and minimal capabilities. Lacking these standards, 
it is impossible for countries to implement emerging innovations (Nicoletti et al., 2017). High costs of 
operations in Bitcoin networks will hinder mass consumer usage and acceptance. Blockchains have 
restricted bandwidth (between 10 and 100 transactions per second compared to 40,000 Visa transac-
tions per second) and systems that use different consensus mechanisms. A greater focus is required on 
long-term impacts. This will also have a direct effect on investor morale as a result of cybersecurity 
concerns (Deng et al., 2019). Blockchain technology is far from homogeneous, particularly concerning 
its applications in not only business area or legitimacy, but also with regard to its technical characteristics 
and power consumption (Sedlmeir et al., 2020). This perspective is further supported by (Li et al., 2019), 
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who argued that besides the technical expense, uncertainty and minimal capabilities, another concern for 
the use of Blockchain technology, especially in term of sustainable development is the enormous power 
consumption of this technology. Despite the huge consumption of energy of blockchain technology, the 
alternative solution for blockchain technology with lower power consumption have been developed and 
even could further decrease in particular the power consumption of blockchain systems and networks 
in the future (Greenberg & Bugden, 2019). The above studies critically highlight the negative perspec-
tive from the increase in the use of Blockchain technology that may create more cost involved from the 
transaction and energy consumption. One concern that needs to be asked, however, is whether the use of 
Blockchain technology, as well as other fintech, can create more heat as well as lead to the creation of 
additional solid or chemical waste. Thus, future studies on the current topic are therefore recommended. 
Moreover, another possible area of future research would be to investigate the potentials of fintech to 
eliminate, or significantly reduce financial contagion if so designed.

In spite of the current onset of sustainable electronic finance and increasingly emerging technology, 
there are still ongoing studies which provide the complete capacity and threats of digital finance. By 
combining sustainable finance and rapidly growing digital finance, there will be knowledge gaps between 
the two (Ryu & Ko, 2020). The market share of sustainable funding is still comparatively limited. The 
traditional financial participants did not regard digital finance to be a mechanism that can lift investment 
and improve the level of uncertainty to maintain sustainable investment.

There are variations between countries since government sectors typically believe that sustainable 
finance, integrated development and digital technology are separate fields. This makes it difficult to 
predict negative consequences because of the interconnectedness of problems, agendas and solutions 
(Zheng & Meng, 2018). The Financial Inclusion Agenda has been known to be focused on promoting 
financial inclusion by increasing access to quality financial services. It is very effective for financial 
inclusion in case of unsustainable financing.

Moreover, the pilot programs are more focused at the country level, while most digital funding fo-
cuses on the city or regional level. Digital finance is also still facing a few obstacles for international 
cooperation. Cross-border learning is another thing that can be done with more experience (Yadav et 
al., 2019). The success of digital finance technologies depends on the availability of vast quantities of 
material. With insights from the research, and knowledge and records on the environment, this is only 
one consideration used in making an investment decision. One issue with digital finance is that there 
are not yet any benchmarks for evaluating economic or behavioural results, or they are inconsistent from 
one country to another. Adoption costs and contingent personality also establish constraints (Jakobsen 
et al., 2017).

The final limitation is the nascent business models and markets. Many sustainable technology providers 
are start-ups with a higher risk of failure currently testing and creating solutions. Business models and 
markets are fresh, and it is unclear what works and what does not work (Piliyanti, 2019). As sustainable 
digital solutions are very recent, access to funds is difficult because they are not perceived or labelled 
as ‘green’ goods and cannot respond to key fund performance metrics (e.g. greenhouse gas reduction) 
(Nguyen et al., 2021). Sustainable implementation of IoT is extracted from the company’s ‘innovation’ 
budgets for larger players, and it will take time to include these large-scale implementations into larger 
business budgets. Sustainable digital financing options may be increased by the incumbents in certain 
markets.
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ABSTRACT

The governments, business firms, policymakers, advocacy groups, and even the public recently are 
hotly debating on the issues of environmentally friendly practices. In this context, being a part of ‘go-
ing green’, green banking, which plays an important role in environmental sustainability, has been a 
buzzword in the global baking industry. This study identifies how the customers perceive the emerging 
concept of green banking initiatives of banks and also analyzes the factors that influence such practices 
of the customers. Using a structured questionnaire, the primary data were collected from 403 commer-
cial banks of Kathmandu valley, Nepal. The awareness index was prepared, and the binary logit model 
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1. INTRODUCTION

All over the world in the last few decades, the governments, business firms, policy makers, advocacy 
groups and even the public are providing prime concerns on the issues of environmentally friendly 
practices (Shaumya, & Arulrajah, 2017). To mitigate environmental degradation, banking sector has 
introduced the concept of green banking recently (Tara et al., 2015). Green banking refers to the envi-
ronmental- friendly practices that reduce the carbon footprint from both internally as well as externally 
by using online practices for banking activities to contribute environment protection with green bank-
ing products (Deepa & Karpagam, 2018). Green banking adopts the modern technology, change client 
habits in banking activities and improve operation of bank by considering environmental, economic and 
social factors to endorse environmental-friendly practices and reducing carbon foot print from banking 
activities (Singh and Singh 2012; Bihari, 2015; Masukujjaman & Aktar, 2013; Thombre, 2011; Jha and 
Bhoome, 2013; Mishra, 2013; Biswas, 2011). Therefore, greening the banking sector refers to ethical 
and environmental banking that promots corporate social responsibility in financial aspects (Ibe-enwo 
et al., 2019).

In the view of Shaumya & Arulrajah (2016) green banking saves the environment in two ways: 
technological innovation and behavioral management. Technological innovation encourage banking 
system to deplete their negative environmental effect using online banking instead of traditional bank-
ing system; whereas behavioral management helps to reduce negative environmental effect of the banks 
using environmental-riendly initiatives of bank employees, waste reduction efforts of bank employees, 
energy saving behavior of bank staff in their respective branches, providing loans to the environmental 
friendly project and etc. In regard to banks themselves, green banking offers the substantial benefits 
include increased goodwill and reputation, customers’ loyalty, positive effects on the environment on the 
environment and simplicity of bank process which is more than monetary benefits (Vijay& Natarajan 
2015). It also helps to aware bank’s corporate and social responsibility & environmental activities along 
with maintaining their ethical standards (Manzano et al. 2009).

To the customers, green banking helps to reduce wastage from their lives by eliminating paper wast-
age and also makes their life easier and more secure with online banking by providing facilities like 
balance enquiry, check balance statement, fund transfer and deposit, opening and closing account and 
easy-to-access location to prevent identity theft (Wessel & Drennan, 2010). Similarly, it saves time and 
money through mobile and electronic banking by reducing amount of fuel and time consumed on those 
numerous trips to bank for the banking activities (Sahni & Dhamija 2018). Likewise, it also helps to 
online payment services avoiding late payments and save the fines. Customers’ satisfaction and expec-
tation will be different as per customers comparatively analysis between the perception and services 
performance because the success of any organization depends on it (Parasuraman, 1991). Customers 
expect that banks should provide the required information about the green banking financial products 
(Shampa and Jobaid 2017). It shows customer’s interest on green banking practices.

was applied for the econometric analysis. This study observed that the customers are positive towards 
the environmentally friendly practices of banks and ready to adopt the green banking practices. The 
research implies that in order to promote environmental sustainability, banks and financial institutions 
should be able to educate the customers about green banking practices and their benefits.
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At present, both the banks and customers encourage each other to “go green” (Ko et al., 2012). It is 
also found that customers show their prime concerns with environmentally friendly products and the 
organizations that take care of both the society and customer. So, customers have higher expectations 
towards the financial institution with the aim that they should take environmental protection responsibili-
ties and this is the same reason behind going green for financial institution (Sharma, Sarika & Gopal, 
2014). Understanding such type of costumer’s psychology, banks are encouraging the environmental 
friendly business (Thombre, 2011).

Nepalese banks have adopted green banking concept in their banking activities by converting the 
manual activities into computerized, providing services like balance enquiry, checking balance state-
ment, fund transfer and deposit, opening and closing account via using online and providing loan at low 
level interest rate for green projects (Risal & Joshi, 2018). Laxmi bank is the initiator of green banking 
strategies in Nepal followed by Standard Charter Bank (Mehta & Sharma, 2016; Risal, 2018). Then af-
ter, today, almost all the commercial banks have adopted green banking practices in one or other forms. 
Mobile banking and internet banking are the most common practice to avoid customer-counter delay 
and provide access to easy finance. Nepal Rastra Bank (2019) in its monetary policy indicates that in 
Nepal the number of ATMS reached 3188, internet banking users 893 thousand, mobile banking users 
7 million, debit card issuer 6.28 million and credit card issuer 113 thousand in mid-April 2019 (Nepal 
Rastra Bank, 2019). It shows use of the green banking products by the customers is increasing day by day.

Despite the growing importance of green banking concept worldwide and customer’s keen interest 
on online transaction with time and cost utility, they are not aware about the operational part of it (Jani, 
2012). Studies on green banking from different countries including Nepal also revealed that customers 
are less aware about the green banking practices. For example, Prasad (2017) finds out that the customers 
are less aware with the term Green banking even if they are enjoying the benefits and features of green 
banking. Similarly, Sharma et al. (2014) analyzes that most of the respondents think online transaction, 
online bill payment and point of sales systems as a green banking but they were not aware about the 
Green CDs, solar powered ATM, and bonds for environment protection.

In the context of Nepal research conducted about the green banking practices are scant. Mehta & 
Sharma (2016) examined the persistence of customer toward the green banking in Nepal and found that 
the customers are unaware about the green banking concept but they agree on the point that green banking 
initiatives are essential for the environment protection and sustainable growth in future. Similarly, Risal 
& Joshi (2018) have investigated the green banking practices on banking environmental performance in 
Kathmandu valley and revealed that there is positive and statistically significant relationship between 
green banking practices and their environmental performance in Nepal.

Existing literature shows that the majority of studies conducted on green banking are on the aware-
ness and perception of customers towards the adoption of green banking practices. Paucity of research 
scholars sought to understand the various factors that influence customer’s attitude or behavioral inten-
tion to adopt green banking practices. So, the study tries to fill this gap by analyzing the various factors 
that affect the adoption of green banking practices. This study aims to measure customers’ perception 
on green banking practices in Nepalese commercial banks. Likewise, this study provides the informa-
tion of factors that influence customer’s inclination towards the green banking products. This study will 
benefit greatly to the banking institutions, employees of the banks, customers of the banks, and various 
stakeholders associated to banks. Also, this research aims to make it easier for policy makers to identi-
fied and implement related policies in all the banking and financial institution.
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The remaining part of the study is structured as follows; section 2 discusses the methodology with 
study area, data collection and method of data analysis. Section 3 incorporates data and results. Section 
4 presents discussion and the final section concludes.

2. METHODOLOGY

2.1. Conceptual Framework

There are significant research studies that determine the key forces behind the adoption of green banking 
practices such as Islam et al. (2014), Biswas (2011) and Ahmad et al. (2013). The customer satisfaction 
and expectation will be different as per their experience perceived from the organization and attitudes 
towards the products (Ankit 2011). Parasuraman,(1991) states that understanding customer expectation 
is required for every organization because customers always make a comparative analysis between the 
perception and services performance.

To understand the customer expectation, the organization needs to know about what customers really 
want from the product and services they delivered. If the service is below the minimum expectation level 
of customer, it will not meet their anticipation and if the service exceeds than desired service, they are 
satisfied (Zeithaml, 2013). Nowadays, customers expect cashless services and 24 hour access to elec-
tronic banking. In this context, green banking offers these facilities like the e-cards, internet banking and 
ATMs (Alinvi, 2009). As a solution of global warming customers like the idea of saving energy, for this 
bank make their infrastructure environment –friendly by using laptops, desktops computers, resource 
efficient environmentally responsible green building to meet customers expectation (IDRBT, 2013).

Customers expect their banks & financial institution will use eco-friendly technology. The bank adopts 
eco-friendly technology for energy efficiency & resources utilization by using solar powered branches, 
eco-friendly ATMs & use of less power consuming device which will reduce carbon foot prints & ren-
der a clear image about banks green (Sabharwal, 2013). Every bank, which have environment directed 
guidelines which they can increase green concern among stakeholders, customers anticipate that the 
financial institution will endorse by the guidelines (Islam et al., 2014). The factor that influence the 
customers expectation are green financial product and services, internet banking, commitment to energy 
saving, economic factor, compliance with environmental & ethical and eco- friendly technology. These 
factors are taken by study the different review and from the different customers view point. Similarly, 
customers perceived green banking as a promote social responsibility, advocates cleanliness, reduces, 
resources wastage, supported by government law, upholds ethics in business. However, green banking 
determines by the organizational pressure, environmental policy, operationa wealth of bank, green policy 
by bank, related parties instruction.

In the context of Nepal only few people research on green banking practices. Still to identify the factors 
that influence in customer expectation and usage of green banking products is unique. A comprehensive 
study on the area is worth for policy perspectives as well.
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2.2. The Empirical Model

For the empirical analysis of the study, a logit regression model was selected to identify the significant 
variables that determine the customer perception on green banking practices in study area. The logistic 
regression equation that is used to ascertain variables influencing green banking practices is given as:

Y= f(S, Pe, D, I, El, B, Pr, Ec) (1)

Where, Y= Dependent Variables, S = Matrix of Socio-demographic variables that contains age, 
education, gender, work experience. Pe = Matrix of Perception that contains green banking promotion 
on social responsibility, advocate on cleanliness, reduces resources wastage, whether green banking is 
supported by government law, upholds ethics in business, D = Matrix of Determinants that contains 
organizational pressure, environmental policy, operational wealth of bank, green policy by bank. Related 
parties instruction on green banking, I = Matrix of Importance that contains whether saving paper, solar 
use, power save equipment, attract customers is important for green banking, EI = Matrix of Effectiveness 
level that contains green mortgage, green loan, green credit card, green saving account, effectiveness of 
green checking account, green money market account, remote deposit, mobile banking, online banking, 
ethical banking and effectiveness of ATM, B = Matrix of Benefits that contains reduce stationary cost, 
raise profit, accelerate service delivery, covers CSR, Pr = Matrix of Problems that contains data security 
and privacy, lack of education, technical issues, traditional approach, lack of infrastructure, technical 
procedure problem, administration problem, Ec = Matrix of Environmental conservation that contains 
reduce resource wastage and protect environment.

Based on the functional form and variables undertaken for the study, the logistic regression equation 
that is used to ascertain variables influencing green banking practices is given as:

Y x x x� � � ��� �� � � � �
1 2 1 3 2 43 43

 (2)

Where, Y= Dependent Variables1, β0 = Regression Constant, x1–x43= Independent variables as given 
in table 1 and β1– β43 =is respective coefficient of independent variables (i.e. x). The details of variables 
are presented in result section.

2.3. Study Area and Data

The study is conducted in Kathmandu Valley of Nepal. Among 77 districts of Nepal, Kathmandu Valley 
includes 3 districts; Kathmandu, Bhaktapur and Lalitpur situated in Bagmati Province were taken for 
the study area of this research. The total population of Kathmandu is 1,442,271 which has the largest 
population than other district (CBS, 2020). There are many financial institutions but we select only 28 
commercial banks located in Kathmandu Valley. The Kathmandu valley was suitable area for research 
because it has a largest population of Nepal and important in analyzing the impact of proximity to urban 
areas in terms of access to ICTs and climate change awareness in the banking sectors.

For the study, data were collected from both the primary and secondary sources. This study was 
descriptive based on sample survey method. Basically, this study depends on the primary data. The 
primary data was collected by using structured questionnaire administrated to the 403 customers of 
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28 commercial banks in Kathmandu valley to elicit their responses. The target populations were banks 
customers who have an account in banks and use the banking services. A non-probability sampling was 
used for the survey. The sampling unit in the study was the banks customers. The secondary data were 
collected from survey, journals, document, research, National Planning Commission (NPC), Ministry of 
Finance (MOF), Banker Association, Sustainable development goals (SDGs) and Nepal Rastriya Bank 
policy which is used for strengthening research and its finding.

3. RESULTS

3.1. Descriptive Analysis

Characteristic of Respondents

The number of male and female respondents taken in the sample are almost equal; 56% male, 44% female 
(as in table 1). Predominant numbers of respondents are youngsters and the middle aged people. But in 
terms of their qualification and work experience male are more educated and experienced in comparison 
to female respondents. The study observed that most of the female respondents are housewife and they 
are not involved in any organization. But on the other hand, it was found that male respondents work 
even after their retirement from one organization and involved in other organizations.

Table 1. Respondents personal characteristics

Field Number (N) Percentage (%)

Gender
Male 228 56

Female 175 44

Age

Below 20 Years 58 14.39

21-30 Years 204 50.62

31-40 Years 63 15.63

41-50 Years 59 14.64

Above 50 19 4.71

Education

Below SLC/SEE 66 16.37

Upto SLC/SEE 56 13.89

Higher Secondary Level 87 21.58

Bachelor 111 27.54

Masters and Above 83 20.59

Work Experience

No Experience 150 37.22

Less than 10 Years 190 47.14

10-20 Years 32 7.94

21-30 Years 27 6.69

Above 30 Years 4 0.99

Source: Filed Survey data, 2020
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Customer Awareness Level on Green Banking Practices

The study expects to assess the awareness level of the respondents by asking 7 yes/no questions which 
helps to determine the individual respondents’ awareness level towards the green banking practices 
adopted by their banks. Each ‘yes’ answer will get one point. If overall awareness score exceeds 75, it 
is considered as highly aware; if it remains between 51 to 75, it is medium aware and the score below 
50 means less aware about green banking. In this study, the awareness index contains 4 independent 
variables; gender, age, education and work experience (See figure 1). The awareness index was pre-
pared to understand age, gender, work experience and education. In summary, majority of respondent 
385(≈96%) were less aware about the green banking practices whereas only 17 of them and 1 of them 
are moderately aware and highly aware respectively.

Customers Perception on Green Banking Concept

The result indicates that the most of the people are not aware about the green banking concept (See table 
2). Only 109 respondents (27%) are aware about the green banking practices by their bank and 294 are 
not aware about such practices adopted in their bank. Most of respondents (41%) thought green banking 
is the environmental banking whereas 24 percent opined green banking as social responsibility banking. 
Those who are aware about the green banking practices of their banks, most of them responded that the 
level of awareness is moderate indicates that only few people aware about the green banking practices 
adopted by their banks. From the analysis, it is observed that 88% respondents thought that the green 
banking practices are important.

Majority of the respondents know about the ethical banking (367), half of respondents aware about 
mobile banking (263), and online banking (232). Similarly, save paper (114) and use solar energy also 
known by the respondents and other components are known moderately. But the very few respondents 

Figure 1. Overall awareness on Green Banking

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use



27

Customer Perception and Awareness of Green Banking Practices
 

were known about the components of green banking, green mortgage (20), green money markets ac-
count (25), and green checking accounts (30). Five most popular practices adopted by banks are mobile 
banking and online banking. Likewise, ethical banking, save paper and use solar energy is the 3rd, 4th 
and 5th components of green banking respectively. The components adopted by bank are also helpful to 
promote green banking concept with the respect to reduce paper consumption, recycle waste properly, 
sponsor tree plantation, spend in green publicity, launch green product and services and others. Accord-
ing to the respondents, most of them thought it helps to reduces paper consumption (29%) and recycle 

Table 2. Customers perception on Green Banking

Variable Number (N) Percentage (%)

Awareness on Green 
Banking Practices

Yes 92 22.82

No 196 48.63

May Be 37 9.18

No Idea 78 19.35

Green Banking Practices

Ethical Banking 80 19.85

Sharing Based Banking 139 34.49

Environmental Banking 89 22.08

Social Responsibility Banking 224 55.58

Sustainable Banking 20 4.96

Others 11 2.72

Importance of Green 
Banking

Very Important 103 25.55

Important 138 34.24

Moderate 113 28.03

Less Important 13 3.22

Not Important 36 8.93

Five Popular Strategies 
Adopted by Banks

Mobile Banking 168 41.68

Online Banking 158 39.20

Ethical Banking 69 17.12

Saves Paper 65 16.12

Use Solar Energy 61 15.13

Strategies to Promote 
Green Banking

Reduce Paper Consumption 92 22.82

Recycle Waste Properly 73 18.11

Sponsor Tree Plantation 61 15.13

Green Publicity 45 11.16

Launch Green Products & Services 43 10.66

Others 6 1.48

Bank Provides Green 
Banking Trainings

Yes 7 1.73

No 113 28.03

May Be 40 9.92

No Idea 243 60.29
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wastage properly (22%). Training is an essential factor in order to initiate new concept or technology 
and to know how it works and what are the benefits and consequences of it.

Majority of the respondents perceived that green banking reduce resources wastage (27%) and pro-
motes social responsibility (26%). Respondents thought the factors that determine the green banking 
practices are environmental policy (38%) and green banking by bank (25%) (see figure 2). It indicates 
that major factor that determines green banking is environmental policy and adoption of green banking 
practices by banks.

For the levels of effectiveness about the green banking compared to other mode of banking, majority 
of respondents (84%) have positive response. It indicates that there is a high level of effectiveness about 
the green banking compared to other mode of banking in Nepal. But 75% of the respondents don’t get 
the opportunity of significant benefits of green banking compared to other mode of banking.

Managerial Suggestion for Promotion of Green Banking

This section includes the customers’ response towards the existing technology sufficient to promote 
green banking practices or not. 70% respondents positively thought the existing technology is sufficient 
to promote green banking practices. One third customers thought bank should organize the awareness 
programs by coordinating with different media channels, pamphlets and so on. Other 18%, 13% and 
15% respondents opined that update the new technology of the banks, training to employees and the 
customers, and electronic transaction and marketing are major tools to use to promote green banking 

Figure 2. Determinants of Green Banking
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practices respectively. In addition to this, quarter of the respondents (23%) argued different things like 
international payment system, increase green loan and green saving account and so on.

The major things are awareness program as 51% customers support on it (see figure 3). Another thing 
needed to be done is promote the green banking practices. The awareness level of customers towards the 
concept depends on the promotion level and it is supported by 14% customers. To adopt the new concept 
and use it both the employees and customers need training. Training helps to develop the concept by 
making understandable how it works and what are the benefits of it. 12% customers’ support the training 
is needed to improve the scope of the green banking practices. 13% customers indicated the different 
views like banks should make mobile banking & online banking compulsory, translate the language 
into Nepali words, bank should separate some amount of money for green banking activities and so on.

3.2. Econometrics Estimation

Before running the Binary Logit regression, necessary post estimation test is done. Multicollinearity test 
using VIF and heteroscedasticity test using Breusch- Pagan/ Cook- Weisberg test were performed to find 
out about any existing repetitions or similarities between various data sets and ascertain whether the data. 
The post estimation result indicates the heteroscedasticity problem in the existing data set. Similarly, χ2 
value was significant and the value of the Pseudo-R2 ranged from 0.22 to 0.65. The VIF value is less 
than 1.79 in all models. Hence, we performed robust standard error test to correct the heteroscedasticity 
problem. The final output result for this study is presented in table 3.

Figure 3. Managerial implication to promote Green Banking
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continued on following page

Table 3. Logistic Regression Result of Green Banking

Variables Awareness Importance Effectiveness Benefits Problems Environment 
conservation

Gen
0.133 0.855* -0.253 -0.122 0.211 -0.284

(0.294) (0.464) (0.347) (0.350) (0.471) (0.332)

Age
-0.0172 0.00335 -0.0143 -0.0506** -0.0125 -0.0290

(0.0187) (0.0318) (0.0217) (0.0231) (0.0248) (0.0216)

Edu
-0.0604 1.600*** 0.627 1.377** 0.539 -0.274

(0.434) (0.550) (0.442) (0.627) (0.654) (0.450)

work_exp
-0.0149 -0.0318 0.0239 0.0740** 0.0422 -0.0150

(0.0292) (0.0432) (0.0293) (0.0323) (0.0335) (0.0300)

received_any_train
2.882** NA NA 2.780** -2.841 NA

(1.120) (1.173) (2.415)

GB_promo_SR
0.289 1.814*** 0.862** 0.199 -0.201 0.649*

(0.334) (0.655) (0.436) (0.394) (0.511) (0.380)

GB_advocates_clean
0.788** 0.966 0.732* -0.620 -0.109 -0.231

(0.329) (0.651) (0.437) (0.412) (0.508) (0.367)

GB_reduce_resource_wastage
0.342 0.378 0.0691 1.343*** -0.656 -0.776*

(0.370) (0.651) (0.472) (0.445) (0.596) (0.427)

GB_support_ govt
-0.215 1.027 -0.00679 -0.114 0.376 -0.110

(0.352) (0.754) (0.453) (0.440) (0.599) (0.413)

GB_upholds_ethics_business
-0.215 1.680** 0.663 -0.377 0.348 0.0845

(0.370) (0.850) (0.452) (0.437) (0.572) (0.419)

organizational_pressure
-0.438 -1.590** -0.850 -0.0992 -2.000*** 0.371

(0.419) (0.714) (0.529) (0.482) (0.752) (0.491)

environmental_policy
0.237 -0.212 -0.489 1.030** 0.906 1.487***

(0.393) (0.702) (0.510) (0.452) (0.629) (0.453)

operational_wealth_bank
-0.897** 0.888 -1.137** -0.690 -0.292 -0.629

(0.423) (0.765) (0.478) (0.460) (0.662) (0.466)

green_policy_by_bank
-0.202 -0.133 -1.009** 0.188 -0.881 0.285

(0.372) (0.707) (0.480) (0.406) (0.588) (0.417)

related_partie_instruction
0.0397 -3.39*** -0.934 0.252 1.665* -0.131

(0.513) (0.936) (0.618) (0.559) (0.947) (0.620)

save_paper
0.614 0.522 0.125 -0.637 -1.094* -0.141

(0.408) (0.934) (0.494) (0.448) (0.606) (0.470)

use_solar_energy
-0.441 -1.428 0.585 -0.525 -0.0109 0.898*

(0.392) (0.885) (0.499) (0.444) (0.562) (0.460)

power_supply_equipment
-0.333 3.850** 0.153 0.00751 -0.134 -0.231

(0.497) (1.689) (0.618) (0.543) (0.743) (0.552)
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Variables Awareness Importance Effectiveness Benefits Problems Environment 
conservation

attract_customers
0.621* -0.395 0.914* -0.347 -2.564*** -0.340

(0.357) (0.601) (0.493) (0.423) (0.717) (0.423)

green_mortgage
1.327* 0.712 0.774 -0.285 -0.658 -2.295**

(0.703) (1.470) (1.181) (0.821) (1.220) (0.997)

green_loan
-0.0404 1.466 0.981* 0.893* 2.378*** 0.447

(0.446) (1.099) (0.585) (0.536) (0.756) (0.576)

green_credit_card
-0.134 0.551 0.544 0.566 1.190* 1.074**

(0.424) (0.851) (0.551) (0.510) (0.636) (0.504)

green_saving_acc
-0.00963 -2.526** 0.716 0.333 -1.043 0.472

(0.477) (1.039) (0.662) (0.566) (0.766) (0.567)

green_checking_acc
0.988 0.123 -1.390* 0.193 -2.430*** 0.396

(0.633) (1.543) (0.835) (0.717) (0.940) (0.817)

green_money_market_acc
0.160 1.379 2.000 -0.987 2.047** 3.166**

(0.616) (1.682) (1.374) (0.706) (0.919) (1.277)

mobile_banking
-0.444 0.738 -1.480** -0.545 0.532 -0.0200

(0.565) (1.041) (0.653) (0.669) (0.761) (0.611)

online_banking
0.445 0.273 -0.0590 0.910 0.176 0.662

(0.542) (1.014) (0.616) (0.633) (0.668) (0.568)

Remot_deposit
-0.111 -0.337 -0.100 -0.0679 1.177* 1.016*

(0.434) (0.991) (0.615) (0.503) (0.714) (0.586)

ethical_banking
-0.310 -0.311 -0.979 1.474** -1.196 0.0150

(0.513) (0.909) (0.744) (0.731) (0.773) (0.680)

Other (ATM)
-0.812 -4.24*** -0.302 -2.039** 0.923 0.125

(0.687) (0.891) (0.543) (0.976) (0.840) (0.557)

reduce_stationary_cost
0.602* 0.697 -0.568 0.376 -0.247 0.876**

(0.315) (0.578) (0.363) (0.381) (0.518) (0.347)

raise_profit
-0.738* -1.903** 1.351** 1.459*** -1.716** 1.147**

(0.405) (0.756) (0.630) (0.427) (0.762) (0.492)

accelerate_service_delivery
0.770** 0.502 -1.117** 1.166** -0.132 -0.567

(0.388) (0.703) (0.444) (0.458) (0.605) (0.450)

covers_CSR
-0.473 -0.128 1.523*** -0.478 1.109** -0.246

(0.371) (0.643) (0.469) (0.431) (0.561) (0.418)

data_security_and_privacy
-0.731* -0.206 -0.383 1.272*** 3.185*** -0.654

(0.422) (0.974) (0.611) (0.457) (0.674) (0.589)

lack_of_education
0.368 2.481** 0.479 1.160*** 2.319*** 0.629

(0.391) (1.225) (0.582) (0.421) (0.571) (0.522)

technical_issue
0.789* 0.195 -1.095** 0.541 2.450*** 1.524***

(0.416) (0.896) (0.540) (0.436) (0.603) (0.541)

Table 3. Continued

continued on following page
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The first model result presented on the table depicts seven independent variables were found to have 
significant relationship with the green banking awareness. Four of these variables namely, received train-
ing, green banking advocate’s cleanliness, technical issue and reduce stationary cost were significant at 
5% level while green mortgage and green checking account significant at 1% level and reduce resource 
wastage were significant at 10% level. This result indicates the probability of increase in green banking 
awareness with the increase the above significant independent variables. However, operational wealth 
of bank had a significant negative relationship (at 5% level), lack of infrastructure (at 10% level), raise 
profit (at 1%level). Looking at their odds ratio, our result indicates that for one unit change in received 
training, green mortgage, green banking advocate cleanliness, green checking account, technical issue 
and reduce resource wastage, the odds of being awareness on green banking increase by a factor of 17 
times, 3.8 times, 2 times, 2.95 times, 2.24 times, 1.9 times and 2.6 times respectively. This study indi-
cates that training is the most significant factors to promote green banking among the customers. The 
first hypothesis is rejected as there is no significant relationship between the green banking awareness 
and the given explanatory variables.

The result presented in the model 2 in the table shows the probability of increase in importance of 
green banking increase in gender, education, power supply equipment, green banking promotion social 
responsibility, green banking upholds ethics in business, lack of education, protect environment but 

Variables Awareness Importance Effectiveness Benefits Problems Environment 
conservation

traditional_approach
0.527 -1.225 0.756 -0.367 1.543** 1.993***

(0.481) (1.125) (0.721) (0.516) (0.678) (0.716)

lack_of_infrastructure
-1.54*** -1.930* -0.979 0.793 2.603*** 0.0135

(0.547) (1.017) (0.685) (0.528) (0.781) (0.655)

technical_procedure_problem
0.177 1.445 2.639** 0.0683 1.978** 2.771**

(0.497) (1.431) (1.160) (0.557) (0.849) (1.103)

admistration_problem
0.162 -1.345 -0.899 -0.682 1.008 1.327**

(0.453) (1.114) (0.644) (0.567) (0.783) (0.650)

reduc_resources_wastage
1.030*** 0.618 1.551*** 1.414*** 1.574*** 1.202***

(0.367) (0.554) (0.442) (0.472) (0.593) (0.381)

protect_environment
0.346 1.004* -0.215 -0.392 0.813 0.550

(0.333) (0.586) (0.398) (0.410) (0.511) (0.364)

Constant
-2.27*** -0.335 2.730*** -5.98*** -4.294*** -2.710***

(0.862) (1.354) (1.055) (1.202) (1.310) (0.986)

Pseudo R2 0.2255 0.4608 0.2704 0.4176 0.6475 0.4833

VIF 1.66 1.67 1.66 1.67 1.71 1.68

Breusch- Pagan/ Cook- Weisberg 
test

56.66 
(0.0000)

93.85 
(0.0000)

84.54 
(0.0000)

57.69 
(0.0000)

75.81 
(0.0000)

2.13 
(0.0000)

Observations 403 397 397 403 403 397

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 3. Continued
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decrease with green saving account, ATM, organizational pressure, related parties instruction, lack of 
infrastructure, raise profit. The odds ratio of gender, education, power save equipment, green banking 
promotion social responsibility, green banking upholds ethics in business, lack of education, protect 
environment are 2.3 times, 4.9 times, 47 times, 6 times, 5 times, 12 times, 2 times respectively. The 
second hypothesis is also rejected since the model found significant relationship between importance 
of green banking with seven of the explanatory variables.

In the third model green banking effectiveness was captured where variables green banking promo-
tion social responsibility, attract customers, green money market significant at (1% level) while, technical 
procedure problem significant at (5% level) and cover CSR, raise profit and reduce resources wastage 
significant at (10% level). This result indicates that the probability of increasing in effectiveness level 
depends on the increase in these independent variables. The odds ratio of these seven variables are 
2.37 times, 2.49 times, 7.4 times, 13.97 times, 4.58 times, 3.8 times, and 4.7 times respectively which 
signifies effectiveness level among customers with these variables. The study indicates that technical 
procedure problem is the most significant factors to the effectiveness of green banking. However, lack 
of infrastructure, green checking account negative significant at (1% level) and operational wealth of the 
bank, green policy by bank, accelerate service delivery, technical issues, mobile banking at (5% level). 
It shows that increase in any independent variables decreases effectiveness level. It mirrors that the third 
hypothesis is also rejected in case of effectiveness level indicating significant relationship.

In the fourth model benefits have been assessed. Here too, out of the thirteen, ten variables i.e. 
received training, green loan positively significant at (1% level), while work experience, lack of educa-
tion, environmental policy, accelerate service delivery, ethical banking significant at (5%level) and data 
security and privacy, raise profit and reduce resource wastage at (10% level) are taken into account. 
Further, odds ratio of these variables are 16 times, 2.44 times, 1 times, 3.9 times, 2.8 times, 3.2 times, 
4.3 times, 3.5 times, 4.3 times and 4 times. Similarly, two variables age and other (ATM) are negatively 
significant at (5% level).This result indicates that probability of age and other (ATM) affects negatively to 
the benefits of green banking. Similar to previous three hypotheses the fourth hypothesis faced the same 
fate. It shows that there is significant association between the benefits and the given eleven explanatory 
variables among customers.

The model fifth result depicts that work experience, green credit card significant at (1%level) while 
traditional approach, lack of infrastructure, reduce resource wastage significant at (5%level) and data 
security, lack of education, technical issue, green loan and green money market significant (10%level) 
with odds ratio of 1 times, 3.29 times, 4.67 times, 13.5 times, 4.8 times, 24 times, 10 times, 11.5 times, 
10.7 times and 7.7 times respectively. The result indicates that data security, lack of infrastructure, lack 
of education and technical issues are major problem of green banking. However, out of fifteen significant 
variables five variables are negatively significant. Received training and green policy are significant at 
1%level, organizational pressure at 5%level and attract customer, green checking account significant at 
10%level.The fifth hypothesis is also rejected.

The sixth model of the study explains the relation of environment conservation where green banking 
promotion social responsibility, remote banking, use solar energy are positively significant at (1%level). 
Similarly, technical issue, green credit card, green money market, reduce stationary cost, raise profit 
and technical process procedure (5% level) and environment policy, traditional approach and reduce 
resources wastage (10%). It entails that if there is increase in these variables, there is decrease in envi-
ronment conservation. The odds ratio are 1.9 times, 2.7 times, 2.4 times 4.5 times,2.9 times, 23.7 times 
and 2,4 times,3 times,15 times, 4.4 times, 7.3 times, 3.3 times respectively. Only green banking reduces 
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resources wastage and green mortgage negatively significant at 1 and 5% level. As all other hypothesis, 
the hypothesis is also rejected since the model found significant association between the environment 
conservation and seven variables.

4. DISCUSSION

The study tries to identify the customers’ perceptions on green banking practices by focusing on the 
awareness level, importance of green banking, opinion on green banking, effectiveness level, benefits 
of green banking, determinants of green banking, problems of green banking and environmental con-
servation. From the table 1, we see that 96% of the respondents are less aware about the green banking 
practices and 4% moderately and only 1 respondent is found highly aware. It refers that bank should 
focus on encouraging the promotion of the concept green banking towards their customers (Dixit & 
Datta 1970; Sharma et al., 2014;Vijai & Natarajan 2015; Deka 2015; Mehta & Sharma, 2016; Malliga 
& Revathy,2016; Pariag-maraye et al.,2017; Risal & Joshi,2018). Similarly, very few 12% respondents 
think that green banking concept is not important because they are unknown about the benefits of green 
banking practices but the majority of respondents 88% think that it is important, and will benefit to cus-
tomers, banks and society. It indicates that green banking concept in financial institution is necessary in 
current context to change the traditional way of banking transaction into technological banking (Sathey 
1999; Mehta &Sharma, 2016; Malliga & Revathy, 2016).

Green banking concept has various components like mobile banking, online banking, green mortgage, 
green loan, ethical banking, green credit card, green saving account, green checking account, green 
money market account, remote deposit, power save equipment, save paper, use solar energy and others 
(Faruque et al., 2016; Ganesan & Bhuvaneswari,2016; Deepa & Karpagam,2018 Masukujjaman et al., 
2017; Mehta & Sharma, 2016) . Comparatively the customers ranked the five most adopted practices 
by their banks like this 1st mobile banking, 2nd online banking, 3rd ethical banking, 4th save paper and 
5th use solar energy respectively. From the analysis, it is found out that respondents are still unaware 
about whether their bank adopt such practices on their banking practices or not. Whereas respondents 
are positive about mobile banking, online banking, ethical banking, save paper and use solar energy as 
a green banking practices. To adopt the green banking practices by customers, the bank should not only 
aware the customers about various components of the green banking practices adopted by their banks 
but also the advantages of using green banking practices (Deka, 2018).

41% of respondents agree on green banking is the environmental banking which means customers 
perceived the green banking as to solve the environmental problem. It means customers are known 
about green banking practices is environmental friendly concept that promotes and contributes to pro-
tect environment. So, bank should adopt the environmental friendly practices by focusing on clean and 
healthy environment through the reduction of carbon foot print (Sharma, Sarika & Gopal, 2014; Raj & 
Rajan, 2017).

To solve the problem of environmental degradation and upgrade the banking services with technology, 
Nepal needs to work hard. In this context, bank and financial institutions play a vital role to maintain 
sustainable growth by financing the environmental friendly activities and change on the customer’s habits 
by introducing green products and services. Recently, the green banking practices adopted by Nepalese 
banks and respondents thought that the success and improve the concept will be determined by the en-
vironmental policy (38%) and green policy by bank (25%) more than other factors. Green banking has 
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benefits to both the banks and customers, on that context respondents said that green banking concept 
helps to attract customers (18%), cover CSR (18%) to the banks and for customers it helps to protect 
environment (20%) and accelerate service delivery (9%) that saves both time and money, and facilitates 
to do banking transaction easily from anywhere. Moreover, it helps to reduce the stationary cost and 
raise profit of both banks and customers. As green banking is a new concept and most of the people are 
unfamiliar with it, the reason of this problem is rooted in the issues like lack of education, data security, 
comfortable with traditional method, lack of infrastructures.

The foremost contribution of this research is to find out the customers expectation towards the new 
concept green banking practices. The previous researcher find out that the practices have a huge po-
tential in Nepal if banks are able to introduced the concept towards the customers and benefit both the 
customers and banks which is significant for the development of nation (Mehta &Sharma, 2016;Risal & 
Joshi, 2018). This study helps to know the customers perceptions towards the green banking practices. 
Customers are ready to adopt the green banking practices but the problem is they are not familiar with 
it. This means bank and government should focus on the increasing the awareness of the concept and 
make a policy that supports the green banking practices.

There are some limitations in this study. First, this study is conducted based on the data collected 
only from the 28 commercial banks, there are also other development banks and financial institution in 
Kathmandu Valley which are not included in the study. Second, the information was collected only from 
the commercial banks of Kathmandu valley Third, targeted sample size of the study is limited. Despite 
these limitations, this study makes significant contribution to future research in Nepal by updating the 
recent information and data. The current data and information are important for future studies as a 
reference for their studies and find out the new research gap. In addition to that, future studies have the 
further opportunities to consider the predecessor variables related to this study. Hence, it is suggested that 
there is possibility to conduct the study in customers’ perception on green banking practices in all other 
districts of Nepal. To overcome from these above mentioned limitations, further studies are suggested.

5. CONCLUSION

The governments, business firms, policy makers, advocacy groups and even the public are hotly debat-
ing on the issues of environmentally friendly practices around the world in the last few decades. In this 
scenario, being a part of ‘going green’, Green Banking which plays an important role in environmental 
sustainability has been a buzzword in global baking industry. The research concludes that in the context 
of Nepal, green banking is still the new concept and issues in banking and financial institutions are also 
in incipient form in comparison to other countries. There is positive response of the customers towards 
the green banking practices and they are ready to adopt such practices. Also, customers feel that green 
banking practices is important to them. But the major problems are less awareness about the practices 
adopted by their banks and benefits of it. The result from 403 banking customers suggest that to adopt 
the practices in the context of Nepal, bank and financial institutions should focus on awareness pro-
grams to promote the new concept initiated by their banks, and on the other hand training is also the 
most influencing factor in regard to such practices. This study observed that the customers are positive 
towards the environmental friendly practices of banks and ready to adopt the green banking practices 
and such practices will help to maintain sustainable environment. It means that before adoption of the 
new concept in banks and financial institutions, they should introduce such new concepts to customers 
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who are the users and their perceptions towards the practices means a lot. The research implies that the 
banks and financial institutions should be able to educate the customers about green banking practices 
and their benefits. Furthermore, when such practices and benefits are realized, this will lead the environ-
ment towards sustainability from the part of banking and financial sector.
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1  This study has set 6 different dependent variables with the same independent variables to check 
the independent variables in different situations.
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Table 4. Variables and the expected signs undertaken for the study

Variables Description Value Expected signs

Socio-demographic

Gen Customers gender 1= male, 0= otherwise +

Age Customers age in years +

Edu Formal schooling year Year +

Work _Exp Total customers experience year In years ±

Awareness

Received_any_train Whether received any green banking related 
training 1=yes, 0= otherwise +

Perception

GB_promo_SR Whether green banking promotes social 
responsibility 1=yes, 0= otherwise ±

GB_advocates_clean Whether green banking advocates cleanliness 1=yes, 0= otherwise ±

GB_reduce_resource_wastage Whether green banking reduces resources 
wastage 1=yes, 0= otherwise ±

GB_support_ govt Whether green banking is supported by 
government law 1=yes, 0= otherwise ±

GB_upholds_ethics_business Whether green banking upholds ethics in 
business 1=yes, 0= otherwise ±

Determinants

Organizational_ pressure Green banking determine by organizational 
pressure 1=yes, 0= otherwise ±

Environmental_policy Green banking determine by Environmental 
Policy 1=yes, 0= otherwise ±

operational_wealth_bank Green banking determine by Operational 
Wealth of the bank 1=yes, 0= otherwise ±

green_policy_by_bank Green banking determine by Green Policy 
by Bank 1=yes, 0= otherwise ±

related_partie_ instruction Green banking determine by Related parties 
instruction 1=yes, 0= otherwise ±

Importance

Save_ paper Whether save paper is important for green 
banking 1=yes, 0= otherwise ±

Use_ solar_ energy Whether use solar is important for green 
banking 1=yes, 0= otherwise ±

power_supply_equipment Whether power save equipment is important 
for green banking 1=yes, 0= otherwise ±

Attract_customers Whether attract customers is importance of 
green banking 1=yes, 0= otherwise ±

Effectiveness level

Green_ mortgage Whether green mortgage is effective 1=yes, 0= otherwise ±
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Table 4. Continued

Variables Description Value Expected signs

Socio-demographic

Green_ loan Whether green loan is effective 1=yes, 0= otherwise ±

Green _credit _card Whether green credit card is effective 1=yes, 0= otherwise ±

Green _saving_ acc Whether green saving account is effective 1=yes, 0= otherwise ±

Green_ checking _acc Whether green checking account is effective 1=yes, 0= otherwise ±

Green _money_ market _acc Whether green money market account is 
effective 1=yes, 0= otherwise ±

Mobile_ banking Whether mobile banking is internet banking 1=yes, 0= otherwise ±

Online_ banking Whether online banking is internet banking 1=yes, 0= otherwise ±

Remote_ deposit Whether remote deposit is green products 1=yes, 0= otherwise ±

Ethical_ banking Whether ethical banking is effective 1=yes, 0= otherwise ±

Other (ATM) Whether ATM is effective ±

Benefits

Reduce_stationary_cost Whether reduce stationary cost is benefit of 
green banking 1=yes, 0= otherwise ±

Raise _profit Whether raise profit is benefit of green 
banking 1=yes, 0= otherwise ±

Accelerate_service_delivery Whether accelerate service delivery is benefit 
of green banking 1=yes, 0= otherwise ±

Covers_CSR Whether cover CSR is benefit of green 
banking 1=yes, 0= otherwise ±

Problems

Data_security_and_privacy Data security and privacy is challenges to 
implement gb 1=yes, 0= otherwise ±

Lack_of_education Lack of education can provide problem in 
adopting gb 1=yes, 0= otherwise ±

Technical_issue Technical issue is problem of gb 1=yes, 0= otherwise ±

Traditional_approach Traditional approach impact on gb 1=yes, 0= otherwise ±

Lack_ of_ infrastructure Lack of infrastructure is problem 1=yes, 0= otherwise ±

technical_procedure_problem Technical procedure problem 1=yes, 0= otherwise ±

admistration_problem Administration problem 1=yes, 0= otherwise ±

Environmental Conservation

Reduc_ resources_wastage Reduce resources wastage is helpful to 
environment conservation 1=yes, 0= otherwise ±

Protect_environment Protect environments helpful to environment 
conservation 1=yes, 0= otherwise ±
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ABSTRACT

Renewable energy sources are clean energy sources that meet the energy needs in a sustainable way. 
Therefore, it is necessary to invest in renewable energy sources. However, there are some difficulties 
in renewable energy investments. It has problems such as high initial installation cost, underdeveloped 
technological infrastructure, and insufficient financial support. Several financial products are being 
developed in order to overcome the mentioned difficulties. In this context, the purpose of this study is 
to explain the role of green sukuk in the financing of renewable energy investments. Depending on this 
purpose, the study has been examined with a literature review. The production of renewable energy 
sources can be encouraged with green sukuk. However, green sukuk is an advantage for Islamic com-
panies that want to realize environmental projects. On the other hand, it offers the opportunity to the 
environmentally friendly Islamic investors to evaluate their savings.

INTRODUCTION

Renewable energy sources are among the energy types that are inexhaustible and renew themselves in 
nature. In this context, it meets the energy demand uninterruptedly and ensures energy supply security. 
On the other hand, renewable energy sources are clean energy. It reduces the carbon emissions caused 
by fossil resources (Zhong et al., 2020). Therefore, it has a positive effect on the climate. However, it 
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lowers the import dependency of countries that are dependent on foreign countries in energy. It promotes 
domestic energy production in countries. This situation positively affects the current account balance of 
countries (Ubay and Karakuş, 2020). In this context, renewable energy resources are important in terms 
of ensuring the social and economic welfare of the countries. Because it increases the social welfare as 
it provides the energy demand and energy supply security in an uninterrupted manner. At the same time, 
it increases economic prosperity in countries as it nationalizes energy production (Zhu et al., 2020; Zhao 
et al., 2021). Therefore, renewable energy investments should be encouraged.

Renewable energy is an environmentally friendly energy source. However, some systems need to be 
developed in order to benefit from renewable energy sources. In this context, there are many difficulties 
in renewable energy investments (Li et al., 2020; Xie et al., 2021). The initial setup costs of renewable 
energy investments are high. At the same time, the technological infrastructure used in renewable energies 
is not very developed. This situation cannot provide the targeted efficiency from energy. However, renew-
able energy sources are affected by seasonal changes (Li et al., 2021; Zhou et al., 2021). This situation 
increases the cost of the systems. Therefore, the funds provided are important in promoting renewable 
energy investments. Government incentives fund renewable energy investments. However, tax cuts and 
low interest loans by banks encourage renewable energy investments (Dixon et al., 2016). On the other 
hand, it is important to consider financial instruments in the financing of renewable energy investments.

Sukuk is an Islamic instrument that firms or entrepreneurs export to provide financing. The instru-
ment in question is issued based on the asset or the project. In this context, the asset or project constitutes 
a guarantee for investors. The issuing party is a special purpose organization. The resource institution 
transfers a certain part of its income from its assets to a special purpose institution until a certain ma-
turity in order to obtain financing (Halim et al., 2017). The special purpose organization, on the other 
hand, structures the income as a certificate. It sells the structured certificates to investors and transfers 
the funds obtained to the source institution. The resource institution meets the funding needs in the 
short term. In addition, the resource institution pays the lease to the special purpose company until the 
agreed maturity. Income from the rent payment is distributed to investors in proportion to their shares. 
At the end of maturity, the special purpose organization sells the revenues it holds back to the originat-
ing organization. In this way, the principal capital obtained from the investors at the beginning is paid 
back to the investors in proportion to their shares (Smaoui and Khawaja, 2017).

There are some types of sukuk that have been developed based on assets or projects. However, sukuk 
types such as ijara, mudaraba, musharaka, murabaha and selem are often used. There is a new instru-
ment that is similar to the operating structure of the mentioned types of sukuk but attaches importance 
to the financing of environmentally friendly and renewable energy projects. Green sukuk is an Islamic 
instrument created to finance environmental and renewable energy investments. Green sukuk, which 
is the same as the functioning of the sukuk market, focuses only on investors and resource institutions 
that are Islamic and environmentally sensitive. Thanks to green sukuk, renewable energy production is 
encouraged. However, it provides funds to Islamic investors who want to make environmental projects. 
On the other hand, considering environmentally sensitive non-Islamic investors increases the investor 
portfolio (Abubakar and Handayani, 2020). Considering all these issues, green sukuk is important in 
financing renewable energy investments. The aim of this study is to explain the role of green sukuk in 
the financing of renewable energy investments.

This study consists of 5 parts. This section includes basic information on renewable energy, sukuk 
and green sukuk. In the second part of the study, the literature will be reviewed and the studies on 
green sukuk will be mentioned. In the third part of the study, theoretical information about sukuk will 
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be given. The definition of the concept of sukuk will be made and the functioning of the sukuk market 
will be explained. Later, the sukuk types developed according to their usage areas and models will be 
mentioned. In the fourth part of the study, the green sukuk issue that arises in the financing of renewable 
energy investments will be evaluated. In the last part of the study, the obtained information will be shared.

LITERATURE REVIEW

Sukuk is a certificate issued by states, companies, or entrepreneurs to provide financing. The mentioned 
certificate is issued to investors by the state, company, or entrepreneurs through special purpose orga-
nizations. In this way, cash needs are met in the short term (Halim et al., 2017). However, sukuk has a 
structure in accordance with Islamic principles. This issue has been emphasized by many researchers 
in the literature. For example, Razak et al. (2019) investigated the structures of sukuk contracts. As a 
result, it has been determined that investors earn dividends or rental income by issuing sukuk. Since 
there is no interest-based income, it is stated that it is suitable for the Islamic structure. A similar study 
was conducted by Hossain et al. (2020). They dealt with sukuk and the bond market in their study. It has 
been determined that there is a lender and borrower relationship in the bond market. In addition, it was 
stated that there is a relationship between tenant and lessor in the sukuk market. It has been emphasized 
that the relationship is in accordance with Islamic conditions. Sukuk is an important tool in financing 
investment projects. Because it meets the funds required for large projects in the short term. But sukuk 
is a newly developing market. Therefore, there are some deficiencies in the sukuk market. There is no 
regulation regarding the measurement of the suitability of investment projects to religious structure. 
However, the lack of sufficient knowledge of the investors about the sukuk market decreases the trans-
action volume. This situation cannot provide the financial support required for investment projects. 
Therefore, the regulations to be made affect the existence of the sukuk market (Duqi and Al-Tamimi, 
2019; Samoui and Khawaja, 2017).

Combating climate change, which is one of the sustainable development goals, is one of the important 
issues because climate change affects human life. Carbon emissions are increasing with climate change. 
Increasing carbon emissions negatively affect human health and social life. Therefore, measures should 
be taken against the factors that cause carbon emissions. The use of non-renewable energy sources 
causes carbon emissions. In this context, as one of the issues that cause climate change. Therefore, it is 
necessary to invest in renewable energy sources. However, since renewable energy projects are costly, 
financing tools are needed. Green sukuk contributes to the financing of renewable energy projects (Zain 
et al., 2021). There are many studies on this subject in the literature. For example, Suroso et al. (2020) 
focused on the green sukuk issue. Indonesia was included in the study. As a result, it was stated that due 
importance should be given to green projects due to climate change. It was emphasized that one of the 
green project financing methods is green sukuk. In parallel with these studies, Azhgaliyeva et al. (2020) 
examined green sukuk and green sukuk policies. The Southeast Asia region was included in the study. 
As a result, it was stated that importance should be attached to renewable energy projects in reducing 
climate change and meeting energy demand. It has been stated that the green sukuk is an important 
financing tool in renewable energy investments.

Green Sukuk is an instrument developed by considering investors who are sensitive to the environ-
ment. This issue has been emphasized by many researchers in the literature. Alam et al. (2016) evaluated 
the potential of green sukuk. France was included in the study in the study. The relevant study was sup-
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ported by a literature review. It has been stated that the green sukuk is an important tool that finances 
projects such as solar and wind energy. However, it has been stated that the investors in Islamic markets 
have been developed by taking into account their environmental awareness (Eti et al., 2020). Morea and 
Poggi (2017) researched the green sukuk issue in wind energy investments. The study, in which Italy 
was included in the study, was examined with a case study. As a result, it was stated that importance 
should be attached to wind energy to reduce climate change and greenhouse gas emissions. It was stated 
that green sukuk should be used in order to harmonize wind energy investments with Sharia. Green 
sukuk is important for socially responsible people who attach importance to renewable energy projects 
in order to reduce their carbon emissions. Green sukuk is a financing model that places emphasis on 
climate change. In this context, it is important in financing green projects (Boutti and El Mosaid, 2015; 
Suherman, 2019). In addition to the studies, Abubakar and Handayani (2020) focused on the green sukuk 
issue, which is one of the financing instruments in his study. Indonesia was included in the study. In the 
study, which was examined through a literature review, it was stated that green sukuk is important in 
financing environmental projects.

Green sukuk is a tool that takes both environmentalist and Islamic investors into account. There are 
many studies on this subject in the literature. Anugrahaeni (2017) focused on the issue of green bond 
and green sukuk issuance in his study. Indonesia was included in the study. On the other hand, the study 
was examined with a literature review. As a result, it was stated that green sukuk attracted Islamic and 
environmentalist investors. However, it was emphasized that the support of the banks is important in 
ensuring the participation of the environmentalist Islamic investors in the market. In addition to these 
studies, Ramadhan (2020) investigated the issue of green sukuk issuance. In the study in which Indo-
nesia was included in the scope of investigation, it was stated that green sukuk is important in terms of 
attracting both Islamic and environmentalist investors. There is a relationship between Islamic finance 
and social responsibility. Green sukuk is an opportunity for Islamic investors who aim to fulfill their 
social responsibilities. In this context, green sukuk is important for Islamic investors who want to invest 
in renewable energy projects (Güçlü, 2019).

The sustainability of green sukuk is important because it provides an alternative for Islamic investors 
who want to invest in renewable energy projects and Islamic companies who want to realize environmental 
projects. The issue price of green sukuk is also important in terms of sustainability. The main reason 
for this is that profit returns affect investors’ demand for green sukuk (Munir et al., 2020; Siswantoro, 
2018). However, problems arising in green sukuk issuance affect sustainability. There are many studies 
on this subject in the literature. There are three factors that affect green sukuk issuance. Competitiveness 
affects green sukuk issuance. Especially the competitive action of companies in sukuk issuance in order 
to increase their profitability affects sukuk issuance. Another factor affecting the issuance of Sukuk is 
legitimacy. Firms should take into account the values, norms and beliefs of the countries in which they 
operate in order to sustain their existence. Finally, the concept of ecological responsibility also affects the 
issuance of sukuk (Abdullah and Keshminder, 2020). Similar to the purpose of this study, Keshminder 
et al. (2019) evaluated the green sukuk issue. Malaysia in the period between 2014-2018 was included 
in the study. As a result, it has been determined that green sukuk is a slow developing market. However, 
issues such as companies’ asset and debt level, credit rating, and tax regulations are found to be important 
in green sukuk issuance. Sukuk that emerged in Islamic financial markets is a new financial instrument 
and needs to be developed. For this purpose, the green sukuk that has been developed has the potential 
to attract Islamic investors to this field. Therefore, it is necessary to determine the deficiencies in green 
sukuk (Muhmad and Muhmad, 2018).
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There are many studies in the literature aimed at solving the problems arising in green sukuk issuance. 
Moghul and Safar-Aly (2014) investigated green sukuk, which is seen as a way to create environmen-
tal awareness in Islamic markets. As a result, it was stated that financiers should take part in order to 
strengthen the environmental perceptions of Islamic markets. It is stated that financiers’ disclosure of 
green sukuk to Islamic investors will increase environmental awareness. Parallel to this study, Rahim and 
Mohamad (2018) discussed the green sukuk issue in the financing of renewable energy projects. Malaysia 
was examined in the study. The relevant study has been tested with case analysis. As a result, it has been 
determined that green sukuk is important in the financing of renewable energy projects. However, it has 
been stated that the existence of financial institutions is important in creating awareness and demand 
for green sukuk. In addition to these studies, Abdullah and Nayan (2020) examined the issue of green 
sukuk, which is one of the financing methods. Malaysia was included in the study in the relevant study. 
It was stated that strong investment policies should be established to encourage the issuance of green 
sukuk and attract investors to this field. Green sukuk is important in financing environmental projects. 
Green sukuk replaces green bonds and appeals to the Islamic market. However, certain regulations need 
to be made in order to increase green sukuk export. In this process, responsibilities fall on the govern-
ment (Anggraini, 2018).

According to the results of the literature review, the issue of green sukuk has been discussed by many 
researchers. In some of the studies, it was stated that investments should be made in renewable energy 
projects in order to reduce climate change and greenhouse gas emissions, and green sukuk is important 
in financing renewable energy projects. In others of the studies, it has been emphasized that green sukuk 
are based on Islamic and environmentalist investors. It was stated that green sukuk should be used for 
companies or investors that are sensitive to the environment. It has been stated that green sukuk is a guide 
in creating environmental awareness for Islamic investors. In some of the studies, the problems arising 
in green sukuk issuance have been discussed. Issues such as competitiveness, legitimacy and ecological 
responsibility were found to be important in green sukuk issuance. However, it has been determined that 
the asset and debt levels and credit ratings of companies needing funds affect green sukuk issuance. On 
the other hand, Indonesia and Malaysia were generally included in the study. Most of the related studies 
have been examined with a literature review. Therefore, the purpose of this study is to explain the role 
of green sukuk in the financing of renewable energy investments.

THE CONCEPT OF SUKUK

General Information About Sukuk

Sukuk, which is described as the plural of the word “sak”, means certificate. Sukuk is the issuance of the 
revenues from a real asset of companies, governments or entrepreneurs within certain rates and periods 
to investors through special-purpose organizations or asset leasing companies. In this context, the issuer 
meets its cash needs and investors are entitled to the certificate within the ratios they have (Klein and 
Weill, 2016; Klein et al., 2018). On the other hand, the Accounting and Auditing Organization for Islamic 
Financial Institutions defines sukuk. According to this organization, sukuk can be defined as certificates 
representing common rights on real assets, investing with the exported income in a pre-planned man-
ner, providing equal values   that provide partnership rights in a project or private investment activities. 
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Considering all these definitions, sukuk is an asset-based financial instrument and there is no interest 
yield (Smaoui and Khawaja, 2017; Smaoui and Nechi, 2017).

There are three parties in the sukuk market, namely fund establishment, special purpose organization 
and sukuk investors. The state, company or entrepreneurs defined as resource institutions are the parties 
who want to meet their fund needs. For this purpose, the originating organization has to establish or agree 
to a special purpose company because the originating organization has no right to issue green sukuk. 
The special purpose institution, on the other hand, divides the transferred revenues into certain numbers 
and rates and turns them into certificates. In this process, the special purpose company has the owner-
ship right over the asset transferred by the originating organization. In this way, the entity owned by the 
special purpose organization constitutes a guarantee. Divided by a certain number and proportions, the 
certificate is sold to sukuk investors and the funds obtained are transferred to the source institution. The 
resource institution pays rent to a special purpose institution at certain rates until the end of maturity. 
The special purpose organization distributes lease payments to sukuk investors. At the end of maturity, 
the resource institution makes the payment of the initial fund it obtained from the sukuk investors to the 
special purpose institution. The special purpose entity makes the payment of the initial fund by con-
sidering the rates the investors have on the certificate (Halim et al., 2017; Smaoui and Khawaja, 2017).

Types of Sukuk

Sukuk is a financial instrument that states or companies issue to provide financing. With Sukuk issu-
ance, the party in question meets its cash needs, while investors use the excess funds they have and earn 
returns (Klein et al., 2018). However, sukuk are divided according to their usage areas and models. In 
this section, sukuk types are explained according to their usage areas and models.

Sukuk are issued based on any underlying asset. However, it is issued in order to obtain financing 
in the projects planned to be made. In this context, sukuk are exported and used based on the asset, the 
project. Asset-based sukuk is one of the types of sukuk that companies and entrepreneurs use to provide 
financing in a short time. According to this type of sukuk, the income generated from existing assets is 
sold to some investors as certificates at certain rates. In this way, the segment in need of funds meets 
their funding needs in a shorter time. While meeting the funding needs, companies or entrepreneurs are 
required to enter into agreements with a special purpose organization or asset leasing companies (Borhan 
and Ahmad, 2018; Zolfaghari, 2017). For example, assume that you have one plane as a company, and 
you want to buy a second plane in the short term. In this case, you must transfer some of your revenues 
from the current aircraft to special purpose organizations, taking into account certain terms. The special 
purpose organization, on the other hand, structures it as a certificate, taking into account the timing 
of the investors’ demand for the product, and sells it to the investors. It gives the funds it has obtained 
to the company. In this way, the company can buy airplanes in the short term. In this type of sukuk, it 
must be a real asset. In this way, funds are obtained in the short term by selling the earnings targeted to 
be made on real assets.

One of the sukuk types according to their usage areas is project-based sukuk. States or companies 
need financing in order to make new projects. In this case, companies, or governments issue sukuk based 
on projects to provide financing. As with asset-based sukuk, special purpose organizations need to be 
established in order to realize project-based sukuk issuance. The special purpose organization, on the 
other hand, sells the certificates to the segment with surplus funds in order to finance new projects and 
transfers the funds required for the project to companies or states. According to this type of sukuk, inves-
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tors share the profit and loss of the project. Because the project has risks such as not being completed. 
In this case, the risk is shared according to the agreement (Klein and Weill, 2016).

There are a number of sukuk types created according to their models. However, sukuk types such as 
ijara, mudaraba, musharaka, murabaha, and selem are generally used. Ijara sukuk is a type of sukuk that 
is similar to the structure of a lease certificate. In this type of sukuk, there are three parties: resource 
establishment, special purpose company and sukuk investors. In ijara sukuk, the resource institution goes 
to special purpose companies due to insufficient funds. In this type of sukuk, a special purpose company 
is usually a participation bank. The resource institution goes to the participation bank. The participation 
bank, on the other hand, issues sukuk to sukuk investors in order to purchase the asset. It buys the asset 
with the sukuk income it has obtained and leases it to the source institution for a certain lease until a 
certain maturity. The participation bank shares its rental income among sukuk investors. At the end of 
the agreed maturity, the asset purchased by the participation bank is sold to the source institution. The 
participation bank distributes its revenues to sukuk investors in proportion to their shares. In this context, 
the functioning structure of ijara sukuk is similar to leasing transactions (Smaoui and Khawaja, 2017).

Mudarebe sukuk, which means labor-capital partnership, is a common type of sukuk that is mostly 
used in the financing of large projects. In this type of sukuk, there are a labor-holding company or state, 
which is defined as a resource institution, as well as a private-purpose organization, and investors who 
want to offer their funds (Razak et al., 2019). For example, let’s assume that the labor company, which 
is described as a resource institution, wants to implement a project worth $ 1 million. But assume that 
he does not have enough funds to carry out the project. The retired company goes to the special purpose 
organization to provide this fund. The special purpose institution distributes the value of this project to 
various certificates and exports it to investors with surplus funds. In this process, the special purpose 
company becomes the capitalist of this project. However, the source institution can also be a kind of 
financier. Because it has the right to establish a special purpose company in order to realize such an 
export. The special purpose company transfers the funds obtained by the sukuk issuance to the source 
institution and in this process, the resource organization has signed a mudarabe agreement with the 
special purpose company called the capitalist. In this context, the mudaraba agreement is a labor-capital 
partnership agreement. Generally, according to this agreement, liabilities in case of loss from the project 
belong to the capitalist. Unless the labor is an activity that will be violated by the company, the respon-
sibility belongs to the capital. Assume that a project of 1 million TL is completed and a profitability of 
1.5 million dollars has been achieved. In this case, the special purpose company distributes a profit of 
500,000 dollars to investors in proportion to their shares. However, it also repays the capital that they 
initially raised. In the event that the project is damaged, or the project is not completed, the loss is shared 
between the investors and the company. In this context, mudarebe sukuk is a type of sukuk in which risk 
sharing is made (Smaoui and Khawaja, 2017).

One of the types of sukuk that is similar to mudaraba sukuk but has some differences is musharaka 
sukuk. This type of sukuk is also carried out by a partnership agreement between the special purpose 
organization and the source firm in Musharaka. Sukuk issues through special purpose organizations, 
assets or projects in order to fund the source firm and to implement projects in the short term. Investors 
who want to use their funds invest in sukuk. After this process, unlike the Mudaraba Sukuk, the special 
purpose establishment capital, the source company, signs its own capital and signs the Musharaka agree-
ment. In this way, they realize the partnership agreement. According to this contract, periodic profit or 
loss is distributed at certain rates from an asset or a project. The special purpose institution distributes its 
profits to investors at certain rates. At the end of the partnership agreement, the assets and projects that 
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are held are sold. The distribution of the revenues is made to the investors in proportion to their shares. 
The difference of this type of sukuk from mudaraba sukuk is that the liability belongs to the shareholder 
in case of loss unless otherwise stated in the mudaraba sukuk; In musharaka sukuk, on the other hand, 
loss sharing is made as much as the capital rate revealed (İsabet and Kazak, 2019).

Murabaha sukuk, which means profit or loss in Arabic, refers to the special purpose company purchas-
ing the equipment needed by the source firm and selling it to the source firm in certain terms by putting 
a profit on it. For example, let’s say a company wants to buy a machine worth $ 2,000,000. However, 
the company does not have sufficient funds to purchase this machine. For this, it goes to a special pur-
pose organization and makes an agreement. The special purpose institution, on the other hand, issues 
1000 sukuk worth $ 2000 each to investors and buys the machine with the funds from the issue. In the 
following process, the special purpose organization increases the value of the machine, which is worth 
$ 2,000,000, to $ 2,100,000, and sells it to the source firm in installments up to a certain maturity. The 
special purpose institution, on the other hand, distributes the installments it obtains to the sukuk inves-
tors in proportion to their shares (Shaikh and Saeed, 2010).

Another type of sukuk developed according to its models is selem sukuk. Selem sukuk is a type of 
sukuk where funds and assets are exchanged between a special purpose organization and the source 
company. One of the other definitions made in the literature is a purchase and sale contract in which an 
asset that the source firm has bought in advance is guaranteed to give the property to the special purpose 
organization at a later date (Smaoui and Khawaja, 2017). For example, suppose a farmer wants to produce 
500 tons of potatoes. Suppose the special purpose company made a sukuk issuance worth $ 500,000 to 
raise the funds for this production. With the 500.000 TL provided by the special purpose company, the 
source company produces potatoes and transfers these potatoes to special purpose organizations. The 
special purpose organization aims to sell potatoes worth $ 500,000 with a profit of $ 200,000. The profit 
in question is shared at the rate agreed between sukuk investors and special purpose companies. This 
sukuk issuance is mostly carried out on assets such as metal, petroleum, agricultural products.

Istisna contracts with a special purpose company to finance projects of a sukuk type of source com-
pany. The special purpose company, on the other hand, issues sukuk based on the value of the projects. 
Sukuk investors, on the other hand, invest in sukuk that are issued on a project basis. However, the 
source firm and the special purpose company are signing an agreement between them. With this agree-
ment, the source company undertakes to transfer the ownership of the project, which it will realize with 
the funds it has obtained, to special purpose organizations at a later date. The source company realizes 
the project with the funds obtained from the issued sukuk and the ownership is transferred to special 
purpose organizations. The special purpose company sells the purchased project by putting a profit on 
it and shares its revenues with the investors (Chik, 2012).

GREEN SUKUK IN RENEWABLE ENERGY INVESTMENTS

Energy is an integral part of human life. Because needs are met with energy and life is continued. 
Throughout history, people meet their energy needs by using fossil resources. However, fossil resources 
are scarce in nature and have negative effects on the environment and climate. The use of fossil resources 
increases carbon emissions. Increase in carbon emissions causes climate change. Experiencing climate 
change negatively affects human and natural life (Qiu et al., 2020). However, fossil resources are not 
evenly distributed all over the world. Therefore, countries that are inefficient in terms of fossil resources 
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have to import energy. This situation makes energy-importing countries economically fragile. Therefore, 
it is necessary to invest in energy resources that do not have a negative impact on the environment, do 
not cause climate change, and do not make countries economically fragile (Bekun et al., 2019; Zhu et 
al., 2020).

One of the sustainable development goals is to ensure the use of accessible and clean energy in the 
world by 2030. Because the increase in the world population increases the energy demand. Fossil re-
sources are insufficient to meet the energy demand. However, the use of fossil resources causes climate 
change and negatively affects human life (Du et al., 2020). Therefore, it is necessary to invest in renew-
able energy sources. Renewable energy is a clean energy that constantly renews itself in nature (Haiyun 
et al., 2021). Renewable energy sources meet the energy demand without interruption. However, it does 
not cause carbon emissions. This situation enables the reduction of climate change (Yüksel et al, 2020). 
On the other hand, it encourages domestic energy production in countries that are dependent on foreign 
sources in terms of fossil resources. This situation positively affects the foreign trade balance. Because 
countries that import most of the energy are faced with a foreign trade deficit. Increasing foreign trade 
deficit in the long-term causes countries to experience current account deficit (Ubay and Karakuş, 2020).

Renewable energy investments need to be made in order to reduce climate change, to ensure un-
interrupted energy demand and to reduce the current account deficit by encouraging domestic energy 
production (Cheng et al., 2020). However, some problems arise in renewable energy investments. The 
initial setup costs of investments in renewable energy systems are high. However, its insufficiency in 
terms of technological infrastructure leads to the inability to obtain the necessary efficiency from energy. 
Technological costs are encountered in systems depending on seasonal changes. However, the insufficient 
financial support provided for renewable energy investments also creates a problem. Therefore, green 
sukuk is important in financing renewable energy investments (Wang et al., 2018; Zhu et al., 2020).

Green sukuk is an Islamic instrument that focuses solely on the financing of environmental and 
renewable energy projects. In green sukuk, there are Islamic resource organizations that want to carry 
out renewable energy projects, a special purpose institution that mediates the funding and Islamic su-
kuk investors who will invest in environmental sukuk. A special purpose company is established for 
the environmental projects to be made. The special purpose company issues green sukuk in proportion 
to the value of the project. Islamic and environmentalist sukuk investors purchase sukuk and fund the 
resource institution. The resource institution has to use the funds it has obtained only in environmental 
and renewable energy projects. However, the resource institution pays rent to the special purpose institu-
tion until the agreed maturity. The special purpose organization shares its rental income among sukuk 
investors. After the resource organization completes the project, it transfers the ownership to the special 
purpose organization. The special purpose organization increases the value of the project and sells it. 
It distributes its revenue to sukuk investors in proportion to their shares. In this context, the operating 
structure is similar to the exceptional sukuk. However, the issuance of green sukuk is done by consider-
ing the types of sukuk. In this way, necessary financial support is provided for Islamic investors who 
are environmentally friendly (Keshminder et al., 2019; Alam et al., 2016).

Green Sukuk provides support to companies and entrepreneurs in financing renewable energy invest-
ments. Because it helps companies, entrepreneurs who are Islamic and sensitive to the environment, to 
obtain funds. On the other hand, it offers the opportunity to evaluate the savings of the environmentally 
conscious Islamic investors. Funds obtained through green sukuk are used only in environmentally 
friendly and renewable energy projects. In this way, renewable energy production is encouraged. How-
ever, environmentalist and traditional (non-Islamic) investors can invest in green sukuk. In this context, 
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the investor portfolio is wide. Green sukuk is important in achieving sustainable development goals, 
reducing climate change and ensuring access to clean energy (Boutti and El Mosaid, 2015).

SOLUTIONS AND RECOMMENDATIONS

In this context, green sukuk should be taken into account when financing renewable energy investments. 
At the same time, Islamic investors who are sensitive to the environment should also consider green 
sukuk. In this way, Islamic investors who are sensitive to the environment have the opportunity to make 
use of their savings. It is stated in the literature that green sukuk have developed in countries such as 
Malaysia and Indonesia. Therefore, other countries with high renewable energy potential need to make 
regulations for green sukuk. In this way, the process progresses faster in the financing of renewable 
energy investments.

FUTURE RESEARCH DIRECTIONS

The most important aspect of this study is the focus on green sukuk in the financing of renewable energy 
investments. Therefore, other financial instruments considered in the financing of renewable energy 
investments were excluded from the study. This situation shows that green sukuk alone will not be suf-
ficient in financing renewable energy investments. Therefore, it is important to be included in the scope 
of other financial instruments in new studies. Another limitation of this study is that it does not focus 
on any particular region or country. Therefore, in new studies, it is important to consider the countries 
and regions with high renewable energy potential and where the green sukuk market is developed. An-
other limitation of the study is that the study is not analyzed using any econometric analysis method. 
Therefore, it will be useful to examine new studies to be conducted using econometric analysis method.

CONCLUSION

Renewable energy is one of the energy resources that do not cause carbon emissions and climate change 
and ensure energy supply security by meeting energy demand without interruption. However, renew-
able energy sources reduce dependency on foreign sources. This issue positively affects the current 
account balance of the countries. Because countries that are not rich in fossil resources import energy. 
This situation causes countries to experience foreign trade deficit. However, foreign currency imports 
also trigger the current account deficit. This issue makes countries that are dependent on foreign energy 
economically fragile. Therefore, investments in renewable energies are important. There are some dif-
ficulties in renewable energy investments. The high initial installation cost, being technologically low, 
and the inability to provide sufficient financial support adversely affect renewable energy investments. 
Therefore, financial instruments developed in financing renewable energy investments become important. 
Based on this issue, the purpose of this study is to explain the role of green sukuk in the financing of 
renewable energy investments. The study has been examined with a literature review. In the literature, 
it has been emphasized that green sukuk is important in renewable energy investments. However, it has 
been stated that the green sukuk takes environmental and Islamic investors and firms into consideration. 
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On the other hand, it is stated that green sukuk encourages renewable energy production and contributes 
to climate change mitigation.
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ABSTRACT

The purpose of this chapter is to review the Turkish private pension system as a key determinant of 
sustainable development of the country. The private pension system is of great significance in order to 
promote sustainable development. This is attributable to the fact that high level of total savings which 
are secured through individual savings are conducive to investments and in turn finances sustainable 
development and growth. Turkey, as an emerging economy, is considered to be one of those economies 
with low level of total savings. In an effort to deal with this issue, governments paid attention to an in-
creasing level of savings of households. Individual retirement system (private pension system) is devised 
so as to increase savings and to fund investments with national sources. Therefore, it is safely argued 
that the very rationale behind the introduction of private pension system is associated directly with the 
aim of increasing total savings in the economy and ensuring sustainable development.

INTRODUCTION

The purpose o this chapter is to review Turkish Private Pension System as a key determinant of sustain-
able development of the country. Private pension system is of great significance in order to promote 
sustainable development. This is attributable to the fact that high level of total savings which are secured 
through individual savings are conducive to investments and in turn finances sustainable development 
and growth.

Turkey, as an emerging economy, is considered to be one of those economies with low level of total 
savings. In an effort to deal with this issue, governments paid attention to increasing level of savings of 
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households. Individual retirement system (private pension system) is devised so as to increase savings 
and to fund investments with national sources. Therefore, it is safely argued that the very rationale behind 
the introduction of private pension system is associated directly with the aim of increasing total savings 
in the economy and ensuring sustainable development.

1. INDIVIDUAL RETIREMENT (PRIVATE PENSION) SYSTEM IN GENERAL

Firstly, it is necessary to know the level of savings ownership rate and savings instruments. Apart from 
the statistical information provided by Turkish Statistics Institution (TUIK), another study is needed for 
searching this issue. ‘Turkey’s Savings Trend Research’, a quarterly-report released by ING Banking 
Group & Ipsos and Bilkent University, studies regularly level of savings and provides data in detail. 
According to the 4Q2020 report of this research, the ratio of savings ownership rate declined to 18% 
with 2.2% decrease when compared to 3Q2020 results when it was 20%. It is argued in the report that 
considering a long period of time, the latest rate is still remarkably high.

As clearly stated by Turkish Monitoring Authority official website, Individual Pension System was 
entered into force pursuant to Individual Pension Savings and Investment System Law No. 4632. The 
IPS is based on the principle of the collection and investment of savings and then making a lump-sum 
payment or regular payments to the individual. IPS does not offer health or other services provided by 
the Social Security Institution. It was devised as a supplement and not an alternative to the compulsory 
social security system.

Individual Retirement System can be classified into two kinds: Voluntary Participation (IPS) and Auto 
Enrollment System (AES). Introduction of these systems is necessary in order to reduce the burden of 
social security systems on the public budget in Turkey (public economy dimension), to fund large-scale 
projects by directing individual savings to investments (for strong and sustainable economy), and finally 
to protect participants’ purchasing power in their retirement (insurance function).

Individual retirement (the system) is covered under insurance industry. Therefore, the system is con-
sidered as both savings system and insurance system. The very nature of the fact that insurance is not a 
means of creating wealth but a system designed to compensate the damage incurred and to ensure that 
the economic life of the insured value remain the same. In view of the fact that the system is considered 
a business line under insurance services, one must bear in mind that IPS is not introduced in order to 
create wealth in a very short time. When this very fact is not taken into account, some clients expect 
great returns in a very short period of time from the system, which is against the rationale behind the 
establishment of the system. It is a saving tool that will eliminate the risk of losing purchasing power in 
the retirement period (long run perspective) and especially at the end of the working age. Investors who 
ignore this fact tend to compare IPS with conventional, short-term financial (investment) instruments, 
and evaluate this product with wrong expectations and then leave the system. On the other hand, those 
who understand the product correctly with the right expectations and stay in the system (for long term) 
can use the advantage of the IPS against income losses in retirement (with returns above inflation).

This system was not created with the aim of providing a great fortune to participants in the short term. 
In the scientific method, wrong assumptions cause incorrect models, resulting in wrong policy implication. 
In Turkey, with the help of participants who understand IPS correctly will provide individual resources 
to the economy and maintain their purchasing power during their retirement days. It would be the best 
starting point for reform attempts and resolve some issues arising out of the application of the system.
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Recent figures about Private Pensions in the World and Turkey are as follows: OECD Pension Funds 
in Figures Report (Report date is June 2020) estimates pension fund assets of Q1-2020 as USD 29.8 
trillion for OECD countries.

‘Pension Markets in Focus No.17, 2020’, an OECD report shows that in OECD countries, total amount 
of assets increased steadily between 2009-2019.

As far as Turkey is concerned, recent pension figures are as follows (as explained by Pension Moni-
toring Authority of Turkey) as of April, 2021. IPS Summary Data shows that; number of participants 
(=clients) is 6.9 Million with total fund size of nearly TL 160 Billion. On the other hand, AES Summary 
Data shows that; number of participants (=clients) is 5.7 Million with total fund size of nearly TL 12.6 
Billion. Total pension assets as a percent of GDP of the country has varied between 2.5% and 3% since 
2017. Therefore, it can be safely argued that in spite of the fact that pension system has been growing 
steadily in Turkey, with respect to total Asset under Management (AuM) as a percentage of national 
income, there is still room for development.

In Turkey, IPS constitute main part of the private pension system. Kaya and Kahya (2017:206) under-
line that anyone who has the capacity to use their civil rights can be included in the system, regardless 
of whether they are affiliated with the social security institution or not.

In Turkey, pension system is constructed on 3 pillars: As Peksevim and Akgiray state (2019), the 
first pillar is social security system (‘SGK’), which is mandatory social security as in the case of many 
countries. The second one is the individual pension system (IPS) as the third pillar and this is voluntary 
private pension system. The second pillar is both ‘Auto Enrollment System (AES for short), and a number 
of special savings funds (munzam sandık).

In the world, regarding the impact of Covid 19, Mitchell (2020) argues that retirement savings plans 
around the world was confronted by significant difficulties even before Covid-19 that appeared at the 
beginning of 2020. With the start of the disease, new uncertainties face retirement plan savers, retirees, 
and plan sponsors. However, as far as Turkey is concerned, Covid 19 did not lead to decrease in total 
assets under management. In a similar way, there was no decline in the number of contributors as of 
May, 2021 when numbers of pre-and-after Covid-19 period are compared.

2. LITERATURE REVIEW

This section covers previous studies. In the literature, it is argued that IPS is conducive to capital markets 
with individual savings being directed to financial instruments, in turn capital markets enhances. There 
are financial instruments in the portfolio of pension mutual funds, which are the building blocks of the 
Private Pension System. These instruments are stocks, bonds, time deposit / participation accounts, 
mutual funds, gold, real estate investment funds and other investment instruments. With the contribu-
tions (premium) collected from the participants within the scope of IPS, government (public) domestic 
debt securities (Treasury Bills, Government Bonds, Eurobonds, etc.) and debt instruments issued by the 
private sector (private sector bonds, ‘ÖST’) and stocks are purchased and included in fund portfolios. 
In this way, demand for financial instruments (mostly capital market instruments) is instrumental in the 
development of capital markets. Therefore, we can say that private pension funds (financial instruments 
of the individual pension system) positively affect the development of the capital market in Turkey (and 
in the world).
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Bayar (2017) studies the effects of private pension funds on the debt instruments market and the stock 
market in Turkey and argues that private pension funds have significant positive effects on the develop-
ment of both markets in the long term. He also contends that private pensions can ultimately contribute 
to economic growth by promoting the sustainable development of capital markets.

Ertugrul et al. (2018) conduct a study evaluating the effectiveness of the state contribution incentive 
practice that entered into force in 2013 in Turkey, and according to the findings, the individual pension 
system, which is expected to complete the public-funded pension system, has a limited positive effect 
on saving rates.

Şahin et al. (2019) analyze the effects of private pension funds on the development of Turkish capital 
markets using monthly data for 2006-2017 and reach the following findings; in the long run, private 
pension funds support the development of the capital market (Nonetheless, this finding loses its validity 
in the short term).

As a result of their study using stocks and debt instruments market data in Turkey, Togan-Egrican and 
Kayhan (2020) reach the findings confirming that voluntary private pension system funds are positively 
associated -statistically significantly- with various capital market indicators.

Financial Stability Report (2020:17), which is released semi-annually in Turkey by Central Bank 
of Turkey, indicates that during Covid-19, savings increased considerably in the world economies due 
to restraints on national and international economic activity, which is caused by uncertainty as well as 
limits on free movement. Similarly, in Turkey, savings (demand deposit, term deposit, shares, cash and 
private pension fund contribution amouns) tended to incline. That is to say, the rate of savings over gross 
domestic product of the country increased remarkably due to cautiousness.

3. LEGAL FRAMEWORK

The Individual Pension Savings and Investment System Law No. 4632 was published in the Official 
Gazette No. 24366 on April 7, 2001 and entered into force 6 months after its publication. The main 
objective of this law is to create private (individual) retirement plans that are complementary to the 
public social security system. While this law is the basic legal document for this business line, other 
very important (secondary law) legislative arrangements regulating individual pension are as follows:

• Capital Markets Board, Guide on Pension Investment Funds
• Capital Markets Board Resolutions
• Capital Markets Board, Regulation on Principles Regarding the Establishment and Activities of 

Pension Investment Funds
• Capital Markets Board Communiqué on Principles Regarding Performance Presentation of 

Individual Portfolios and Collective Investment Institutions, Performance Based Remuneration 
and Collective Investment Companies Ratings and Ranking Activities (VII-128.5)

• With the content complementary to the Private Pension Savings and Investment System Law, A 
Regulation on the Establishment and Working Principles of Pension Companies has been issued 
by the Ministry of Treasury and Finance.

The Law amending the Private Pension Savings and Investment System Law and Certain Laws and 
Statutory Decrees in order to regulate the incentives for the private pension system was published in 
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the Official Gazette No. 28338 on 29 June 2012. With this law, the State Contribution application was 
started. All relevant legislation can be found on the Pension Monitoring Center web page. The primary 
issue that should be known about the legal status of the private pension system and pension (mutual) 
funds is as follows: These funds have no legal personality, they are not companies, but they are ‘group 
of goods’ (‘mal topluluğu’) in legal terms.

In Turkey, institutions regulating and supervising the Private Pension System are as follows: (1) 
Ministry of Treasury and Finance / Insurance and Private Pension Regulation and Supervision Agency; 
(2) Capital Markets Board; (3) Pension Monitoring Center.

Basic information about the funds is included in the information forms on the Public Disclosure 
Platform (‘KAP’) so that the fund participants can reach them at any time, and if there are changes in 
the funds, operations departments of the pension company update them.

4. COMPANIES, ORGANIZATIONAL STRUCTURE, MARKETING CHANNELS

Although officially started with the approval of the first retirement plans on October 27, 2003, IPS (vol-
untary private pension system) in Turkey has grown rapidly from 2004 to 2021, which is the third step 
(Third Pillar). The Automatic Enrollment System (AES), which entered into force in 2017 as the second 
step element of retirement (“second pillar”), caused a new development in addition to (voluntary) IPS.

As stated in Pension Monitoring Authority official website (egm.org.tr), Pension Companies that can 
make individual pension contracts in Turkey - arranged in alphabetical order- are as follows;

1. Aegon Emeklilik ve Hayat A.Ş.,
2. Allianz Hayat ve Emeklilik A.Ş.,
3. Allianz Yaşam ve Emeklilik A.Ş
4. Anadolu Hayat Emeklilik A.Ş.
5. Avivasa Emeklilik ve Hayat A.Ş.
6. Axa Hayat ve Emeklilik A.Ş.
7. Bereket Emeklilik ve Hayat A.Ş. (*)
8. BNP Paribas Cardif Emeklilik A.Ş.
9. Cigna Finans Emeklilik A.Ş.
10. Fiba Emeklilik ve Hayat A.Ş.
11. Garanti Emeklilik ve Hayat A.Ş.
12. Groupama Hayat A.Ş.
13. Türkiye Hayat ve Emeklilik A.Ş. (State-Run Firm)
14. Katılım Emeklilik ve Hayat A.Ş.(*)
15. Metlife Emeklilik ve Hayat A.Ş.
16. NN Emeklilik ve Hayat A.Ş.

(*) These two companies only offer interest-free private pension products within the scope of Partici-
pation Insurance. Other companies can offer both interest-based and interest-free pension funds / plans.

As of 24 August 2020, state-run companies, Halk Hayat ve Emeklilik A.Ş., Vakıf Emeklilik ve Hayat 
A.Ş., Ziraat Hayat ve Emeklilik A.Ş., merged under the name of Türkiye Hayat ve Emeklilik A.Ş.
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These 16 companies operating in the Life and Pension branch also offer personal accident insurance and 
life insurance products to customers in addition to private pension products. Companies offer individual 
products (private pension, life insurance, personal accident insurance) and corporate products, but the 
products offered as corporate are essentially individual products offered to the employees of corporate 
customers (automatic participation, group pension, group life and group personal accident insurance).

Although the organizational structure of pension companies varies from institution to institution, 
they generally consist of the following departments: 1. Sales & Marketing units consisting of agen-
cies, bancassurance, corporate solutions and direct sales and customer services, 2. Actuarial, Financial 
Valuation departments, 3. Operation units consisting of private pension operations and life insurance 
operations units, 4. Financial services group (Accounting & Finance, Fund Management & Fund Opera-
tions, Financial Planning), 5. Human Resources, 6. Administrative Affairs & Purchasing, 7. (Premium) 
Collection (‘Tahsilat’), 8. Information Technologies, 9. Legal Affairs, Internal Audit, Internal Control, 
Risk Management Group.

Organizational structure in companies is as follows: Head Office, Regional Directorate and agency 
units (captive agencies or independent-contracted agencies). However, companies that do not open a 
regional office can carry out their transactions and sales only with the head office and contracted agen-
cies. With the rise of private banking and private segment customer sales channels in banking and other 
financial institutions in recent years, in the field of private pension, corporate companies are establishing 
sales and service channels specific to their private customers with contributions over a certain amount.

Bancassurance turned out to be the leading sales and marketing channel; via this channel, insurance 
companies can use the sales channel power of banks with widespread branch sales networks. Both sectors 
benefit from this cooperation because insurance companies can offer their products to bank customers 
through branches with less cost (manpower cost, sales, location cost), while banks receive commission 
from the sales of insurance products in return. Benefiting from the professional sales and sales support 
organizations of banks is an important opportunity for insurance companies to increase their sales.

The cooperation of financial institutions, banks and insurance companies, especially in the form of 
financial supermarkets, is also important in terms of the total capital gain of the relevant group, provid-
ing cost advantage.

Agencies, on the other hand, as a sales channel have qualified sales force, experienced sales teams 
and therefore are more successful in terms of loyalty and stability in insurance product sales, especially 
in financial crisis periods. Agencies manage their operations with personnel with more professional 
experience in the insurance profession and have the capacity to successfully carry out a longer-term 
sales relationship with customers.

In recent years, technological advances, intensive use of the internet in financial transactions, has in-
creased the importance of digital marketing departments and functions as well as classical / conventional 
sales departments. The detailed and visual presentation and marketing of the products on the pension 
company website, through applications such as the E-Branch, provides great cost and sales advantages.

5. PRIVATE PENSION FUNDS AND STATE CONTRIBUTION

The Regulation on Principles Regarding the Establishment and Activities of Pension Mutual Funds pub-
lished in the Official Gazette on March 13, 2013 (“Capital Market Board Regulation”) and the Capital 
Market Board (CMB) Pension Mutual Funds Guide contain detailed regulations on pension mutual funds. 
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In practice, fund types are described as follows (according to CMB, Pension Mutual Funds Guideline 
regulations):

• Stock Funds – invest at least 80 percent of its portfolio into domestic or foreign stocks.
• Borrowing Instruments Funds – need to invest at least 80 percent of its portfolio into domestic or 

foreign public or private sector debt securities or reverse repos.
• Participation Funds (Non-Interest Funds) – need to invest all of its portfolio into lease certificates, 

precious metals, participation accounts, and other financial instruments that must be interest-free.
• Mixed Funds – need to invest at least 20 percent of the fund’s portfolio into stocks, bonds, pre-

cious metals and lease certificates
• (*) Money Market Funds – need to invest in liquid money market & capital market instruments 

with maturity less than 184 days.
• Precious Metals Funds – need to invest at least 80 percent of the fund portfolio in gold & other 

precious metals and also money & capital market tools based on these.
• Index Funds – need to invest at least 80 percent of the fund in assets within the framework of 

indices approved by CMB.
• Fund Basket Funds – need to invest at least 80 percent of its portfolio in mutual funds, securities 

mutual funds (‘borsa yatırım fonu’), foreign mutual funds.
• (*)State Contribution Funds – need to invest heavily in government debt instruments. This is a 

compulsory fund established for state contributions.
• Variable (Flexible) Funds – Those funds that are not classified under the above-mentioned catego-

ries (in terms of portfolio constraints) are considered variable funds.
• (*) Standard Funds – These are compulsory funds for companies to set up. The fund is managed in 

accordance with rules specified by the Ministry of Treasury and Finance. The fund heavily invests 
in government debt instruments.

In practice, among the above IPS funds, those written with an (*) sign (in terms of fund size or be-
cause they are required to be established by legislation) are the leading funds.

According to the legislation, IPS-Standard Fund, AES-Initial Fund and AES Standard Fund are 
mandatory funds to be established. In addition, it is one of the necessary funds to establish a Money 
Market (formerly known as ‘Liquid Fund’) Fund for operational transactions and also for directing them 
to investment in practice.

State Contribution Fund

With the introduction of the state contribution, pension companies started to set up Contribution Funds 
in 2013; Contribution Fund is the fund established within the scope of the Regulation on State Contribu-
tion in the Private Pension System.

State Contribution is the amount paid by the state to the retirement account of the participant at the 
rate of 25% of the contributions paid by the participant. The state contribution cannot exceed 25% of 
the gross minimum wage total for the relevant year. All participants who are citizens of the Republic 
of Turkey and who are within the scope of Article 28 of the Turkish Citizenship Law No. 5901 dated 
29/5/2009, who pay a contribution to an individual or group individual pension contract, can benefit 
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from the state contribution within the determined limit. Both IPS and AES participants are authorized 
to benefit from state contribution.

6. NON-INTEREST PENSION SYSTEM AND 
FUNDS (PARTICIPATION PENSIONS)

In Private Pension System, where individuals make savings through private pension companies, the 
important issue in terms of Islamic Law is the content of the funds.

In this system, there are pension mutual funds based on participation accounts, gold, stocks in accor-
dance with the principles of participation banking and sukuks (lease certificates) that have been approved 
for compliance for individuals who are sensitive to interest. In addition, it is essential that investing in 
foreign currency, real estate and commodities by complying with certain rules / conditions will be within 
the scope of interest-free investment. In interest-free private pension, fund portfolio is structured with 
financial tools that have received the approval of the advisory board.

Financial instruments included in interest-free pension mutual funds are as follows:

*Participation accounts to be opened in participation banks,
*Stocks suitable for participation index,
*Gold and precious metals,
*Interest-free mutual funds,
*Sukuk, lease certificate and similar interest-free debt instruments issued in Turkey or abroad.

As explained in official website of Katilim Emeklilik ve Hayat A.Ş., a participation based pension 
company, private pension activities are conducted in line with ‘Takaful’ model: Takaful, which is called 
Participation Insurance, is mutual insurance. Takaful (in Turkish ‘Tekâfül’) means giving mutual guar-
antee, being a surety for each other. The main goal is to bring together the insured for the purpose of 
mutual aid and solidarity and to use the collected contributions by the people exposed to risk.

Kayhan (2020) analyze non-interest pension system and funds with SWOT analysis and argues that 
strength of non-interest pension system is the strong demand for this business from individuals especially 
in AES. Comparatively weaker side of the system is the lack of financial product for investment when 
compared to conventional rivals. There exists great potential for development of this market while the threat 
is seen as the risk of decline in the rate of growth of entry into this system due to economic conditions.

7. PORTFOLIO MANAGEMENT AND FUND PERFORMANCES

Pension companies defined as founding companies are entitled to receive a service income called fund 
management fee in return for fund operation service that they provide for participants. Fund manage-
ment fee is shared between the founding company (= pension company) and the portfolio management 
company. The short name of this fee is ‘FİGK’ (‘fund management fee’). Most of the FİGK (generally 
80% and above) are booked as income (entry) to the founding company.

‘FIGK’, ‘FTGK’ difference: Fund management fee deduction is the largest component of the ‘fund 
total expense deduction’ (FTGK). The fund total expense deduction (FTGK) can be calculated when 
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other legal deductions related to the fund are added to the fund management fee (FIGK). The fund 
management fee is calculated as a certain proportion of the total fund value for each day and is collected 
from the fund monthly. Fund management fee rates are included in the fund prospectuses. The CMB 
applies a ceiling limit for the fund management fees so that the founders will not reflect a very high 
management fee to the fund.

Two criteria are taken into account when measuring the performance / return success of funds: 
Benchmark and Peer Group. When comparing fund performances, if peer group criterion is employed, 
it means that the success of the fund is measured by comparing the return of the fund with that of other 
fund(s) of the same type. On the other hand, the second criterion is the ‘Benchmark’. Benchmark is the 
target performance measure.

According to the legislation, all funds except flexible funds have to set a benchmark. Also, flexible 
funds can set benchmarks. The content of the fund should be in line with the benchmark of the assets it 
invests. The benchmark is specified in the fund prospectus and basic information form (‘Tanıtım formu’) 
approved by the CMB. The fund benchmark can be changed by a prospectus change. While measur-
ing the success (average) of the fund, the benchmark and the peer group for any period, the following 
process is conducted: The ratio of the difference between the beginning and end of the period values ( 
to the beginning values)   is calculated and the success of the portfolio manager is evaluated by making 
a comparison among fund return, benchmark return and peer group return.

Fund performances are important in that when private pension funds have higher returns (over infla-
tion), more participants shall enter the system. Kayhan et al. (2020) argue that fund portfolio returns and 
benchmark returns are in line significantly. The results are partly attributable to the regulations about 
pension fund management and portfolio structure. The paper also indicates that in the long run, the 
volatility of returns of the funds declines and returns tend to be in conformity with the main purpose of 
the private pension system.

Principles of portfolio management of private pension (mutual) funds are regulated under Article 
20 of the CMB’s Regulation on the Establishment and Activities of Pension Mutual Funds. Portfolio 
Managers are obliged to act within certain rules - except flexible (variable) funds - while managing their 
fund portfolios. The rules are determined under the regulations of the Capital Markets Board and the 
relevant regulations of the Ministry of Treasury and Finance for State Contribution funds. These rules 
can be changed when CMB deems necessary considering developments in financial markets, economy, 
pension system. When a certain part of a rule changes, companies are given reasonable time to adapt 
their fund portfolios to the new legislative restrictions.

TEFAS (Turkey Electronic Fund Trading Platform) website enables participant to review the fund 
returns comparatively.

8. FUND OPERATIONS

Fund operations can be conducted either by a special department in pension companies or by an outsourcing 
company, but it is the pension company that is liable for the smooth functioning of the fund operations.

Firstly, it should be pointed out that accounting system of the pension company and that of the funds 
are not the same, which gives rise to forming a separate accounting system.

Though the funds do not have a legal entity, they are separate groups of goods with a tax number. 
Likewise, the financial asset pool of the pension company is different from that of a pension fund.
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Fund Operations (Service Departments) / Departments of pension companies carry out the daily 
operation of funds every day.

The process, is expressed in the technical term called ‘fund integration process’; in this process, the 
contribution amount paid by the participants is directed to investment on a daily basis: The contribution 
amount turns into a share according to the customer’s fund purchase preference (order), while shares 
turns into the cash amount (in case of client order for the sale of shares) during the very same integra-
tion process.

The fund operations department, after this transaction, informs the Portfolio Management Company 
(PMC) about the total entry and exit amounts for each fund that is managed by PMC. With new money 
(total entry amount) financial products are purchased by the Portfolio Manager in the financial markets, 
and the notification of the transactions are sent to Takasbank (Central Settlement and Custody Bank). The 
new shares that each participant deserves and the assets belonging to him are notified electronically to 
the Takasbank on a file by fund operations department via files. At the end of day, mutual reconciliation 
between Fund Operation records (pension companies’ own system records) and Takasbank is secured 
in order to refrain any failure of reconciliation.

The tax structure to which the company is subject and the tax structure to which the funds are subject 
are quite different. Pension funds are, in principle, not taxable. It is an incentive and advantage for the 
development of this system.

In addition, fund service / operation units in companies are responsible for issuing (without payment) 
the tax declarations (Corporate Tax, BA-BS forms) stipulated in the relevant laws for all active pension 
mutual funds.

9. RISK MANAGEMENT

The principles of risk management in Private Pension are explained in detail in the CMB Regulation 
and the Pension Funds (EYF) Guide published by the CMB. Risk Management has gained importance 
in the private pension system, as it is in all financial institutions, especially in banks, and its framework 
has been specified with comprehensive rules.

Value at Risk (VaR=RMD) explains the highest loss that the fund’s total value can be exposed to, 
under normal market conditions and within a certain period of time. For example, if the VaR is calcu-
lated as 2% for a fund with a total fund value of TL 1 Million, it means; the total value of the fund may 
lose more than 20,000 TL with a probability of 1% within 1 day. Market risks included in the pension 
mutual fund portfolio, including risks from derivative instruments, should be taken into account in the 
VaR method. One of the “Relative VaR” or “Absolute VaR” method should be chosen, taking into ac-
count the fund investment strategy and risk profile.

On the other hand, the principles regarding the calculation of the Risk Value (‘RD’) of the fund, as 
explained in the Pension Funds Guide (in Turkish, ‘EYF Rehber’), are briefly as follows: While cal-
culating the RD, the rules determined in the fund risk management system are taken into account and 
are checked periodically (usually weekly). Risk value (‘RD’) information of the fund is shown on the 
continuous information forms of the funds in the PDP (Public Disclosure Platform).

General method for calculating RD is as follows: RD is calculated by taking into account the volatility 
of the fund (volatility is calculated using weekly returns based on fund prices) Volatility is computed 
by taking into account the fund returns in the last 5 years in which the fund was operating, volatility is 
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calculated using weekly returns, converted into an annual figure with a pre-determined formula. RD 
takes a value between 1 (lowest volatility = risk) and 7 (highest volatility = risk).

The main motivation (motive) in the RD regulations included in the Pension Fund Guide is to define 
the risks that pension funds will be exposed to in accordance with the legislation in order to protect 
the savings of the investors, and to periodically measure and professionally manage them within the 
method and system. Ultimate goal for risk management is that value of participants (and fund assets) is 
effectively protected against losses (risks).

10. AUTO ENROLLMENT SYSTEM (AES, ‘OKS’)

The Automatic Enrollment System, ‘OKS’ (AES), which was accepted in 2017 and put into practice in 
2018, brought a significant change as the second step in private pension. It has enhanced the existing 
private pension system. The most important difference with voluntary IPS is that entrance to AES is 
mandatory for employees. AES is explained in EGM Web Portal with the following summary statements:

• Employees are included (directly, automatically) by their employers in the Automatic Enrollment 
System, where they can benefit from additional state contribution opportunities,

• Turkish citizens can participate,
• It is essential to stay in the system for a minimum of 10 years and it is mandatory for retirement. 

Those who stay in the system for 10 years and reach the age of 56 are entitled to retirement.
• There is 25% state contribution. Furthermore, TL 1000 additional state subsidy is transferred to 

the accounts of the employees entering the system with AES.

Kayhan and Islamoglu (2020) conduct a SWOT analysis about Auto Enrollment System in Turkey 
and argue that that strength of non-interest pension system is the increasing demand for this business 
from individuals in Turkey, while comparatively weaker side of the system is considered to be the lack 
of financial product for investment when compared to conventional rivals. They also maintain that there 
is great potential for development of this business line while the threat is seen as the risk of decline in 
the rate of growth of entry into this system due to economic conditions.

CONCLUSIONS AND POLICY RECOMMENDATIONS

For an economy, level of total savings is a key factor for ensuring sustainable development since high 
level of saving gives rise to increase in investment which is the leading force for economic development. 
The private pension system, which has the great potential to eliminate the savings-deficit complements 
the public social security system. Main points about the system are as follows:

* Private Pension System is not an alternative to the Public Social Security System. On the contrary, 
it has been established with a goal to complement the public social security system,

* The funds are managed by a portfolio management company, not by a pension company (founding 
company),
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* Pension mutual fund is not a stock or bond, it can be seen as a financial instrument with a portfolio 
based on these or other financial instruments. Buying funds does not mean directly trading stocks 
and bonds, its operation is also substantially different.

* In fact, participants buy a pension plan, not a pension fund (The plans contain pension mutual 
funds, therefore, they indirectly buy pension funds.

* The funds are legally owned by the fund participants, not by the pension company. Hence, real 
owner of these funds are participants (via the shares ‘katılma payları’).

The private pension system has the following goals in terms of the features described; (1) To create an 
accumulation that can finance large-scale investments close to 10 percent of the national income. (2) To 
protect purchasing power (of the clients) with an additional income in addition to social security during 
retirement, (3) To create resources for the non-financial sector (real sector), increasing production and 
employment, (4) To contribute to the development and deepening of capital markets and money markets 
by creating demand for public and private sector issues (money and capital market issues).

Finally, policy recommendations are as follows:

• The sale of the private pension system (voluntary IPS and AES) as an investment and savings tool 
should be made by only professional licensed persons, emphasizing that the system is a long-term 
insurance product rather than a short-term investment product, and withdrawals from the system 
during financial turbulence periods should be minimized without changing the voluntary basis. 
Asymmetric information will disappear when the product is correctly described and sold.

• Reports sent periodically by pension companies to customers (as required by official reporting 
obligations) should be very short, clear and concise, and should be prepared to contain at most 10 
basic information. Technical terms and long & detailed explanations should be eliminated.

• The number of funds in the system should be reduced, the system should have a very simple struc-
ture. The complex system structure creates a negative image for the customers and prevents the 
development of the this business line. When examined from a behavioral point of view, it is a fact 
that customers always prefer simpler and more understandable products.

• Having the right to change the fund distribution frequently (in a year) may cause the investor (par-
ticipant) to lose savings in short term via fund distribution changes. Changing the fund distribu-
tion frequently is not compatible with the rationale behind the system, there should be a maximum 
of 3 changes of fund distribution, because in the financial markets, big trend changes may not 
occur frequently in a year.

• Although Robotics-Consulting (‘Robo-Advisor’) systems have potential to create positive returns 
by way of the application of developing technology and artificial intelligence in finance, these new 
structures should be used only by professionals (portfolio managers).
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ABSTRACT

This chapter aims to analyse the concept and implementation strategies of Agriculture 4.0 within the 
framework of the study of disruptive technologies and eco-innovation, which allows facing the needs 
derived from a sustainable food system. To do this, it strategically reflects on the design requirements 
of a holistic model for the transformation of agricultural holdings, aimed at the implementation of sus-
tainable agrotechnology. The Third Green Revolution, its antecedents, orientations, and purposes, as 
well as the concept and functional aspects of sustainable food systems are analysed. Finally, a model 
of transformation of agricultural holdings towards the implementation of Sustainable Agriculture 4.0 
is proposed, as well as a generic methodology applicable to specific projects located in specific areas, 
through formula for change and cost-benefit analysis.

INTRODUCTION

Achieving the Sustainable Development Goal by 2030 for a future humanity in which there is no hunger 
is a very ambitious goal that implies having more productive, efficient, transparent, sustainable, resilient, 
and inclusive food systems. In addition to covering the approximately 690 million people who still suffer 
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from hunger today, almost 9% of the world population (United Nations FAO, 2020), which will imply a 
very considerable increase in the demand for food that will be produced in the next 30 years. years, as the 
world population grows from the current 7.8 billion to the estimated 9.6 billion by 2050 (United Nations, 
2021). It is estimated that their diet will require an increase in the world’s food supply by at least 60%.

To face this situation (Hickey et al., 2019) it is necessary for the international community to do a 
decisive integral transformation of the current global agri-food system, considering current and future 
restrictions and challenges, such as the increasingly restricted availability of natural resources essentials 
such as fresh water and productive arable land. Likewise, the devastating effects of climate change (World 
Health Organization, 2020) and soil erosion will significantly modify the food production capacities of 
different regions and countries. In addition, the unbridled trend towards urbanization, with more and 
more people living far from agricultural areas, will make it necessary to find more efficient ways to 
produce and distribute food to large consumption centres.

In contemporary history, agriculture, as a fundamental support of the world food system, has under-
gone a series of revolutions that have increased its efficiency, performance, and profitability. The begin-
ning of the First Green Revolution (Patel, 2012) occurred after the Second World War, beginning in the 
1950s, and represented a major agricultural transformation that focused on advances derived from new 
farming methods, new practices and the implementation of new technologies, the partial mechanization 
of tasks, new irrigation systems by irrigation, as well as the use of pesticides, herbicides and chemical 
fertilizers, including the development of evolved varieties of cereals more resistant to pests and also to 
the harshest climates.

The figure of Norman Borlaug is recognized as the main promoter of the First Green Revolution 
(Swaminathan, 2009), a scientist who for several decades developed crosses of selected varieties of rice, 
corn, and wheat in developing countries, to achieve the most productive, seeking with their efforts to 
improve agricultural productivity in order to eradicate hunger and malnutrition in the most underdevel-
oped countries. This First Green Revolution in recent history achieved great success for decades and 
great recognition for achieving a sharp increase in production with high-yielding grains. However, the 
nutritional quality aspects were not considered with sufficient relevance, generating an expansion of the 
cultivation of cereal varieties that contained low quality proteins and excessive carbohydrate content, 
deficiencies in essential amino acids, and an unbalanced content of essential fatty acids. minerals, vita-
mins, and other essential elements for food quality (Sands et al., 2009). This nutritional impoverishment 
has generated the increasing incidence of certain chronic diseases, which affect not only the human diet 
but also the quality of meat products whose food base had been these new varieties of cereals.

At the beginning of the 1990s, new cultivation methods emerged based on the creation in the labora-
tory by means of certain techniques of genetically modified organisms, also called transgenics, which 
consist of the transfer between living organisms of genes responsible for certain desired characteristics, 
affecting their natural structure and, consequently, to its genome. Their application has increased ex-
ponentially since their appearance, but since their origin these transgenic crops have generated a huge 
discussion regarding their real and potential effects, both positive and negative, capable of significantly 
increasing the productivity of the land, but whose consequences on the Future health of individuals can 
be unpredictable (Montoya, 2007) (Muñoz, 1999). And likewise, the first outlines of so-called precision 
agriculture are beginning to be developed, as an innovation capable of reconfiguring farms of all sizes, 
allowing farmers to use only essential resources, and allocate them where they are needed. The concept 
of precision agriculture supposes a comprehensive management approach based on the collection and 
intensive processing of data, which allows orienting certain focused actions to improve the effectiveness, 
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efficiency, and productivity of agricultural activities (Nowak, 2021). It is the Second Green Revolution, 
which, despite the methodological and technological differences with the First, has developed with 
the shared objective of ending hunger in the world. Although in both cases it has led to a significant 
increase in world agricultural production, the problem of hunger involves many more aspects related to 
the equitable global distribution of food and the proper functioning of international markets, in which 
the low purchasing power of a very significant part of the world’s population makes it unfeasible to be 
able to access the global food market in a fair, free and direct way.

As we can see, there is a similarity in the approaches of those who promoted both Green Revolutions, 
the second being, in terms of its strategic approach, a continuation of the first. This similarity also extends 
to proven and potential consequences, both social and environmental at a global level, considering their 
own differences and nuances. However, the global trends that the agricultural sector will have to face in 
the coming years continue to pose a daunting challenge. It is necessary to continue increasing produc-
tivity and competitiveness, in an environment where sustainability and the fight against climate change 
and the scarcity of resources, especially water, are paramount. In this context, within the framework of 
scrupulous and very prudent bioethical respect, the agricultural sector must act strategically to adapt to 
changes in an increasingly dynamic and uncertain environment, and to the unrestricted use of available 
digital technologies, rapidly and continuous evolution. To achieve this, the main stakeholders must under-
stand in detail how this new situation will affect them, as well as what challenges they will have to face 
by making use of new strategic and technological initiatives and applying new organizational models.

This chapter, within the framework of the study of disruptive technologies and eco-innovation, 
sets out to reflect on the concept and development strategies of Agriculture 4.0 that allows addressing 
the needs derived from a sustainable food system. To do this, a strategic reflection is proposed on the 
requirements of the design of a holistic model for the transformation of agricultural holdings, oriented 
towards the implementation of a new concept of sustainable precision agriculture. After the introductory 
section, the chapter is divided into three more sections. First, the Third Green Revolution, its antecedents 
and purposes are analysed. Subsequently, the concept of New Agriculture 4.0 and the development of 
methodologies and techniques that make its implementation possible are studied. Finally, as a result, the 
requirements of a model for the transformation of agricultural holdings towards the implementation of 
the new Sustainable Agriculture 4.0 are analysed, as well as a generic methodology is proposed to be 
able to carry out said transformation, in its application to specific projects.

RESEARCH METHODOLOGY

The research has been developed using a qualitative research methodology, both documentary and 
empirical, based on the opinions of a sample of professionals and public and private experts from the 
agricultural sector (productive and distributive) of Latin American countries with different levels of 
economic development: Mexico, Colombia, Ecuador, Peru, Guatemala, Nicaragua y El Salvador.

The research has been focused on the transformation of agricultural production and distribution 
systems, applying a descriptive and explanatory method on the research problem, generating new ori-
entations, approaches, and trends to adequately orient the proposed solution and the new concepts that 
are being pledged. The literature reviewed has focused on the essential prior approaches related to the 
investigated problem. The review has been carried out with a sufficient level of detail, seeking its original 
aspects to guarantee objectivity and avoid interpretive biases. The agrarian reality on the investigated 
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problem has been tried to perceive integrating it in a coherent, analytical, and enveloping way, guided 
by the qualitative research carried out.

METHODS: THE THIRD GREEN REVOLUTION 
TOWARDS A SUSTAINABLE FOOD SYSTEM

It is currently considered that we are immersed in the Third Green Revolution that is a consequence 
of the exponential development of digital technologies, that is, the digital revolution, and the demands 
of achieving the Sustainable Development Goals that have been established in the 2030 Agenda of the 
UN. It is about sustainable precision agriculture, also called Agriculture 4.0, or better still, Sustainable 
Agriculture 4.0, the result of which is a holistic approach that links farms, until now quite isolated, with 
the whole of the global agricultural food system. Advances in automation and robotics, in artificial 
intelligence and in sensor networks linked by the Internet of Things are exploited, applying this spatial 
approach at all levels of the agricultural process to better understand the biological systems at stake. It is a 
new agricultural revolution, the objective of which is to promote prosperity and at the same time maintain 
environmental sustainability, making it compatible with a significant growth in the global food supply.

On the other hand, systems consist of elements and interconnections and have a purpose or function 
(Meadows, 2009). The concept of the food system encompasses a wide variety of actors that carry out 
multiple interrelated activities of production, aggregation, transformation, distribution, consumption, and 
elimination of agri-food products, be it livestock, forestry or fishing. A food system develops in broader 
social, economic and environmental settings, in which they are integrated, and is made up of several 
subsystems (such as the agricultural subsystem, the productive inputs subsystem, the water resources 
subsystem, the waste, ...) and interacts with other essential systems (such as the food sanitation system, 
the commercial system, the logistics system, the energy system, ...) maintaining a dynamic balance 
between them, so that a transformation of one of them will necessarily affect the rest, and will require 
the achievement of a new equilibrium.

In 2015, the UN 2030 Agenda established the so-called Sustainable Development Goals, calling 
both the countries of the international community and all significant social actors to a more intense ef-
fort in the social, economic, and environmental spheres, above all, the fight against hunger and poverty, 
reducing human inequalities, as well as combating the deterioration of the environment. Although the 
achievements have been modest, since the promulgation of the 2030 Agenda, sustainability has become 
a critical aspect for civil society (Rosati & Diniz, 2019), but clearly insufficient to achieve global sus-
tainability in such a degraded world (Caiado et al., 2018).

The qualification of a food system as sustainable implies guaranteeing its capacity for nutrition and 
food security for all its users, in addition to providing the social, economic and environmental bases to 
generate nutritional and food security so that future generations are not affected, being beneficial for 
society (social sustainability), profitable (economic sustainability), and generating a positive or neutral 
impact on the natural environment (environmental sustainability) (Nguyen, 2018). The Sustainable 
Development Goals call for major transformations in the agricultural sector and the food systems that 
depend on it, for which the global food system must be reformed to be more productive, more inclusive 
of poor and marginalized populations, resilient to the environment and able to offer health services. 
and nutritious diets for the entire population. Food security and nutrition issues are highly complex 
and dynamic and evolve over time. Assuming their sustainability implies that they are analysed with 
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a multidisciplinary and inter-institutional character through an increasingly globalized orientation. A 
more holistic, integrated, and synergistic approach is needed, which considers the food system, consid-
ering all the elements, their relationships, and related effects. The analysis of the problems of nutrition 
and food security cannot be limited to one of the dimensions of the problem. The framework should be 
expanded, considering all the relevant causal variables and all the social, economic, and environmental 
impacts of the alternative solutions that can be generated to achieve transformative systemic changes. It 
is a new approach that must structure, host, and coordinate all the initiatives developed by all the par-
ties involved, at the local, national, regional, and global levels, both public and private, in dimensions 
such as agriculture and livestock, education, health, marketing, logistics, environment, climate change, 
political situation, cooperative model, R&D, gender integration, available infrastructures, transportation, 
... (Nguyen, 2018).

FAO’s overarching goals in the development of sustainable food systems are to reduce poverty and 
ensure nutrition and food security for the entire population, in a way that does not compromise the ability 
of economic, social, and natural environments to generate nutrition and adequate food security for future 
generations (HLPE, 2014). These goals are at the core of the sustainable food system and are embed-
ded in the broader performance related to the three dimensions of sustainability; economic, social, and 
environmental. The food system proposed by the FAO (United Nations FAO, 2021) is represented by a 
wheel that is represented in Figure 1 and describes the different elements of the food system, as well as 
the interactions between the different levels.

Figure 1. FAO Food system wheel – elements and interactions (United Nations FAO, 2021)
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Moving from the inside out, this action is determined from the core of the system by the behaviour 
of all the actors who are interested in the food system, highlighting that of the members of society them-
selves. These behaviours take place within the structure of the food system, which includes the value 
chain layer through which food products flow (production, aggregation, processing, distribution, and 
consumption, including waste disposal) and the layer of services. that supports this flow (access to natural 
resources, work, supply of inputs, knowledge, financial aspects, and other services). All these activities 
are embedded in a social context, which includes related policies, laws and regulations, socio-cultural 
norms, available infrastructure, and organizations, as well as a natural environment, which includes 
water, soils, air, climate, as well as ecosystems and genetics.

Investigating, analysing, and understanding food systems through systems thinking is essential to 
identify the causes that generate their dysfunctions, as well as the aspects that make food systems vulner-
able to climate change, thus allowing the formulation of more effective and efficient strategies to increase 
the Resilience and Productivity of global food systems (World Economic Forum, 2017).

The development of the sustainable food value chain advocated by FAO has a dynamic and holistic 
approach, based on methodologies that allow to measure, understand, and improve the sustainability of 
the value chains that make up global food systems, although there are complementary approaches that 
should be considered, such as the territorial approach (OECD & FAO & UNCDF, 2016) and the market 
systems approach (Humphrey, 2014).

RESULTS: THE NEW SUSTAINABLE AGRICULTURE 4.0

We define digital transformation as the set of systemic processes necessary for the application of digital 
technologies, fully understood, which implies the strategic, organizational, and cultural reinvention of 
the entity in which it is applied, and which uses data, information and intelligence to improve its per-
formance and the necessary capacity to adapt quickly to the disruptive changes that are generated in the 
environment (Fernández-Villacañas, 2018). The result is a new technological scenario, in the face of 
which the environment changes continuously and increasingly rapidly, at a rate that will surely continue 
to accelerate exponentially. This technological revolution is causing profound changes in all sectors and 
in society, in economic prospects, in work planning models and in the way in which man-machine inter-
actions should be oriented (Barreto et al., 2017). The engine that drives change and that is the cause of 
this continuous acceleration is the digital revolution, motivated by the global expansion of the Internet, 
and the strong exponential evolution of information and communication technologies. Thus, today we 
are fully in a process of deployment of digital technologies that are profoundly modifying society in 
general (Evtodieva et al., 2017) and that also affects the agri-food sector.

Agrotechnology is defined as the application of technologies and their principles of use to manage all 
aspects related to agricultural production within the framework of different spatial and temporal concepts, 
with the aim of improving the responses of different crops, saving time, and improving environmental 
quality. This application provides farmers with the most suitable methods and machinery to optimize 
production, focusing on the specific processes used in the sector. It is about supporting the farmer in 
their operations, making the use of resources more effective and efficient (Sáiz & Rovira, 2020).

Agricultural technologies are rapidly evolving towards a new paradigm, that of Agriculture 4.0 (Rose 
et al., 2021), in which digitization, automation and artificial intelligence play a very important role in 
improving agricultural production. (Bacco et al., 2019). This evolution represents the application of the 
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engine of the fourth industrial revolution to the impulse of the third green revolution, and implies great 
opportunities, but also multiple challenges.

The development of Agriculture 4.0 within the framework of sustainability entails the promotion of 
an agriculture of environmental conservation in which the diversification and adaptation of the types 
of crops and the improvement of the soil, increasing its structure and organic matter, are fundamental 
promote rich microbial diversity, retain water and nutrients, better manage pests and diseases, and gener-
ally make agricultural soils more productive and resilient to climate change. Agricultural robotics is well 
suited to support these sustainable practices by enabling weed removal and precise handling of nutrients 
and pesticides, disease and weed removal, all using mechanical systems emphasized by local application 
of products. chemical products. Agricultural robots can also replace hard work, especially when labour 
availability is reduced, thus increasing economic sustainability (Santos-Valle & Kienzle, 2020).).

The conceptual result is the new Sustainable Agriculture 4.0. But beyond that, the agricultural tech-
nologies or agrotechnology that are being used around the world are much more varied and extensive. The 
following is a typological inventory of the main agrotechnology that are already used in the investigated 
countries of Latin America, which in any case are localized and specific.

Typology and Most Used Agrotechnological Tools

There are different types of technologies that can be applied in agriculture (Ugochukwu & Phillips, 
2018) (Kamilaris et al., 2017), among which the following stand out:

• Agrochemical technologies, for the creation, development and use of nutrients, fertilizers, pesti-
cides, and better phytosanitary procedures (Chhipa, 2017).

• Mechanical technologies, for the design and development of new, more effective, and efficient 
machinery, such as tractors, furrowers, sprinklers, collectors and all those advanced machineries 
that make the farmer’s work more effective and efficient (Fountas et al., 2015).

• Biotechnologies, for the creation of seeds, fertilizers, nutrients, and pesticides, based on cellular 
modifications and biogenetics (Barrows et al., 2014).

• Information and communication technologies, creating new platforms and developing digital ap-
plications to improve the administration and monitoring of the processes of agricultural holdings 
(Sousa et al., 2016).

• Robotic technologies, for the development, together with mechanical technologies, of highly spe-
cialized, intelligent, and hyper-connected autonomous machinery, capable of connecting and in-
tegrating with satellites and drones to generate adequate information to carry out the sowing, fer-
tilization and harvesting processes using Robots autonomous or semi-autonomous (King, 2017).

New solutions to farmers’ daily problems must be able to increase productivity without causing emerg-
ing damage to the environment (Stuart et al., 2014), making use of instruments that allow, for example, 
to detect the most appropriate time to harvest. Without damaging the crop, have online information on 
the status of the crop using drones or sensors, on the humidity and temperature of the soil, etc. (Khanal 
et al., 2017). All this information online can allow farmers to improve their decisions about the use of 
seeds, fertilizers, water, or other resources, in terms of quantities and when they should be applied in 
each area. The result is a more effective prevention of pests, diseases, and the elimination of weeds, as 
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well as an improvement in the efficiency of risks, which allow achieving a higher productivity of crops 
(Yao et al., 2017).

As the most used agrotechnological tools, we can highlight the following:

• Sensors: The Internet of Things (IoT) application allows the connection of sensors or other non-
digital objects through the Internet, which allows the information generated to be managed and 
controlled remotely. The analysis of the information obtained allows verifying the humidity levels 
or pest prevention (Muangprathub et al., 2019) (Ouafiq et al., 2020).

• Applications: Farmers traditionally control their activities through manual field notebooks. The 
improvement lies in the development of applications for mobile phones or tablets, which allow 
optimizing activities such as the location of protected areas, meteorological information, storage 
and stock levels, documentation and personalized reports, crop planning, etc. (Mandi & Patnaik, 
2019).

• Drones: These small remote unmanned or manned aerial vehicles allow farmers to monitor large 
areas quickly and without moving from one location, generating online aerial maps, and capturing 
information on the status of crops and soil. Drones are a very useful tool to assist farmers in many 
tasks on farms (Tsouros et al., 2019).

• Robots: During the last years, many types of robots, autonomous or semi-autonomous (working 
alone or under the control of farmers) capable of performing many of the agricultural tasks, even 
those that were more intensive in the hand of construction site. Among these activities we can 
highlight the automated harvesting, pruning, and planting systems, optimized diffusion of agro-
chemicals, monitoring in nurseries, vineyards and orchards, classification and packaging of crops, 
elimination of weeds, soil exploration, collection of fresh fruit, etc. (Manjunatha et al., 2016).

• Intelligent tractors and harvesters: An intelligent autonomous tractor has GPS to be able to op-
erate in the field with total precision and autonomously, programming its routes (Poonia et al., 
2020), which allows the farmer to dedicate his time to other tasks. In the case of combines, these 
programmed systems allow to establish planned unloading locations and locations, adjust vehicle 
speed, control location, and command the harvesting device to optimally synchronize the speed 
and direction of action of the harvesting machine combine harvester.

• 3D Maps: These devices allow you to identify and identify cracks in the ground, analyse weak or 
dry areas, recognize insect problems, and weed pest problems, capture, and evaluate images to dif-
ferentiate healthy vegetation from those in poor condition. status, assess the health status of crops 
and soils, control the irrigation status, etc. (Potena et al., 2020).

DISCUSSION: THE TRANSFORMATION OF AGRICULTURAL 
FARMS TOWARDS SUSTAINABLE AGRICULTURE 4.0

According to FAO doctrine, the sustainability of food systems must be analysed holistically. The develop-
ment of a sustainable food system (SFS), an agricultural production-distribution system, must simultane-
ously generate positive value in the economic, social, and environmental dimensions (Nguyen, 2018).

In relation to the economic impact, a food system is considered sustainable if the activities carried 
out by all the actors involved along the chain generate net economic benefits for all of them (wages for 
workers, taxes for governments, benefits for companies and system improvements). provision of food for 
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consumers), in accordance with a fair and ethical distribution of the global economic surplus generated. 
Regarding social impact, a food system is considered sustainable when there are social benefits that 
exceed social costs (relative to nutrition, health, cultural traditions, working conditions, animal welfare, 
institutions, ...) and considering vulnerable groups. categorized by gender, age, race, ... as well as there 
are no opportunity costs related to other systems, adjacent or not to the food system, that rival it in the 
allocation of resources and generation of net social benefits. Regarding environmental impact, sustain-
ability is determined by ensuring that the impacts of food system activities on the surrounding natural 
environment are neutral or positive, considering biodiversity, water, soil, animal and plant health, footprint 
carbon, water footprint, food loss and waste. and toxicity. Any proposed action to address a problem or 
weakness, or to take advantage of an opportunity, should be comprehensively evaluated in relation to 
all other dimensions to ensure there are no undesirable impacts, as well as to promote growth. inclusive 
socio-economic growth, green economic-ecological growth, and socio-ecological progress (Figure 2).

Main Strategic Aspects for the Implementation of 
Sustainable Agriculture 4.0: Working Hypothesis

While some authors consider that agriculture is experiencing important progress due to the application 
of the digital revolution in agriculture, others have highlighted the existence in many countries of a very 
low rate of adoption of agrotechnology (Nowak, 2021). Thus, in developing economies and their rural 
areas, due, among other factors, to the deficiency of their technological infrastructures, scarce digital 
culture and limited access to Internet services, there is a delay in adoption. Sustainable Agriculture 4.0.

Figure 2. Sustainable Food Systems Development and Impacts (Nguyen, 2018)
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Furthermore, there is often a certain isolation of the technological issue from its social matrix, not 
taking sufficiently into account that technology, which currently constitutes the main basis of economic 
development, must always be oriented towards social development. Therefore, agrotechnology must be 
understood as an effective means to improve the environment, and to integrate society and improve hu-
man relations (De Clercq et al., 2018).

As a result of a qualitative research carried out based on the opinions of a sample of professionals and 
public and private experts from the agricultural sector (productive and distributive) of Latin American 
countries (with different levels of economic development: Mexico, Colombia, Ecuador, Peru, Guate-
mala, El Salvador, and Nicaragua), six hypotheses have been put forward on the main areas of action 
necessary for the transformation towards Sustainable Agriculture 4.0. As main explanatory questions 
of the surrounding situation of the agricultural sector, potentially generalizable, stand out the digital 
transformation of the agricultural sector, innovation and training of young farmers, the development of 
new cooperative models, water and energy efficiency, the new role of global consumers and, finally, 
the promotion of research in agrotechnology and the transfer and application of the solutions generated.

These aspects, which are interconnected, are also considered as great challenges and opportunities 
for agriculture as a strategic sector of the economy of emerging countries, so it is necessary to evolve 
the strategic attitude of the actors involved from a reactive approach to a proactive one based on strategic 
and prospective anticipation (Figure 3).

First, the digital transformation of the agricultural sector is a necessary condition to be able to move 
towards the application of specific Sustainable Agriculture 4.0 projects and enable a transcendent improve-
ment in the productive planning of crops, the agri-food integration. supply chains, improving efficiency 
in the use of productive resources, such as inputs, energy, land, and water, and in the implementation of 
new, more sustainable strategies. It is a necessary, but not sufficient, condition to be able to prosper in 
the modernization of agriculture.

Figure 3. Main strategic aspects for the implementation of Sustainable Agriculture 4.0
(Own elaboration)
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Second, the digital transformation of the agricultural sector will be of little use and that digital 
technologies were available to farmers, if there were no agricultural producers willing to implement 
transformative agriculture projects. Young and well-trained farmers are considered essentially those 
who can generate a more effective, efficient, and competitive agriculture. Thus, it is young people, both 
women and men, who are in the best position to promote the digitization of agricultural holdings and the 
commercialization of their products, being immersed from their birth in digital culture. Young people 
are the ones who will best be able to energize and transform agrarian systems through the application of 
new digital technologies and the implementation of new production and distribution strategies.

Third, the application of the transformation of Sustainable Agriculture 4.0 fully affects the implemen-
tation of a new way of using water for irrigation. Sustainable precision agriculture must be responsible 
for an irrigation management fully adapted to the specific needs of the different parcels of agricultural 
holdings. Achieving fully efficient water management is not only a problem of ecological sustainability, 
but also a problem of economic profitability given the increasing cost of the energy required to extract 
water from underground and marine sources, especially through the available reverse osmosis systems, 
and treat it for use. for irrigation. In this sense, the use of rural areas for the installation of renewable 
energy sources is another pending issue to be addressed in parallel in the agricultural world.

Fourth, the view is often raised that farmer tend to be highly individualistic and thus explain the 
difficulties in energizing strong associative structures in the agricultural sector. However, it is farmers 
who develop associative movements of all kinds in all countries, despite the territorial dispersion that 
their activity implies. It is necessary to make associative activity more effective and efficient in the face 
of the new challenges that Sustainable Agriculture 4.0 represents, for which the traditional agricultural 
association does not have enough strengths. The improvement of rural cooperative integration through 
more efficient socio-labour and technological models is another of the key aspects that is promoted.

Fifthly, it is a reality that agricultural research, as well as the efficient transfer and application of the 
solutions and technologies generated, have lagged in developing countries with respect to the changes 
that have occurred, in general, in the field. of technological research applied to other sectors. And the 
problem is not so much one of inadequacies in terms of the availability of research centres and scientific 
infrastructures, but of inefficient use, not focused on the real problems of the agricultural sector, and 
with a level of coordination that does not make optimal use. of its potential. And, above all, little inter-
national scientific cooperation in these matters. It seems that it is also necessary to promote inclusive 
and more pedagogical advice formulas towards farmers, to connect them effectively with the vanguard 
of the ecological, agrotechnological and energy transition.

Finally, it is worth highlighting the new role that consumers have in current food systems, as an 
increasingly critical factor to which crop production and planning strategies must be oriented. The 
consumer is no longer the taxable person who adapted to the offer that existed in the retail stores and 
made their purchase decisions based on the offer of the day and, above all, on prices. The consumer has 
become an active subject, aware of his food sovereignty, and that he exercises it by making decisions 
focused on quality, labelling traceability and prices, in relation to his buying habits. For this reason, 
consumers must guide producers today and be an essential element in farmers’ decisions about what and 
how to produce. Although most consumers are not directly related to the agricultural productive sector, 
but through the intermediation of the commercial distribution sector, it is also true that more and more 
virtual market technological initiatives are emerging through direct relationship channels between the 
initial productive supply and the final demand.
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The holistic vision, integration, coherence, collaboration, innovation and flexibility are key concepts to 
support the development of Sustainable Agriculture 4.0, whose adaptation will imply the implementation 
of new more holistic and ecological productive-distributive strategies, the design of a new organization 
and the management of change towards a new technological culture of agricultural cooperatives, as well 
as the establishment of new methodologies to be able to successfully address the complex processes of 
transformation of agricultural holdings and management of rural change (Figure 4).

Indeed, the future of the agricultural sector in each region requires the establishment of new holistic 
public-private strategies, integrating international cooperation strategies, innovation strategies and the 
implementation of digital technologies for robotization and automation of agricultural holdings, opti-
mization strategies productive of agriculture. farms, and strategies to optimize logistics and marketing 
processes for national and international markets. The implementation of these strategies requires the prior 
international transfer of already available and verified technological solutions, the reform of agricultural 
cooperatives, the improvement of the qualification of farmers and staff in the food processing industry, 
and the improvement of systems selection of markets and international market. The strategic impulse 
must accommodate the action and effort of the main agents and institutions towards the same objective, 
betting as has been reiterated on the social, economic, and environmental sustainability of the sector, as 
well as on the coordination of all initiatives. In terms of economic sustainability, initiatives should be 
geared towards increasing agricultural productivity, improving efficiency and being fully market and 

Figure 4. Dimensions of the transformation towards Sustainable Agriculture 4.0 (Own elaboration)
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consumer oriented. In terms of social sustainability, projects should focus on dignifying and improv-
ing the lifestyles of farm workers, significantly increasing farm incomes, and developing more skilled, 
youthful, and diverse farm jobs. Finally, in terms of environmental sustainability, an improvement in the 
efficiency of the use of natural resources must be achieved, contributing to adaptation to climate change 
and its mitigation, as well as, ultimately, helping to preserve the natural environment.

The development and implementation of these new strategies requires changes in the organization 
as well as the implementation of a new agricultural technological culture, fundamentally through the 
design, planning, development and implementation of new agricultural logistics platforms 4.0 (Fernán-
dez-Villacañas, 2019) (Fernández-Villacañas, 2020), for international marketing, as well as above all, 
through the development of training programs in sustainable agrotechnology and the prioritized creation 
of “school farms” for the new training of young farmers. The strategic objective is the imbrication in 
these agricultural learning laboratories of the knowledge and skills of Sustainable Agriculture 4.0 that 
allow to enhance and catalyse the traditional knowledge of the agricultural sector. It is also necessary to 
develop and apply a new socio-technological model of digital cooperativism, through the promotion of 
collaborative systems in agricultural production and commercialization, which induce a positive social 
change towards the rural transformation of the entire region where it is applied.

Finally, it is necessary to identify and apply new methodologies to address the transformation processes 
of rural change management and agricultural holdings towards Agriculture 4.0. As has already been 
analysed, the possibilities and opportunities derived from the application and development of Agriculture 
4.0 within the framework of sustainability to achieve an efficient and sustainable global food system are 
evident. However, the approach must evolve through a perfectly planned transformation process towards 
an emerging strategic, holistic, systemic, and collaborative concept that allows the implementation of 
specific transformation projects in specific areas and specific rural locations. Two traditional transforma-
tion methodologies that have been applied successfully for decades are considered very suitable. In the 
first place, as a methodology of organizational and social transformation, it is considered that Formula 
for Change initially proposed by Gleicher establishes a framework with which to solve complex orga-
nizational problems, and that was later modified and adapted by Dannemiller to integrate the organiza-
tional aspects with technological innovation processes, facilitating and understanding the connection of 
organizations with the results sought. Second, Cost-Benefit Analysis methodology is considered, which 
allows comparing the traditional approaches to agricultural holdings and their commercial distribution 
and logistics systems, with the new emerging approaches to sustainable, technological, systemic, and 
holistic agriculture. This immense transformation requires the dynamic analysis in detail of the economic, 
social, and environmental, both monetary and non-monetary, both present and future costs and benefits, 
before making decisions about its implementation and about the use of large resources limited in terms 
of opportunity, susceptible alternative uses. Let us see both.

Methodology of Application of Formula for Change

Formula for Change (Beckhard, 1975) (Dannemiller & Jacobs, 1992) (Cady et al., 2014) is a model 
used to systematically implement programs, both in the public and private spheres, to overcome orga-
nizational inertia and improve efficiency and productivity. It is a specific approach to the management 
of linked human resources, which recognizes that change in an organizational environment depends 
on the corporate culture, the personality of the individuals and the motivations of the people involved.
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Based on the original model for the change proposed by Gleicher, Dannemiller proposed a version 
that has been the most used in practice:

D x V x F x CL > R 

In the equation, D represents dissatisfaction with current conditions, V the vision of how things could 
be, F indicates that the action plan is acceptable and establishes the first steps to take, and CL represents 
the creative leadership necessary to achieve that the transformation process works. All these multiplying 
factors must exceed R, which represents the resistance, the feasibility of the change and its durability.

The objective is to evaluate the real possibility that transformation projects towards Sustainable Ag-
riculture 4.0 can prosper with certain guarantees, so that the evaluation made of the first three variables 
shows the ability to overcome resistance to change.

• First, the level of dissatisfaction with the current situation must be high enough so that those in-
volved recognize the need for change, have time to reflect and accept it.

• Second, in relation to the vision of how things could be, all the human resources of the different 
organizations, even if the change comes from senior management, must share the objective to be 
achieved, ensuring their individual contribution to the transformation program. and its role in the 
future once the process of change has occurred.

• Third, in relation to the action plan, for the transformation to get off to a good start, the first small 
steps necessary to achieve the stated objective must be known and accepted by the personnel in-
volved, without generating anxiety or discouragement.

In relation to these three variables, since they are multiplying in the formula, any non-compliance 
with any of them will mean the failure of the transformation program. Since human nature is very risk 
averse, most people prefer to avoid losses rather than seek gains or improvements. Resistance to change 
is therefore a natural reaction that justifies ensuring that projects are carefully prepared and adequately 
supported.

Cost-Benefit Analysis Methodology

Cost-Benefit Analysis methodology (Nas, 2016) (Boardman et al., 2018) is a set of techniques that allow 
estimating the net comprehensive benefit of any large initiative or project in terms of the impact generated 
on the different stakeholders (Figure 5). It is a tool through which it is not intended to replace political 
decisions, but rather seeks to support, improve, and provide them with objective content, eliminating 
the arbitrariness and high risk faced by large decisions based on subjectivity or intuition.

Every major initiative or project represents a change in the socioeconomic and environmental system 
of the different organizations and entities it affects, with respect to what would happen if the initiative or 
project were not carried out. To evaluate ex ante, the transformation initiative must be carried out or not, 
as well as under what conditions, all the changes that will occur represented by a multitude of variables 
in time relative to two situations must be studied and monitored, before and after the transformation and 
realization of the corresponding investments. Therefore, estimates on the implementation of a specific 
Sustainable Agriculture 4.0 project in a certain region and location should be analysed, in relation to 
the social, economic, and environmental impacts, as well as the opportunity costs of the alternative 
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investments analysed. If the situation in aggregate terms of organizational and social benefits and costs 
is better with the new project than without it, then it must be accepted. But if this aggregate situation 
worsens, it should be rejected until studying and knowing the changes that would be necessary to intro-
duce in the project to improve the net benefits of the initiative. On the other hand, if in some variables 
the new situation is beneficial, but for other variables it is detrimental, the decision would then depend 
on the weight given to relative gains and losses, which implies the incorporation of multi-criteria deci-
sion techniques (Atkinson & Stiglitz, 2015).

The generic operation of Cost-Benefit Analysis methodology is based on the estimation and sum of 
the equivalent monetary value of the proposed project, of the benefits and added costs of the different 
alternatives (monetary and non-monetary), economic, social and environmental. To reach a conclusion 
about its suitability, all aspects of the initiative, both positive and negative, must be expressed in terms of 
a common unity. Therefore, the economic, social, and environmental costs and benefits must transform 
their units of measurement and, together with the traditional analysis, also be estimated as opportunity 
costs, thus determining what remains to be gained from having rejected an option, and studying whether 
the network The balance of economic, social, and environmental costs and benefits exceeds those of the 
initial situation. This would bring improvements that are not only quantified in economic terms but also 
in comprehensive sustainability, and if all the information affects possible alternative courses of action 
other than the specific proposed Sustainable Agriculture 4.0 project.

As we can see, the use and valuation of opportunity costs is fundamental, since market prices, although 
in general a valid reference, are nevertheless frequently distorted by the market itself in competitive situ-
ations other than perfect competition, such as oligopolies or monopolies. And even in many cases there 
are not even those markets from which to extract the prices that are necessary for the evaluation. In such 
cases, it is necessary to use the so-called shadow prices that better reflect the non-economic marginal 
cost. The estimation of shadow prices is a sensitive issue since it affects the results of the project evalu-
ation in a very relevant way. But the main distortions derive from rigidities in the price and quantity 
adjustment mechanisms, from the use of market power in the exchange of certain agricultural products, 
as well as from the not always consistent application of taxation (De Rus, 2008).

Figure 5. Cost-Benefit Analysis methodology (Own elaboration)
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Finally, determining the net economic, social, and environmental benefit of the implementation of 
Sustainable Agriculture 4.0 projects and investments requires comparing the flow of benefits and costs 
that are generated throughout their life cycle with respect to an already implemented solution that is 
takes as a reference to establish the study. To update this flow of financial and non-financial benefits and 
costs, a social discount rate should be used that reflects the minimum profitability threshold required 
for the innovative project, that is, the opportunity cost of the funds invested. If this implementation 
presents a positive net benefit, its comprehensive sustainability benefits will exceed the corresponding 
costs and, therefore, it will be desirable from the point of view of public and social interest in the field 
of Sustainable Agriculture 4.0.

SOLUTIONS AND RECOMMENDATIONS

The concept of Sustainable Agriculture 4.0 has been exposed, whose implementation allows meeting 
the needs derived from a sustainable food system. It has strategically reflected on the most important 
requirements for the transformation of agricultural holdings, and for this a holistic model has been pro-
posed, specifying the new strategies to be proposed, the changes to be introduced in the organization and 
a new agricultural technological culture, and Finally, two methodologies have been proposed to address 
the transformation processes of rural change management and agricultural holdings towards Sustain-
able Agriculture 4.0: Formula for Change and Cost-Benefit Analysis. This solution proposal provides a 
generic procedure for the planning, development and implementation of specific initiatives or projects 
for the transformation of Sustainable Agriculture 4.0 in specific regions and rural areas.

FUTURE RESEARCH DIRECTIONS

The study carried out on Sustainable Agriculture 4.0, aimed at providing a sustainable food system, 
shows interesting lines derived from research in relation to the implementation as concrete projects in 
specific regional areas and in specific rural localities. Within these multidisciplinary lines of research, 
it would be necessary to develop adapted solutions for the application of the proposed model on the 
different agrotechnology, the existing environmental, social, and economic restrictions, and the socio-
economic, economic-ecological and socio-ecological guidelines, that should serve as a guide. in the plan-
ning, definition, and implementation of transformation processes. It is considered necessary to deepen 
the applied studies of Sustainable Agriculture 4.0, which could be related to the reforms, changes, and 
policies that nations will foreseeably propose to alleviate the economic and social crisis that is being 
induced by the Covid-19 pandemic.

On the other hand, it is necessary to advance in the definition of a model of a vocational training 
centre for the training of young farmers, which is developed under the “farm-school” approach adapted 
to the specific economic, social, and environmental circumstances of each. regional area and rural loca-
tion. These centres should also serve as a laboratory for the application of agrotechnology that facilitate 
technology transfer processes.
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CONCLUSION

A conceptual review has been carried out of the aspects that determine Sustainable Agriculture 4.0 that 
can respond to the needs of a sustainable food system. As the most significant conclusions obtained 
from the research, we can highlight the following:

First, FAO projections show that the world is not on track to end hunger by 2030 and meet established 
nutritional goals. In addition, it is foreseeable that both the nutritional status and the food security of the 
most vulnerable social groups will be further undermined because of the health and socioeconomic reper-
cussions of the Covid-19 pandemic. Everything indicates that there will be major global food problems 
by 2050, if there are no disruptive changes that significantly improve food production and distribution.

Second, the approach proposed until a few years ago of sustainable food systems has great limitations 
to improve nutritional status and food security as necessary, since, although the objectives pursued are 
established with holistic and systemic criteria, the objectives of the projects that develop them and focus 
their application almost exclusively on agrotechnical aspects.

Third, the development of Sustainable Agriculture 4.0 represents an orientation that can generate 
sustainable food systems in emerging countries, providing new opportunities that can attract young 
farmers and entrepreneurs to the sector, alleviating some of the causes of urban concentration that it is 
generating the abandonment of the rural habitat, thus contributing to a very significant advance in the 
economic dimension of sustainability.

Fourth, digitization is undoubtedly the main catalyst for the disruptive improvement of all productive 
and distributive agricultural activities. Resource management can be significantly optimized and become 
smart, forward-thinking, individualized, hyper-connected, and forward-thinking.

Finally, Sustainable Agriculture 4.0 will create, if applied correctly, highly productive, prospective, 
and adaptable systems to changes, such as those derived from climate change, generating greater food 
security, productivity, profitability, and sustainability. Its potential benefits are clear, but major trans-
formations will be needed in agricultural systems, rural economies, farming communities, and natural 
resource management. This is challenging and will require a systematic and holistic approach to make 
the most of the new approach.
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ABSTRACT

Sustainable production and consumption of food are vital for sustainable development. About one-
third of all food produced for humans are either lost or wasted causing increased food insecurity and 
immense economic and social costs. In a world where famine has been an alarming issue, any action 
to reduce food loss and waste (FLW) is crucial. This chapter reviews, from a sustainable supply chain 
perspective, the extant literature on food supply chains and discusses FLW issues, especially within the 
context of sustainable consumption of fruits and vegetables. A framework for sustainable food supply 
chains (SFSCs) from both production and consumption ends are discussed. In doing so, such current 
disruptive intelligent technologies as blockchain and the internet of things are emphasized as potential 
enablers for SFSCs. Mainly driven by consumers’ awareness of the pressing issues in the world and 
consumption behaviour, mitigating FLW in SFSCs would not only result in efficient land and water use 
but also positively impact climate change and livelihoods towards sustainable development.

INTRODUCTION

Thanks to the growing global population, climate change, deteriorating natural resources, urbanization 
at an unsustainable rate and widening inequities in food accessibility, hunger in the world is on the rise. 
Although public and corporate awareness of Food Loss and Waste (FLW) has increased, much needs 
to be done. According to the Food and Agriculture Organization of the United Nations (FAO), about 
one-third of all food produced globally is either lost or wasted and almost 690 million people are on the 
verge of starvation. To that end, Goal # 12 (Sustainable Production and Consumption) of the United 
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Nations Sustainable Development Goals (SDGs, hereafter), among others, aims to develop policies by 
which producers grow sustainably and efficiently and consumers shift to nutritious and safe diets with 
lower environmental footprints (FAO, 2021a).

From farming and production to packaging and distribution to retail and catering to the valorization 
of lost or wasted food, the food industry is an extremely complex Supply Chain (SC) networks of local 
and global small business entities ranging from small farm producers to giant retail stores. Add to this, 
the food industry is rife with disinformation such as “green-washing” that impede consumers from better 
transition to truly sustainable ways of food consumption and lifestyles.

There is a delineation between Food Loss (FL) and Food Waste (FW). As defined in FAO (2021b), 
FL is “the decrease in the quantity or quality of food resulting from decisions and actions by food suppli-
ers in the chain, excluding retailers, food service providers and consumers. Empirically, it refers to any 
food that is discarded, incinerated or otherwise disposed of along the food supply chain from harvest/
slaughter/catch up to, but excluding the retail level, and does not re-enter in any other productive utiliza-
tion, such as feed or seed.” And FW “refers to the decrease in the quantity or quality of food resulting 
from decisions and actions by retailers, food service providers and consumers.” That is, FW happens 
when edible food is discarded prematurely or unnecessarily; and FL happens when food is damaged or 
destroyed before it reaches the consumer.

As reported by the World Food Program USA (WFPUSA, 2021), global hunger is not due to a lack of 
food but rather inefficiencies in the food system; roughly 1.3 billion tons of food worth about $1 trillion 
is lost or wasted each year. Interestingly, FW is found to be more prevalent in high-income countries, 
whereas FL happens more in low-income countries. It turns out that an average US citizen wastes about 
110 kgs of food each year, while farmers in Africa lose about 40% of all the food they grow. These strik-
ing facts let alone point to the need to distinguish FL and FW and how appropriate mitigation strategies 
and actions should be taken for each, from the sustainability angle.

Having gained more interest since the late 20th century, the concepts of “sustainability” and “sus-
tainable development” continue to evolve by including equity and justice in their scopes. Because of 
regulatory and consumer pressures and climate change, more and more companies seem to adopt these 
“buzz words” in their missions statements. On the other hand, an increasing amount of research effort 
has been directed to the study of sustainable supply chain management (e.g., Khan et al., 2020). One of 
the sustainability goals is to achieve a minimum level of well-being that depends on people’s ability to 
adequately deal with inefficiencies that can lead them to poverty (Jackson, 2014). Ensuring that this goal 
is attainable for all humanity and mitigating food insecurity should be demonstrated primarily with food 
justice. In this period when production is gradually decreasing, the inverse rate increase in consumption 
does not provide equal opportunities for all individuals over the globe. Our materialistic world goes all 
the way into our fridges and disappears at the bottom of the garbage. Parfitt et al. (2010) reported that 
“As much as half of all food grown is lost or wasted before and after it reaches the consumer.” Therefore, 
FLW must be eliminated by all means to alleviate hunger in the world.

As human beings consume more than they produce, the effective proof of this consumption is trans-
formed into the most unconscious conduct. For example, 230 million tons of net production in Sub-
Saharan Africa and 222 million tons of FLW in industrialized countries are almost equivalent to each 
other (Ishangulyyev et al., 2019). On the other hand, United Nations (2021b) reports that the agricultural 
supply needs to be increased by 70% to meet demand in 2050.

Any sustainability initiative should align with United Nations’ Sustainable Development Goals (UN-
SDGs). More than 700 million people, 10% of the world population, still cannot meet their basic needs 
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by suffering poverty today. According to a United Nations (2021) report, 6% of this will remain under 
these conditions until 2030, and the COVID-19 pandemic has caused 70 million more people to be pulled 
to the extreme poverty limit. It is the order in the world that keeps us alive, but this order has already 
been broken that pushes one side to death while the other side lives unconsciously. The goal of Zero 
Hunger (UNSDG#2) could not be achieved by 2030 with the recent trends and lifestyle of consumers. 
Unfortunately, 840 million people still would fight hunger by 2030. Already, 135 million people do not 
have the necessary nutritional supplements; unfortunately, this number has doubled with the COVID-19 
outbreak (United Nations, 2021a).

Pioneered by Elkington (1998), the Triple Bottom Line (TBL) approach to reinforce operational sus-
tainability has become one of the main objectives of Sustainable Supply Chain Management (SSCM). 
TBL is analyzed in three dimensions; environmentally, economically and socially. TBL and “3Ps” known 
as the ‘planet, profit, people’ feature can often intersect in a common set (Ahi & Searcy, 2015). TBL is 
appropriate for producing the essential imaginative force and inventiveness with discovering new types 
of incorporating benefit, social and environmental business (Gold et al, 2013). Ülkü and Engau (2021) 
emphasized the importance of including a fourth pillar, culture, in the traditional TBL approach. This 
expansive approach termed the Quadruple Bottom Line (QBL) brings about the fourth P, the “purpose.” 
In this way, decision-makers and firms expand their visions ‘to be useful’ while also creating a control 
mechanism in their profit-oriented resolutions. More than ever, the values that are appreciative in the 
eyes of the consumer rather than the annual turnover of the companies determine the future qualification 
and status of that company with a single social media post or news. The conceptualization of a Sustain-

Figure 1. Quadruple bottom lines and factors impacting FSSCs
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able Food Supply Chain (SFSC) must embrace each and all of the QBL pillars while considering such 
constraints as those emerging from SDGs, government regulations, food security, quality and justice, 
and smart technologies enabling efficient farming and logistics and nudging consumers to sustainable 
consumption (see Figure 1).

Two terms that are pertinent to this study of the FLW from a Sustainable Supply Chain (SSC) per-
spective are Sustainable Supply Chain Management (SSCM), and Sustainable Supply Chain Analytics 
(SSCA).

Seuring & Müller (2008, p.1700) define Sustainable Supply Chain Management (SSCM) as “… ma-
terial, information, capital flows, and cooperation among companies along the supply chain which take 
goals from the dimensions of sustainable development… into account which are derived from customer 
and stakeholder requirements. In sustainable supply chains, environmental and social criteria need to 
be fulfilled by the members to remain within the supply chain, while it is expected that competitiveness 
would be maintained through meeting customer needs and related economic criteria.” The latter term, 
SSCA, is defined by Ülkü and Engau (2021, p.7) as “…the set of activities and analytic tools that are 
big-data-driven in order to provide both optimal solutions and innovative foresight to complex supply 
chain decision-making problems with the goals of achieving cultural, economic, environmental, and 
social sustainability pillars.”

The studies appear to concur that fresh fruits and vegetables (products of the soil) contribute most to 
the avoidable food waste and are generally critical in influencing the all-out turnover on each role piece 
of the distribution chain (Kaipia et al., 2013). The waste of fresh fruits and vegetables is experienced at 
every stage of the supply chain. First, 20% of waste occurs during production. A further 3% loss is added 
during transportation and another 1% with packaging. In addition to the 12% waste in distribution and 
market shelves; the percentage hits its maximum on the customers’ hands by 28% (Chen et al, 2020). In 
short, 64% of fresh food seem to have never existed.

Food and Agriculture Organization of the United Nations (FAO) indicates the numbers into two 
categories: food loss and food waste index. While the food loss index is on a production level, the food 
waste index measures retail and consumption levels. According to the FAO’s worldwide calculations, 
the food loss from farms to transportations is at %13.8 and about more than $ 400 billion per year. The 
index of food losses is higher when it comes to fresh fruits and vegetables (FAO, 2021a). The loss is not 
just the fruit and vegetables themselves. For example, an average of 13 litres of water is spent growing 
a tomato (FAO, 2018) also its seed, fertilizer, transportation process means both labour and finance. In 
the U.S, for the restaurant industry alone, between 4% and 10% of food waste occurs before it reaches 
the customer’s plate (Sakaguchi et al, 2018).

Figure 2 displays aggregate data collected by FAO between 1997 and 2017 as boxplot statistics on 
FLW happening during various supply chain stages for fruits and vegetables. From pre-harvesting to 
consumption, the median % of FLW hovers up to 20%. The most variability with largest range is ob-
served during pre-harvesting and the least in packaging. Thus, the focus in this chapter is particularly 
on sustainability issues regarding fruits and vegetables (fresh produce) from a supply chain perspective.

Retail stores, for example, aim to improve the customer experience in the fastest and simplest way 
as well as reducing food waste; for online shopping, home delivery, and transparency created with the 
concept of sustainability, their visions must constantly renew themselves for not staying behind the times. 
With the food waste strategies and awareness created just by retail stores in the US, up to $20 billion 
can be benefited from economic, social and environmental factors (Teller et al, 2018). One of them is to 
promote fruits and vegetables called “ugly” and affirm them by normalizing customers’ habits.
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BACKGROUND ON FOOD SUPPLY CHAINS AND A FRAMEWORK

By the end of the last century, it provided more accessible and widespread sales networks with the 
logistics opportunities offered in the international food trade. This brought about changing consumer 
demands and consumption patterns. Consumers’ shopping volumes increase with self-identification, 
personal values, economic freedom, social and cultural perceptions, as well as psychological changes 
and commodification instinct. As the most important factors for conscious consumers; in addition to 
freshness, nutritional values, taste, smell and texture, safety in foods, many value judgments such as 
traceability, sustainability, ecological impacts, and fair trade also reveal their importance. Traceability 
aims to eliminate the question marks of the consumer to a large extent by the obligation to present the 
product’s historical information, its origin and reliability. Collaborative and cooperative responsibility 
has thus become beneficial to both sides (Badia et al, 2015).

One of the most important issues in SFSC is food security which is to support all people’s right to a 
healthy life with physical, social and economic access to safe and nutritious foods always. What is meant 
to draw attention with the words “all people and always” is the basic need for nutrient distribution with 
equality and continuity, and that this need is the right of every segment. This reveals the importance of 
the concept of sustainability in food production, which has been highlighted over and over, so that future 
generations will not be deprived of their most basic rights (Mbow et al., 2020).

The food supply chain has shown up in our lives in the simplest way since people entered the age of 
production. Since it will continue as long as people exist, it constitutes an inevitable part of our daily 
lives. Behind the scenes, an adventure from the production process of raw materials to their processing 
and packaging, preserving them under certain conditions and distributing them all over the world to our 
table is discussed.

FLW may occur in all of the stages from supply (pre-harvest to harvest) to production (processing, 
packaging) to distribution (warehousing) to retailing and household consumption. There are many pos-
sible causes FLW can happen throughout the Food Supply Chain (FSC), these could be due to external 

Figure 2. FLW world data (1997-2017) boxplot aggregate statistics on all supply chain stages for fresh 
produce (Source: http://www.fao.org/platform-food-loss-waste/flw-data/en/ 1997-2007)
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issues such as the impacts of climate change (drought, floods, fires etc.), collaboration issues (see, An-
nosi et al., 2021) between FSC members (e.g., poorly designed contracts), operational issues such as 
overproduction, poor packaging, machine malfunctioning, inadequate transport vehicles, and incorrect 
pricing and mismanaged inventories of fresh produce, behavioural issues related to consumers’ unsus-
tainable consumption patterns, and cultural issues such regarding it a table manner to leave some food 
in the plate or preferring “all-you-can-eat” options (c.f., Luo et al.,2021).

A Sustainable Food Supply Chain (SFSC) strives to improve performance on all four pillars of QBL, 
namely economic, environmental, cultural, and societal impacts. Figure 3 displays how SFSC, from a 
closed-loop perspective, integrates forward logistics (from raw material to consumption) and reverse 
logistics (from loss and waste to valorizing and putting it back in the supply chain, or composting and 
disposing to landfills as the last resort). Therefore, Figure 3 provides a framework for identifying stages 
at which FLW occurs, how those SFSC members need to be in cooperation, how the loops can be closed 
within the food system, and what type of logistics models (forward and reverse, inbound and outbound) 
may work for an integrated SFSC.

One can conjecture that a unit of FW is more costly than a unit of FL. Hence, while it is of utmost 
importance to ameliorate inefficiencies on the supply side of an SFSC, it is at least as important to have 
a culture of sustainable consumption on the consumer side. The consumer’s perception of the value of 
the product matters in purchasing decisions, which collectively form the demand for the product, and 
thereby, the need for a business. While selling the product to the consumer, its packaging and label are 
sold as well. In addition to attracting the customer to the product, the purpose of packaging and labelling 
for food supply is more than that.

The right packaging methods are a formative element on the quality, freshness, safety, obtainability 
of a product during transportation and shelf life. With tracking and data systems, the classical process 
has been replaced by “Smart Packaging (SP)” and its impact on reducing food loss and waste due to 
incorrect temperature in the holding conditions cannot be disregarded (Chen et al, 2020). Preserving 
the life and quality of fresh products is an important criterion that reveals the moisture and atmospheric 
composition in the packaging process. It has been observed that varying the gas concentrations as well 

Figure 3. A pictorial of a Sustainable Food Supply Chain
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as the correlative humidity in the package and the air-wet package extend the fresh product quality and 
shelf life during transportation and storage (Jalali et al, 2017).

Conscious consumers examine product labels during the purchase process. Not all consumers are 
vigilant about product information such as the expiry date. According to Wilson et al (2019); confusion 
and unawareness about date labels of ‘sell by,’ ‘best by,’ ‘use by,’ and ‘best before’ accounts for 20% of 
consumer waste, which amounts to $29 billion per year, let alone, in the US. In other words, consumers 
should distinguish between these labels for quality or safety with the difference at “best if used by” and 
“use by” (Wilson, 2019).

Contrary to what is believed, “best before labelling” which opens the door to many discussions is 
not about the consumption reliability of the product, but labelling that is put on limitation to indicate 
its ultimate quality. Based on this conceptual confusion alone, in Europe, the waste of 8.8 million tons 
of food product is mentioned annually (Collart & Interis, 2018). Besides the regulations of the labels, 
consumers are supposed to ask themselves questions. The correct product and label inquiry occur with 
the conscious consumer.

On the other hand, consumers do not necessarily look at not only the expiry date. Some other product 
labelling such as “organic certified” or “ sustainably sourced” may also affect their purchase decisions. 
Many consumers take the power to choose the naturally grown fresh fruits and vegetables that enter their 
homes, and they refuse to incorporate chemical pesticides. For consumers who make green purchases, 
eco-friendly packaging and labels are the most important factor. While many producers give the right 
to these labels and dedicate their company’s mission and vision to organic cultivation; some companies 
deceive their customers just for more profit under organic fruits and vegetable fraud.

The industry is aware that buyers prefer environmentally-friendly farming techniques, yet they do 
not necessarily tolerate the regular results of the ecologically cordial creation: the flawed appearance 
of items. Past studies have shown that most buyers say they purchase natural items to stay away from 
pesticides. Nonetheless, because buyers will pay more for ideal natural apples than for perfect formulaic 
apples, the rate markdown because of cosmetic damage has higher dollar esteem in the rebate of natural 
apples than for the conventional apples (Yue et al., 2009).

According to the U.S Department of Agriculture data, the largest loss under the name of FW is ex-
perienced in the retail and consumer segment; recall Figure 2. The department argues that supermarkets 
have the authority to prevent waste, to influence which production is placed and to affect the consumer 
experiences in a positive or negative change of opinion during their shopping (Bolos et al., 2019). The 
major obstacle in many studies on this subject to date is that although the consumer is inclined to re-
duce waste, it is the consumer’s habits, lifestyle, beliefs, and prejudices that suppress this information 
(Närvänen et al., 2018).

INTELLIGENT TECHNOLOGIES FOR FOOD SUPPLY CHAIN SUSTAINABILITY

One of the mandates of SSCM is efficient and effective collaboration between SFSC members. To 
make the food supply chain sustainable, the interests of various parties in the supply chain need to be 
coordinated, especially in the consumption and production sectors (Govindan, 2017). Environmental and 
business sustainability go hand in hand. Such operational tactics as synchronizing inbound and outbound 
deliveries and using environmentally-friendly materials advance the performance of companies (Mele 
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& Russo-Spena, 2015). Advents in communication and production technologies have immense potential 
in reducing FLW; recall Figure 1.

With increased globalization, regulations, technological progress, and the availability of diverse 
cultural and behavioural data from mobile devices, studying SFSCs becomes more prevalent. Among 
the existing possibilities, the ones that are actively used are Blockchain, Industry 4.0, Internet of Things, 
and Big Data Analytics (c.f., Rahimi et al., 2020). For instance, Blockchain technology, a distributed 
database of records or shared public and private ledgers among agents, offers non-localization, security, 
auditability, and smart execution (Saberi et al., 2019) that are much needed for SFSCs. Tracking social 
and environmental potential dimensions may also inform sustainability policies on traceability, health 
& safety procedures, and waste reduction (Joubert, & Jokonya, 2021). Especially the food supply chain 
processes are questioned by consumers and governments for their transparency.

Under China’s Paris Agreement, blockchain-based activities allow carbon and greenhouse gas emis-
sions reduction assets besides the assurance of human rights and work ethics under ‘smart contracts’ 
(Saberi et al., 2019). Accessible information per green product could be complex, but not impossible to 
verify. An example of this is realized with Endorsement of the Forestry Certification, from manufactur-
ing to final points under 740 million acres of forest blockchain technology, providing the user with the 
guarantee information data of the construction of the table they own from that tree (Rosencrance, 2017). 
The same principle can aim to benefit the fresh food supply chain. With the most basic usage, it means 
a large percentage of the positive impact that continues from preventing fraud of organic produce to 
reducing food loss during transportation.

Industry 4.0 (I4.0) refers to the digitization and intelligence of business operations & processes. As a 
result, I4.0 and sustainability are associated with the power to enhance the lifestyle for future generations. 
Cloud networking, CPS, big data analytics, and other internet-based technology are driving I4.0 (Luthra 
et al, 2020). The 4th Industrial revolution called cyber-physical systems is evolving step by step to the 
5th Industrial revolution which is mass customization & autonomous manufacturing (Nahavandi, 2019). 
Increasing trading volumes, shorter product life- cycles, greater product complexity, and globally faster 
production are all factors to consider as the remedy of this rising technology system (Morrar et al., 2017).

Another emerging paradigm, the Internet of Things (IoT), provides the communication and sensing 
of physical and virtual objects in indoor and outdoor environments with a network connection between 
each other. This information technology, which is introduced with the layers’ basis, has been used since 
1999 (Abdel et al., 2018). The most important gains for the food supply chain; real-time visibility, high-
est quality, delivering in shorter times and preparing in optimal condition factors that have a large share 
in the safety part of fresh food produce (Zhao et al., 2015). Those layers shape sensing, communication, 
and application. The quality of life of crops and livestock are maintained by the sensing layer’s records. 
Temperature, humidity, carbon dioxide in fields, greenhouses and during transportation can be observed by 
the wireless sensors. The communication layer is intended to distribute information to various stakehold-
ers at the time. It may also be the case that the system can manage goods with such identifier programs: 
Serialized Global Trade Item Number or Global Individual Asset Identifier. The application layer assures 
supported applications to the farmers, retailers, government with the radio frequency identification (RFID) 
tags. Apart from the supply chain partners, consumers will also have access to the most basic databases 
such as product warranty, usage date, product history and transactions (Zhao et al., 2015; Abdel et al., 
2018). Smart agriculture has emerged mostly with IoT applications; by tripling its market size, a $15.3 
billion global value can be reached by 2025. IoT devices can be classified according to their focus area 
(De Clercq et al., 2018). For example, the agricultural IoT devices, Arable and Semios, maintain water 
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and crop management with the input from soil (Arable, 2021; Semios, 2021); Smart Elements interrelate 
with a farmer based on microclimate level, solar radiation or leaf wetness (Incyt, 2021), and Growlink 
regulates light, humidity and soil terms (Growlink, 2021).

On the other hand, Big Data Analytics (BDA) has the core discipline of 5Vs: volume, variety ve-
locity, veracity, and value. The “volume” stands for revealing the greater size of its data capacity and 
alleviating any data confusion or deficiencies in other devices. Generating its data from diverse sources 
& backgrounds refer to variety. Velocity’s response is based on realizing data generation and delivery 
speed in real-time, while the concept of veracity draws attention to the importance of quality and reli-
ability level. Targeting the minimum risk ratio by dragging its data to a concrete decision stage with 
saving time and money is positioned under the name of value (Nguyen et al, 2018). BDA, such as other 
software systems, is at the forefront by collecting data from multiple sources (i.e., from industry data 
collected by sensors or equipment to external social media) and providing reliable data to plan, execute 
or create ‘green opportunities’. BDA, which still has many hypotheses on it, can emerge with its capacity 
to lead to innovations in the green product and fresh produce categories through the predictive analysis 
system (Bag et al., 2020).

Advance sensor and drone systems may further enhance farming sustainability. A good application 
of this is by UniSA, whereby convenient and cost-effective soil moisture can be observed via RGB (red, 
green and blue colour mode) camera technology (University of South Australia, 2021).

Insights and Recommendations

If change is to begin, that change must start from the smallest building block of society. According to 
a study conducted on children between the ages of 5 and 11, either way, the acceptance or rejection of 
suboptimal fruits and vegetables is a reflection of the consumer behaviour of family members. In short, 
the acceptance of atypical produce can find an explanation with the concept of ‘familiarity’ coming from 
an early age education (Makhal et al, 2020).

Moreover, some studies show that cultural differences and social judgments affect our shopping habits. 
In this part, material power and status ego come into play. In some cultures, how much food you put in 
front of your guest becomes a symbol of your economic power, and in fact, these ‘ego wars’ effectuate 
a significant percentage of food waste (Aschemann et al, 2015). In addition, overstocked products and 
maintaining these products in wrong conditions (e.i. extremely low or high refrigerator temperature, 
wrong handling of fresh produce or storing directly in contact with other products) are a major part of 
household waste (Aschemann et al, 2015). Some of the easiest behavioural measures put forward by The 
United States Environmental Protection Agency, such as preserving vegetables and fruits in different 
parts, keeping bananas, apples, and tomatoes out of contact with each other, and significantly affect-
ing the freezing process to all leftover meals (Sakaguchi et al, 2018) are the effective details that every 
consumer can make a difference by applying.

According to Waste and Resources Action Programme (WRAP)’s technical research in the field (2015), 
20% to 25% of wastes are caused by incorrect packaging operations, packaging of large quantities of 
products that are difficult to consume on time, thus going beyond best-before dates. Other post-purchase 
behavioural problems include not using the product’s packaging for its intended purpose, ignoring label 
suggestions for storage conditions.

Regarding food security and justice, some redistribution plans and community-focused actions have 
been successful in mitigating FLW within supply chains. Plans that facilitate the redistribution of food 
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near shelf-life limits and food supply to consumers, such as “community refrigerators’’, play a crucial 
role in reducing waste, especially where communities confront restricted availability and affordability 
of food (Martindale & Schiebel, 2017).

Logistics is not just about reaching the customer’s hands. This is a two-way street, and distribution 
always comes back with reuse, recycling, value recovery or rethink and refuse (recall Figure 3). One can 
think of this as the water cycle in the atmosphere, each drop of water that falls on the ground collects in 
the clouds again, and this system creates the balance. This mindset is also required for a sustainable food 
supply. It is now time to evolve into being a “minsumer”; to minimize consumption to what meets one’s 
minimalistic needs while minimizing the impact of consumption on the environment and others’ lives.

A critical amount of the waste happening through the whole “farm-to-fork” chain might be straight-
forwardly or by implication brought about by the reluctance to purchase and devour outwardly imperfect 
products. These outwardly problematic food varieties stray from utilization principles, either because 
of odd shape or shading, in light of different defects, or as a result of being near the best-before date, 
without any effect on taste quality (Rohm et al., 2017).

Producers dispose of almost 30% of fruits and vegetables as a result of “aesthetic imperfections” 
(Rohm et al, 2017). For instance, about 30% of carrots harvested does not even reach a place on retailers’ 
shelves because of beauty standards (FAO, 2018). Almost every vegetable and fruit have a set diameter, 
size or colour scale. Fresh produce, which has matured in the field and set off, must exactly match these 
measurements if it wants to reach the customer’s table and if that cucumber is a few inches shorter than 
the scale then it has no chance. However, the only reason why they cannot be grown by similar standards 
is drug-free and hormone-free farming. Nothing produced naturally can compare to uniform factory 
production. A portion of fresh food cannot be classified under poor quality just because a vegetable 
or fruit is supposedly described as ‘ugly’. The pale colour or the shape of an apple does not prevent it 
from being an apple, nor does its taste different from other perfect-looking apples. If that apple is not 
to be exhibited in the museum, compliance with beauty standards should not be more significant than 
its nutritional value.

The shape and look of the product impact consumers’ purchase behaviour. For example, Intermarché 
(2021) a supermarket chain in France, conducted a consumer experiment in 2014 on “inglorious fruits 
and vegetables,” in which some products were described as ugly and about to be thrown away, for sale 
as %30 cheaper with a simple campaign. Although appreciated, even an almost 50% price drop has not 
changed the minds of “all” customers, in this “inglorious fruits and vegetables” experiment on consumer 
perceptions. Buyers required a higher markdown to buy items that were seen as ugly or uncertain, with 
discounts extending from 24% for the cucumber with its appearance divergence to 67% for an apple with 
a brown coloured spot (Rohm et al, 2017). The taboo of ‘quality is always more expensive’ causes some, 
if not every customer, to change their shopping patterns. Because consumer psychology can automati-
cally approach a product with a question mark when less money is spent on than regular. In this section, 
the question marks in the minds of consumers and how that distrust can be solved in different ways than 
dropped prices. The level of shoppers choosing apples with abandon was equivalent to or lower than 15%. 
Changes in quality assumptions might be expected to adequately diminish waste practices by custom-
ers (Jaeger et al, 2018). According to Dusoruth & Peterson (2020), the crucial insight is to educate the 
community that ugly produce is safe and accurate to eat. Past experience is one of the most influential 
factors in consumer behaviour. Impulses and reminders have a significant impact on consumers’ deci-
sion mechanisms. Studies argue that there is a correct link between nudging and decision-making targets 
examine this in three groups. 1) detailed information appealing to visual memory, 2) targeting emotions 
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and feelings, communicating with striking slogans, and 3) also seen as being driven by design through 
external factors: the ability to experience and test the product at the nearest distance (Bolos et al, 2019).

By keeping the experience of the consumer at the forefront, fruits and vegetables that are not defined 
as attractive in fresh produce can be presented to the customer in three categories; processed fresh food, 
direct sales and other usages.

For the processed fresh food category, liquid conversion and piece-packaging processes can be used. 
Processing is not just about chemical change to a product; many fruits and vegetables are open to fresh 
consumption in both liquid and solid forms. The main purpose here is to provide the product to the cus-
tomer in a new form by changing its shape or form without disturbing its chemistry (repurposing). For 
example, organic juices, fruit compotes, and detox juices have been in a massive revamp lately. Perhaps 
because of its imperfect shape, colour, or merely rotting fruit or vegetable in its current state, it may be 
offered for sale and receive demand at a low percentage. Because the customer no longer has the chance 
to pick up that ‘ugly’ fruit and examine it, then the product in that form must not appeal visually. There-
fore, consumer psychology will start to make choices without taking the established aesthetic codes as 
the basis. The same logic applies to fresh fruits and vegetables that are shredded and repackaged. When 
an amorphous potato is cut into cubes and served, the negative effects of being “shapeless” in the eyes 
of the consumer disappear. At the same time, cut and served fruits and vegetables are in more demand 
due to their convenience or ‘open and finish!’ principle: Smaller portions do not need restoring by con-
sumers and maybe more economical.

In the second category, direct sales, tasting perception and influence are the most important factors. In 
addition to product promotion stands prevalent in grocery stores, tasting stands could also be established 
for imperfect fresh produce. First, the so-called “perfect” apple should be presented to the consumer, and 
then the “crooked, not as bright and red as the other, maybe a little rotten” apple should be presented to 
taste. The remaining benchmark is at the customer’s discretion. Similar to quite susbstitutable products 
(e.g., Pepsi and Coca Cola), most people probably would not be able to tell the difference in the taste 
of those products unless they see their brand names. The same is true in this scenario; if the customer 
experiences that imperfect produce themselves and sees that it is no different from the other, then only a 
delicious apple will remain from the bias in mind. Another option is guiding the customers with external 
factors during their purchase by referring the journey of the product from its origin to the shelves of the 
supermarket and exemplify in which various ways they can consume it with the best experience. For 
example, a decaying tomato can be turned into tomato paste, or an un-demanding apple or grape can be 
used to make natural vinegar at home. Evidently, direct experience with the product (touching, tasting, 
smelling etc.) creates long-lasting memory with consumers and impact their re-purchase decisions – for 
instance, products bought online are more likely to be returned compared to those bought in a brick and 
mortar store (Dailey & Ülkü, 2018). While consumers are looking for their most basic needs (staple 
products) which by design are located in the further corners of the supermarket, they will be exposed to 
see other products on the way and end up buying more than what they planned for. The creation of the 
mentioned new sections lays the foundation for this mentality. A section description that says ‘apple for 
vinegar making’ on it will ensure that the consumer is positively inclined to the idea of making vinegar 
at home with that ‘imperfect’ apple.

Last but not least category is the other usage; preventing produce from being waste and evaluate it 
different, innovative and sustainable forms. One of these could be insemination. The kernel is the name 
of the miracle it possesses for the return of the fruit it belongs to, and its life is hidden in it. Plants first 
protect their seed then form the fruit itself. The only thing that is necessary for a fruit and vegetable to 
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maintain its continuity is its seed. The seed of each fruit and vegetable that is seen as waste is buried 
under the soil for about 10 cm, and the re-seeding and producing process is started.

Rootstocks, grafting methods and the purpose of grafting are the key to transforming the ‘imperfect’ 
fruit and vegetable into its best version. The grafting process in vegetables enables the cultivation of the 
varieties naturally and regains their life by repairing the damages in the species. At the same time, this 
method eliminates the disease that occurs from the soil or adverse temperature conditions and provides 
more efficient water and nutrient intake, while preventing the use of drugs in the species and setting 
them into the natural recovery process.

Another effective example for the “other usage” section would be turning avocado waste into ‘green’ 
plastic. From the grocery bags to the container of the food we order, to the straw of the coffee we drink, 
plastic has settled in our lives. On the other hand, the use of plastic is tried to be minimized due to its 
damages to nature, and for this, it is discussed how to obtain ‘plastic’ with materials that are ‘natural’ 
and whose destruction in nature is the most harmless. According to a Mexican company, BioFase, avo-
cado seeds are one of these natural materials. The company says that it is not very ethical to produce 
bioplastic from potatoes or corn while there is such a high hunger rate in the world, and that is why they 
chose manufacturing this turnout from avocado seeds, which are called waste after the fruits’ consump-
tion and guacamole production (AIM2Flourish, 2021). Since BioFase turns the refuse part of avocado 
into their main material, they keep their production at the same cost scale compared to normal plastic, 
and they create the necessary circulation by recycling the seeds that go to waste.

FUTURE RESEARCH DIRECTIONS

As the climate change presses and causes more than ever FL, and as the unsustainable forms of lives 
in high-income countries produce FW that could be otherwise used to supplant hunger in the under-
developed parts of the globe, studying issues related to security, sustainability, and justice in the food 
systems are utmost important. Therefore, analytical and theoretical studies related to food supply chains 
will keep current on the agenda of scholars, decision- and policy-makers. Inherent in its complex nature, 
such studies necessitate an interdisciplinary approach (e.g., Kaufman and Ülkü, 2018). From an SFSC 
perspective there exist many research venues.

With SDG target 12.3, the United Nations (2021b) states, “By 2030, halve per capita global food 
waste at the retail and consumer levels and reduce food losses along production and supply chains, in-
cluding post-harvest losses.” Food waste per capita (from processing through to consumption) and food 
loss that occur from production up to, but excluding retailing level, will be pivotal in measuring supply 
chain performance. Research on integrating FLW metrics in data-driven decision models for SFSCs is 
all but one venue that warrants immediate attention.

Another future research venue is related to embedding SFSC research in the water-energy-food nexus 
and circular economy (e.g., Ciccullo et al., 2021; Ülkü et al., forthcoming). Last but not least, more 
research needs to be done as to how consumers can be better influenced to purchase and consume food 
sustainably and how technology can be used to that end (e.g., Currie et al., 2020).
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CONCLUSION

This chapter, with a focus on the fresh produce supply chain, reviewed food loss and waste from the lens 
of QBL sustainability. Such emerging technologies as Blockchain, I4.0, IoT and BDA were emphasized 
as tools to increase visibility, efficiency, collaboration quality and speed of SFSCs. For instance, across 
Canada, almost 60% of valuable nutrient goes to the green trash cans (Divert NS, 2021). These green 
‘recycle’ bins have been used in Nova Scotia for over 20 years, but this has been throwing away more 
than it seems: labour, hours, water, money, and most importantly, the future. A lot of issues have been 
tried to be addressed in the chapter, there is a part that does not seem to be an obstacle to realize the fact 
that the perception of beauty is imposed on fruits and vegetables. Much more effective steps than the 
price drop strategies are elucidated in the processed fresh food, direct sales and other usage categories 
that can be applicable on products called ugly or shapeless. Potential effects of social media perceptions, 
perfectionism, socio-economic ego, and culture were also mentioned in this matter. If the change is to 
be started, it should start within the smallest yet most powerful “buyer” unit in a supply chain: the con-
sumer. The critical action then is to educate new generations about the impacts of FLW and encourage 
them into more sustainable ways of food consumption via this simple fact: Mitigating FLW would not 
only result in efficient land and water use but also positively impacts climate change and livelihoods 
towards sustainable development.
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KEY TERMS AND DEFINITIONS

Agriculture: Farming; the science, art, and business of cultivating soil and producing crops, and 
raising livestock.

Big Data Analytics: All the data processing and analysis techniques to examine large amounts of 
data in order to provide insights by uncovering hidden data structures (correlations, patterns) and to 
inform business decisions and public policies.
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Consumer Perception: Consumers’ awareness of, impressions and opinions about a product, brand, 
and business.

Intelligent Technology: Application of scientific knowledge performing decision-making functions 
that would formerly have required human intervention, e.g., artificial intelligence.

Quadruple Bottom Line: The four pillars of sustainability in measuring business performance: 
culture (purpose), economic (profit), environment (planet), society (people).

Serialized Global Trade Item Number: Fourteen-digit number to identify/categorize a tradable 
item such as apples.

Supply Chain: The set of all parties and activities involved in fulfilling a customer request.
Sustainable Consumption and Production: Doing more and better with less.
Sustainable Development: Meeting the needs of today without sacrificing those of the future.
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ABSTRACT

The implementation of urban gardens, which are increasingly appearing in cities, aims to respond actively 
to the growing demand for urban spaces for the installation of urban gardens, creating conditions for the 
practice of sustainable agriculture in an urban context. Through these initiatives, it is intended to ensure 
that the needs of the population are met and to maximize the benefits arising from the practice of urban 
agriculture, both for the environment and for people’s quality of life. Technology is a facilitating element 
in the process of acquiring and maintaining these urban gardens. This chapter presents an app that can 
be used by farmers to manage the production of consumer goods in this space, providing information 
about the status of crops, products to be grown, and types of required maintenance. This app simplifies 
the production process and also increases the sustainability of agriculture activities considering the 
economic, social, and logistical dimensions.

INTRODUCTION

The progressive global migration of the rural population to large urban centers has contributed to the 
emergence of environmental, social, and economic problems (Østby, 2016). With this migratory flow to 
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large cities, populations seek to improve their quality of life without considering the possible irrevers-
ible damage to the environment. A key concern in the planning and management of cities is to ensure 
sustainable development. Sachs and Ki-moon (2015) advocate that sustainable development seeks to 
respond to the ecological limits of the planet, which are not infinite, and it is also necessary to ensure 
the existence of natural resources for future generations.

Sustainable cities are those that align their living, production, and consumption patterns based on a 
combination of economic and socio-environmental aspects. As Cohen (2017) argues, instead of promot-
ing disorderly growth and consumption, they adopt public policies and actions that positively impact 
sustainability. This can be realized in different areas of intervention in cities such as mobility, education, 
energy, and environment (Saad et al., 2017; Tafidis et al., 2017; Trindade et al., 2017). It becomes un-
equivocal that sustainability is a purpose for all humanities since consumption habits are driving natural 
resources to depletion, besides destroying flora and fauna species.

The rapid growth of cities has led to the massification and industrialization of production processes. 
This situation has led to the loss of food quality, which leads people to increasingly value the food from 
organic and healthy agriculture (Kearney, 2010). As a result of this process, urban agriculture presents 
progressively as an important alternative for feeding the population that allows ensuring sustainable 
development in urban space (Chumbler et al., 2016). Several differences can be found between urban 
agriculture and agriculture in rural areas, of which location stands out as an evident differentiating ele-
ment between these two concepts, and a few improvements, where the objective of food production may 
be considered the most common element. Despite the differences between these types of agriculture, 
they can be seen as complementary. Rural agriculture provides food in large quantities, while urban ag-
riculture exploits a few niche markets that are often overlooked in rural agriculture (Hamlin et al., 2016).

Agriculture has been enhancing the city with its multi-functionalities, which goes beyond food pro-
duction and benefits other elements of the urban environment, such as services, green areas, buildings, 
leisure spaces, among others. Several authors have debated the benefits resulting from this activity. 
Heather (2012) mentions that at the environmental level, urban agriculture promotes the development 
of green spaces, the recovery of degraded areas, and the reduction of pollution. At the economic level, 
urban gardens contribute to the reduction of probity, because they enable the harvesting of food, of good 
quality and for personal consumption (Krikser et al., 2019).

Agriculture has gone through several phases of evolution since the introduction of mechanization, 
genetics and, more recently, information technology. Fourth revolution technologies (i.e., agriculture 
4.0) have led to emerging technologies such as sensors, remote connection, statistics, and artificial 
intelligence being adopted in agriculture to improve product performance and to increase the visibility 
and efficiency of the entire value chain (Braun et al., 2018; Rose and Chilvers, 2018). Smartphones 
and tablets promise to revolutionize agriculture due to their wide range of functionalities and features. 
The adoption of these technologies turns possible to attract ordinary citizens to agricultural activity 
and there has been a progressive demand for the use of this equipment by new farmers and agricultural 
technicians through the use of applications that facilitate daily work on their farms. In this sense, this 
chapter presents the development process of a technological application for mobile devices that enables 
the management of a municipal urban garden. The developed application uses exclusively open-source 
software and provides users with advice on products to be produced, when they should be produced, 
production times and harvesting processes, which are fundamental for users who are not familiar with 
the production processes in agriculture. Throughout this work, the technological options and the added 
value that this project offers to the community will be discussed, especially for people living in cities, 
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but who wish to experience urban agriculture. Furthermore, the challenges posed to the processes of 
economic, social. and environmental sustainability by the adoption of this new technological solution 
are addressed.

BACKGROUND

The Information Technology

Over the past decades, the provision of telecommunications services around the world has undergone 
significant changes. There have been changes in the institutional structure that served as the basis for 
the provision of telecommunications services, especially after the privatization of these sectors that 
were previously in the possession of the state. However, these transformations are not solely about the 
institutional field. As Hui (2012) and Stone (2015) point out, this change in the telecommunications 
sector has gone together with technology. In the first phase, digital technology, and later the application 
of fiber optics, promoted a revolution in the capacity and speed of information transmission through the 
system using data, voice and image.

The term information technology came to be adopted in place of informatics. Simultaneously, 
concepts related to data processing and information systems emerged as telecommunications became 
the basis of computing, where database managers became available and provided data communication 
services, through application software among other services. According to De Jong (2016), computing 
is understood as a means to produce, transmit, store, adhere and use various information, which can be 
used in various contexts.

Information technology has become a term increasingly used in the use of equipment, applications, 
services and basic technology falling into the categories of computers, telecommunications and multi-
media data. For Neuman (2010), information technology has evolved a lot with the rapid development of 
technology, and with this development comes solutions made available by computers. The trend is that 
information technology is important in society, where the process of digitization of various contents has 
become a norm of life and survival. Shackelford (2020) adds that we are currently living in the informa-
tion age and the potential of new technologies is undeniable.

The opportunities that exist in the information technology field can be seen through the innovations 
made by the business sector. Information technology is an important element that can have positive im-
pacts on the business world and enables an improvement in the strategic and functional context, enabling 
the company to improve its planning process and interact with its stakeholders in a more productive 
way (Ommen et al., 2016; Samuel, 2014). The use of information technology has been on the rise in 
all sectors, presenting optimism and enabling scientific advances in the fields of knowledge. Antonucci 
et al. (2017) state that information technology makes it easier to incorporate new habits in people and 
build new social relationships.

The Use of Information Technology in Family Farming

Information is essential for the development of urban and rural enterprises. Prosperity, progress, and 
development of a country will depend on its ability to acquire, produce, access and use the relevant 
information for its development (Momaya, 2019). Similarly, access to information is also crucial to en-
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able people to know their social rights and benefits and sources of support to overcome social exclusion 
(Maldonado et al., 2006). Based on these considerations, the need to make available efficient and acces-
sible applications for the management of small rural establishments emerges. Therefore, the adoption of 
technology in different situations provides a scenario full of opportunities for building less asymmetric 
environments, because technology can contribute to the generation of new knowledge.

Goulet (2020) highlights the importance of technologies for family farm management, identifying 
them as a fundamental part of the knowledge and techniques of a rural enterprise or as a way to achieve 
successful entrepreneurship. The use of new technologies for family farmers enables conditions for 
them to explore new opportunities and practices that require a more sophisticated level of production 
management. In addition to the ease of searching, accessing, storing, and disseminating information, 
these technologies will increasingly serve to exchange information among farmers. With the help of 
these tools, Kalita (2017) points out that family farmers can meet their needs namely through access to 
food distribution channels.

The use of information and communication technologies allows greater control of the processes that 
occur in rural management, opening new ways to obtain greater and better production. At this level, 
Urquhart et al. (2008) consider that information and communication technologies are key instruments in 
the fight against poverty because if used correctly they provide capacity for the populations of develop-
ing countries and for disadvantaged societies to overcome barriers to development and thus know how 
to deal with social problems.

Several authors look at the benefits that information and communication technologies can provide in 
rural areas. Yekinni et al. (2019) refer to the potential for transforming often scattered information into 
knowledge that can be exploited by farmers. Mishra (2008) looks at the potential of technologies as a 
vehicle for information that can contribute to social change. Finally, Qing-tao et al. (2013) and Rosemary 
et al. (2014) highlight the role of technology in reducing losses in agriculture, particularly in irrigation 
systems and pest control.

However, several challenges associated with family farming arise. Infrastructure is a major problem 
in rural areas since the lack of connectivity and Internet access does not allow these communities to 
access content (Ruiz-Martínez & Esparcia, 2020). In most countries, broadband is mainly accessed in 
large urban centers and does not reach rural areas. Therefore, it becomes relevant that rural areas are 
not seen as a distant and backward place, but as places where diversity manifests itself and in which 
technology can be used to improve the living conditions of its population.

Another challenge that restricts the adoption of information and communication technologies in rural 
management is the low educational qualification of rural producers (Stelmach, 2011). Education is related 
not only to the ability to obtain and process information but also to the use of management techniques. 
Mastering certain practices require more expertise than others. According to Mwangi & Kariuki (2015), 
the educational level and experience of producers are personal characteristics that determine decisions 
about the adoption of these practices. These factors directly affect the adoption of new technologies. 
Increasingly, the viability and effectiveness of new technologies require a management process that is not 
based on pure mastery of traditional farming and breeding knowledge and practices. For this reason, Ra et 
al. (2019) highlight that human capital is a relevant factor in explaining technology adoption by farmers.

The realization of management practices aligned with the adoption of technologies can provide the 
farmer with important data and information for the managerial decision-making process and greater 
efficiency in the productive and financial process (Adolph et al., 2020). However, the development of 
management techniques that take into account the particularities of family farming has not been assumed 
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as a priority. Most applications are not intuitive to use and is too complex in the face of the specific 
needs of family farming. They typically request greater technical skills to be used.

The Diffusion of Innovation

The strategic innovation process goes much further than the development of new technologies, products, 
and services. It also involves the creation of new business models, new ways to meet consumer needs, 
new organizational processes, and new ways to compete and cooperate in the business environment 
(Meissner, 2019; Steiber & Alänge, 2015). The importance of innovation is perceived as essential by 
organizations to survive in an increasingly competitive and globalized landscape.

Innovation diffusion can be seen as the process by which innovations spread, through market chan-
nels from the first introduction to different consumers, countries, markets, and firms. Peres et al. (2010) 
look at diffusion as the process where new ideas are invented, spread, and adopted, producing social 
consequences and changes. This conception meets the principle that without diffusion, an innovation 
has no economic impact.

The adoption of an innovation is part of a complex decision-making process. Throughout this process, 
the organization goes through several phases where it acquires initial knowledge about the innovation, 
goes on to implement a new business idea, until it confirms its decision to implement. From a problem 
or need, innovation is recommended as a possible solution. Therefore, investments in innovation are 
justified when there is a need to obtain more satisfactory results (Hall et al., 2016).

In the innovation decision-making process, it is necessary to deal with the uncertainty inherent in the 
decision to adopt a new alternative instead of using previously existing and consolidated ideas. Brophey 
et al. (2013) note that it is the aspects of perceived novelty in an innovation and the associated uncertainty 
that differentiates innovation decision-making from other types of decision-making. The decision about 
an innovation is not an instantaneous or impulsive action. Rather, as Fu et al. (2020) point out, it is a 
process that occurs over time and consists of a series of interconnected actions.

Innovation diffusion occurs within a social system. The social structure of the system affects the 
diffusion of innovation in various ways as recognized in Troshani & Doolin (2007). The role of opinion 
leaders and change agents, innovation decisions, and the consequences of innovation emerge in the 
diffusion process. All these points involve the relationship between the social system and the diffusion 
process that occurs within it.

Several categories of adopters of an innovation emerge. This definition takes into consideration the 
time it takes an individual to adopt the innovation and consequently several categories of individuals 
emerge such as innovators, early adopters, early majority, late majority, and latecomers (Goffin & Mitch-
ell, 2017). Innovators are individuals with an adventurous nature who wish to try new things and accept 
the risk involved in new experiences; early adopters are opinion-forming elements; the early majority 
are mostly followers; the late majority are typically suspicious and skeptical towards innovations and 
do not wish to expose themselves to any risk; while in the latecomers are found individuals who place 
little value on innovations and place greater importance on other factors such as price.
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MAIN FOCUS OF THE CHAPTER

This chapter’s main objective is to present and describe the process of implementing a technological 
solution in the urban agriculture field. One of the ways that urban agriculture has become popular in large 
cities is through municipal gardens. These cultivation spaces aim to provide municipalities with a com-
munity space that allows for a strong ecological, social, and economic connection between residents and 
a sustainable agricultural activity. Urban gardens enable the practice of different agricultural activities, 
allowing the cultivation of healthy food according to seasonality, adding quality to urban daily life, and 
savings to the household economy (Diekmann et al., 2020). Horticultural users can produce vegetables 
for self-consumption or recreation, install basic support structures and perimeter fences on their plot, 
and enjoy the compost resulting from the composting process.

The technological solution was to build an app for Android devices that allows the management of 
a family vegetable garden. To identify the critical success factors, a literature review was conducted 
about the determining factors in the adoption of an agriculture app. A key element highlighted by Rose 
and Chilvers (2018) is the visibility of harvests and increased efficiency of the entire value chain. Cos-
topoulou et al. (2016) complement the notion of visibility by focusing on the relevance of business and 
financial data. Access to information on agricultural services is another aspect considered fundamental, 
which contributes to the massification in the use of these applications (World Bank, 2012). Finally, some 
authors also highlight the importance of considering aspects related to the application use process such 
as customization (Lantzos et al., 2013), and the impact of the application such as increased marketing 
efficiency (Abishek et al., 2016; Belakeri et al., 2017) and reduced transport costs (Belakeri et al., 2017). 
Finally, we also looked at the app’s potential to improve innovation processes whether at the level of 
incremental, radical, or disruptive innovation as recognized by Tian et al. (2020).

After the identification of the critical success factors, research questions were defined that will serve 
as a reference to evaluate the impact of the app in the management of an urban garden. The following 
research questions were defined:

• RQ1. Does the app provide visibility into crops and promote increased efficiency throughout the 
value chain?

• RQ2. Does the app provide information on business and financial data?
• RQ3. Does the app provide information on agricultural extension services?
• RQ4. Can the app be customized by users?
• RQ5. Does the app turn agricultural marketing more efficient?
• RQ6. Does the app contribute to the reduction of transport costs?
• RQ7. What is the app’s potential in promoting innovation management processes?

SOLUTIONS AND RECOMMENDATIONS

Functional Requirements

Functional requirements include the needs, features or functionalities expected in the process of de-
veloping a software solution. Consequently, a functional requirement expresses an action that must 
be performed through the system. Sommerville (2015) points out that a functional requirement allows 
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expressing the behavior of the system, that is, the process or transformation that software or hardware 
components perform on the inputs to generate the outputs. Within the scope of this application, the fol-
lowing functional requirements were defined:

• FR1: Authentication and user registration in the app;
• FR2: Search for urban gardens for planting. The user can consult the area of each plantation and 

the associated rental price. The rental of the land can be done every six months or annually;
• FR3: Planting vision, through which it is possible to analyze the condition of crops and access 

information from sensors on temperature and humidity. Furthermore, the app gives suggestions 
about the suitable time to grow specific crops and recommends new crops that can be cultivated 
in each period. These suggestions are released considering the season;

• FR4: Consultation of statistics that allows analyzing the production history (e.g., average growth 
time, average water spent, etc.);

• FR5: Access to the production guide, which allows less experienced users to know the products of 
each season, the type of seed, the care to be taken in monitoring production, etc.

Figure 1 presents the UML use cases. The app allows the user to search for farmland to rent and 
proceed with planting, as well as keep better control over the state of his plantation and have access to 
statistics from the sensors present on the land. It also provides access to planting guides provided by an 
agronomist.

Figure 1. UML use cases
Source: authors
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The system also allows interaction with the administrator of the application, who in this case must be 
an agronomist engineer appointed by the City Council. This role in the app has the mission of writing 
the production guide and can add and manage urban gardens.

Non-Functional Requirements

In addition to functional requirements, it is also relevant to consider non-functional requirements. These 
requirements, although not directly related to the functionality of a system, support the operational en-
vironment in which the functional requirements are executed. Sommerville (2015) emphasizes that the 
non-functional requirements have a relevant role during the development of a system, acting as criteria 
for the selection and composition of software architecture, among the various design alternatives. In this 
project the following non-functional requirements were incorporated:

• NFR1: Backup – data should be backed up on a daily basis so that there is no loss of information 
by users;

• NFR2: Performance – the efficiency of the application should be a relevant factor. In this sense, 
the execution of queries and necessary calculations should use the least amount of resources;

• NFR3: Interoperability – the app should allow connection and communication with the database 
and with the temperature and humidity sensors. Furthermore, interoperability has been considered 
at the level of integration with external applications that enable the app to provide post-harvest fa-
cilities as well (e.g., transportation services after harvest, oil-extraction for mint cultivation, sugar 
production after sugarcane harvest, etc.);

• NFR4: Privacy – access to the app should be protected by user authentication and all function-
alities offered by the app requires that this process be carried out. In this regard, it should not be 
possible to carry out anonymous browsing in the app;

• NFR5: Usability – the app must have an intuitive interface to make it easier for the user to use it.

Technological Architecture

Initially, it was considered the development of a native app for Android and iOS. However, this solution 
would increase development time and, in addition, any change in the app would imply replication by 
both operating systems. In this sense, other alternatives were explored, such as the hybrid development 
model. According to Huynh et al. (2017), hybrid applications allow development for multiple platforms 
without major loss of performance. This approach allows the programmer to create a core of the pro-
gram in a native way, which explicitly allows access to devices on the smartphone, and another multi-
platform part, which provides an identical user experience for users of Android and iOS devices. Figure 
2 presents the UML deployment diagram of the app. The following technologies have been adopted: (i) 
Ionic - framework that allows the development of Progressive Web Apps and uses HTML5, CSS3, and 
JavaScript programming languages; (ii) NodeJS - allows building fast and scalable network applica-
tions and was essentially used to connect the user interface to the database. Node.js uses a non-blocking 
event-driven I/O model that makes it light and efficient, ideal for real-time applications with intensive 
data exchange across distributed devices (Tilkov and Vinoski, 2010); and (iii) MariaDB – open-source 
relational database that was used for data storage. This database is suitable to be used in the context of 
non-intensive data applications.
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Prototype

A basic and essential operation offered by the system is the user’s registration and log-in (Figure 3). 
When registering, the user must enter his e-mail address and password. An email is sent to the user to 
confirm the validity of his account. According to Glaser (2014), this procedure is essential in applica-
tions aimed at a wide audience to avoid fake email addresses and potential spam messages.

Figure 2. UML deployment diagram
Source: authors

Figure 3. User’s registration and log-in
Source: authors

Figure 4. Menu layout
Source: authors
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After that, the user can access the main panel of the app (Figure 4) which consists of a navigable side 
menu that offers four main operations: (i) my account; (ii) my farm; (iii) search farms; and (iv) statistics. 
At the bottom of the window is the log-out button.

One of the key operations is the acquisition of a new plantation. The plantations are managed by the 
administrator of the app. Each plantation has information about its area, products that can be planted and 
costs associated with the land as depicted in Figure 5. After the acquisition of a plantation, it becomes 
possible to include products in that plantation until the whole area is planted. The user can have a plantation 
consisting of one or several products. This decision is conditioned by the area and typology of the land.

Another fundamental operation offered by the plantation is the gathering of a harvest as it is presented 
in Figure 6. In the first phase, it is necessary to select the plantation and the harvest. Subsequently, it 
is checked whether the harvests are ready to be collected. After that, an update of the plantation status 
is made.

Figure 5. Acquisition of a new platform
Source: authors

Figure 6. Harvest process
Source: authors
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DISCUSSION

The analysis and discussion of the results provided by this study were based on a focus group. This is 
a qualitative research technique, derived from group interviews, which collects information through in-
teractions between individuals. The focus group differs from the individual interview in that it is based 
on the interaction between people to obtain the necessary data for the research. It is a method that is 
based simultaneously on communication and interaction (Krueger and Casey, 2014). The main objec-
tive is to gather detailed information on a specific topic and in which a specific group of participants 
is pre-selected. Queirós et al. (2017) state this method seeks to collect information that can provide an 
understanding of perceptions and attitudes about a product or service.

In this study, focus groups were used to explore and measure users’ reactions to the app. This approach 
enables immediate ideas to be gathered to improve the app. Additionally, it can helps to identify and 
validate customer’s requirements. In the focus group, user reaction to the requirements (i.e. functional 
and non-functional) implemented in the app was examined. Two group interviews were considered in 
this process: (i) the first interview lasted 45 minutes and aimed to explain the context of the app and its 
operation; and (ii) the second interview lasted 90 minutes and allowed to collect evidence and opinions 

Table 1. Themes identified by the thematic analysis

Requirement Themes

FR1
Panel 1: easy registration but difficulties in logging-in 
Panel 2: easy registration and intuitive login 
Panel 3: complex registration but intuitive login

FR2
Panel 1: no proximity indication 
Panel 2: search for rental period 
Panel 3: complex navigation

FR3
Panel 1: alert dispatch 
Panel 2: low resolution of cams, more sensors, and alert dispatch 
Panel 3: deeper focus and alert dispatch

FR4
Panel 1: high relevance 
Panel 2: personalized statistics 
Panel 3: high relevance

FR5
Panel 1: usefulness of functionality 
Panel 2: usefulness of functionality, and complement with videos 
Panel 3: not relevant

NFR1
Panel 1: easy to use 
Panel 2: easy to use 
Panel 3: difficulties in accessing the restore

NFR2 Not applied (N/A)

NFR3
Panel 1: compatibility issues 
Panel 2: compatibility issues 
Panel 3: compatibility issues

NFR4
Panel 1: available 
Panel 2: available 
Panel 3: available

NFR5
Panel 1: common standards to other apps 
Panel 2: common standards to other apps 
Panel 3: larger buttons

Source: authors
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on the relevance of the app. Between the two focus group sessions, there was a 30-day time frame in 
which a trial account was associated with each user.

The focus group was formed by a panel of 6 users. This panel was made up of a diverse group of 
individuals considering their age group and level of qualifications. Three groups were formed: (i) Panel 
1: 2 individuals with a taste for urban agriculture but no specific knowledge in this area; (ii) Panel 2: 2 
individuals under 30 years of age with a specific background in agronomy; and (iii) Panel 3: 2 individuals 
over 60 years of age with no specific educational background in agriculture but more than 30 years of 
professional experience in the field. This diverse and complementary panel allows you to evaluate the 
impact of the various functional and non-functional requirements offered by the app.

Most of the considerations gathered through the focus group were common among the various panels, 
but there are some exceptions that it is relevant to explore. In the registration and login process, panel 
1 indicated some difficulties in the login because they are used to using their Gmail and Facebook ac-
counts; while panel 3 considered that excessive information was requested in the registration of the app. 
To mitigate this situation, and even keeping the same registration model, only a few fields were selected 
as mandatory fields.

The search for urban gardens was the greatest difficulty felt by users. The indication of available 
places on the map is relevant, but not sufficiently enough to ensure that users find the best urban garden 
for them. Navigation, as indicated in panel 3, may become too complex. This has been corrected by two 
changes: (i) indication of the user’s proximity to each urban garden considering its GPS location; and 
(ii) customized search considering the rental period. This navigation on a map considering the proximity 
of the user is advocated by Ishikawa et al. (2008) as a good practice in mobile navigation. Additionally, 
alerts were included in the app to capture user focus when an important event occurs (e.g., approaching 
the harvest period, adverse weather conditions). Access to the production guide was a feature that did 
not deserve full agreement. Nevertheless, the authors decided to keep it relevant for less experienced 
users as indicated by Panel 1.

In the exploration of the non-functional requirements, there was full agreement on the behavior 
between panels 1 and 2. Only in Panel 3, some changes should be noted. This group experienced some 
difficulties in the process of restoring the app which was resolved with additional support and also by 
the inclusion of larger buttons for a touch interface. Finally, compatibility problems were encountered 
due to the difficulty of using XML data in some sensors. A suggestion to solve this problem is given by 
Almeida et al. (2011) in which the adoption of open standards is suggested. Open standards should be 
understood as absolutely essential in an increasingly globalized and interconnected world. For interop-
erability to happen, it is necessary that everyone agrees on how this interoperability will occur. This 
means that the more standardized the interoperability mechanisms are, the less effort will be required 
to create interfaces for interoperability.

RQ1. Does the app provide visibility into crops and promote increased efficiency throughout the 
value chain?

A key factor of precision agriculture as recognized in Miles (2019) and Njoroge et al. (2018) is 
access to information. Technology plays a crucial role in obtaining and analyzing data from multiple 
sources. For this purpose, sensors that can obtain real-time data on an Internet of Things network should 
be considered (Karim et al., 2017). Several sensors can be used, such as height, temperature, humidity, 
and volumetric sensors.

The app enables real-time monitoring of the status of each harvest. The “my farm” functionality 
enables the user to see which products have been planted on his land, the weather report, and the cur-
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rent state of his plantation. Therefore, the user knows through the sensors the development state of the 
planted products and can make timely decisions about anticipating the harvesting process. Currently, 
the system only includes interaction with temperature and humidity sensors. In future versions, it is 
planned to include access to cameras that provides a real-time view of the farm and complement it with 
the introduction of other sensors (e.g., height, volumetrics) that allow having more precise information 
about the evolution of some products).

RQ2. Does the app provide information on business and financial data?
Another feature offered by the app is access to statistics. Mishra and Homa (2019) highlight the role 

that statistical analysis of agricultural data can play in crop planning and productivity. In this sense, 
access to this information becomes vital for users. The app considers several statistics, such as: aver-
age temperatures and precipitation, production areas used, average growth time, average water spent, 
and profitability of the land. The analysis of these statistics is important for the user to understand the 
behavior of his production. It is also possible to access the history of the plantations.

RQ3. Does the app provide information on agricultural extension services?
Information technologies have provided significant advances in conventional agricultural practices. 

Rose and Bruce (2018) point out that the applications help to support decision-making based on the data 
collected. Decision support systems in agriculture have mainly supported precision farming, which will 
increase productivity levels and reduce negative environmental impacts. Therefore, agricultural decision 
support systems aim to analyze the impact of productivity considering various elements such as human 
resources, financial, energy, climate, water, among others (Rupnik et al., 2019).

Given the high degree of technology and volume of data required to operate a support decision system, 
these systems tend to be used primarily by experienced and advanced users. However, in this study, the 
app targets a different audience, consisting mainly of users with little or no experience in agriculture and 
who wish to embark on the adventure of creating an urban garden for the first time. In this situation, a 
decision support system should fundamentally guide users to identify the best products considering soil 
and climate characteristics.

RQ4. Can the app be customized by users?
Lantzos et al. (2013) consider that an app to support the management of a farm should be customized 

according to farmer crop and process needs. Therefore, the processes defined in the app should consider 
the specificities of each farm. The app allows choosing the land for the plantations. The layout of each 
plot can be quite different depending on the total area, soil conditions, and products that can be grown 
there. According to the selection of the land, the quantity and type of products that can be grown there 
are different. This is an essential aspect of customizing the app.

Furthermore, the app provides other types of customizations. One of them is the recommendation/
service system that is available and that is pertinent in giving useful indications about the best products 
to be planted, the irrigation process, etc. However, not all users, especially those with more experience 
in agriculture will need this help, so this feature can be disabled by the user. Additionally, access to 
cameras and sensors is another feature that can be customized by the user.

RQ5. Does the app turn agricultural marketing more efficient?
Web and mobile technologies have brought new opportunities to traditional market sectors such as 

agriculture. In fact, despite the growing adoption of emerging technologies in agriculture, in some cases, 
their impact is restricted to agricultural production. This view is confirmed by Abishek et al. (2016) when 
highlighting that many agricultural producers do not use marketing to create value for their customers and, 
consequently, for their business. However, Mirzaei et al. (2016) stress that it is essential that a farmer is 
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not exclusively focused on production. Therefore, it is equally important that there is an understanding 
of the end customer and segments the market according to the company’s value proposition.

Information technology can play an important role in improving market knowledge and increasing 
marketing efficiency. Although the app does not include product sales functionalities, there are elements 
provided by the app that allows the farmer to have real-time knowledge of the production process and his 
crops. This information is of vital importance for the market segmentation process, allowing more efficient 
management between supply and demand. In the future, the app will be integrated with an e-commerce 
tool (e.g., Opencart, Magento) that will allow the farm’s products to be placed directly online for sale.

RQ6. Does the app contribute to the reduction of transport costs?
The use of smartphones in agriculture contributes to having more accurate and timely market in-

formation (Belakeri et al., 2017). This information is also important to reduce the frequency and costs 
of transport (Belakeri et al., 2017). By adopting production sensors, production surveillance cameras, 
real-time information on productivity, the state of each plantation, harvest dates, etc., it is possible to 
minimize the number of trips to the urban garden. This situation has contributed both to the reduction 
of transport costs and sustainability of the environment.

RQ7. What is the app’s potential in promoting innovation management processes?
The app assumes a disruptive potential of creating a new market in the urban agriculture field differ-

ent from what is offered by traditional production models without the support of technology. Accord-
ing to Nagy et al. (2016), a disruptive solution is usually simpler and cheaper than what already exists 
in the market. Another characteristic of this app is that it aims to focus on a target audience with little 
knowledge of agriculture, but who want to take their first steps in this field. This growing concern about 
organic farming is a factor that can enhance the adoption of this app.

Another key factor highlighted by Kumaraswamy et al. (2018) about disruptive innovation is that 
the product created needs to offer obvious improvements to the user. This can be achieved in different 
ways. For example, having a product that is simpler to use, requiring less time and less work from the 
user to perform a certain task; or alternatively, a product that is more complex and does not generate a 
great deal of time savings, but proves to be more comfortable or use far fewer resources. This app opts 
for the first strategy by assuming itself as a product with a very low user learning curve. Additionally, it 
contributes to a more sustainable agriculture since the use of technology is a relevant element to reduce 
waste and make more informed and complete production choices.

FUTURE RESEARCH DIRECTIONS

The development of information and communication technologies has brought rapid changes in society. 
The various stakeholders in this area need to be very careful not to become outdated and disconnected. 
The impact of new technologies is not only in cities but also in rural areas. In fact, cities can also offer 
small rural spaces that are important for the quality of life of their populations. One area of research seeks 
to look at this phenomenon of urban and municipal gardens and explore their impacts on the quality of 
life of citizens (Audate et al., 2018).

Another research field is looking at the role of technology in creating the concept of Agriculture 
4.0 (Arvanitis & Symeonaki, 2020; Klerkx et al., 2019). Slowly this is an area that has taken up space 
in farming and animal agriculture. With this, the expectation is that technicians and producers will be 
better prepared for a sustainable production and a demanding market. The application of Agriculture 
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4.0 requires investment in people, processes, and technologies. People, so they know how to deal with 
the new demands and challenges that this revolution requires processes since Agriculture 4.0 changes 
the way we deal with agribusiness data and information; and technologies, since it requires the use of 
hardware and software that enable its application, such as sensors, mobile devices, among others.

Agriculture 4.0 is based on digital content through the processing and analysis of the vast amounts 
of data being produced in all areas that contribute to agricultural development, such as biotechnology, 
climate change, and agricultural sciences. Knowledge that will be applied in all links of the production 
chain, from pre-production, through production, to the post-production phase. In agriculture, big data 
is often seen as a combination of technology and analytics that can collect and compile new data and 
process it in a more useful and timely manner to aid decision-making (Li & Niu, 2020; Spanaki et al., 
2021). Data mining is the computational process of discovering patterns in large data sets, involving 
methods at the junction of artificial intelligence, machine learning statistics, and database systems. The 
real-time information provided by big data analytics can help optimize performance analysis to show how 
farmers are using their data and what adaptations are needed to account for emerging weather events, or 
disease/pest outbreaks. This potential offered by big data can be leveraged by both large-scale farmers 
and small-scale urban gardeners.

CONCLUSION

Urban gardens arise in the context of government action at the local level (e.g., municipalities) that cities 
should develop strategies that enhance urban sustainability in different dimensions. Therefore, although 
urban agriculture is not the complete and definitive solution to urban problems, it can become an es-
sential part of strategic measures to improve the quality of life in cities. These gardens are mainly for the 
disadvantaged population, although it is not exclusive to this social group. The production carried out is 
mainly subsistence, since the plots to be cultivated are small and the space is shared by several citizens.

Technology can play a significant role in the management of these spaces. Many of the owners of 
these urban agriculture spaces have no prior knowledge of agriculture and often have other professional 
occupations as well. Therefore, participation in urban agriculture is a part-time activity that arises for 
personal and health reasons, as they want to produce and consume healthy food from organic farming.

This chapter presents a technological solution for the management of an urban vegetable garden 
based on the construction of an app. This app enables the search for urban gardens for planting in the 
geographic area of each user. The app enables the user to follow the production process and access 
information about the growing process of the plantations based on temperature and humidity sensors. 
The app gives access to historical information that allows the user to analyze its performance. Equally 
relevant is the presentation of suggestions about the species to be planted, the most suitable time of year 
to plant them, and the care to be taken in their maintenance. Finally, the user has access to a guide on 
organic agriculture, which is particularly relevant for users less familiar with agriculture.
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KEY TERMS AND DEFINITIONS

Agriculture 4.0: Set of state-of-the-art digital technologies integrated and connected by means of 
software, systems, and equipment capable of optimizing agricultural production, in all its stages.

Focus Group: Group interview-based research method that aims to obtain information and opinions 
quickly. It can involve different actors and the number of participants is typically small.

Human Capital: The capacity of a person’s knowledge, skills, and personality attributes to perform 
work in order to produce economic value.

Internet of Things: Technology that enables inanimate objects to connect, store, and perform func-
tions of all kinds. The core idea of IoT is to make things smarter and more connected.

Open Standard: Open access standards that allow for implementation and communication without 
the adoption of royalties or other fees that might inhibit their use.

Optical Fiber: Flexible filaments made of transparent materials such as glass or plastic fibers that 
are used as a light propagation medium. Optical fibers are generally very and have many applications, 
data transmission being one of the most common.

Unified Modelling Language (UML): Modeling language for specifying the construction of a 
software system.

XML: A markup language recommended by the W3C for creating documents with hierarchically 
organized data, such as text, databases, or vector drawings. The XML language is classified as extensible 
because it allows defining markup elements.
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ABSTRACT

The objective of this chapter is to analyze the functioning of an integral model of entrepreneurship in 
green innovation business (GIB) that is currently emerging and in the process of internationalization. 
Therefore, this work aims to study the central perspectives of technology that are based on the phenom-
enon of entrepreneurship and thus develop a strategy that adapts to companies with an ecological basis 
to achieve internationalization. This chapter analyzes a particular company that specializes in ecological 
biomineral organic fertilizer, where no chemical product is used to produce the composition; everything 
that is marketed is made up of a base of organic minerals and other organic compounds.

INTRODUCTION

Currently, there is a new business model which has as the objective to be eco-efficient. Eco-efficiency 
is defined as the production of products and services at competitive prices that meet human needs and 
provide quality of life, while the ecological consequences and the use of numerous resources during 
the life cycle are progressively reduced. level equivalent, at least, to the estimated capacity of the planet 
(World Business Council for Sustainable Development, 1991).

On the other hand, it is mentioned that eco-efficiency has the purpose of establishing production 
of manufactured products of high durability, reducing the intensity in the application of energy for the 
production of goods and services, maximizing the use of raw materials, managing and disposing of 
hazardous materials and waste in an efficient and environmentally acceptable manner, have management 
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systems and environmental quality, as well as procedures in occupational safety and health, among other 
provisions, that will bring them financial benefits and competitiveness (Cantú, 2008, page 78).

In both definitions, the authors agree that eco-efficient companies should have as their main objec-
tive, to develop quality products at competitive prices, as well as to reduce the environmental impact 
of producing or offering their products and services. Castro (1998) mentions that eco-efficiency aims 
to address three relevant aspects that correspond to 1) the total quality, which involves productivity and 
quality in the company, 2) the preservation of the environment, which is related to sustainable develop-
ment; 3) occupational health and safety (Castro, 1998).

A COMPRENHENSIVE ENTREPRENEURSHIP MODEL 
OF GREEN BUSINESS INNOVATION (GBI)

Entrepreneurship, inclusiveness, civil and culture are variables that have complex but straightforward 
linkages and processes among them and much is still unknown. The last few years have witnessed the 
generation of extensive theoretical and empirical literature on entrepreneurship and its impact at the 
levels of regional and firm economic performance (Holmes and Schmitz, 1990; Evans and Leighton, 
1989). However, when linking entrepreneurship to the variables of inclusiveness and civil culture, the 
literatures is inexistent. There is a relative void, despite some recent efforts to study the relationship 
between entrepreneurship in some other related fields beyond economic growth, which may be attribut-
able to the lack of theoretical frameworks.

However, some studies conducted in economic development have shown reversed causality influ-
encing entrepreneurial activities (Ortega-Anderezand, and Lai, 2017). Entrepreneurial activities tend 
to be overestimated in regions where there are start-ups playing a relevant role while entrepreneurship 
activities tend to be underestimated in regions where there is a new entrepreneurial formation and the 
startups are relatively few (Baptista, Escária, and Madruga, 2017).

The role of entrepreneurship in economic development has received attention from researchers show-
ing the impact of entrepreneurship on employment and social development. Entrepreneurial intentions 
promote entrepreneurial behaviors (Krueger et al., 2000; Veciana et al., 2005; Souitaris et al., 2007). 
Entrepreneurship activity can be associated with human necessity providing an opportunity to earn money 
for living, until better alternative opportunities are found on the labor market (Carree and Thurik, 2010).

The concept of entrepreneurship is multidimensional and related to individual willingness, abilities, 
and activities on their own, in teams and in organizations to make decisions facing obstacles and un-
certainty on the use of institutions and resources to create and develop new opportunities (Wennekers 
and Thurik, 1999). Entrepreneurial opportunities are the result of unemployment the influences start-up 
activity, the effect of a thriving economy and experience in entrepreneurial activities (Lin, Manser and 
Picot, 1998; Pfeiffer and Reize, 2000).

Entrepreneurship is the recognition and exploitation of opportunities leading to the creation and 
development of a firm (Aragon-Sanchez, Baixauli-Soler, Carrasco-Hernandez, 2017). Moreover, en-
trepreneurial intentions predict entrepreneurial behaviors, according to the theory of planned behavior 
(Ajzen, 1991). Entrepreneurial activity creates opportunities to influence economic performance (van 
Stel, Carree and Thurik, 2005) such as entering the markets with new production processes and products 
(Acs and Audretsch, 2003). Among the entrepreneurial models there is evidence that the entrepreneurial 
intentional models (Krueger et al., 2000) supports the theory of planned behavior.
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The theory of planned behavior has been used in the analysis of entrepreneurial intentions (Shook et 
al. 2003). The determinants have significant positive relationships with behavior intention (Armitage and 
Conner 2001). Do Paço et al. (2011) found a positive and significant influence between entrepreneurial 
intentions, attitudes, and perceived behavior control. However, subjective norms have an indirect impact 
on entrepreneurial intentions.

The determinants of entrepreneurial intentions are linked with access to financial, natural, human, 
and cultural capital and resources through the influence of attitudes, individual subjective norms, per-
ceived social control, and self-efficacy. The attitude is the individual favorable evaluation to start a new 
opportunity. Individual subjective norms are the perceived social pressure to start a new opportunity and 
perceived social control and self-efficacy is the perceived ease to start a new opportunity. Based on the 
Shapero and Sokol 1982) model, attitudes and subjective norms are linked to desirability and perceived 
behavioral control or self-efficacy with feasibility (Krueger et al., 2000).

METHODOLOGY OF RESEARCH

Background of the Problem and Assumption

Green innovation in urban areas is a neglected issue in terms of urban planning and policing. Still, more 
neglected is a concern for changes in urban green areas toward the implementation of green innovation 
initiatives to revitalize the cities, increase the economic growth, improve the social justice and inclusive-
ness, as well as the improvement of environmentally sustainable development, strengthen the biodiversity 
and socio-ecosystems. To achieve these goals, it is necessary to implement some actions following the 
design and implementation of a comprehensive entrepreneurship model.

This new eco-efficient business entrepreneurship model will be analyzed in the context of the integral 
model, analyzing in this way the tripod of the strategy, which integrates considerations based on indus-
try, resources, and institutions. This paper begins with the assumption that the companies of ecological 
base present major difficulty at the time of wanting to internationalize, in comparison to the companies 
of the industrial base.

Instrument and Procedures

This analysis is based on the specific case study of an eco-efficient company using the methodological 
tools proposed for each one of the theoretical approaches.

For the analysis industry-based considerations are employed in the model of the five forces, also 
called the diamond model proposed by Porter (1980). The resource and capabilities analysis of the eco-
efficient company is employed the model proposed by barney (2001) complemented with the SWOT 
analysis. Finally, the eco-efficient company is also analyzed in terms of the institutional considerations 
considered as the “rules of the game”, formal and informal, that frame the entrepreneurial activities and 
the creation and development of companies according to the territorial environment.
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Data Analysis: Use of Fertilizers in Mexico

The National Development Plan 2019-2024 establishes among the priority actions for food self-sufficiency 
and the rescue of the field the Fertilizer Program for the benefit of agricultural producers.

The Mexican Government’s National Fertilizer Program aims to address the problem of low avail-
ability of national fertilizers at competitive prices for small producers. Includes chemical fertilizers and 
biofertilizers. This National Fertilizer Plan aims to reduce dependence on the import of these fertilizers. 
To achieve this, the Cosoleacaque Petrochemical Complex plants and the Pajaritos plant are reactivated 
to produce ammonia, an input to produce urea, which Mexico imports mainly from Ukraine. In the case 
of phosphates, in the Pacific, the Lázaro Cárdenas plant is operational and is the largest in Latin America.

The National Bio Fertilizer Program shows incipient progress. The fertilizer production in Mexico 
estimated for 2019 was 1.85 million tons, reflecting an annual reduction of 2%; while demand continues 
to rise, with a record estimate of around 5.5 million mt. However, by July 2020, the production volume 
of nitrogen fertilizers in Mexico almost reaches 48,800 metric tons, which represents a decrease of 
32.7% compared to that reported during the same month in 2019. The production volume of phosphate 
fertilizers in Mexico exceeded 75,600 metric tons, which represents a decrease of 29.1% compared to 
that reported during the same month in 2019 ((Burgueño Salas, 2020).

Fertilizer Demand in Mexico

A recent analysis of the fertilizer market in Mexico pointed out that the consumption of fertilizers has 
changed the structure in favor of consumers with the highest concentration and diversification (UACH). 
This situation has contributed to a consumption drop of fertilizers since the farmer’s real income has fallen.

On the change in the consumption pattern (sources), I have no accurate information about it. From 
experience in the field, there has been a growth in the use of physical fertilizer mixtures where the dis-
tributor makes certain formulations, mixing fertilizers, and thus the producer only buys one product. 
Regarding those of high concentration; it is precise because there has been significant growth in the 
protected agriculture area. As the strawberries and high-value vegetable area, where the drip irrigation 
system is used and through it, fertilizers are applied, as a result, highly soluble sources with minimal 
impurities are usually used, but these are not traditional sources.

However, with more recent data reported by Instituted Trusts concerning Agriculture (FIRA 2020), 
in the agricultural year, 2019, 71.8% of the sown area was fertilized, representing the seventh consecu-
tive year with increases in the percentage of fertilized area. According to this report, the consumption 
of fertilizers in Mexico grew 5.8%.

In an interview with a FIRA fertilizer specialist analyst; Gallegos Cedillo (2021), asking about the 
trend in fertilizer consumption and asked about the demand and supply of fertilizers in Mexico, he warned 
that the lack of information with hard data does not always support trends in which the market moves. 
Regarding the consumption of fertilizers, the production information indicates that production has fallen: 
15.4% from 2013 (2.06 million tons) to 2020 (1.75 million tons) from January-September. Even though, 
in 2014 and 2019, it increased compared to the previous year and the same period.

Now, if we consider that fertilized area has increased, as a percentage of the sown area. This pro-
portion has increased from 2013 to 2019, the last reported year, going from 65.3% in 2012 to 71.8% in 
2019. However, if we look at the apparent consumption, it increased from 5 million tons in 2013 to 6.7 
in 2018, in 2019 (January-December), it does drop to 5.8, and in September 2020, it is 5.2 (Graph in the 
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quarterly report). There are no elements to attribute the drop in consumption from 2018 to 2019 to the 
decrease in producers’ income. But if someone affirms this, it is difficult to prove otherwise.

Fertilizer Production in Mexico

The increase in Mexican fertilizer production during the last years is attributed, in part, to the reforms 
made to the Pemex Law since 2008. These had the objective of promoting the production and productivity 
of the Mexican fertilizer industry, through the supply of raw materials, such as ammonia, at competitive 
prices for national manufacturers. In 2018, national production contributed 30.7% of apparent national 
consumption, which is estimated at 6.2 million dollars and represents an annual increase of 7.9%. The 
preceding shows the country’s high dependence on fertilizer imports.

With data from 2019 the national production of fertilizers is mainly composed of Phosphate fertilizers 
(diammonium and others) with 55.7%. Nitrogen fertilizers (ammonium sulfate and nitrate and others) 
with 32.2% Acidic fertilizers (phosphoric, sulfuric, and nitric) with 10.9%. The estimated value of the 
fertilizer industry in Mexico in 2019 is 13,616.4 million pesos, 2% lower than that registered in 2018.

Fertilizer production processes in Mexico are not integrated, a situation that has an impact on domestic 
producers, especially urea and nitrate, being at a disadvantage compared to producers of international 
competition (UACH). According to data from the latest Quarterly Report on Fertilizers from the Director-
ate of Research and Economic Evaluation of the Instituted Trusts concerning Agriculture (FIRA, 2020), 
the production of fertilizers in Mexico decreased at an annual rate of 8.4% in the first nine months of 
the year compared to the same period in 2019.

Figure 1. Production and consumption of fertilizer in Mexico (Millions of tons)
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Regarding the fact that the national producers of urea and ammonium nitrate are at a disadvantage 
with international competition, as a consequence of the lack of integration of their production processes, 
if the statement is well understood, especially the reason that is manifested by the lack of integration of 
their production processes, in general, it would be expected that greater integration greater profitability, 
but this is not considered to be the main reason for the disadvantage of domestic producers. It can affect 
but is not the main reason.

More weight would be given to the characteristics of the Mexican farmer, small areas and little 
specialized, farmer grow various products, as well as the dependence to a large extent on the import of 
fertilizers that expose him to have fertilizers without due quality control, lack of weight in the containers 
(49 kg bags instead of 50 for example), exchange rate, etc. Gallegos Cedillo, 2021).

Fertilizer Exports and Imports in Mexico

In this regard, with information from the Ministry of Economy, imports of fertilizers in Mexico, during 
2018, registered a volume of 5.06 million dollars and represented an annual increase of 12.6 percent. In 
said year, imports came from Russia (30.9%), the United States (14.3%), Norway (12.1%), and China 
(11.1%), mainly. In the last five years, these countries participated with 69.5% of the national fertilizer 
imports. In the case of exports, these stood at 0.79 million pesos and registered an annual growth of 10.5%. 
Between 2008 and 2018, consumption and imports grew on average at an annual rate of 6.3 percent.

Imports in 2019 are estimated at around 2.9 million tons, of which an advance of 92% was recorded as 
of November. Of the total imported, 67.2% corresponded to nitrogenous, 15.5% to phosphate, 12.5% to 

Figure 2. Acid fertilizer production in Mexico, 2013-2020 * (Thousands of tons)

Figure 3. Fertilizer production in Mexico, 2013-2020 * (Millions of tons)
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potash, and others with 4.8%. The commercial value of these imports was 807.8 million dollars, reflect-
ing a reduction of 14.3% to the record of 943.1 million dollars registered in 2018. The main supplying 
countries were Russia 30.6%, China 16.9%, United States 11.3%, Algeria 7.9%, Malaysia 3.8%, Chile 
2.9%, Canada 2.1%, Egypt 1.4%, and others 23.1%.

Between January and September 2020, Mexican fertilizer imports grew 9.9%, while exports decreased 
16.6% at an annual rate, totaling 3.9 and 0.46 million dollars, respectively.

Figure 4. Mexican Fertilizer Exports, 2003-2020 * (Millions of dollars)

Figure 5. Mexican fertilizer imports, 2003-2020 * (Millions of dollars)

Figure 6. Balance of the fertilizer trade balance, 2003-2020 * (Millions of dollars)
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The Fertilizer Markets

The implicit price of fertilizer imports in Mexico in 2018 was $ 322.3 per ton and represented an annual 
increase of 6.7%. The implied fee of imports from Russia was 283.4 dollars per ton; 387.2 from China 
and 416.1 for those from the United States, and showed an annual growth of 10.8, 24.2, and 9.7%, re-
spectively. Regarding the average price level of fertilizers in Mexico, since 2014, the behavior has been 
on the rise. In 2018, a ton of fertilizer in distribution centers was quoted on average, at 10,254 pesos, 
which represents an increase of 3.5% compared to 2017.

The fertilizers with the highest annual increases in prices were: diammonium phosphate (DAP) 
(10.4%), Triple 17 (10%), and potassium nitrate (9.4 percent). During January and February 2019, the 
average price was reduced by 2.0 and 1.3% compared to December 2018, so it would be expected that 
the average price in 2019 will be at similar levels to those registered during 2018. In the domestic mar-
ket, urea prices increased 7.3% from 2018 to 2019; while those of diammonium phosphate rose 4.8%.

The average price of fertilizers in the country maintains an upward trend. In November 2020, it 
registered a growth of 2.7% at an annual rate and 3.3% from December 2019 to date. As of November, 
the price increases of triple 17 (12.2% annually), ammonia (9.9%), ammonium sulfate (8.3%), and am-
monium nitrate (7.9%) stand out. The prices of simple superphosphate and potassium chloride were the 
ones that showed the highest annual decrease, at rates of 7.1 and 4.6%, respectively.

Bio Organic Fertilizers in México

The use of organic fertilizers in Mexico is not very common, this is because industrial-based companies 
need chemical products that make plants grow at a faster rate due to market demand. But these fertilizers 
damage the soil causing it to become unusable after a time for the harvest, as a result, the food absorbs 
these fertilizers that are harmful to the human being in the long run.

On the other hand, organic fertilizers bring many benefits to the soil along with plants and food. 
According to a study carried out by SAGARPA, organic fertilizers favorably influence the physical 
characteristics of the soil (physical fertility); These characteristics are structure porosity, air action, water 
retention capacity, infiltration, hydraulic conductivity, and stability of aggregates. The following table 
1 shows a comparison made by the National Agricultural Survey (ENA) in which there is an increase in 
the use of chemical fertilizers in Mexico and a decrease in organic fertilizers.

Figure 7. Trade balance (Millions of tons)
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Figure 8. Prices in the national marker (In Mexican pesos per ton)

Figure 9. Production, foreign trade, and apparent consumption of fertilizers in Mexico, 2013-2020 * 
(Millions of tons)

Table 1. Comparison of the use of chemical and organic fertilizers in Mexico
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THEORETICAL-CONCEPTUAL FRAMEWORK

The theoretical framework applied in this study is based on the analysis of the coefficient company us-
ing the main three theories of strategic design and implementation: The industry-based considerations, 
the resource and capabilities considerations, and the institutions-based considerations, as shown below 
in figures 10 and 11.

Figure 10. Model of strategic analysis

Figure 11. A comprehensive entrepreneurship model for the internationalization of green innovation 
business (GIB) and eco efficient companies
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THE GREEN INNOVATION BUSINESS (GIB): BIO-FOM

BIO-FOM is a green innovation business (GIB) also characterized as an eco-efficient company to promote 
sustainable, profitable, and inclusive development through highly competitive Mexican seeds with fair 
prices. Using organic mineral bio-fertilizers healthily increased the profitability of the producers. It is 
in the metropolitan area of Guadalajara (Figure 12).

BIO-FOM is the most complete Organic Mineral Bio-fertilizer available on the market, which is made 
from the interaction of elements: biological, organic, and mineral. It is a mineral organic bio-fertilizer for 
plant nutrition. The interaction of the BIO-FOM elements forms a Functional Plant Nutrition System; 
its results reflect: improving seed germination and initiation, healthy and adequate growth, larger roots, 
greater flowering, and tie, increase in the quality of the fruits, and provide resistance to pests and diseases. 
BIO-FOM increases soil fertility and contributes to the decontamination and regeneration of the soil.

BIO-FOM bases its functionality on the interaction of the biological, organic, and mineral elements 
that compose it: A Poly-Functional Consortium of Microorganisms, among them: antagonists to pests 
and diseases, nitrogen fixers, and; mycorrhizal fungi; that help release the nutrients provided by the 
BIO-FOM blend itself. The 17 Basic Mineral Elements of plant nutrition (nitrogen, phosphorus, potas-
sium, calcium, magnesium, sulfur, iron, boron, copper, manganese, silicon, zinc, iodine, sodium, cobalt, 
molybdenum, selenium) Organic Matter, Amino Acids, Acids Humic, and Fulvi.

BIO-FOM contains live microorganisms: 8 bacteria and mycorrhizal fungi that help unblock the 
chemical components that exist in the soil allowing their absorption, in addition to an important contribu-
tion of organic matter, amino acids, humic and fulvic acids, this, together with its content of 16 mineral 
elements (nitrogen, phosphorus, potassium, magnesium, calcium, iron, boron, copper, manganese, silica, 
zinc, iodine, sulfur, sodium, cobalt and chlorine) together give rise to a molecular dialogue that results in 
a functional plant nutrition system, fertile soil, larger root size and helps improve pH, which is essential 
for proper and healthy plant growth.

Figure 12. Localization of BIO-FOM a green innovation business (GIB)
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Among other benefits, it potentiates the chemical fertilizers that complement the application of BIO 
FOM as:

a)  It recovers the soil fertility, unlocking mineral nutrients present but not available, favoring their 
absorption due to their bio-organic profile.

b)  Increases the specific weight of grains, resulting in higher production.
c)  Increases the Br ix degrees of the fruit, having better sales possibilities.
d)  Stimulates the immune system, so healthy, vigorous, and productive plants are achieved. Strengthens 

the root system of the plant, thereby improving the use of water and mineral nutrients available in 
the soil.

e)  Respect the ecosystem, avoiding the contamination of the water table.
f)  100% assimilable, achieving a greater expression of the genetic potential of plants.
g)  Retains and conserves moisture in soils.

EMPIRICAL RESULTS AND CONCLUSIONS

Industry-Based Considerations

When analyzing industry-based considerations, the framework of Porter’s five forces is used, which 
considers factors such as rivalry between firms, barriers to entry, the power to negotiate with suppliers 
and buyers, as well as substitute products.

The Rivalry Between Companies

When talking about the rivalry of companies, it refers to the struggle that companies face every day 
to obtain a position before consumers. These battles can be for prices, quality in products, advertising 
battles, etc. On the other hand, the author Huyghebaert mentions that the rivalry between firms gener-
ates a direct impact on the likelihood that a business will be successfully undertaken, as well as having 
an impact on the existence of barriers to entry since fewer firms exist in one industry more complicated 
will be the entry of new firms (Huyghebaert, 2004).

The company to analyze is dedicated to organic fertilizers made from organic minerals. As it is an 
innovative product, it does not have much competition, nonetheless, there is competition with the sub-
stitute products that would be all chemical fertilizers, due to a great variety of substitute products that 
are available in the market. It is difficult to compete for price in the same way as being a medium-sized 
company is not even positioned in the consumer’s mind when thinking of organic fertilizer.

Nowadays fertilizers and other chemical products for the treatment of the soil represent 15.7% of the 
income of the Nurseries and gardens industry in 2019. The industry has experienced a rapid growth in 
recent years, thanks to the constant increase in disposable income per capita and the consumer segment 
strengthened.

A decent part of the US market has been occupied by large companies such as Scotts Miracle-Gro 
Company, Walmart, and Lowe’s. Because economies of scale, as well as large corporations can maintain 
a low cost while offering affordable prices. Price competition among large companies has led to slow 
growth throughout the sector and low profit margins. Some less profitable companies have been forced 
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to leave the industry. Successful companies are those able to compensate the highest prices by offering 
a deeper knowledge of the product and superior customer service.

Over the next five years, the nursery and garden store industry are expected to continue to grow, as 
economic conditions are expected to remain stable. As the disposable income per capita increases, the 
consumer will be able to invest more time and money in the appearance and operation of their gardens. 
It is also expected that the industry will benefit from a growing demographic interest in small plants, 
gardening, and organic horticulture.

Below is a list of companies with which Mary’s Poop competes in the United States.

Scotts Miracle-Gro Company (OH, USA)

Founded in 1868, Scotts Miracle-Gro Company is a multinational corporation and industry leader in 
the lawn and garden market. Its products include the infamous Miracle-Gro and a complete line of plant 
foods. The most popular Miracle-Gro fertilizers are inorganic, which are much less expensive than 
organic fertilizers.

PacaProGro (CA, USA)

The PacaProGro farm is in Somis, California, with an estimated 180 alpacas producing alpaca fiber and 
alpaca manure. Not only sell alpaca fertilizers, but also merchandise made of alpaca fiber, such as hats, 
gloves, scarves, and stuffed animals.

Alpaca Grow (VT, USA)

Alpaca Grow is a small family business operated in Vermont that began in 2014. Like Mary’s Poop, 
Alpaca Grow sells only alpaca fertilizers.

Isolated wood farm (British Columbia, Canada)

Secluded Wood Farm is headquartered in British Columbia, Canada. They sell alpaca fiber and manure 
products.

Alpaca Island Company of Martha’s Vineyard (MA, USA)

Island Alpaca Company has more than 15 acres and around 50 alpacas. They sell alpaca fiber and manure 
products, and they are charging higher prices.

Camelot Haven Alpacas (British Columbia, Canada)

Founded in 2002, Camelot Haven Alpacas produces and sells alpaca clothing, accessories, gifts, and 
alpaca fertilizers.
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Entry Barriers

As already mentioned before, BIO-FOM faces competition from large chemical and organic fertilizer 
companies. Due to this, there are difficulties when it comes to wanting to enter the foreign markets, as 
the big brands are doing well positioned in the market, and it would be complicated to unseat them or 
compete for prices so that the company, in this case, could compete for product quality as well as in-
novation and for the benefits that its product provides.

It is also important to consider the transaction cost and the transportation cost if working with foreign 
currencies. If the costs become too high, BIO-FOM products would be less competitive in the foreign 
market. An alternative to export is the franchise, which allows local business units to produce BIO-FOM 
products for a fee.

One of the competing companies of Mary’s poop is already positioned in 10 states of North America, 
and has large sales volumes, being this way, the products of Mary’s poop and other small alpaca farms 
cannot compete by prices and volume, as already mentioned previously, which makes it be handled as 
an oligopoly market among large companies. These in turn set entry barriers when playing with prices 
since, if they see that a new product wants to enter the market, they lower their prices to continue to 
have an advantage over others or use promotions which makes them more attractive. the purchase of 
their products to the final consumer.

It is also important to consider the transaction cost and the transportation cost if working with foreign 
currencies. If the costs become too high, Mary’s Poop products would be less competitive in the foreign 
market. An alternative to export is the franchise, which allows local alpaca farms to produce Mary’s 
Poop products for a fee.

Substitute Products or Services

In the global marketplace and more specifically, North America, large, medium-sized, and small competi-
tors produce similar products. Geographically, most of the production plants are in rural areas and seem 
to serve only local markets. The competitive advantage of BIO-FOM is that it is the company with the 
highest social awareness among all its competitors. And although its product is easy to imitate, it gives 
it a plus by mixing it with some other ingredients that make the compost a better quality. It is also easy 
to use as they pack the product inside disposable pod-made biodegradable materials that only must be 
deposited in a container with water waiting for it to dissolve and starts to water in a normal way.

But there is a high range of substitute products that, although they are not organic, the final use is 
the same (serve as fertilizer to the plants), sharing with substitute products is complicated since the raw 
material they are made with are very economical and this it makes the prices of the products accessible 
to all types of public. On the other hand, the organic products that Mary’s poop handles are of a slightly 
higher price, this is due to the handmade process with which they are manufactured.

Bargaining Power with Buyers

According to Porter, at this point, it is defined as the ability of customers to impose prices and condi-
tions of sale (Porter, 1980). This force can be established by customers directly, whether negotiating a 
discount or financing model, demanding delivery forms, or indirectly which is summarized with com-
petitive purchases.
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The bargaining power of buyers may depend on some variables such as a high supply of products 
and/or services and low demand for them. Another may be that the products offered have no differentia-
tion among themselves, etc. At this point, the customer has the option to choose any product or service 
that is presented to them and that they consider to be the best and meet their expectations. As well as 
defining what is the maximum price customers are willing to pay for a product or service, as well as 
some other requirements that could be delivery times, product quality, etc. All this has an impact on the 
company’s profits.

Mary Forte, the owner of Mary’s Poop, manages and operates the company and interacts with custom-
ers and other interested parties through social networks. Nowadays, online / digital marketing is the most 
important marketing tool, especially in social networks. For example, use “Pinterest” to communicate 
with the company’s audience. This social networking platform is popular with many users who share 
images that can be easily shared. Therefore, she can approach her audience and attract their attention 
and thus know what customers need and adapt to the needs of the market.

Bargaining Power with Buyers

In one of his writing papers, Peng mentions that when the bargaining power of suppliers becomes too 
great, business solutions must be found that can reduce it (Peng, 2012, page 127); this is since many 
options must be available to purchase inputs at reasonable prices.

The organic fertilizer based on organic minerals requires many inputs because of a lot of raw materi-
als are used for its elaboration, so it is necessary to have many suppliers. But if it is necessary that with 
few suppliers that have contact make and establish the negotiation agreements and delivery times among 
many other things, in this way can reduce and to a certain extent eliminate transaction costs.

Considerations Based on Resources and Capabilities

The resources are any input in a productive system in which an output is generated. These can be classified 
as financial, physical, human, technological, organizational, knowledge, management team experience, 
and customer service, among others. The consideration based on resources groups some indispensable 
factors for entrepreneurship, some of them are creating value, being unique through the rarity factor 
among other aspects. For example, in an analysis Peng mentions that it is important to consider the 
resources of the company, they must be oriented to create value, they must have rarity, they must be 
difficult to imitate and finally business resources must be immersed in the organization (Peng, 2012).

On the other hand, Barney dogmatizes that the heterogeneity of organizations is due to the possession 
of resources: i) valuable, which must respond to environmental threats and take advantage of their op-
portunities; ii) rare or scarce, those that cannot allow obtaining competitive advantages with competitors; 
iii) difficult resources to imitate, without substitutes and organizational, which means that the company 
has aspects of order (Barney, 2001, page 41).

The company BIO-FOM offers the market an innovative product because it is taking the greatest 
benefit to a product that people see as a waste and transformed it into a product with added value; the 
strengths which this product provides are that they are organic, have a higher performance compared to 
other fertilizers, are favorable to the environment, are not expensive to produce. Something that gives a 
higher value is that the packaging is biodegradable by which makes the whole product itself is ecological 
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and there is no waste of plastic or any other material that is difficult to decompose, the product is safe 
for children and pets so anyone can use it.

Therefore, for the considerations based on resources, a SWOT analysis was carried out to analyze 
both: the internal and external factors that provide added value to the firm, as the positive and negative 
factors that can cause the company not to grow as rapidly as expected.

In this table, it is shown that the firm has many strengths that make its product different but also 
has many threats. This is due to the same rarity of the product that makes it somewhat complicated for 
sale, likewise, the product is easy to imitate, so at any time it could have a lot of competition, which can 
quickly get to the market firm. In his essay, Porter states that the competitive advantage comes from the 
value that a company manages to create for its customers, by offering special benefits that compensate 
a higher price of the product (Porter, 1980).

Considerations Based on Institutions

When talking about considerations based on institutions, we are talking about the rules of the game of 
these, in which the behavior of the company is determined and how they are developed around the world. 
Peng points out 5 strategies for an entrepreneurial company to be successful, which can be applied to-
gether, and they are growth, innovation, networks, financing/government, and harvest/output (Peng, 2012).

The BIO-FOM company integrates some of these strategies such as innovation in their products, as 
well as networks since they try to have a wide network to get known as well as to obtain advice and keep 
growing as the company participates in a program called X-culture where companies are assigned a group 
of people from different parts of the world, advising companies so they can expand or internationalize 
at the time the company uses all the networks that are possible for be able to expand. Peng mentions 

Table 2. SWOT analysis
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that there is evidence that networks, personal and organizational, represent significant resources and 
opportunities and that the successful creation of networks can lead to the efficient performance of firms 
(Peng, 2012, page 13).

Instead, McDougall notes that network analysis builds a very solid foundation and helps identify 
international opportunities, as well as establish credibility, provide access to critical resources, as well 
as knowledge, and lead strategic and cooperative partnerships (McDougall, 2000).

CHALLENGES AND OPPORTUNITIES

Green innovation business (GIB) is in the field of organic fertilizers are contributing with an input of 
fundamental importance in primary agricultural activity. The rehabilitation of organic fertilizer-producing 
plants in the country is not economically viable in the short term, because the reactivation of activities 
in the plants takes time. Besides, it is not common to find these kinds of producer units in urban areas.

It is necessary to invest more resources in the qualification and to reduce the import of organic inputs 
and other ingredients necessary in the production of fertilizers. The importation of chemicals as well 
as organic fertilizers will continue, since the national production of 2020 only covers 33.7% of the total 
demand, and the remaining 66.3% is brought from the foreign market.

CONCLUSION

When analyzing the green innovation business (GIB) and eco-efficient company through the comprehensive 
method of entrepreneurship, it is observed that just as the company has some advantages in the product 
also with many threats that are the large companies that are already positioned and that also compete 
with competitive prices. It is also determined that although the green innovation business (GIB) has a 
wide network that is using the best way possible, it is necessary to increase the international network of 
contacts so that the business can grow quickly.

Although BIO-FOM has been positioned in the local, regional, and national markets for a short time 
and has grown steadily, it has the challenge to enter the international markets in a very competitive 
position. The company Mary’s poop has a competitive advantage that differentiates it from other firms, 
and that is that its product is innovative and ecological, as well as its processes are carried out in an 
ecological way which makes it an eco-efficient company.

Likewise, due to the culture of planting in Mexico, this company faces problems to become highly 
competitive in the country, since most farmers prefer chemical fertilizers and thus produce more in less 
time than caring for the land and having a product of a higher quality with organic fertilizers.

It is necessary to implement a culture of conscience in Mexico when we talk about caring for the 
land since the use of organic fertilizers would not only help the environment but also people, this is 
because the foods that are consumed will have better nutrients and they would not be contaminated with 
pesticides. Today some people started to make their gardens at home, so they grow their food, this is a 
good technique because they can be sure that the consumption of food is one hundred percent organic. 
Here is the importance of the topic for green innovation in urban areas.
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ABSTRACT

The aim of the chapter was to model the impact of selected determinants (trade openness, human capital, 
entrepreneurship, and innovation) on regional competitiveness, as well as to propose future activities 
and measures required to be implemented to improve the competitive performance of the regions. The 
research was conducted on the sample of 18 regions in six European countries: Serbia, Croatia, Slovenia, 
Northern Macedonia, Montenegro, and Romania. The database was prepared, and the statistical pro-
cessing was performed in SPSS. In this data analysis, the following methods were used: comparative 
analysis, correlation, and regression analysis. The results of the research showed that the impact of the 
determinants—import dependence, the number of pupils enrolled in secondary education, gross domestic 
expenditure on research and development, and the number of companies per 10,000 inhabitants on the 
competitiveness of the region—are (statistically) significant.

INTRODUCTION

What are the definitions of competitiveness, in the literature?. According to the definition of World 
Economic Forum, competitiveness is a set of institutions, policies and factors that determine the level of 
productivity of a country (Schwab & Porter, 2018; Krstić et al., 2020b; Krstić et al., 2016b; Radivojević 
et al., 2019b). At the micro level, competitiveness is defined as the ability of firms to compete, grow, 
and be profitable (Martin et al., 2006; Powell, 2001), or the ability of a firm to produce and sell products 
and services at a price lower than the competition (International Institute of Management Development, 
2000). Between micro and macro level of competitiveness, regional competitiveness is defined.
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One of the most frequently used definitions of regional competitiveness is the European Commis-
sion’s definition, according to which, „the competitiveness of a region is its ability to produce goods 
and services that meet the requirements of the domestic and world market in terms of price, quality, etc., 
maintaining a high and sustainable level of income, or, more generally, the region’s ability to generate, 
under external competitive pressures, a relatively high level of income and employment” (European 
Commission, 1999, p. 75).

What needs to be pointed out is that the concept of regional competitiveness has expanded over time, 
so that it includes the potential (or the strength) of the region or locality to create a sufficient level of 
export to achieve a sustainable level of income (and full employment) of the population. On the other 
hand, regional competitiveness is observed and analyzed as a result of the influence of several factors, 
and the most important are: (1) the business infrastructure; (2) availabilityand quality of human resources; 
(3) the production environment, etc. (European Commission, 2004).

Kitson and co-workers suggest that although theorists often use the term “regional competitiveness”, it 
remains complex and controversial. „We are far from a consensus on what is meant by this term“ (Kitson 
et al., 2004, p. 992). This is confirmed by numerous definitions of regional competitiveness that can be 
found in the literature. For example, Huggins believes that regional (or the local) competitiveness refers 
to conditions that allow companies to compete in selected markets and create value within a particular 
region (Huggins, 2003). Imre Lengyel and Mikosh Lukovic gave an overview of the competitiveness 
of Hungarian regions, using indicators, such as: GDP per capita, labor productivity, employment rate, 
etc. (Lengyel & Lukovic, 2006). Huggins and Davies created the European Competitiveness Index that 
measures the competitiveness of 27 European countries and 118 regions. In the report, the authors em-
phasize the role of knowledge, creativity and infrastructure for the analysis of regional competitiveness 
(Huggins & Davies, 2006). The Polish Regional Competitiveness index was calculated by Bronisz, Hei-
man and Miszczuk. They ranked 16 NUTS 2 Polish regions based on the weighting system used in the 
calculation of the final value of the Regional Competitiveness Index (Bronisz et al., 2008).

Due to the complexity of the concept of “regional or local competitiveness”, often there are basics of 
determinants ((in terms of definitions)) within the regional competitiveness model. Modeling regional 
competitiveness using dual prices is found in Omoregie and Thomson’s work (Omoregie & Thomson, 
2001), and a similar approach is taken by Gardiner, Martin and Tyler (Gardiner et al., 2004) and Lengyel 
and Lukovics (Lengyel & Lukovics, 2006). Lukovics emphasizes the importance of the pyramid model 
and its application in many studies, because it follows the definition of competitiveness of the European 
Commission in a simple and logical way, and includes all the most important factors (Lukovics, 2007). 
The review of the conceptual model of regional competitiveness in the form of a “hat” was given by the 
European Commission (European Commission, 2004). It points out that GDP per capita as an indicator 
of competitiveness coincides well with the perspectives of EU regional policy, for example, with the 
aim of convergence.

There are two main goals of this research. One (goal) is to model the impact of selected determi-
nants (trade openness, human resources, entrepreneurship and innovation) on the competitiveness of 
the regions of Serbia, Croatia, Slovenia, Montenegro, Northern Macedonia and Romania, by using the 
multiple linear regression model. The second goal is to propose activities that need to be implemented 
in order to improve the competitive performance of the region in the covered countries.
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FACTORS OF REGIONAL COMPETITIVENESS

Although there are numerous theories and explanations of regional competitiveness factors, the most 
systematic way explains the factors (competitiveness) through “the prism” (or the pyramid) of the increas-
ing quality of living. Factors, as sources of competitiveness, are defined at “the bottom” of the pyramid 
and include: (1) the economic structure; (2) the innovation; (3) the number and quality educational 
institutions; (4) the quality and availability of labor force, (5) the decision-making centers; and (6) the 
cultures. “The discovered regional competitiveness” is the central part of the pyramid and refers to: (1) 
the technological development; (2) the development of small and medium enterprises; (3) the volume of 
direct investments; (4) the infrastructure; (5) human capital; (6) institutions, etc. (Veselinović & Knežević, 
2015, p. 144). Imre Lengyel gave the following explanation of the factors of regional competitiveness. 
According to him, there are the seven key factors of regional competitiveness:

(1)  The Economic Structure. The workforce of more prosperous regions is usually concentrated in 
the branches of business services and/or the manufacturing industry.

(2)  The Innovation. An adequately innovative environment allows the region to respond to any type 
of challenge.

(3)  The Regional Accessibility. The proximity to large cities, the transport networks and the good 
geographical location can make the region more successful than others that do not have these 
characteristics.

(4)  The Trained Strength. The share of educated workers in the total population is relatively high in 
competitive regions.

(5)  The Social Structure. The knowledge-intensive economic activities and the growth of economic 
services affect regional competitiveness.

(6)  The Centering Decisions. The presence of a corporate headquarters generates demand for highly 
qualified workers in the labor market, strengthens the local knowledge base, enhances the business 
environment, etc.

(7)  The Regional Identity. Successful are those regions that are able to solve problems caused by 
structural changes in the economy and that achieve the rapid growth. It is important to encourage 
the regional identity of the population and to promote localism (Lengyel, 2004).

In the continuation of the paper, the following factors of regional competitiveness, which from our 
point of view, play an important role in the successful functioning of the economy, the initiating dynamic 
economic growth and the sustainable development will be considered: international trade/trade openness; 
human resources; dynamic entrepreneurship and networks; and innovation/the regional innovation systems.

Regional Competitiveness and International Trade/Trade Openness

Regional competitiveness can be defined as the competitive advantage of one region over another that 
can be seen through its share (the national and the international) in the export market (Kitson et al., 
2004, p. 992). Porter, also, emphasized in his work the importance of export-oriented clusters as a basis 
for the achieving a high standard of living at the regional level (Porter, 1998, 2001).

However, the focus on regional exports as a measure of regional competitiveness is wrong. First of 
all, it uses the concept of competitiveness that was initially defined for national economies, without 
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questioning whether this is the most useful or the most meaningful concept for application on a subna-
tional scale (urban and regional scale). Second, the striving for regional export is characterized by all 
the problems and debates surrounding the notion of competitiveness. Even at the national level, there 
are significant disagreements over this notion. Thus, Nobel laureate Krugman considers competitiveness 
a a secondar product of political initiatives in the United States and the European Union since the early 
1990s, where in both cases it was used as an excuse for unpopular economic policy measures (Kitanović 
& Krstić, 2010).

The metaphor of competitiveness, that implies that countries compete on the world market as com-
panies do, for several reasons, is, according to Krugmann, wrong. First, states (and regions) in case 
they are uncompetitive cannot go bankrupt as is the case with firms; then, the efficiency of the country 
cannot be equated with the surplus in foreign trade; world trade is not a zero-sum game (regions can 
improve their positions at the same time without compromising the positions of other regions) and so 
on (Krugman, 1994; Krstić, 2012b).

There are also a kind of interpretation of the concept of competitiveness. If competitiveness is defined 
as the ability to create prosperity, then it has two components. One component is “outcome competitive-
ness” which measures the success of a country or region in achieving that goal. The second is “process 
competitiveness”. It describes how the ability to “create well-being” is created (Aiginger, 2006, p. 174).

The Human Capital and Regional Competitiveness

Individuals of different characteristics, residents of municipalities and wider regions are the basis of 
human capital. In the long run, human capital enables technological progress and increases productivity. 
Investing in human capital raises the quality of the workforce with all positive outcomes (Tijanic, 2010; 
Radivojevic et al., 2019a).

The importance of human resources is emphasized in various models of regional competitiveness. 
Brooksbank and Pickernell ranked the regions of the United Kingdom according to selected indicators 
of education (that representing human capital) (Brooksbank & Pickernell, 1999). Gardiner considers 
various indicators of regional competitiveness related to knowledge and innovation and classifies them 
into a set of indicators of scientific capital, innovation capacity and products of the knowledge society in 
order to obtain a more detailed picture of these categories (Gardiner, 2003). The comparative analysis of 
the competitiveness of the eight Romanian regions based on human resource indicators was conducted by 
Constantin and Banica (Constantin & Banica, 2007). Human capital as a determinant of competitiveness 
and economic development at different levels is emphasized by Marija Bušelić in the book Knowledge 
and Competitiveness (Bušelić, 2007).

The Dynamic Entrepreneurship and Networks

Social milieu or local environment can be defined as a dynamic system which integrates know-how, 
rules and capital relations (capital relations that include the relationship of companies with the local 
environment) (Krstić et al., 2016a; Radivojević, 2019).

Networks are a key element in the creation and development of the local environment, because (they) 
interconnect different actors involved in the development of a particular locality (region). The quality 
and type of network affect the ability of regional actors to respond adequately to external stimuli (Krstić, 
2012a).
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Networks can be (of) different types. They can be either formal (business network structures, insti-
tutional networks) or informal. They can include the production of complete products, the exchange of 
information or the transfer of know-how, or a mixture of all three types. In any case, the network is an 
intermediary between the firms in the environment with which it is in contact (Wheeler et al., 2005). 
The exchange of information and know-how is extremely important, as it affects the ability of actors:

(1)  to identify changes in the environment;
(2)  to adjust their behavior to the identified changes;
(3)  to improve the process of collective learning; and
(4)  to create new products (Yusuf et al., 2016).

When we talk about institutional networks, we mean all the institutions/actors with which the company 
develops relationships/partnerships. These are: (1) public administration; (2) financial organizations; (3) 
education system; (4) other companies and the like (Garmise & Rees, 1997). Elements (or structures) 
of a business network can help businesses in some of the following ways:

(1)  the creating new opportunities;
(2)  the producting development and marketing;
(3)  the combining individual products into a complete range of products, etc. (Håkansson & Olsen, 

2015)

Innovation

It is generally accepted that the ability of regional economies to be competitive and to adapt to techno-
logical change is linked to their ability to innovate. In fact, innovation and flexibility are key to global 
success (Dasić et al., 2020; Topić & Lodorfos, 2021).

When we talk about innovation, we mean almost any improvement that could be introduced at the 
level of production, marketing, management and organizational systems of firms. When developed in the 
right environment (networking, availability of information, etc.), this know-how becomes a competitive 
advantage (or competitiveness) (Petrović & Nikolić, 2018; Krstić et al., 2016c).

The process of innovation takes place in two phases: conceptualization and realization. Innovative 
activity, in turn, triggers new opportunities for innovative projects. In local production systems, innova-
tions are rarely the result of a single actor. In fact, it is more often the case that innovations are the result 
of a multifunctional innovation network. The innovation network consists of heterogeneous actors such 
as public laboratories, technical research centers, universities, companies, financial institutions, etc. The 
elements that characterize the innovative region are not given in advance, but may be induced by the 
authorities through regional policy measures. Some of the recommendations for developing innovative 
regions are:

(1)  involve local actors and develop or renew intangible resources (know-how, specific technology, 
formal rules, principles of trust and reciprocity, etc.);

(2)  stimulate synergies (interactions, networks, etc.) and the learning process between local actors; and
(3)  permanent contact with advanced technology.
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The types of regional innovation systems according to the management dimension are: basic, network 
and conductor regional innovation system. The grassroots regional innovation system is characterized 
by regional initiatives, diffuse funding, applied research, low level of technological specialization and 
local coordination. Network innovation systems can be established at several levels (local, regional, 
federal and federal levels). The financing of network innovation systems is mainly provided by banks, 
companies and state agencies. The research of the mentioned innovation systems is focused on the applied 
technology with flexible specialization. Conductor innovation systems are usually initiated and funded 
by the central government. The research is, to a large extent, basic (or fundamentally) with a high level 
of specialization, so that it can be used in larger firms/multinational companies in or outside the region 
(Braczyket al., 1998; European Commission, 2002).

The types of regional innovation systems according to the dimension of “business innovation” are: 
local, interactive and globalized innovation systems. The scope of research of an individual company in 
the local innovation system is large, but there is a relatively high degree of connection between entrepre-
neurs. Interactive innovation systems are characterized by a balance between large and small firms, as 
well as a combination of private and public research institutes that reflects involvement in the promotion 
of the innovation base of both large firms and local authorities. Third, globalized regional innovation 
systems are supported by supply chains (Sepic, 2005).

METHODOLOGICAL FRAMEWORK OF RESEARCH AND HYPOTHESIS

The analysis of regional competitiveness, which is presented in this paper, has two goals. One is to model 
the impact of trade openness, human resources, entrepreneurship and innovation on the competitiveness 
of the region by applying the multiple linear regression model. The second goal is to propose activities 
that need to be implemented in order to improve the competitive performance of the regions being studied.

In accordance with the set goals of the research, the following initial hypotheses were defined and 
tested:

Hypothesis One (H1): Import Dependence (IMD), as the approximation for trade openness, has the 
most negative impact on GDP per capita as an indicator of regional competitiveness.

In designing Hypothesis One, we were guided by the research titled Competitiveness, Productivity 
and Economic Growth across the European Regions by Ben Gardiner, Ron Martin and Peter Tyler. 
These authors analyzed the determinants of regional competitiveness in EU coutries and EU candidate 
countries. The results of the research showed that international trade (trade openness) is one of the fac-
tors influencing the convergence of regional productivity (or competitiveness) between “the center” 
(Western Europe) and “the periphery” of European Union (Central and Eastern European countries).

Hypothesis Two (H2): Human capital, that is quantified in this study using the variable The Number 
of Pupils Enrolled in Secondary Education per 10,000 Inhabitants significantly affects the level 
of GDP per capita.

Hypothesis Three (H3): Gross Domestic Expenditure on Research and Development, as an economic 
indicator most often used to measure the level of innovation in the country/region, has a positive 
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and statistically significant impact on the competitiveness of the region in the analyzed countries 
in 2019.

To define hypotheses H2 and H3, we used the research titled Regional Competitiveness, Economic 
Growth and Stages of Development by Robert Huggins, Hiro Izushi, Daniel Proko and Piers Thompson. 
These authors analyzed the determinants of regional competitiveness and found that knowledge (educa-
tion) and innovation are key factors that determine differences in the development of the region. These 
authors also came to the conclusion that regions at the same or similar level of economic development 
have similar opportunities for economic growth in the future (Huggins et al., 2014).

The key information basis for the implementation of the survey is the data from the database named 
Regions, which contains the main regional data within Eurostat. When data were not available within the 
Regions, we used other data sources such as: Global Entrepreneurship Monitor Report, Smart Special-
ization Platform, databases of the Statistical Office of Serbia, Croatia, Slovenia, Northern Macedonia, 
Montenegro and Romania etc.

In the study of regional competitiveness, we used the sample that includes NUTS2 regions in six 
countries, namely: Serbia, Croatia, Slovenia, Northern Macedonia, Montenegro and Romania. In the 
process of data processing, we used the SPSS program with the aim of calculating the coefficient of 
multiple linear correlation, regression constant, regression coefficients, t and p values, etc. Also, sta-
tistically significant differences were defined in relation to the rank of 95% of the confidence interval.

RESEARCH RESULTS

The data from 2019 are included in the regression model of regional competitiveness. GDP per capita 
is the dependent variable in the model. The independent variables (or the regressors) in the model are: 
Exports Per Capita (EXpc in euros), Export Dependence (EXD, in %); Import Dependence (IMD, in %); 
The Number of Students Enrolled in Tertiary Education per 10,000 Inhabitants (S10000); The Number 
of Pupils Enrolled in Secondary Education per 10,000 Inhabitants (P10000); Gross Domestic Expen-
diture on Research and Development (GERD); and The Number of Companies per 10,000 Inhabitants 
(E10000) (see Table 4 in the Appendix).

The relationship between the variables can be described by the model:

lnYi = β0 + β1 ln x1i + β2 ln x2i + β3 ln x3i + β4 ln x4i + β5 ln x5i + β6 ln x6i + β7 ln x7i + ui  (1)

where: Y – the dependent variable; X – the independent or the explanatory variable; β0 – the regression 
constant, βj (j = 1,2,… 7) the regression coefficient, u – the error.

The first part (β0 + β1ln x1i + β2ln x2i + β3ln x3i + β4ln x4i + β5ln x5i + β6ln x6i + β7ln x7i) called “the 
systematic part” of the model is formed according to the assumed (average) theoretical relationship at 
which the value of Y for each observation (i = 1, 2,… 27) linearly dependent on the set of regressors 
Xj (j = 1,2,… 7). The second, “stochastic part” of the model (ui) represents random variations Y which 
take into account the possible effect of other variables that are not explicitly included in the model, then 
errors of measuring functional shape and sample errors:

(1)  E(u) = 0, for each i (mean error value is zero);

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use



157

Regional Competitiveness
 

(2)  E (u2) = σ2, for each i (constant common variance);
(3)  E (uiuj) = 0, for each i ≠ j (mutual independence of errors);
(4)  ui ~ N (0, σ2), for each i (normal independent distribution);
(5)  E (ui,Xj) = 0, for all i, j (regressor independence);
(6)  the independent variables or the regressors are not perfectly linearly interdependent (no perfect 

multicollinearity);
(7)  the regressors are not stochastic variables and do not contain measurement errors; and
(8)  there are more observations (sample units) than evaluation parameters (n> k).

The equation of the estimated (log-log) model is:

lnŶi = β 0 + ln X1i + β 2 ln X2i + β 3 ln X3i + β 4 ln X4i + β 5 ln X5i + β 6 ln X6i + β 7 ln X7i  (2)

To determine the parameter estimates ( β 0 and β i) we use the least squares method. With this 
method, parameter estimates are obtained by minimizing the sum of the square deviations of the obser-
vations from the estimated regression model or the sum of the squares of the residuals.

The sum of the squares of the residual
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ln ln lnX X Xi i i− −( )  

(3)

is at its minimum when the first derivatives of that sum by 𝛽0 and 𝛽j (j= 1,2,…7) are equal to zero, 
while the second derivatives are positive.

As explained earlier, one of the important assumptions of applying regression analysis is that the 
independent variables are not perfectly linearly interdependent, because, in case there is a perfect cor-
relation between them, the estimates of parameters (the regression coefficients) become indeterminate. 
In practice, there are different ways of determining the serious multicollinearity problem. This paper 
uses the so-called “Klein’s rule” to detect the multicollinearity of independent variables (Klein, 1962; 
see more in Jovčić, 2002, p. 156; Gujarati, 2003, p. 361).

In accordance with the “Klein’s rule”, it is necessary to calculate the square of the multiple correla-
tion coefficient (Rj

2 ) of each explanatory variable Xj from other (k-1) variables in the equation and 
compare it with the square of determination of the whole model (R2), i.e. with the square the coefficient 
of multiple correlation between the dependent variable and all k independent variables in the equation. 
That independent variable (or more of them) that shows a higher level of linear dependence on other 
independent variables than the coefficient of multiple correlation for the whole equation is certainly the 
cause of harmful multicollinearity (see regression equations and Table 1).

ln EXD= γ 0 + γ 1 ln EXpc + γ 2 ln IMDi + γ 3 ln S10000i + γ 4 ln P10000i + γ 5 ln GERDi + γ 6 ln 
E10000i (4)
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ln IMD submodel = δ 0 + δ 1 ln EXpci + δ 2 ln EXDi + δ 3 ln S10000i + δ 4 ln P10000i + δ 5 ln 
GERDi + δ 6 ln E10000 (5)

ln S1000 submodel = ε 0 + ε 1 ln EXpc + ε 2 ln EXDi + ε 3 ln IMD + ε 4 ln P10000 + ε 5 ln GERD 
+ ε 6 ln E10000 (6)

ln P10000 =  0 +  1 ln EXpc +  2 ln EXD +  3 ln IMD +  4 ln S10000 +  5 ln GERD +  6 ln 
E10000 (7)

ln GERD submodel = θ 0 + θ 1 ln EXpc + θ 2 ln EXD + θ 3 ln IMD + θ 4 ln S10000 + θ 5 ln P10000 
+ θ 6 ln E10000 (8)

ln E10000 submodel = ϑ 0 + ϑ 1 ln EXpci + ϑ 2 ln EXDi + ϑ 3 ln IMDi + ϑ 4 ln S10000i + ϑ 5 ln 
P10000 + ϑ 6 ln GERD (9)

Based on Table 1, we conclude that the variable Export per capita (EXpc) significantly contributes 
to the multicollinearity. Therefore, the regression model after removing the disputed variable from the 
model is listed below. The relationship between the variables can now be described by the model:

lnYi = β0 + β1 ln x1i + β2 ln x2i + β3 ln x3i + β4 ln x4i + β5 ln x5i + β6 ln x6i + ui (10)

After the dropping the variable that contributes to the problem of serious multicollinearity, the esti-
mated regression model reads:

lnŶi = β 0 + ln X1i + β 2 ln X2i + β 3 ln X3i + β 4 ln X4i + β 5 ln X5i + β 6 ln X6i (11)

The results of the analysis of the regression model that does not contain the variable that contributed 
to the problem of serious multicollinearity are shown in Table 2.

Table 1. Klein’s rule

Subregression 
Models

Rj
2 The Subregression Models 

and The log-log Model
Rj

2

EXpc 0.946684 P10000 0.696476

EXD 0.820298 GERD 0.903007

IMD 0.682159 E10000 0.889708

S10000 0.764768 The log-log model R2 = 0.939162

Source: Author’s calculation – SPSS
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According to Table 2, the strongest impact on changes in GDP per capita has the score of the vari-
able Gross Domestic Expenditure on Research and Development in 2019 (see column Standardized 
Coefficient Beta), followed by variables: The Number of Companies per 10,000 Inhabitants and Import 
Dependence, while other variables are many times smaller impact on GDP per capita change (e.g. The 
Number of Students Enrolled in Tertiary Education per 10,000 Inhabitants has a 9 times weaker im-
pact on the region’s GDP per capita than Gross Domestic Expenditure on Research and Development). 
Confirmation of this view can be found in the column Correlations Part. According to the data in this 
column, if we omit, for example, the variable Gross Domestic Expenditure on Research and Develop-
ment, it would reduce the degree of explained variability (variability of the dependent variable GDP per 
capita) by 39% (0.625152 * 0.625152 * 100), while if we would omit the variable Number of Students 
Enrolled in Tertiary Education per 10,000 Inhabitants from the analysis, which would result in the reduc-
tion of the explained variability of the dependent variable by only 0.3% (0.057981 * 0.057981 * 100).

The values   in the column Unstandardized Coefficients B show by how much the value of GDP per 
capita would change in the case of a unit change in the independent variables. Thus, if the score of Im-
port Dependence increases by one, with unchanged values   of other independent variables, it will result 
in a reduction of GDP per capita by 112.349085% and vice versa. If the score of The Number of Pupils 
Enrolled in Secondary Education per 10,000 Inhabitants per one, at unchanged values   of other inde-
pendent variables, it will lead to increase in GDP per capita by 26.691198%. If the score of the variable 
The Number of Companies per 10,000 Inhabitants is increased by one, with unchanged values   of other 
independent variables, this will also result in an increase in GDP per capita by 16.450358% and vice versa.

When formulating the stated conclusions, the evidence on the statistical significance of the numerical 
influence of certain independent variables from the column Sig. was ignored. The statistical signifi-
cance for the influence of the variables Export Dependence and The Number of Students Enrolled in 
Tertiary Education has not been confirmed, since it exceeds the marginal level of 0.1. This means that 
the (numerical) impact on regional GDP per capita in Serbia, Croatia, Slovenia, Northern Macedonia, 
Montenegro and Romania is strictly confirmed for Import Dependence, The Number of Pupils enrolled 
in secondary education, Gross Domestic Expenditure on Research and Development and The Number 
of Companies in 10,000 Inhabitants.

Considering the coefficient of determination R2 as a descriptive statistic, it can be concluded following: 
the higher the coefficient of determination, the factors included in the model are of greater importance 

Table 2. The results of regression analysis

Model Unstandardized Coefficients 
B

Standardized Coefficient 
Beta Sig. Correlations Part

(Constant) 16113.032287 0.103181

EXD -63.258293 -0.162641 0.375685 -0.077489

IMD -112.349085 -0.330733 0.040714 -0.194559

S10000 -3.462776 -0.107490 0.503994 -0.057981

P10000 26.691198 0.163559 0.083949 0.094544

GERD 0.000033 0.996138 0.000013 0.625152

E10000 16.450358 0.545312 0.011226 0.255236

Source: Author’s calculation – SPSS
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for explaining the variability of the analyzed phenomenon. In this study, the coefficient of determination 
R2 2 is 92%. That means that the our model is very reliable, because it can explain 92% of all variations 
of the variable it describes. When we have determined the coefficient R2, it is necessary to see whether 
the obtained value of the coefficient is statistically significant.

F test statistics show the statistical significance of estimating the parameters (regression coefficients) 
of all independent variables in the model. If the estimated regression model is 100% irrelevant, it means 
that independent variables in the model are not significant for explaining GDP per capita as an indicator 
of regional competitiveness. This further means that all regression coefficients (in the population and 
in the estimated log-log model or sample) are equal to zero.

We now formulate the null hypothesis to be tested:

H0= 𝛽1, 𝛽2, …, 𝛽k=0 

An alternative hypothesis is that at least one non-zero regression coefficient:

H0= at least one coefficient 𝛽j≠0 

To test the null hypothesis that all regression coefficients are equal to zero, the Wald test was per-
formed (which is one of the variants of the F test statistic). It was found that the p value (0.000) is less 
than any usual theoretical level of significance α, and therefore we can reject H0, which suggests that at 
least one variable in the model is significant (Table 3).

Finally, one can speculate about the reasons for “the deficiency” of the results of this research. The 
technical specification of the regression model, conditioned by the thematic setting of the research, which 
includes: a short observation period (one year), a relatively large number of independent variables (there 
are seven), a small number of observations, etc., can certainly be taken as the most acceptable. Problems 
related to the specification of indicators of regional competitiveness, trade openness, entrepreneurship 

Table 3. Wald’s test

Wald Test:

Equation: Untitled

Null Hypothesis: C(2)=0

C(3)=0

C(4)=0

C(5)=0

C(6)=0

C(7)=0

C(8)=0

F-statistic 21.826247 Probability 0.000000

Source: Author’s calculation – SPSS
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and the like can also be taken into consideration. All the mentioned facts have a significant impact on 
the quality of research results.

CONCLUDING REMARKS

The presented analysis is part of complex researches on the issue of regional competitiveness (Joshi 
et al., 2016; de la Vegaet al., 2019; Libecap, 2011) which facing problems in defining, measuring, and 
then the analyzing the various determinants that determine it. The model proves the positive impact of 
trade openness, human resources and innovation on the competitiveness of the region in the analyzed 
countries, so future measures and activities at the regional, city and municipal level should be focused 
on: (1) the increasing exports and qualitative changes in export structure; (2) the increasing the quality 
of secondary education; and (3) the development and application of new technologies (or innovations).

(1) The increasing exports and qualitative changes in the export structure. The results of measuring 
the competitiveness factors of the region in Serbia, Croatia, Slovenia, Northern Macedonia, Montenegro 
and Romania show that the worst export results were achieved by the following regions: Montenegro, 
Nord-Est, Sud-Est, Southern and Eastern Serbia, Adriatic Croatia, and Sumadia and Western Serbia (see 
Table 5 in the Appendix). The poor export results of these regions show that they failed to build their 
competitive advantage (“competitiveness”) or, better said, they lost a comparative advantage (cheap 
labor), and there was no finding a new source of production and export growth. Gone are the days when 
these regions could base their development only on comparative advantages and it is time to adopt a 
new approach and ask the question: how to build a competitive advantage?

Here are some suggestions to economic policy makers: reduce and/or abolish the tax burden on start-
ups over a period of time, provide higher tax deduction for the taxes on personal income, make loans more 
accessible to entrepreneurs and reduce interest rates on loans to entrepreneurs, enable entrepreneurs to 
have a long-life learning process, technologically modernize existing firms and thus increase productiv-
ity, the attracting and realizing foreign export-oriented investments, and the implement appropriate trade 
policies that protect investors and more quickly adjust the analyzed countries and regional economic 
structures with world and EU standards and regulations so that they can be better integrated into global 
supply chains.

(2) The increasing the quality of secondary education. Economies in the analyzed areas need a 
proactive and innovative workforce with high productivity, with developed skills of teamwork, critical 
thinking, flexibility and adaptability. Therefore, it is necessary to invest a lot in the transformation of the 
educational system, then to apply effective tools and teaching methods that are adapted to the so-called 
“Generation Z.” In our opinion, the education systems in Serbia, Croatia, Northern Macedonia, Mon-
tenegro and Romania are not sufficiently adapted to such persons, which results in reduced motivation 
for learning and unattainable outcomes (Krstić, 2021). In order to achieve the highest possible extent 
of the engagement of members of the “Generation Z”, we believe that it is necessary for institutions in 
education (high schools) to use different types of games (on-line, off-line, rules games, and simulation) 
that they are used exclusively in teaching. Pupils benefit greatly from games in the classroom, which 
increases the motivation to learn, but also develop motor skills (which are still insufficiently encouraged 
in university teaching). By playing games, students develop the ability to think quickly and analyze the 
situation from different aspects with the help of coordination and concentration on visual details. The 
application of play in teaching in secondary education promotes: fun, active participation in teaching, 
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pleasant atmosphere in the classroom, the adoption of content in an interesting way, creativity, imagina-
tion of pupils and so on.

One of the key benefits of gamification in secondary education is that it introduces pupils to a mental 
state of ecstasy or “enchanting obsession state” in which the pupil is highly focused on the current task. 
In order to achieve enthusiasm, you need: clear goals that guide the student on “the right path”, immedi-
ate feedback and clear information and balance between the required skill and the challenge presented.

(3) The development and application of new technologies. In order to create and direct new tech-
nologies, sectors and markets, the competent state institutions in the analyzed regions must be “armed” 
with the intelligence which is necessary for designing and making important decisions. This does not 
mean that state bodies, “armed” with experts in new technologies and economic sectors. will always 
succeed. In fact, the uncertainty inherent in the innovation process means that it will often be a failure. 
However, public policy makers must learn from unsuccessful investments and constantly improve their 
staff and practice (Krstić & Pavlvić, 2020a).

Firms, cities, regions or countries should be the promoters of the most radical, most innovative types 
of innovation, because they do not lead all innovations to the growth of the entire economy. The growth 
of the entire economy is most often stimulated by new products or processes that affect a wide range of 
economic sectors. Equally important is the establishment of public sector organizations (government 
agencies, laboratories, research centers, etc.) at the regional, city and municipal levels that imagine 
opportunities, engage in the most risky and uncertain early research and control the process of com-
mercialization of innovations. The role of these organizations in the development of new technologies 
should not be limited to subsidizing the innovative activities of certain companies (private sector). They 
need to be able to spread new ideas quickly. They are able to shape the market and drive technological 
progress, thus acting as a catalyst for change - a “spark that ignites fire” (Matsukato, 2020).

Finally, it should be said that the development of technological innovation is not directly related 
only to spending on research and development. A necessary precondition for innovation is a networked 
economy with continuous feedback between different individuals and organizations in order to enable 
the exchange of knowledge and the shifting of borders.

ACKNOWLEDGMENT

This research was funded by the Ministry of Education, Science, and Technological Development of 
the Republic of Serbia (the number of the contract of the realization and financing of scientific research 
work: 451-03-9/2021-14/00124).

REFERENCES

Aiginger, K. (2006). Competitiveness: From a dangerous obsession to a welfare creating ability with 
positive externalities. Journal of Industry, Competition and Trade, 6(2), 161–177. doi:10.100710842-
006-9475-6

Armstrong, H., & Taylor, J. (2006). Regional Economics and Policy. Blackwell Publishing.

Braczyk, H.-J., Cooke, P., & Heidenreich, M. (1998). Regional Innovation Systems. UCL Press.

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use



163

Regional Competitiveness
 

Bronisz, U., Heijman, W., & Miszczuk, A. (2008). Regional competitiveness in Poland: Creating an 
index. Jahrbuch für Regionalwissenschaft, 28(2), 133–143. doi:10.100710037-008-0026-y

Brooksbank, D. J., & Pickernell, D. G. (1999). Regional competitiveness indicators: A reassessment of 
method. Local Economy, 13(4), 310–326. doi:10.1080/02690949908726459

Bušelić, M. (2007). Knowledge and competitiveness. Pula, Croatia: University “Juraj Dobrila” in Pula, 
Department of Economics and Tourism “Dr. Mijo Mirkovic”. (in Croatian)

Commission of the European Communities. (1999). Regional Policy and Cohesion Sixth Periodic Report 
on the Social and Economic Situation and Development of the Regions of the European Union. Com-
mission of the European Communities.

Constantin, D. L., & Banica, G. C. (2007, August). Human Resources and Regional Competitiveness. 
The Case of Romania. Paper presented at the meeting of the European Regional Science Association, 
Paris, France.

Croatian Chamber of Commerce. (2019). Foreign trade of counties with foreign countries in 2019 - 
provisional data. Croatian Chamber of Commerce. (in Croatian)

Croatian Chamber of Commerce. (2019). Foreign trade of counties in 2019 - provisional data. Croatian 
Chamber of Commerce. (in Croatian)

Dasić, B., Dević, Z., Denić, N., Zlatković, D., Ilic, I. D., Cao, Y., Jermsittiparsert, K., & Le, H. V. (2020). 
Human development index in a context of human development: Review on the western Balkans countries. 
Brain and Behavior, 10(9), 17–55. doi:10.1002/brb3.1755 PMID:33460259

De la Vega, J. C. S., Azorín, J. D. B., Segura, A. C. F., & Yago, M. E. (2019). A new measure of regional 
competitiveness. Applied Economic Analysis, 27(80), 108–126. doi:10.1108/AEA-07-2019-0010

European Commission. (2002). Regional Innovation Strategies under the European Regional Develop-
ment Fund Innovative Actions 2000-2002. European Commission.

European Commission. (2004). A Study on the Factors of Regional Competitiveness. European Com-
mission.

Eurostat. (2021). Regions database. Retrieved from https://ec.europa.eu/eurostat/web/regions/

Gardiner, B. (2003, April). Regional competitiveness indicators for Europe-audit, database construction 
and analysis. Paper presented at the meeting of the Regional Studies Association, Pisa, Italy.

Gardiner, B., Martin, R., & Tyler, P. E. T. E. R. (2006). Competitiveness, productivity and economic 
growth across the European regions. Regional Competitiveness, 30, 55.

Garmise, S., & Rees, G. (1997). The role of institutional networks in local economic development: A 
new model of governance? Local Economy, 12(2), 104–118. doi:10.1080/02690949708726379

Global Entrepreneurship Monitor Report. (2021). Entrepreneurial behaviour and attitude. Retrieved 
from https://www.gemconsortium.org/data

Gujarati, D. (2008). Basic econometrics. New York: McGraw-Hill.

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use

https://ec.europa.eu/eurostat/web/regions/
https://www.gemconsortium.org/data


164

Regional Competitiveness
 

Håkansson, H., & Olsen, P. I. (2015). The roles of money and business deals in network structures. 
Industrial Marketing Management, 45, 207–217. doi.org/10.1016/j.indmarman.2015.01.009

Huggins, R. (2003). Creating a UK Competitiveness Index: Regional and Local Benchmarking. Regional 
Studies, 37(1), 89–96. doi.org/10.1080/0034340022000033420

Huggins, R., & Davies, W. (2006). European Competitiveness Index 2006-2007. Retrieved from http://
www.cforic.org/pages/european-competitiveness.php

Huggins, R., Izushi, H., Prokop, D., & Thompson, P. (2014). Regional competitiveness, economic growth 
and stages of development. Zbornik radova Ekonomskog fakulteta u Rijeci: časopis za ekonomsku teoriju 
i praksu, 32(2), 255-283.

International Institute of Management Development. (2000). The World Competitiveness Yearbook 2000. 
Lausanne, Switzerland: International institute of management development.

Joshi, S., Saxena, S., & Godbole, T. (2016). Developing smart cities: An integrated framework. Procedia 
Computer Science, 93, 902–909. doi.org/10.1016/j.procs.2016.07.258

Jovčić, M. (2002). Econometric models. CID. (in Serbian)

Kitanović, D., & Krstić, M. (2010). Uticaj deviznog kursa na privredni rast Srbije. Ekonomske teme, 
48(1), 13-27.

Kitson, M., Martin, R., & Tyler, P. (2004). Regional competitiveness: An elusive yet key concept? Re-
gional Studies, 38(9), 991–999. doi.org/10.1080/0034340042000320816

Klein, L. R. (1962). Introduction to econometrics. New York: Prentice Hall.

Krstić, B., Radivojević, V., & Stanišić, T. (2016a). Determinants of CEE countries’ tourism competitive-
ness: A benchmarking study. Management: Journal of Sustainable Business and Management Solutions 
in Emerging Economies, 21(80), 11-22. doi:10.7595/management.fon.2016.0021

Krstić, B., Radivojević, V., & Stanišić, T. (2016b). Measuring and analysis of competition intensity in 
the sugar market in Serbia. Economics of Agriculture, 63(2), 389-406. doi:10.5937/ekoPolj1602389K

Krstić, B., Stanišić, T., & Radivojević, V. (2016c), The impact of innovativeness’ factors on the EU 
countries competitiveness. Industrija, 44(2), 101-116. doi:10.5937/industrija41-4000

Krstić, M. (2012a). The role of rules in the evolution of the market system: Hayek’s concept of evolu-
tionary epistemology. Economic Annals, 57(194), 123-140. doi:10.2298/EKA1294123K

Krstić, M. (2012b). New theory of international trade and new economic geography-Volčkova N.: Novaja 
teorija meždunarodnoj torgovli i novaja ëkonomičeskaja geografija, Voprosy teorii, 2009. Geographica 
Pannonica, 16(1), 35–37.

Krstić, M. (2021). Higher Education as Determinant of Competitiveness and Sustainable Economic 
Development. In M. Topić & G. Lodorfos (Eds.), The Sustainability Debate: policies, gender and the 
media (pp. 15–35). Emerald Publishing.

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use

http://www.cforic.org/pages/european-competitiveness.php
http://www.cforic.org/pages/european-competitiveness.php


165

Regional Competitiveness
 

Krstić, M., Filipe, J. A., & Chavaglia, J. (2020b). Higher Education as a Determinant of the Competi-
tiveness and Sustainable Development of an Economy. Sustainability, 12(16), 6607. doi.org/10.3390/
su12166607

Krstić, M., & Pavlović, N. (2020a). Behavioral Economics: New Dimension in Understanding the Real 
Economic Behavior. In U. Akkucuk (Ed.), Handbook of Research on Sustainable Supply Chain Manage-
ment for the Global Economy (pp. 281–298). IGI Global.

Krugman, P. (1994). Competitiveness: A dangerous obsession. Foreign Affairs, 73(2), 28–44.

Lengyel, I. (2004). The pyramid model: enhancing regional competitiveness in Hungary. Acta Oeco-
nomica, 54(3), 323-342. doi:10.1556/AOecon.54.2004.3.3

Lengyel, I., & Lukovics, M. (2006, August). An attempt for the measurement of regional competitiveness 
in Hungary. Paper presented at the meeting of the European Regional Science Association, Volos, Greece.

Libecap, G. D. (2011). Introduction: Entrepreneurship and global competitiveness in regional econo-
mies: Determinants and policy implications. In G. D. Libecap (Ed.), Entrepreneurship and Global 
Competitiveness in Regional Economies: Determinants and Policy Implications (pp. 9–12). Emerald 
Group Publishing Limited.

Lukovics, M. (2007, October). Statistical Analysis on the Competitiveness of the Hungarian Sub-regions. 
Paper presented at the meeting of the European Regional Science Association, Tatras, Slovak Republic.

MAKStat Database. (2021). Nadvoresna Trgovija Indikatori. Retrieved from http://makstat.stat.gov.mk

Martin, R., Kitson, M., & Tyler, P. (2006). Regional Competitiveness. Routledge.

Mazzukato, M. (2020). Entrepreneurial state - dispelling myths about the conflict between the public 
and private sectors. Novi Sad, Serbia: Academic Book.

Omoregie, E. M., & Thomson, K. J. (2001). Measuring regional competitiveness in oilseeds production 
and processing in Nigeria: A spatial equilibrium modelling approach. Agricultural Economics, 26(3), 
281–294. doi.org/10.1111/j.1574-0862.2001.tb00070.x

Petrović, P., & Nikolić, G. (2018). Schumpeterian Growth Theory: empirical testing of barriers to com-
petition effect. Economic Annals, 63(217), 7-37. doi:10.2298/EKA1817007P

Porter, M. E. (1998). Location, clusters and the new economics of competition. Business Economics 
(Cleveland, Ohio), 33(1), 7–17.

Porter, M. E. (2001). Regions and the New Economics of Competition. In A. J. Scott (Ed.), Global City 
Regions: Trends, Theory, Policy (pp. 139–156). Oxford University Press.

Powell, T. C. (2001). Competitive advantage: Logical and philosophical considerations. Strategic Man-
agement Journal, 22(9), 875–888. doi.org/10.1002/smj.173

Radivojević, V., Kahrović, E., & Krstić, M. (2019a). Population skills as an indicator of European coun-
tries’ competitiveness in the modern economy. Vojno delo, 71(5), 105-116. doi:10.5937/vojdelo1905105R

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use

http://makstat.stat.gov.mk


166

Regional Competitiveness
 

Radivojević, V., Krstić, B., Krstić, M., & Petković, M. (2019b). Benchmarking agricultural and other 
environmental performances of Central and East European countries. Economics of Agriculture, 66(2), 
471-484. doi:10.5937/ekoPolj1902471R

Republic Statistical Office (2019). Municipalities and regions in the Republic of Serbia. Belgrade, Serbia: 
Republic Statistical Office. (in Serbian)

Schwab, K., & Porter, M. E. (2018). The Global Competitiveness Report 2018-2019. Geneva, Switzer-
land: World Economic Forum.

Sepic, D. (2005). The regional competitiveness: some notions. Russian-European Centre for Economic 
Policy.

Statistical Office of Montenegro – MONSTAT. (2019). External trade in goods of Montenegro January 
- December 2019. Retrieved from https://www.monstat.org/cg/novosti.php?id=3195

Statistical Office of the Republic of Slovenia. (2021). Exports, imports, trade balance and coverage of 
imports by exports, Slovenia, annually (cummulative data). Retrieved from https://pxweb.stat.si/SiStat-
Data/pxweb/en/Data/-/2490002S.px/

The Joint Research Centre. (2021). Smart Specialization Platform. Retrieved from https://s3platform.
jrc.ec.europa.eu/s3-trade-tool

The National Institute of Statistics. (2019). Monthly statistical bulletin of counties no 11/2019. The 
National Institute of Statistics.

Tijanić, L. (2010). Regional (non) competitiveness in the Republic of Croatia [in Croatian]. Economic 
Review (Kansas City, Mo.), 61(7-8), 419–454.

Topić, M., & Lodorfos, G. (2021). Introduction. In M. Topić & G. Lodorfos (Eds.), The Sustainability 
Debate: policies, gender and the media (pp. 15–30). Emerald Publishing.

Veselinović, P., & Knežević, M. (2015). Competitiveness enhancing as the incentive for the investment 
in the city of Kragujevac. Ekonomski pogledi, 17(3), 139-163. (in Serbian)

Wheeler, D., McKague, K., Thomson, J., Davies, R., Medalye, J., & Prada, M. (2005). Creating sustain-
able local enterprise networks. MIT Sloan Management Review, 47(1), 33–41.

Yusuf, S. E., Ge, M., Hong, J. B., Kim, H. K., Kim, P., & Kim, D. S. (2016, December). Security model-
ling and analysis of dynamic enterprise networks. Paper presented at the IEEE International Conference 
on Computer and Information Technology, Nadi, Turkey.

ADDITIONAL READING

Hill, E. W., & Brennan, J. F. (2000). A methodology for identifying the drivers of industrial clusters: 
The foundation of regional competitive advantage. Economic Development Quarterly, 14(1), 65–96. 
doi:10.1177/089124240001400109

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.monstat.org/cg/novosti.php?id=3195
https://pxweb.stat.si/SiStatData/pxweb/en/Data/-/2490002S.px/
https://pxweb.stat.si/SiStatData/pxweb/en/Data/-/2490002S.px/
https://s3platform.jrc.ec.europa.eu/s3-trade-tool
https://s3platform.jrc.ec.europa.eu/s3-trade-tool


167

Regional Competitiveness
 

Huggins, R., Morgan, B., & Williams, N. (2014). Regions as Enterprising Places: Governance, Policy 
and Development. In J. Liddle (Ed.), Enterprising Places: Leadership and Governance Networks 
(Contemporary Issues in Entrepreneurship Research (pp. 1–28). Emerald Group Publishing Limited. 
doi:10.1108/S2040-724620140000003007

Lechner, C., & Leyronas, C. (2012). The competitive advantage of cluster firms: The priority of regional 
network position over extra-regional networks–a study of a French high-tech cluster. Entrepreneurship 
and Regional Development, 24(5-6), 457–473. doi:10.1080/08985626.2011.617785

Lundberg, H. (2010). Strategic networks for increased regional competitiveness: Two Swedish cases. 
Competitiveness Review, 20(2), 152–165. doi:10.1108/10595421011029866

Mole, K., & Worrall, L. (2001). Innovation, business performance and regional competitiveness in the 
West Midlands: Evidence from the West Midlands Business Survey. European Business Review, 13(6), 
353–364. doi:10.1108/EUM0000000006198

Sáez, L., Periáñez, I., & Heras-Saizarbitoria, I. (2017). Measuring urban competitiveness: Ranking Euro-
pean large urban zones. Journal of Place Management and Development., 10(5), 479–496. doi:10.1108/
JPMD-07-2017-0066

Szczech-Pietkiewicz, E. (2017). Competitiveness of Cities and Their Regions in Poland–Changes in 
the Light of the Growth Pole Concept. In G.C. Pascariu, & M.A.P.D. S.Duarte, (Eds.) Core-Periphery 
Patterns Across the European Union, Emerald Publishing Limited (pp. 233-247), Bingley,UK: Emerald 
Group Publishing Limited. doi:10.1108/978-1-78714-495-820171008

Telfer, D. J. (2001). From a wine tourism village to a regional wine route: An investigation of the com-
petitive advantage of embedded clusters in Niagara, Canada. Tourism Recreation Research, 26(2), 23–33. 
doi:10.1080/02508281.2001.11081340

KEY TERMS AND DEFINITIONS

Education: Is the process of transferring the knowledge and culture of humanity from generation 
to generation. The basic goal of education is to create a healthy society that excels high level of infor-
mation. Education is responsible for changes in society and must be obey change more than any other 
segment of society.

Human Capital: Refers to the abilities, skills, and knowledge available to the total population, 
which are accumulated through formal education, experience in the labor market, additional education 
and the like.

Innovation: Is a change, a novelty or a process of making changes. In the humanities, the term refers 
to the process of modernization and positive change in services or their results. Innovation is the applica-
tion of a new and improved idea, procedure, good, service, process that brings new benefits or quality 
in application. Innovations in a broader sense bring improvements in the field of product construction 
(technological innovations), process innovations, organization of work or business, marketing, service 
innovations, etc.
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Regression Analysis: As a term is related to determining the mutual relations between two or more 
phenomena. For example, we may be interested in the relationship between the time spent preparing 
for the exam and the grade obtained on the exam, employees’ salaries and their education, interest rates 
and money supply. In order to determine whether and to what extent these phenomena are dependent, 
we make regressions model. Regression analysis has a wide application in predicting and forecasting 
phenomena in various fields, such as economics, medicine, psychology, history.

Statistical Significance: Implies the decision whether the observed relationship between two or more 
variables was created by the action of a case or was created by the action of some experimental factor. 
In the social sciences, it is common to use a significance level of 0.05. This practically means that there 
is a 5% probability that the observed relationship between the variables is due to the action of the case. 
If 5% is considered to be a large value, a significance level of 0.01 (1%) can be selected. The level of 
significance is denoted by α, the Greek letter alpha.

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use



Regional Competitiveness

169

APPENDIX

Table 4. The dependent and independent variables in the regression model of regional competitiveness

NUTS 2 regions GDPpc EXpc EXD IMD S10000 P10000 GERD E10000

Belgrade region 11319 2586 23 53 857 362 266911000 456

Vojvodina 6564 3061 47 53 308 342 99376000 370

Šumadia and Western 
Serbia 4340 1930 44 39 135 379 10457000 410

Southern and Eastern 
Serbia 4199 1739 41 33 187 358 17397000 324

Adriatic Croatia 12770 1780 14 19 371 374 77087000 503

Continental Croatia 13579 3989 29 53 421 395 424670000 392

Montenegro 7956 668 8 53 383 454 23490000 523

Southern Macedonia 5398 2934 54 72 289 346 39071000 744

Eastern Slovenia 19203 11503 60 53 204 407 296825000 807

Western Slovenia 27752 16590 60 53 549 486 595899000 1185

Nord-Vest 11576 2217 21 22 366 370 53742000 515

Centru 10897 2493 49 23 243 347 71646000 466

Nord-Est 7229 755 11 12 211 427 41368000 332

Sud-Est 9516 1461 15 19 162 384 17824000 372

Sud-Montenia 8897 2567 28 28 71 349 78196000 305

Bucuresti-llfov 26421 5074 18 41 746 334 644839000 272

Sud-Vest-Oltenia 8874 2217 21 15 148 414 36746000 404

Vest 11703 2493 43 37 314 365 80410000 412

Note: (1)EXD = (Export/GDP) * 100. (2) IMD = (Import/GDP) * 100. (3) S10000 = (The Number of Students Enrolled in Tertiary 
Education Population) * 10,000. (4) P10000 = (The Number of Pupils Enrolled in Secondary Education /Population)*10,000. (5)E10000 = 
(The Number of Companies /Population)*10,000

Source: Statistical Office of the Republic of Slovenia. (2021). Exports, imports, trade balance and coverage of imports by exports, 
Slovenia, annually (cummulative data). Retrieved from https://pxweb.stat.si/SiStatData/pxweb/en/Data/-/2490002S.px/.; The National 
Institute of Statistics. (2019). Monthly statistical bulletin of counties no 11/2019. Bucharest, Romania: The National Institute of Statistics; 
Croatian Chamber of Commerce. (2019). Foreign trade of counties with foreign countries in 2019 - provisional data. Zagreb, Croatia: 
Croatian Chamber of Commerce- (in Croatian); Republic Statistical Office (2019) Municipalities and regions in the Republic of Serbia. 
Belgrade, Serbia: Republic Statistical Office. (in Serbian); MAKStat Database. (2021). Nadvoresna Trgovija Indikatori. Retrieved from 
http://makstat.stat.gov.mk/PXWeb/; Statistical Office of Montenegro – MONSTAT (2019). External trade in goods of Montenegro January 
- December 2019. Retrieved from https://www.monstat.org/cg/novosti.php?id=3195.; Eurostat. (2021). Regions database. Retrieved from 
https://ec.europa.eu/eurostat/web/regions/data/database; Global Entrepreneurship Monitor Report (2021). Entrepreneurial behaviour and 
attitude. Retrieved from https://www.gemconsortium.org/data; The Joint Research Centre (2021). Smart Specialization Platform. Retrieved 
from https://s3platform.jrc.ec.europa.eu/s3-trade-tool

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use

https://pxweb.stat.si/SiStatData/pxweb/en/Data/-/2490002S.px/
http://makstat.stat.gov.mk/PXWeb/
https://www.monstat.org/cg/novosti.php?id=3195
https://ec.europa.eu/eurostat/web/regions/data/database
https://www.gemconsortium.org/data
https://s3platform.jrc.ec.europa.eu/s3-trade-tool


Regional Competitiveness

170

Table 5. Ranking of NUTS2 regions according to export per capita

NUTS 2 Regions Export per capita Rank

Western Slovenia 16590 1

Eastern Slovenia 11503 2

Bucuresti-llfov 5074 3

Continental Croatia 3989 4

Vojvodina 3061 5

Southern Macedonia 2934 6

Belgrade region 2586 7

Sud-Montenia 2567 8

Centru 2493 9

Vest 2493 10

Nord-Vest 2217 11

Sud-Vest-Oltenia 2217 12

Šumadia and Western Serbia 1930 13

Adriatic Croatia 1780 14

Southern and Eastern Serbia 1739 15

Sud-Est 1461 16

Nord-Est 755 17

Montenegro 668 18

Source: Statistical Office of the Republic of Slovenia. (2021). Exports, imports, trade balance and coverage of imports by exports, 
Slovenia, annually (cummulative data). Retrieved from https://pxweb.stat.si/SiStatData/pxweb/en/Data/-/2490002S.px/.; The National 
Institute of Statistics. (2019). Monthly statistical bulletin of counties no 11/2019. Bucharest, Romania: The National Institute of Statistics; 
Croatian Chamber of Commerce. (2019). Foreign trade of counties with foreign countries in 2019 - provisional data. Zagreb, Croatia: 
Croatian Chamber of Commerce- (in Croatian); Republic Statistical Office (2019) Municipalities and regions in the Republic of Serbia. 
Belgrade, Serbia: Republic Statistical Office. (in Serbian); MAKStat Database. (2021). Nadvoresna Trgovija Indikatori. Retrieved from 
http://makstat.stat.gov.mk/PXWeb/; Statistical Office of Montenegro – MONSTAT (2019). External trade in goods of Montenegro January 
- December 2019. Retrieved from https://www.monstat.org/cg/novosti.php?id=3195
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ABSTRACT

The aim of the chapter is to point the importance of eco-innovation and IT technologies for the sustainable 
development of health and recreational tourism in Serbia. The subject of the research is the rehabilita-
tion center in Eastern Serbia. The main idea of the chapter is to show how those hospital institutions 
use artificial intelligence-IT technologies for improving recovery services to patients in the post-COVID 
condition. The chapter will discuss the most common types of support and measures to facilitate the func-
tioning of eco-tourism in Serbia with the aim to adopt good practices of developed countries (Hungary). 
Ecological tourism takes place in areas of pure and preserved nature. The contribution of the chapter 
is to point to new strategies in spa tourism, to shorten the time and reduce business costs. This would 
contribute to the sustainability of tourism.
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INTRODUCTION

In today’s time of modern business, the most important thing for all types of organizations is to accept 
changes. The sooner organizations adapt and introduce new innovative business techniques, the sooner 
they will be competitive in the market. However, with the globalization of the concept of sustainable 
development, every business has taken the premise of the sustainability.

Acting sustainably, as well as achieving the desired results without violating the right to natural re-
sources, economy, and social dimension of future generations, is the basis of the concept of sustainable 
development. Tourism has also taken the premise of sustainability, becoming a new way of tourism busi-
ness - ecotourism. Interest in ecotourism has never been more pronounced than it is nowadays. Based 
on the fact that the Coronavirus pandemic, as well as its suppression, has taken precedence on a global 
level, current situations have posed many challenges to modern mankind, primarily in healthcare. But 
first of all, the next question needs to be asked: What is the term or definition of sustainable tourism? 
Sustainable tourism represents an industry that has a minimal impact on the environment and local cul-
ture, while at the same time it earns money, creates new jobs, and protects local ecosystems (Ilic, Djukic, 
Radisavljevic, 2020). That is responsible tourism which is friendly to the natural and cultural heritage. 
Rural tourism is an inseparable part of ecological tourism because it is connected to the preservation 
and undisturbed nature. Health and recreational tourism belong to the category of rural tourism. Since 
the chapter will be based on health and recreational tourism, it is necessary to point to the fact that both 
types of tourism take place mostly in spas. Spas are destinations rich in sources of thermal and mineral 
waters, clean air, and favorable climatic conditions. It is not uncommon for specialized treatment institu-
tions, i.e. rehabilitation centers, to be settled in spas, because of the providing patient accommodation 
services, using mineral healing water for medical purposes. Rehabilitation centers also provide many 
other medical services depending on the health problems that patients have. Considering the indications 
that are affected by the composition of mineral thermal water, specialized rehabilitation centers treat 
those diseases on which spas water has the best effect. Some spas treat that treat the skeletal system, air 
spas that are recommended for the treatment of lung diseases, diseases related to the nervous system, 
cardiovascular diseases, and more. In 2019, the COVID-19 virus crashed like a Tsunami on the Planet 
and attacked the entire human race (OECD,1-7). Mankind, as the youngest and most tender species on 
Earth, is trying to “save” life with all available knowledge - using modern technologies and scientific 
achievements, especially in medicine. The whole world is witnessing a race of mankind and viruses. 
Whether and how long, humanity can cope with the rates of mutation and adaptation of the virus (that 
is trying to survive) remains to be seen in the future. With the achievements of modern medicine, sev-
eral types of vaccines against viruses have been found, and many of them are obtained with the most 
modern technologies - that have not been used before. Based on the fact that life always finds a way to 
survive, the entire humanity began to adapt to the situation caused by the pandemic. New technologies 
and new ways of business have been introduced in almost all branches of the economy. There are almost 
no economic sectors without huge business losses, but tourism as the branch of industry that promised 
the most income before the appearance of the COVID-19 virus, can be one of the branches with the 
biggest losses. Because the pandemic promotes social distance, it resulted in reducing travel to all world 
destinations. Income of the tourism sector (globally) dropped by 90 percent during 2020 and at the 
beginning of 2021 (Behsudi, 2020). Countries around the world, depending on their economic capabili-
ties, responded by providing certain subsidies and assistance, but many organizations and employees in 
the tourism sector “unfortunately did not have that privilege.” According to the forecasts of the World 
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Tourism Organization (UNWTO), the income from international tourism could fall by 60 to 80 percent 
in the coming period compared to the previous year. UNWTO estimates that the Coronavirus pandemic 
is the worst crisis that international tourism has faced since 1950. The worst affected areas in the world 
are Asia and the Pacific region with 33 million fewer tourist arrivals. Right behind them in Europe. If a 
better scenario is realized (a drop of 60 percent) and international borders will be opened, travel will be 
a little easier starting from July 2021, which would mean that losses in tourism will be approximately 
910 billion dollars (Behsudi, 2020).

How much damage has tourism had in Serbia so far? According to some data, Serbia is approaching 
losses of 300 million euros (HORES). Although it seemed that Serbian tourism would have the most 
successful season “in recent history”, based on the fact that this branch of the economy has been grow-
ing since 2013, accelerated its growth in 2017, and in 2019 set a record of 3.69 million arrivals (half 
domestic guests, half foreign) and 10.1 million overnight stays (about six million domestic and four 
million foreign tourists), at the beginning of 2020, more precisely in February, the fairy tale about the 
success of Serbian tourism is over. The nightmare in the form of the illness started - both domestically 
and globally - and there are still no indications when it will be finished (OECD, 1-24). Although there 
are no plans, people’s desire for traveling still exists as there are exists the desires of the tourism sector to 
provide services. However, as the second year of the pandemic is still present, it is necessary to introduce 
new ways of business. Some of the tourist agencies in Serbia have replaced the offers of exotic travel 
with mountain tours in Serbia - introducing rural tourism. Travel agencies that introduced rural tourism 
stated that none of the passengers became infected on those trips, nor did they have any consequences! 
So, great news! In the chapter, the authors will try to answer (in some way) the following question 
“Should tourism organizations in the future base their business on rural tourism, as the only possible 
way out of the new pandemic situation?” But the answer to this question is not the only goal to which 
the authors aspire. Preference will be given to modern IT technologies and achievements in the field of 
health tourism, to emphasize the importance of their introduction for the treatment of patients. With the 
aim of applying good practice in Serbia when the use of new technologies is in focus, the authors will 
present the current situation in the health system of Serbia. Although less developed than other parts of 
Serbia, the Eastern part of the county has potential, especially for the rural, spa, and recreational tour-
ism. The research will provide an insight into the sustainability of spa tourism, i.e. the entire chapter 
will indirectly investigate the degree of sustainability of health tourism – case study of Gamzigradska 
Banja spa (Eastern Serbia), which altogether represents the subject of this research.

BACKGROUND

Rural tourism represents tourism in rural households, but also certain vacations and places of residence 
like rural areas, as well as manifestations, festivals, recreations, production and sale of handicrafts, and 
agricultural products (Kosic, 2009). Rural tourism is therefore seen as a means of addressing the prob-
lem of weakening the agricultural potentials of agricultural areas to provide additional income (OECD, 
1994; Davies & Gilbert, 1992; Alexander & McKenna, 1998). Serbia, especially its rural regions, is a 
country extremely rich in colorful flora and fauna, geothermal springs, healing mud, organic product 
production, and cultivation, as well as diverse folklore and cultural heritage. Therefore, it is necessary 
to implement a sustainable rural tourism policy in the future to maximize the positive and minimize 
the negative effects (Gajic, 2010). Ilic and colleagues have already researched the terms of rural tour-
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ism in Serbia. They concluded that the greatest potential of the Eastern part of Serbia lies in spas and 
recreational tourism, as a subfunction of rural tourism. In the research paper titled “Sustainable devel-
opment directions of Rural Tourism of Timok Region“(2020), Ilic and colleagues considered the types 
of rural tourism such as: mountain, hunting, ecological, cultural, and recreational tourism, applying the 
mathematical methods of MCDM decision-making - ELECTRE and AHP, based on the taken criteria 
(economic, environmental and social). The authors opted for MCDM methods for several reasons (Ilic, 
Djukic, Balaban,2020).

1.  The concept of MCDM refers to situations where there are several conflicting criteria (Cupic, 
Tummala, & Suknovic, 2001). MCDM methodology is based on the analysis of criteria and alter-
natives so that one alternative is better than the other (Durkalic et al., 2019).

2.  The ELECTRE (Elimination and Choice Translating Reality) method was developed by Bernard Lee 
Roy (1968) as a response to the existing decision-making methods and as part of the Multicriteria 
Decision Theory. This method occupies a very significant place in the theory of Multi-Criteria 
Decision Making and in the papers of Vincke, Roy, Vanderpooten, and other authors who researched 
the field of MCDM (Vincke, P., 1992., & Roy, B., Vanderpooten, D.,1996). The ELECTRE 
method has 9 steps of calculating matrices based on certain criteria in scientific research of some 
phenomena. Because of the specific requirements and criteria - related to three fields: Economy, 
Sociology, and Ecology, by eliminating less favorable solutions, the ELECTRE method led to the 
most favorable project.

3.  AHP method (Analytical Hierarchy Process) was proposed by Saaty, T. L. (1977,1980) to model 
subjective decision-making processes based on multiple criteria in a hierarchical system. This 
method is very convenient for determining the relative criteria weights (Saaty, 1990). For this 
reason, the authors used the method to determine the weight of project criteria.

The ELECTRE applied as the main, and AHP as an auxiliary method in choosing an adequate and 
optimal solution. According to these methods, one of the five proposed projects was the one that satisfied 
the choice of the optimal and best solution, and that was a project of health and sports-recreational tourism. 
This alternative was also very logical because the region of Eastern Serbia is rich in hydro-geothermal 
sources. With the chapter titled “Eco-Innovation and IT technologies for Sustainable Development of 
Health and Recreational Tourism of Serbia”, the authors continue to engage in scientific research on health 
and recreational tourism, wanting further contributing to business sustainability in modern conditions. 
Modern business means adapting to the situation in which the COVID -19 virus dictates new ways of life 
in all forms. During the COVID-19 crisis, many rehabilitation centers in Serbian spas redirected their 
health services to COVID hospitals, which treated and accommodated patients. However, as Serbia is 
one of the leading countries in Europe (but also in the world), as a country that has provided vaccines for 
its population (and for the region as well), as the number of COVID-19 patients has started to decrease, 
spa resorts have also begun to return to previous service delivery. However, based on the fact that there 
were not enough patients, for fear of contracting the virus, some rehabilitation centers have shifted their 
services, starting to treat and recover patients with post-COVID conditions, who need time to return to 
normal life. Although that the post-COVID condition is an insufficiently researched area, because such 
a condition is not yet treated as a special diagnosis in medicine, the authors will try to make pioneering 
steps in this research area. In the example of a spa resort in eastern Serbia, as much data as possible will 
be presented regarding the recovery of patients, as well as the introduction of new technology in the 
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spa tourism sector. The main goal is to improve services, but above all to achieve sustainable business. 
Because of the fact that Rural tourism represents a form of sustainable tourism, the introduction of IT 
technologies contributes to business sustainability saving time and reducing costs. The introduction of 
an information system is a crucial step in improving any business. This is especially important for health 
facilities and hospitals, where this step is invaluable. The methods that the authors will use in the chapter 
are: descriptive, analytical, synthetic; and adequate literature in the field of health tourism, sustainability, 
and IT technology in health care.

IT Technologies in Healthcare and the Contribution of Sustainability

The worldwide use of computer technology in medicine began in the 1950s with the development of 
computers. In 1949, Gustav Wagner founded the first professional organization for health informatics in 
Germany. “Wagner’s decision to start the journal came from his participation in the post-war German 
research on medical documentation (both paper and early computer-based) with its own professional 
society, the German Society for Medical Documentation and Statistics (GMDS.) Around this time, 
the documentation focus was reinforced by the consolidation of medical biometry and epidemiology 
research into academic departments“ (Oberhoffer, 1962). Health informatics, called health information 
systems, is a discipline at the intersection of informatics, computer science, and health care. It consists 
of the resources, devices and methods, needed to optimize the collection, storage, retrieval, and using 
the information in health and biomedicine (Weiner and Wiley, 1948). Health Information Technology 
(HIT) is information processing that includes both computer hardware and software for a store, retrieve, 
share, and use health information, data, and knowledge for communication and making decisions (Bi-
hari, 2021). HIT technology represents computers and communication systems that can be networked 
to create systems for moving health information. What is the background of information technology in 
medicine? Health informatics tools include computers, clinical guidelines, formal medical terminology, 
and information and communication systems(Hedman, Kalling, 2002). Knowledge of clinical protocols, 
their confirmations (or rejections) by screening in clinical practice should be widely available, as this 
increases the likelihood that better and more successful practices will be applied in an individual case 
- whether for diagnosis, treatment, or care. Specialized university departments and training programs 
in informatics began during the 1960s in France, Germany, Belgium, and the Netherlands (Kulikowski, 
2017). During the research, medical informatics units began to appear, first in the 1970s in Poland and 
the USA. Since then, the development of high-quality health IT research, education, and infrastructure 
have been the goal of the United States, the European Union, and many developing countries. Education 
is faster with IT - with the development of IT, there have been significant changes in medical education 
around the world. The changes can be seen in the fact that most medical students these days are computer 
literate. New information on medical topics is easily available via the Internet - on computers and even 
mobile devices that have already become an indispensable part of medical equipment(Galbraith, 2012). 
Information technology can help in medical education in different ways, such as college networking 
and information sharing on the Internet. Computer-assisted learning (CAL), virtual reality (VR), human 
patient simulators as new digital products are just some of the options(Figure 1).

Medical students and their professors can stay in touch even when they are not in college and long 
after graduation, thanks to the “networking”. It has never been easier to contact an authority for consul-
tation than nowadays. Many medical schools use online programs such as Blackboard or a study center 
concept to coordinate their courses. Such programs provide quick access to information and a quick 
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turnaround in evaluation and messaging. These teaching systems also enable all mentors, assessors, and 
students to look at their entire personal contribution and development (in the form of an automatic CV) 
anywhere. Similarly, the Internet provides opportunities to obtain up-date information on various aspects 
of health and disease talking to colleagues on different continents through online conferencing. Consul 
is unavoidable in more complicated cases, and the Internet provides instant consultation with the best 
diagnostic experts or treatment protocols (Burton, 2013).

Free access to various medical journals, online textbooks and the latest information on new develop-
ments in medicine also encourages and accelerates learning and research. Information technology is of 
great help to the entire health sector. The development and standardization of electronic medical records 
(EMR) is one example of significant advances that IT has provided to hospitals. This technology turns 
medical information into a single database.This not only reduces the cost of “paperwork”, but also pro-
vides healthcare with access to relevant patient information, such as medical history, used medications 
and potential allergies or contraindications, insurance information, and more (Kates, Galbraith, 2007). 
This information can be accessed with just one click of the mouse, although there are large restrictions 
on the storage of this sensitive information and the issue of who may have access to this documenta-
tion. EMR, however, has great potential in the clinical arena. The ability to care for a patient with a 
medical record that is integrated with laboratory and pharmaceutical information, and provides service 
information related to preventive services, diagnosis, and treatment, represents a dramatic advance in 
the care and nursing of patients. Quality measurement would be immediately improved if all clinicians 
used EMR. In a situation where medical assistance is needed abroad or if the “chosen doctor” is simply 
not on duty when emergency intervention is necessary, the use of EMR solves these problems. With 
EMR, drug prescribing models of individual clinicians can be more carefully assessed and compared 
with established standards or even with doctors from completely different climates.The application of 
computer-based clinical support as part of EMR significantly improves the doctors efficiency, and thus 
the ability of patients to respond faster and to be correctly treated.

Figure 1. New digital products at “Humana Studio H.” 
Source:https://images.app.goo.gl/kAMzhjBPs7mpRYoaA
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Reducing medical errors has become a priority all over the world. Potentially harmful drugs or inap-
propriate therapy are a common source of complications in hospitalized patients. In response to improve 
patient safety, computerized systems for entering a doctor’s order (CPOE) are becoming more common.
CPOE systems oblige doctors to write all medication orders online. These systems have the ability to 
check the accuracy of drugs - based on the patient’s medication, automatically checking dose and con-
traindications. This way of working significantly reduces serious mistakes in treatment. Computerized 
orders can reduce treatment errors by as much as 80 percent, and negative (serious damage to patients) 
errors by 55%. In the United States, CPOE has become an almost mandatory tool in many clinics.Besides 
electronic medication, a standardized bar code drug dosing system could prevent a quarter of medica-
tion dosing errors - many of which are simple oversights that the system quickly detects. It is surprising 
how much information about patients - the risks of certain drugs, clear labels, avoidance of similar drug 
names, and appropriate instructions for use, can influence the appearance of unintentional mistakes in 
the therapy application. Arguments about the impact of informatics in medicine and medical education 
should not be disputed, but many aeas need to be improved, i.e. checked before IT can be harnessed.

And last but not the least, no matter how advanced the technology is, it can never replace the interac-
tion that doctors or medical students have with the patient. The clinical assessment ultimately determines 
the excellent doctors. Researching modern technologies, it cannot be overlooked the importance of the 
relationship between doctor and patient. Today’s computers are capable of performing far more complex 
tasks than quickly executing pre-programmed routines. Thanks to ML and AI techniques (Artificial 
Intelligence and Machine Learning), computers can “see” and “hear”, and even analyze images and 
sounds. One of the goals is for computers to recognize, perceive, and solve problems as humans would 
(Genç,2019).

Figure 2 shows the evolution of AI. “The term “artificial intelligence” is often used to describe 
machines (or computers) that mimic “cognitive” functions that humans associate with the human mind, 
such as “learning” and “problem-solving”. Machine learning is an application of Artificial Intelligence 
(AI) generating systems that can learn and improve without being programmed. Deep learning is a class 
of machine learning algorithms that uses multiple layers to progressively extract higher level features 
from the raw input“ (Kedari, 2019). The undoubted advantage of computers is that they can work on a 
much larger set of data and faster than any person, even a group of people such as a medical council. 

Figure 2. Evolution of AI
Source: Kedari, P. (2019) AI, ML and DL — Let’s make it more clear!
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In some cases, computers have already taken precedence: Medical imaging analysis ¬ Computers can 
recognize elements in imaging, such as magnetic resonance imaging (MRI) or computed tomography 
(CT), and thus help determine diagnosis and therapy. ¬ Computers can analyze the relationships between 
data, people, and activities and help manage hospital admissions, optimize hospital bed occupancy, 
genomics, and many other areas. Computers can recognize and transcribe words spoken by doctors and 
nurses and make notes or reports at the same time. Because they understand the meaning of words and 
the nuances of medical terms, computers can translate in real-time, which is a great help to international 
medical teams (Digitalization in healthcare). IT technologies, web applications, service architecture of 
information systems for e-health, (for users and healthcare professionals) is a growing field in the public 
and private sectors (Radjenovic, Milovanovic and Milovanovic, 2017).

MAIN RESEARCH FOCUS

Due to the process of a long-term transition, Serbia “lags behind” in many advanced discoveries compared 
to the developed countries of Europe and the world. The social significance of the health information system 
in Serbia is based on the complex identification of the European health care systems, i.e. on their content, 
as well as on the possibility of integrating Serbian health care into European standards. Unfortunately, 
Serbia lags behind in the implementation of information systems comparing to middle-developed and 
developed countries. Inadequate use of information technology, as well as higher classes of information 
systems, is insufficient. No adequate and long-term information technology policy would gradually enable 
the IT application (Lutovac, 2008). For quality work, a doctor needs time and relief from administrative 
work, and this is exactly what ensures the use of IT and the transfer of certain administrative tasks to 
medical technicians (Petkovic, Lukic, 2013). In Serbia, the base of the Integrated Health System is used. 
The implementation of the Integrated Health Information System of the Republic of Serbia (ISIS - IZIS) 
began in 2016 in most health centers. This system, although not yet fully implemented, is available to 
both patients and healthcare professionals. Health care as one of the most important activities must be 
ready to respond to the challenges of rapid technological change, growing patient expectations, increasing 
equity, efficiency, and effectiveness. As a consequence, there was a need to integrate data on all health 
parameters as well as opportunities for international comparisons of national health-related data in all 
its sectors. With the emergence of the Integrated Health Information System, a significant technological 
and functional improvement has been achieved compared to the previous way of keeping data in health 
care. The health information system of the Republic of Serbia represents one central database in which 
all data are collected and stored. These data include all patients as well as all healthcare professionals. 
The system enables tracking of printed electronic prescriptions, instructions and all services provided 
by one health institution. In that way, an objective and transparent attitude towards patients is provided. 
Patients can find doctors through the “My Doctor” portal, i.e. they can see when there are free appoint-
ments with their chosen or desired doctor. The system includes all doctors employed in the Republic 
of Serbia, in General Hospitals or in tertiary institutions.The implementation of ISIS is still not fully 
and at all levels implemented, for now this system is used mainly by health workers within the Health 
Center. Health centers in Serbia are fully ready to use the ISIS program. By scheduling examinations 
for patients through the ISIS program, it enables their referral to Consultative-specialist examinations 
(ATD).In this way, patients schedule examinations faster - they are able to see the date and time when they 
need to call the Specialist Institution, ie the General Hospital. When ISIS is fully operational, patients 
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will schedule appointments in tertiary institutions through a selected specialist doctor from the General 
Hospital. However, patients will still have to verify referrals through the Republic Health Insurance 
Fund. Information on free appointments with the selected doctor of the Health Center, patients can find 
on the official website of the system, and they can make an appointment by phone in general practice 
clinics every working day from 12 to 14 hours (www.mojdoktor.gov.rs).

As already written at the beginning of the chapter, Serbia is a country with unequally developed 
regions.„On the one hand, Belgrade, Novi Sad (big cities in Serbia) and the region of central Serbia 
represent the developed regions, while on the other hand the regions in the south and east of the country 
as less developed. Natural resources which can be used in a sustainable way, and which can improve 
the quality of life of citizens are more concentrated in the regions that are less developed. The concept 
of sustainable using natural resources can be considered as a substitution of renewable resources with 
non-renewable energy. Eastern region in Serbia is abundant with renewable energy resources, and it is 
advisable to use them“ (Ilić,2019). „The region of Eastern Serbia includes cities such as Zajecar, Bor 
and Negotin which are among the larger centers of this part of Serbia.This part of the county are rich 
in geothermal energy. The tourism potential of the Eastern Serbia, and Timok region is also unevenly 
developed. From relatively developed - Sokobanja, archeological sites “Felix Romuliana” and Lepenski 
Vir, Stara Planina Nature Park (Babin zub), Djerdap National Park, Gamzigrad Spa, Brestovac Spa, to 
underdeveloped cities - Zajecar and Bor and other municipal centers, with over 50 cultural, artistic and 
sporting events, natural and cultural-historical sights, hunting grounds, tourist spots in the neighborhood 
and the beginnings of rural tourism in a small number of surrounding villages. The existing tourists and 
recreational offer of the whole Timok region are not sufficiently recognized and developed“(Ilic, Djukic, 
Balaban, 2020). Uneven regional development in Serbia also refers to the situation of the health system. 
In Eastern Serbia, the real state of health is not very satisfactory. Patients expect a well-organized system, 
almost perfect, but in Serbia, especially in some parts of the country, the lack of „essence” is covered 
by „excess of form“, and instead of investing in the development and implementation of innovations in 
health, it is investing in some less important things (such as health uniforms, etc.). According to some 
authors, i.e. doctors, health care in Serbia is dehumanizing because doctors are often“surprised“ by the 
arising problems during the treatment of patients. Because of the situation with the COVID-19 virus, 
2020 was especially difficult.

The health system was not functioning within the organization. The doctors who did not want to 
„make“ (give) a special effort, found the „Ideal Excuses“, while on the other hand, many doctors worked 
too hard, exposing themselves to the risk of contracting the virus. These doctors, who worked hard, 
were objectively unable to do everything necessary because, in less developed parts of the country, there 
was a lack of a well-organized health system in emergency conditions, as well as the lack of necessary 
and modern medical equipment. However, the state system, especially the health system, is expected to 
respond and provide appropriate support in such situations. Unfortunately, it remains to analyze the past 
unfortunate events as the pandemic passes. Because, if we start from the assumption that Serbia has an 
organized health system in all its parts, then the factor of “good luck” should not have any influence in 
such relations. This means that all patients should have equal status, i.e. the same treatment (Jović et al., 
2016). Nature has given the Spa several sources of thermal-mineral waters, which are considered to be 
alkaline-earth - hyperthermia, i.e. Acrotherms.

The construction and arrangement of the spa bath began in 1920. In 1978, a modern Special Hospital 
for Rehabilitation “Gamzigrad” was built and started to work on the very shore of Crni Timok, on natural 
springs of thermo-mineral water whose temperature from a depth of 303 m, is 42º C. The hospital for 
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rehabilitation “Gamzigrad” has special importance for this place. Rehabilitation Center “Gamzigrad” is 
a specialized hospital for the treatment of peripheral blood vessel diseases (organic disorders of arterial 
blood vessels, functional disorders of arterial blood vessels, diseases of peripheral venous blood vessels, 
diseases of the lymphatic system) and vibration disease. The hospital also performs general rehabilita-
tion of: connective tissue diseases, articular forms of rheumatism, extra-articular forms of rheumatism, 
orthopedic diseases and post-traumatic conditions, childhood anomalies, neurological diseases, gyneco-
logical diseases (Gamzigrad spa). There are two indoor pools with thermo-mineral water in the Special 
Hospital - a large one for adults and a small pool for children, which are surrounded by wall mosaics, 
impressing visitors with both their artistic expression and their size (the work of academician Prof. 
Srbinović). Thermal Mineral water is used in mineral and galvanic baths, local baths (four-cell baths, 
Haufe baths, alternating baths), then for underwater massage and gynecological spraying. The special 
hospital also applies electrotherapy with relatively modern devices. When the technical equipment of 
the hospital is in focus, from modern devices, i.e. technology, the following types of currents are used:

1.  galvanic,
2.  diadynamic,
3.  interference,
4.  exponential and
5.  high-frequency currents.

Microwave and shortwave diathermy, as well as ultrasound, are also part of the rehabilitation therapy 
in Gamzigradska Banja, in the hospital. Special devices that work on the principle of changing the pres-
sure: “Vasculator” and “Vacusac” are used for the treatment of blood vessels. The hospital also uses 
phototherapy, ultraviolet, and infrared lamps. Chinese therapy and occupational therapy are conducted 
in special halls. Thermo-therapy is applied with paraffin therapy. Hyperbaric oxygenation therapy is 
administered in a single hyperbaric chamber. Diagnosis and examination of the function of peripheral 
blood flow, heart, lungs, and peripheral nerves and muscles are especially represented. According to the 

Figure 3. Network of health institutions (“as-is”) in the region of Eastern Serbia
Source: Current situation - Public health institutions in the region of Eastern
Serbia - Zajecar district https://optimizacijazdravstva.rs/lat/region-istocne-srbije
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data of the Statistical Office of the Republic of Serbia, in the Republic of Serbia in June 2020, compared 
to June 2019, the number of tourist arrivals decreased by 52.5%, and the number of overnight stays by 
43.3%. In June 2020, compared to June 2019, the number of overnight stays of domestic tourists also 
decreased by 17.2%, and the number of overnight stays of foreign tourists by 84.8% (Statistical Office 
of the Republic of Serbia). This trend has been noticed in many spas in Serbia, especially in smaller 
ones, such as Gamzigradska Banja. To be able to return to the previous level of business, as well as to 
help patients who are recovering from the consequences of the COVID-19 virus, the Specialized Hos-
pital “Gamzigrad” is included in the rehabilitation of these patients in the Spa’s program. The trend of 
adjusting to the new business conditions began in the previous 2020 when the World Physiotherapist’s 
Day was marked in September at the Special Hospital for Rehabilitation “Gamzigrad”.

World Physiotherapist’s Day is celebrated every year in over 100 countries, since 1951, when the 
World Confederation of Physical Therapy was founded. In 2020, the organization changed its name to 
“World Physiotherapy”, but with the same goals - to point out the important role that this profession 
(physiatry) plays in preserving human health, to raise awareness of the physiotherapy profession, and 
to represent the profession before legislators and ministries, so that the position of the physiotherapist 
in the health system would be at the highest possible level. The topic of the World Physiotherapist’s 
Day was related to the rehabilitation of patients after the virus COVID-19 (Postcovid) and also to the 
importance of physiotherapists in the treatment of people suffering from this disease (Gamzigrad Spa).

The meeting highlighted the fact that physiotherapists are crucial for the early and permanent rehabili-
tation of patients, who are recovering from severe forms of COVID-19. Recovery, as well as exercises, 
i.e. therapy, have a great effect on both the physical recovery and the mental recovery of the patient.

What is the situation in the Special Hospital “Gamzigrad”, in terms of using IT? According to the 
conducted research, interview technique, i.e. conversation with the hospital director and management 
team, the authors learned that the special hospital “Gamzigrad” has not yet become an integral part of 
the ISIS base, although the spa management hopes that this will happen in the near future. Information 
technologies, especially modern achievements in the field of healthcare are not represented in Gamzi-
gradska Banja, as well as in other spas in Serbia.The fact that the state of Serbia needs to allocate certain 
funds for the purchase and purchase of modern devices for diagnostics and treatment, as well as for the 
introduction of the necessary equipment for the implementation of information technologies within the 
health system of Special Hospitals, is emphasized. The authors emphasized the fact that the state of 
Serbia needs to allocate certain funds for the purchase of modern devices for diagnostics and treatment, 
as well as for the introduction of the necessary equipment for the implementation of information tech-

Figure 4. Illustrated representation - Rehabilitation after COVID-19
Source: https://www.gamzigradskabanja.org.rs/index.php/vesti

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use



182

Eco-Innovation and IT Technologies for Sustainable Development of Health
 

nologies within the health system of Special Hospitals. It is necessary for the state to invest the money 
in the education of health care employees, to be educated for using networked computer systems, as 
well as for working on them. From all the above, the authors conclude that Serbia, i.e. Serbian spas, 
lags far behind spas in other parts of Europe, especially for regulated and developed countries, such as 
Switzerland, Austria, and Germany.

According to Csapó and Marton (2017), the product of spa and wellness medical tourism is wide-
spread throughout the country, except hilly areas and mountains, and represents a priority in Hungary’s 
tourism policy. There are 224 tourist places in Hungary with medical and thermal spas, spread over 
1000m2. 1763 swimming pools on an area of 401,876m2. and 202,967 maximum number of persons al-
lowed. Schwertner, Jurayand Martyn (2014), considered that spa tourism in Hungary is a good example 
for Serbia because the experiences of Hungary can be successfully applied, in terms of infrastructure 
and facilities. Namely, spa facilities in Hungary have been expanded and adapted for health resorts that 
can be used not only by visitors but also by social security users. Additionally, for disease prevention 
and health recovery, they can use wellness services for physical and mental rejuvenation (Schwertner, 
Juray and Martyn, 2014). Agnes (2017), pointed that for every spa tourist destination, the tourist offer 
is important - diverse in terms of quality in health and wellness services. It is also important how to es-
tablish cooperation in the region and the surrounding area i.e. the cooperation with service units “which 
may even be competitors”.Mórahalom spa in Hungary is a representative example of good cooperation 
between individual tourist service units (Ágnes (2017). According to Martyn (2013), in Mórahalom, 
located in the southern part of the state, which was an agricultural place, decision-makers recognized 
how to invest in thermal springs - building a health center.). As a country, Hungary has done much to 
promote own spa tourism based on the natural resources of their spa destinations. The fact is that in the 
Hungarian spas there is not enough data about the use of modern IT technology.

Issues, Controversies, Problems

Based on the official definition in Serbia, a spa is an area where there are healing springs such as: thermal 
and mineral water, air, gas, and healing mud (peloid), whose healing properties have been scientifically 
tested. Spas are natural resources for the common good, managed by the state based on thelaw (RS, 2018). 
According to Topalovic (2013), there are numerous problems in the spa tourism of Serbia that affect its 
development and expansion, such as: an inadequate strategic approach to spa tourism; the tourist offer 
is not satisfactory; insufficient stable financial resources; domestic tourists dominate over foreign ones; 
legal acts related to tourism have shortcomings, they are not applied to a sufficient extent; inappropriate 
tourist animation, potential tourists; lack of tourism market researching; obsolescence of medical equip-
ment; unsatisfactory general and tourist infrastructure. Sustainable development is not fully accepted in 
practice, which has resulted in several negative effects, such as endangering natural geothermal springs 
and the ambiance of spas (Topalovic, 2013). According to Djukic (2015), for the sustainable and suc-
cessful development of health tourism, it is necessary for local communities to make maximum efforts 
to use their existing resources adequately and to pay attention to spas as general socio-economic priori-
ties. In this regard, the motivation of tourists to visit the spa is a quality, attractive, and “well-designed” 
integral health tourism product. This includes tourist programs with medical treatment services and other 
activities: sports and recreation, wellness programs, etc. to gain the comparative advantages of the spa, 
as a tourist destination (Djukic, 2015). According to (Belij, 2016), in his research, the most important 
factors influencing the attractiveness of spas as a tourist destination of spa and wellness tourism are: 
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the Attractiveness of health and wellness treatments in the spa (0.349), Natural conditions, and relaxing 
atmosphere of spas (0.206) and Price competitiveness (0.172), followed by the offer of sports activities 
(0.041). In terms of accommodation capacity, it is not satisfactory in terms of infrastructure because 
in some spas there are old hotels and special hospitals that have not been renovated for many years. 
Although spas have attractive natural potentials, which are competitive with European spas, they are not 
sufficiently used (Belij, 2016; Milicevic, 2015). Manic (2018), emphasizes the importance of tourism 
relations management (CRM) as a powerful marketing tool with appropriate technology because it is 
important for innovative changes. In addition, new technologies pose a challenge to tourism organizations, 
as the application of modern information technology could attract target tourists. For the key solution of 
problems in health and spa tourism of Serbia is important that policy-makers consider the great impact 
of information technology and digitization, media, and social networks; it is also necessary to provide 
additional education and training of staff and qualification structure, in line with trends in the tourism 
market and the requirements for professionalism and skills of health workers. It is the responsibility of 
governments to face the potential opportunities for the development of underdeveloped spas in rural re-
gions and their natural resources and the application of IT and digitalization in all spas and health centers.

SOLUTIONS AND RECOMMENDATIONS

According to Radivojevic (2020), for recovery of the tourism sector in Serbia, state assistance is important, 
with a selective strategy in the coming period that is primarily focused on the categories in which it would 
have the greatest impact on recovery. In this regard, the recommendations for recovery also refer to spas 
as health and recreation centers that are important in the era of COVID-19 for recovery and having in 
mind that Serbia is a spa region. The secondary attitude towards tourists in the pandemic era should be 
based on the standards and prescribed health protocols of the government, domestic and foreign health 
organizations. Besides, for a unique spa tourist offer, Serbia should diversify its tourist product more, to 
attract foreign tourists; given that in Serbia there are inexhaustible opportunities for spas as a primary 
tourism industry, highly educated and professional staff is one of the important factors for quality medi-
cal and wellness services. Medical and non-medical staff employed in spas and recreation and health 
centers should be continuously professionally educated in the field of medicine (and modern informa-
tion technology). Based on a study by the WB6 CIF expert team (2020), which deals with research on 
opportunities and tourist travel in the era of the COVID-19 pandemic, in the region of 6 Western Balkan 
countries (WB6), and based on the Report – The COVID-19 crisis in the Western Balkans of OECD), 
the following recommendations were made: Effective (and continuous) cooperation is needed between 
the government; Promote domestic tourism;Prominent medical measures of protection and prevention 
of health and safety to restore the trust of tourists; Introduce targeted marketing campaigns promoting 
ecotourism, and Consider the current situation in tourism policy and define following modern policy, 
innovative tourism products. Besides, it is recommended to the governments of the countries in the region 
to “reduce taxes for tourism and travel industries until coronavirus pandemic is put under control” and 
to provide medical resources to public health stakeholders (WB6 CIF, 2020).
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FUTURE RESEARCH DIRECTIONS

According toWong and Sa’aid Hazley (2020), the future directions of health tourism are in the applica-
tion of advanced and currently available technology, especially IR 4.0, because today the modern, virtual 
way of health care is increasingly used. This was even more pronounced during the Corona pandemic, 
which caused a stalemate in global tourist travel. Technological innovations are very important for future 
travel and mobile healthcare. Medical diagnoses can be made based on digitized medical devices, such as 
portable medical devices, digital sensors, biotelemetry. The results of the digital diagnosis can be linked 
to the user’s smart mobile phone (health-travel). Wong and Hazley further explained that knowledge 
and technologies in health and tourism are very important in the coming period in all parts of the world. 
Technological innovations provide opportunities for healthcare professionals to become familiar with 
them, which in turn provides users with proactive measures for better healthcare services and controls, 
digitally and remotely. Applied virtual rehabilitation would contribute to the health tourism industry, as 
health services are integrated with digital sensors carried by users and the range of their movement is 
recorded. Therapists and healthcare professionals analyze digital data and continuously monitor users 
’medical parameters via smartphones or tablets. The application and availability of information tech-
nology virtually would increase the mobility of professionals (doctors, nurses, professors, and nursing 
staff). This creates the conditions to improve health tourism with IR 4.0, in developing countries (and 
Serbia) to be ready to welcome tourists. The traditional way of medical examinations of tourists would be 
technologically innovative in health care facilities and in the time and post COVID - 19 era, therefore, a 
large amount of physical movement will not be necessary (Wong and Sa’aid Hazley, 2020). In the context 
of the application of technology in health tourism, it would be the key to rapid tourism and recovery. 
Governments of countries (and Serbia) should, as decision-makers, engage as a matter of priority in the 
implementation of technological innovations in health care institutions and health tourism, “providing 
a timely platform for knowledge exchange and development of strategic partnerships” (Wyman, 2020).

CONCLUSION

Serbia has no sea, that is true. However, Serbia has something else - a lot of groundwater that springs in 
spas. Those sources should be valued much more than the state of Serbia does. Considering that spas are 
small oases of health because of the abundance of healing mud, mineral, and thermo-mineral water of 
various compositions and quality chemical structure, it is necessary for the development of spa centers, 
to give these places a phenomenal and complete atmosphere. Namely, spas are not exclusively rich in 
healing thermal water, but also the natural environment and healthy air, due to the lush vegetation and 
the altitude at which they are located.

Although the emphasis is often placed on their tourism potential, spas are centers for medical care - 
each of the spas is specialized to help a certain group of patients. Another characteristic is a very good 
price for accommodation and travel. There are large hotels and accommodation complexes in the spas 
that besides delicious traditional foods also have swimming pools (even though spas have their sources 
of mineral water). Many cafes and restaurants leave an even stronger impression in such an environ-
ment, and what is most important is that in spas vicinity, tourists can visit natural beauties - cultural and 
historical monuments and monasteries that attract both domestic and foreign tourists. For the younger 
population of Serbia, going to spas is a rather foreign thing, except in the period when they were chil-
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dren, so they went there with their parents and family. However, in the present situation that is related 
to the COVID-19 virus, spas can provide even more than going to sea. It is necessary to emphasize the 
fact that the high sophistication of tourist demands, the desire for recreation and relaxation in Serbian 
spas, indicates the necessity of adjusting the holders of tourist offers and health - to take a competitive 
position. The introduction of new technology and innovation is the future of any business, especially 
businesses related to health care and the treatment of patients. The benefits of IT technologies in modern 
and turbulent business conditions are immeasurable. The chapter presents the achievements in IT tech-
nologies, especially their application and importance in the health sector, on a global scale. However, 
based on the facts that are given in the text, the conclusion is that the introduction of IT technologies in 
the Serbian health system is at the very beginning, while in Serbian spas, or specialized institutions for 
the treatment of patients, these technologies are still not represented. In the short-term future period, 
related to the development and use of modern technologies, which could refer to the spas of Serbia, it is 
necessary to promote the spa facilities of Serbia through modern Internet technology. One of the ways 
to make the Serbian spas recognizable and competitive on the tourist market is the application of an 
appropriate combination of communication technologies with potential tourists or patients who need a 
stay in the spas. Because of the growing demands, based on the fact that tourism and health demand for 
spa services is quite “physical” away, it is necessary to inform the target group about the content and 
services of spas in Serbia. The application of modern information technology in the promotion of the 
spa tourism offer would enable significant benefits for tourists and carriers of the tourist offer. Creators 
of marketing activities in Serbian spas would realize the benefit in the form of simpler, more economi-
cal, and more meaningful contact with potential tourists and patients. From the aspect of visitors, the 
benefits of information technology would be reflected in simpler information about the spas offer as 
well as in the possibility of sharing pictures and other contents about the spa, in which they stayed or 
possibly plan to stay. Of course, it is always needed to see the best practices of the developed countries 
of Europe and the world.
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KEY TERMS AND DEFINITIONS

AHP (Analytical Hierarchy Process): Is a structured technique of MCDM for organizing and 
analyzing complex decisions, based on mathematics and psychology. Individual experts’ experiences 
are utilized to estimate the relative magnitudes of factors through pair-wise comparisons. Also, AHP 
enables the evaluation of alternatives with unclear and very subjective criteria. An inconsistency index 
is calculated for each estimation matrix, which represents how much is expert well filled in the assess-
ment matrix, i.e. how much he respected the principle of transitivity.

Competitiveness of Tourism Destination: Is the ability to increase tourism expenditure, to increas-
ingly attract visitors while providing them with satisfying, memorable experiences, and to do so in a 
profitable way, while enhancing the well-being of destination residents and preserving the natural capital 
of the destination for future generations.
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ELECTRE (ELimination Et Choix Traduisant la REalité - Elimination and Choice Expressing 
the REality): Family methods, designed for multiple criteria decision aiding. These methods use as a 
preference model an outranking relation on the set of actions - it is constructed as a result of concordance 
and non-discordance tests involving a specific input preference information.

MCDM (Multi-Criteria Decision-Making Methods): Decision-making at all levels in the organi-
zation should be based on stimulating competitive proposals and choosing the best possible alternative 
for business. It sets three levels of decision-making: strategic decisions - which have a long-term effect, 
tactical decisions - which represent decisions for the next business year, and operational decisions that 
include daily organizational activities. The various methods of MCDM help managers to choose the one 
that is best for achieving the set goals from all the offered alternatives.

Post-COVID Condition: Condition after suffering from COVID-19 virus, which requires a serious 
approach to patients, i.e. serious treatment. The most common problems in post-COVID conditions are 
psychological.

Spa Tourism: Spa tourism as the use of thermal, mineral, and thermal-mineral waters, for treatment, 
rehabilitation, and recreation where numerous recreational, sports, and cultural activities are held.

Tourist Attraction: Is a particularly attractive tourist attraction destinations, of a natural or social 
character within the tourist space: natural attractions, cultural attractions, museums, historical heritage, 
events of the different spectrum, entertainment, etc.

Wellness: Originates as a coin of two terms, well-being, and fitness, denoting the orientation to-
wards the maximum use of the potential of individuals. This primarily includes activities that affect 
the improvement of the physical and mental structure of the personality, such as a healthy diet, regular 
exercise, active lifestyle, quality time spent with friends and family, etc.
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ABSTRACT

Building on the natural-resource-based view, and using a sample of 7,165 European SMEs, this chapter 
investigates the drivers of eco-design innovations among SMEs under three categories: (1) sustainability-
oriented firm capabilities, (2) technological capabilities, and (3) access to finance. The findings reveal 
that sustainability-oriented capabilities achieved through investments into circular economy are the 
strongest driver of SMEs’ eco-design innovations. Firms’ technological capabilities are also found to boost 
their ability to adopt eco-design innovations. While equity finance increases the possibilities for SMEs 
to devote resources to eco-design, grant finance is interestingly observed to decrease such possibilities. 
The more traditionally used form of debt finance remains detached from eco-design implementations. 
The study contributes to a better understanding of how eco-design practices can be broadened within 
SMEs and highlights policy recommendations in this regard.

1. INTRODUCTION

The social and regulatory pressures for companies to take into account their environmental impact are 
on the rise and penetrate the activities of small businesses as well as their large counterparts. Hence, 
enterprises of all sizes are expected to introduce environmental innovations (i.e., eco-innovations) to 
ensure their environmental impact can be curbed whilst corporate performance is not affected (Battaglia 
et al., 2020). Despite some recent contributions, the eco-innovation (EI) efforts and potential of Small 
and Medium-Sized Enterprises (SMEs) remain less explored in the eco-innovation literature, with most 
efforts concentrating on large firms (Hoogendoorn et al., 2015). Given their substantial impact on the 
environment, with 60-70% of the total pollution being caused by SMEs alone, exploring SMEs’ eco-
innovations and their environmental impact stands as a crucial issue (European Commission, 2010).
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Understanding the product eco-innovations are particularly key for SMEs that focus the majority 
of their innovation efforts on products (Bossle et al. 2016). Recent literature states that it is crucial to 
intervene during the design stage of the product/service innovation through “eco-design,” evaluating the 
environmental consequences of products through the product life cycle (Boks, 2006; Deutz et al., 2013). 
The design stage of the innovation process is a key intervention point in the life cycle of a product for 
any environmental considerations (Deutz et al. 2013) and determines 80% of the environmental impact 
any product or service is likely to incur through its life cycle (McAloone and Bey, 2009). Recent policy 
efforts such as the Waste Electrical and Electronic Equipment (WEEE) Directive and Restriction of 
the use of Hazardous Substances (RoHS) Directive and Eco-design Directive (European Commission, 
2009) aim to systematically integrate environmental considerations in product design. While eco-design 
is accepted as an important element in new product development, more detailed empirical evidence is 
required for a better understanding of the factors that affect the introduction of such practices within 
firms in general and SMEs in particular.

Building on the natural-resource-based view of the firm (NRBV) and eco-innovation literatures, 
we aim to shed light on this under-researched area by exploring the role of (1) sustainability-oriented 
firm capabilities, (2) technological capabilities, and (3) access to finance, on eco-design innovations of 
SMEs. We use a database of 7,165 SMEs from 28 EU countries acquired by the Flash EuroBarometer 
441 survey in 2016. Given the crucial role of SMEs in the economy and businesses (European Commis-
sion, 2010), the eco-design practices of SMEs deserve close attention (Hoogendoorn et al., 2015). Our 
results indicate that sustainability-oriented capabilities are the strongest driver of eco-design innova-
tions. Broader technological capabilities of SMEs are also observed to increase SMEs’ ability to adopt 
eco-design practices. Access to equity finance is positively and significantly associated with adopting 
eco-design activities, increasing the willingness of SMEs to devote resources to such projects. However, 
access to grant finance decreases the possibilities of SMEs to conduct eco-design. Debt finance, on the 
other hand, does not have a significant impact on eco-design activities.

The following sections outline the theoretical foundations and empirical evidence, as well as the 
methodology and data that were used to empirically investigate the relationships focal to the study. 
Finally, the results are presented, and implications are discussed. The study concludes with avenues for 
further research.

2. THEORETICAL BACKGROUND AND HYPOTHESES DEVELOPMENT

The resource-based view (RBV) and the natural resource-based view (NRBV) provide the theoretical 
foundations for discussing eco-innovations in general and eco-design innovations in particular. The RBV 
from the strategic management literature assumes that unique, non-substitutable, and difficult to imitate 
resources and capabilities are the sources of competitive advantage (Barney, 1991). The NRBV, building 
on RBV and dynamic capabilities literature, states that environmental constraints lead firms to adjust and 
renew their capabilities and resources in a way to obtain new sources of competitive advantage through 
achieving sustainable technologies and products (Hart and Dowell, 2011; Hart, 1995). In this paper, we 
use the NRBV as a foundation to understand the role of a firm’s resources and capabilities that facilitate 
its ability to introduce eco-design innovations.
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2.1 Eco-Design Innovations

Eco-innovation is defined as “the development of products (goods and services), processes, marketing 
methods, organizational structure, and new or improved institutional arrangements, which, intentionally 
or not, contribute to a reduction of environmental impact in comparison with alternative practices” (see 
OECD, 2009, p. 2). Eco-design is a typical example of product eco-innovation that aims to redesign 
products by undertaking environmental assessments to reduce any harmful effects. The design stage of 
the innovation process is crucial because it determines 80% of the environmental impact any product 
or service is likely to incur through its life cycle (McAloone and Bey, 2009). The design stage enables 
proactive planning by either improving existing systems or creating an entirely new system that focuses 
on minimizing environmental impacts (Carrillo-Hermosilla et al. 2010). It focuses on the entire life-
cycle of a product from raw materials to final disposal, which helps to determine the stages with the 
highest environmental impact and set design interventions accordingly. Many tools and methodologies 
are available to facilitate eco-design practices, such as the life-cycle analysis (LCA), nature-inspired 
design strategies (NIDS) such as biomimicry, the cradle-to-cradle (C2C) approach, and Design for the 
Environment (DFE), among others. Many of these tools can be classified under the umbrella term, 
Design for X (DFX), which incorporates several features of environmental design strategies such as 
Design for Recycle, Design for Disassembly, Design out Waste, Design for Modularity, etc. (Rashid et 
al., 2013; Prieto-Sandaval et al., 2018). While eco-design aims to minimize natural resources and energy 
consumption and reduce the harmful impacts on the environment, it further aims to increase benefits 
for consumers. Products with improved environmental attributes lead firms to benefit from cost reduc-
tions, improved product life cycles, enhanced competitive advantage to firms, and increased customer 
satisfaction (Boks, 2006; Plouffe et al., 2011).

The eco-innovation literature suggests that most eco-innovations are stimulated by external factors 
such as regulatory requirements (Bossle et al., 2016) and market-demand (Horbach et al., 2012; Lin et 
al., 2013) as well as firm-specific capabilities, including technological capabilities (Ghisetti & Pontoni, 
2015) and sustainability-oriented firm capabilities embodied in sustainable corporate practices and 
commitment (Demirel and Kesidou, 2019; De Marchi, 2012; Dangelico et al., 2017; Melander, 2018). 
While a range of different eco-innovations (e.g., product, process, and organizational eco-innovations) 
are considered in these studies, no large-scale study, to date, examines the factors that boost eco-design 
innovations. Previous literature on eco-design innovations mainly focuses on case studies with a relatively 
small number of companies that either excel with best practices or have implemented a unique eco-design 
approach (Deutz et al., 2013). In this paper, we aim to shed light on the drivers of eco-design innova-
tions under three categories that are central to the NRBV and focus on the firm’s internal resources and 
capabilities: (1) sustainability-oriented firm capabilities, (2) technological capabilities, and (3) access 
to finance.

2.2 Sustainability-Oriented Firm Capabilities

In addition to external drivers of eco-innovations (i.e., regulatory requirements and market demand) 
(Bossle et al., 2016; Ghisetti & Pontoni, 2015); recent literature, motivated by the NRBV, points out that 
sustainability-oriented firm capabilities are essential for eco-innovations (Demirel and Kesidou, 2019; 
Dangelico et al., 2017). Sustainability-oriented capabilities refer to the set of resources, abilities, and 
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competencies that allow firms to integrate environmental sustainability into new product development 
through eco-innovations (Demirel and Kesidou, 2019; Dangelico et al., 2017;).

Strategic management literature has emphasized the importance of environmentally-specific capa-
bilities -such as a green corporate culture, environmental research and development, human resource 
and organizational capabilities, as well as green marketing capabilities for achieving eco-innovations 
(Melander, 2018; Kabongo and Boiral, 2017). In this paper, we argue that the most relevant sustainability-
oriented capabilities for eco-design innovations come from a deep understanding of the principles of the 
circular economy. Circular economy (CE) envisions a shift away from the traditional industrial model 
of take-make-dispose towards a circular system with a waste of all kinds eliminated (Ellen MacArthur 
Foundation, 2012). It aims to maximize the competitive advantage of circular firms through the superior 
design of products and systems (De los Rios and Charnley, 2017). CE proposes a range of circular strate-
gies such as reduce, reuse, repair, recycle, restore, and cascading (Blomsma et al., 2019). The holistic 
and transformative changes envisioned in CE inherently require changes from the very early stages of 
the creation of the product or service. Circular thinking needs to be carefully integrated through the 
design process because resources, infrastructure, and life-cycle of a product are determined at the design 
product specification stage (Bocken et al., 2016; De los Rios and Charnley, 2017; Demirel and Danis-
man, 2019; Henry et al., 2020). In this paper, we argue that firms’ strong commitment and investments 
in circular thinking and circular activities will develop sustainability-oriented capabilities that can help 
to foster eco-design innovations.

H1: Sustainability-oriented capabilities influence eco-design innovations positively.

2.3. Technological Capabilities

Eco-innovation literature highlights the role of technology push and the technological capabilities ac-
quired through R&D as positively influencing firms’ ability to introduce eco-innovations (Costantini et 
al., 2015; Ghisetti and Pontoni, 2015). The enhancements in technical knowledge by R&D help firms to 
improve their abilities in meeting new environmental regulations, become more adept in terms of their 
ecological impact and innovations, and accumulate knowledge in favor of eco-innovation (Horbach, 
2016; Jové-Llopis & Segarra-Blasco, 2018). Technological capabilities help the advancement of internal 
resources and capabilities to reduce the firm’s environmental impact, leading to improvements in the 
firm’s competitive advantage (Lee and Min, 2015).

Therefore, in line with the aforementioned discussions, we expect to find that SMEs that focus on 
technological capabilities through improvements in R&D investments and process eco-innovations have 
an increased tendency of adapting eco-design.

H2: Technological capabilities influence eco-design innovations positively.

2.3 Financial Resources

Although the innovation literature investigates the relationship between firms’ financial resources and 
their innovative ability in great depth, the eco-innovation literature is less focused on the role that financial 
resources affect firms’ ability to engage with environmental innovations (Migendt et al., 2017). Firms 
that lack internal financial resources struggle to find external finance for their green innovations because 
the uncertainties are even larger compared to regular innovation projects (Revell et al. 2010; Cecere et 
al. 2018). SMEs typically need external finance to introduce eco-innovations. Yet, they face further dif-
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ficulties when searching for eco-innovation funding because (1) the payback period for eco-innovations 
is longer due to higher capital costs and patient capital is only a fraction of externally available finance, 
(2) eco-innovations rely a lot on regulatory pressures, which brings another uncertainty for financiers 
and (3) returns to eco-innovation projects are uncertain and extremely skewed, and they often need col-
laterals where small firms face difficulty to obtain, especially in the case of bank loans (Cecere et al., 
2018; Demirel and Parris, 2015).

The empirical SME literature has found that when applying for bank loans, SMEs have decreased 
chances to find financial support mainly due to uncertainties and lack of collaterals (Revest and Sapio, 
2012). However, despite these difficulties, bank loans still constitute the main source of external finance 
for innovative SMEs, especially when venture capital markets are less developed (Cosh et al., 2009). 
Equity and venture capital can help mitigate the negative consequences of credit rationing for such SMEs 
and mitigate informational asymmetries because VC investors, with their specialized knowledge, can help 
SMEs by providing active management support and advice (Mrkajic et al., 2017; Hall, 2005). However, 
equity and venture capital funding are limited for SMEs as investors favor short-term gains and focus 
on firms with innovations closer to the commercialization stage. In those cases, governments and public 
funding complement private funding and help to promote and push the development of eco-innovations 
of SMEs (Olmos et al., 2012). Government grants serve as vehicles to relieve these market imperfec-
tions and support innovative SMEs. Since firms do not need to pay back these government grants, they 
constitute very valuable support and act as signals showing their ability to translate such innovations 
from conceptualization into commercialization.

Although the importance of access to finance is well-recognized in the literature, the design of an 
appropriate setting for financial support for green innovations is still at the development stage in the 
literature, and little attention has been paid to the different types of funding that would boost their ad-
vance. Considering the specific case of eco-design innovations, the literature lacks much exploration of 
the financial ecosystem surrounding SMEs. We hypothesize as follows: 

H3: Access to external finance (equity finance, grant finance, and debt finance) affects eco-design 
innovations positively.

3. DATA AND METHODOLOGY

Data

This paper utilizes data from the “Flash EuroBarometer 441: European SMEs and the Circular Economy” 
survey coordinated by the European Commission Directorate General Environment in April 2016. The 
survey aims to understand the barriers and drivers of SME participation in the circular economy through 
eco-innovation activities. It covers 10,618 SMEs with less than 250 employees in 28 European Union 
member countries, with an approximately equal number of SMEs from each country. For the analysis, 
we considered the subsample covering only the firms where the information on revenue growth was 
available, consisting of 7,165 SMEs. According to their NACE categories, these SMEs operate in vari-
ous industries, the breakdown of which is presented in Table 1.
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Variables and Methodology

The brief explanations for the variables are shown in Table 2, and the descriptive statistics are displayed 
in Table 3. The dependent variable in the study is the activity of “eco-designing products and services 
(ECO-DESIGN)” to minimize material use or to use recycled materials. It is constructed dichotomously 
and takes the value of 1 if a firm conducts eco-design activities and 0 otherwise. Table 3 indicates that 
35% of the SMEs in our sample conduct eco-design activities.

We investigate the drivers of eco-design innovations under three categories that reflect the internal 
firm resources and capabilities: (1) sustainability-oriented firm capabilities, (2) technological capabili-
ties, and (3) access to finance. Sustainability-oriented firm capabilities are measured by the investments 
into the circular economy (CIRCULARITY), which is measured as a percentage of turnover invested in 
circular economy activities over the last 3 years (2013–2016) and coded as a categorical variable that 
is classified into four categories: (1) 0%, (2) 1–5%, (3) 6–10%, and (4) 11% or more. Table 3 indicates 
that 49.21% of the firms invest in circular economy with shares of 39.02% of the firms investing 1–5% 
of their total turnover, 7.01% of the firms investing 6–10% of their turnover, and only 3.18% of the 
firms investing 11% or more of their turnover. As a robustness check, we use an alternative variable 
for circularity as being circular investments (CIRCULARINV) which takes a value of 1 if more than 
1% of the company’s turnover is invested on average per year to undertake circular economy activities 
over the last three years; 0 otherwise. It is observed from Table 3 that 70% of the SMEs invest more 
than 1% of the turnover into the circular economy. Technological capabilities are measured by process 
eco-innovations (PROCESS) which is constructed with a value of 1 if the firm conducts process eco-
innovations such as re-planning of water and energy usage, using renewable energy, and minimizing 
waste; 0 otherwise. It is evident in Table 3 that 65% of the firms in our sample conduct process EI. As 
an additional variable for technological capabilities, we consider R&D intensity (RD) that is measured 
as a percentage of firm revenue in 2015. Table 3 indicates that, on average, SMEs invest 3.7% of their 

Table 1. Industry breakdown

NACE Industries Number of SMEs % of total

B- Mining and quarrying 16 0%

C- Manufacturing 1005 14%

D- Electricity, gas, steam, and air conditioning supply 35 0%

E- Water supply; sewerage; waste management and remediation activities 62 1%

F- Construction 829 12%

G- Wholesale and retail trade 2450 34%

H- Transporting and storage 437 6%

I- Accommodation and food service activities 507 7%

J- Information and communication 314 4%

K- Financial and insurance activities 239 3%

M- Professional, scientific and technical activities 927 13%

N- Administrative and support service activities 344 5%

Grand Total 7165
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incomes in R&D. Considering the access to finance variables of interest, we measure those through 
three indicator variables: grant finance (GRANTFIN), equity finance (EQUITYFIN), and debt Finance 
(DEBTFIN). GRANTFIN is a dummy variable equals one if the firms had access to external finance 
through EU funds and government grants; 0 otherwise. EQUITYFIN equals one if equity financing, 
such as venture capital, business angels, and capital markets, are available to the company; 0 otherwise. 
Finally, DEBTFIN equals one if the firms had access to finance through bank loans, green banks, and 
peer-to-peer lending; 0 otherwise. We observe that 9% of the firms had access to GRANTFIN, 23% had 
access to EQUITYFIN, and 30% had access to DEBTFIN.

Table 2. Description of the variables

Description

Dependent variable

Eco-designing products 
and services 
(ECO-DESIGN)

Shows whether the firm is redesigning or in the process of redesigning products and services to minimize the 
use of materials or use recycled materials; takes a value of 1 if so, 0 otherwise.

Independent variables

CIRCULARITY (0%) Takes a value of 1 if 0% of the company’s turnover is invested on average per year to undertake these circular 
economy activities over the last 3 years; 0 otherwise.

CIRCULARITY (1-5%) Takes a value of 1 if 1-5% of the company’s turnover is invested on average per year to undertake these 
circular economy activities over the last 3 years; 0 otherwise.

CIRCULARITY (6-10%) Takes a value of 1 if 6-10% of the company’s turnover is invested on average per year to undertake these 
circular economy activities over the last 3 years; 0 otherwise.

CIRCULARITY (11% 
OR MORE)

Takes a value of 1 if more than 11% of the company’s turnover is invested on average per year to undertake 
these circular economy activities over the last 3 years; 0 otherwise.

CIRCULAR_INV Takes a value of 1 if more than 1% of the company’s turnover is invested on average per year to undertake 
these circular economy activities over the last 3 years; 0 otherwise.

Process eco-innovations 
(PROCESS)

Takes the value of 1 if the firm conducts process eco-innovations such as re-planning of water and energy 
usage, using renewable energy, and minimizing waste; 0 otherwise

Grant finance 
(GRANTFIN) Equals 1 if the firms had access to external finance through EU funds and government grants; 0 otherwise

Equity finance 
(EQUITYFIN)

Equals 1 if equity financing, such as venture capital, business angels, and capital markets, are available to the 
company; 0 otherwise

Debt Finance 
(DEBTFIN)

Equals 1 if the firms had access to finance through bank loans, green banks, and peer-to-peer lending; 0 
otherwise

R&D expenditures (RD) R&D expenditures measured as a percentage of company revenue in 2015

GROWTH Annual revenue growth measured as a percentage between 2015 and 2016

Size (SIZE) The natural logarithm of the number of employees in 2016

Age (AGE) The number of years since establishment. It is comprised of dummy variables out of three categories: 
(i) age=1 year (AGE1) (ii) 1year<age<=5 years (AGE1-5) (iii) age>5 years (AGE_OLDER)

B2C Equals 1 if the firm sells products/services directly to consumers ; 0 otherwise

B2B Equals 1 if the firm sells products/services to companies or other organizations; 0 otherwise

REGULATIONS_
COMPLEX Equals 1 if the firm had encountered complexity in administrative and legal procedures; 0 otherwise

REGULATIONS_COST Takes a value of 1 if the firm had encountered cost of meeting regulations and standards; 0 otherwise

Note: This table shows the list of variables used in the analysis and their brief descriptions.
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We use other firm-specific controls in the regressions such as growth, size, age, dummies for business 
to business (B2B), and business to consumer enterprises (B2C) and regulations. Growth (GROWTH) is 
measured as annual revenue growth as a percentage between 2015 and 2016. Table 3 shows that SMEs 
in our sample have an average annual growth rate of 2.83%. Size (SIZE) is calculated as the natural loga-
rithm of the number of employees in 2016, and age (AGE) is comprised of dummy variables out of three 
categories: (i) age=1year (AGE1) (ii) 1year<age<=5 years (AGE1-5) (iii) age>5 years (AGE_OLDER). 
While most SMEs in our sample (84%) are older than five years, 14% of the firms are between 1 to 5 
years old. B2B equals one if the firm sells products/services to companies or other organizations, and 
B2C equals one if the firm sells products/services directly to consumers; 0 otherwise. While 37% of 
the firms in the sample sell products/services to companies or other organizations, 22% sell directly to 
consumers. To control for the impact of regulatory requirements, we include two variables: REGULA-
TIONS_COMPLEX and REGULATIONS_COST. They are dummy variables that equal one if SMEs 
had encountered complexity in administrative and legal procedures and encountered cost of meeting 
regulations and standards, respectively; and 0 otherwise. It is apparent from Table 3 that 30% of SMEs 

Table 3. Descriptive statistics

Obs. Mean Min Max Median Stand. Dev.

ECO-DESIGN 7165 0,35 0 1 0 0,48

CIRCULARITY 7165 1,88 1 4 2,00 0,76

CIRCULARITY (0%) 3639 (50.78%)

CIRCULARITY (1-5%) 2796 (39.02%)

CIRCULARITY (6-10%) 502 (7.01%)

CIRCULARITY (11% OR MORE) 228 (3.18%)

CIRCULAR_INV 5069 0,70 0 1 1,00 0,46

PROCESS 7165 0,65 0 1 1 0,48

GRANTFIN 7165 0,09 0 1 0,00 0,29

EQUITYFIN 7165 0,23 0 1 0,00 0,42

DEBTFIN 7165 0,30 0 1 0 0,46

RD 6554 3,66 0 100 0 11,46

GROWTH 7165 2,83 -100 100 0,00 22,43

SIZE 7165 2,12 0 5,53 1,79 1,27

AGE

AGE1 7165 0,01 0 1 0 0,12

AGE1-5 7165 0,14 0 1 0 0,35

AGE_OLDER 7165 0,84 0 1 1 0,37

B2B 7165 0,37 0 1 0 0,48

B2C 7165 0,22 0 1 0 0,42

REGULATIONS_COMPLEX 7165 0,30 0 1 0 0,46

REGULATIONS_COST 7165 0,27 0 1 0 0,44

Note: The table shows summary statistics for the variables.
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report that they faced complexity when dealing with administrative and legal procedures, and 27% of 
them incurred high costs of meeting regulations and standards.

Table 4 presents the correlation coefficients between the independent variables, and there is no in-
dication of multicollinearity.

The study employs a logistic regression model (logit model) with cross-sectional estimation techniques 
to account for the dichotomous nature of the dependent variable in the analysis, aiming to investigate the 
sources of eco-design innovations in SMEs. We employ country and industry fixed effects to account for 
the heterogeneity between the countries and the industries. In the reported regressions, we show marginal 
effects, which help the coefficients to be interpreted as predicted probabilities.

4. RESULTS

Table 5 displays the findings on the influence of sustainability-oriented firm capabilities and technological 
capabilities as drivers of eco-design innovations. Columns 1 &2 consider the impact of sustainability-
oriented capabilities by employing CIRCULARITY and CIRCULAR_INV as independent variables, 
respectively. The findings indicate that circularity investments significantly enhance the probability of 
eco-design practices, supporting Hypothesis 1. Specifically, considering Column 1, when investment in 
circularity is between 1-5%, the firm’s likelihood of introducing eco-design innovations increases by 19.8 

Table 4. Correlation table

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

(1) RD 1

(2) GROWTH 0.1274* 1

(3) SIZE -0,0025 0.0342* 1

(4) AGE1 -0,0094 0.0687* -0.0550* 1

(5) AGE1-5 0.0583* 0.1151* -0.1865*-0.0567* 1

(6) B2B 0.0504* 0.0593* 0.0860* -0.0229*-0.0197* 1

(7) B2C -0.0457*-0.0802*-0.1106* 0.0222* 0.0280* -0.4064* 1

(8) PROCESS 0.0321* 0.0608* 0.1528* -0,0174 -0.0665*-0.0627* -0,0121 1

(9) CIRCULAR_
INV 0.0881* 0.0302* 0.1103* -0.0483* -0,0209 -0,0217 -0,0153 0.1046* 1

(10) 
CIRCULARITY 0.1594* 0,0261 0.0676* -0.0306* 0,0023 -0,0204 -0,0221 0.1019* 0.7742* 1

(11) 
REGULATIONS_
COMPLEX

0.0553* 0,0051 0.0677* -0,0113 -0,0158 -0.0403*-0.0328* 0.1432* 0.1678* 0.1654* 1

(12) 
REGULATIONS_
COST

0.0240* -0,0048 0.0453* 0,0026 -0,0116 -0.0569* -0,0085 0.1331* 0.1460* 0.1349* 0.4711* 1

(13) GRANTFIN 0,0115 -0,0121 -0,0082 0.0207* 0.0393* -0,0047 0,0117 -0.2848* 0.0626* 0.0812* 0,0096 0,0025 1

(14) EQUITYFIN 0.0618* 0.0686* 0.0517* 0,0066 0,0118 0.0605* -0.0890* 0.0602* 0.0622* 0.0674* 0.0814* 0.0943* -0,0052 1

(15) DEBTFIN 0.0224* 0,013 0,0059 -0,0059 0,0137 0,0136 -0,0188 0.0533* 0.1023* 0.1158* 0.1039* 0.1195* -0.0542* 0.3227* 1
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percentage points as compared to the case when there is no investment. When the investment increases 
to 6-10% and 11% or more, the probability of eco-design implementation further increases by 32.7% and 
35.1%, respectively, being significantly and economically high. We further consider CIRCULAR_INV 
as an alternative circular investment variable in Column 2, and our results are robust with this alternative 

Table 5. The influence of sustainability-oriented firm capabilities and technology push

(1) 
(Sustainability-

oriented 
capabilities)

(2) 
(Sustainability-

oriented 
capabilities)

(3)  
(Technology-

push)

(4)  
(Technology-

push)

(5)  
(Technology-

push)

(6)  
(Technology-

push)

CIRCULARITY 
(1-5%)

0.198*** 
(0,016)

CIRCULARITY 
(6-10%)

0.327*** 
(0,026)

CIRCULARITY 
(11% OR MORE)

0.351*** 
(0,037)

CIRCULAR_
INV

0.223*** 
(0,015)

PROCESS 0.312*** 
(0,012)

RD 0.002** 
(0,001)

0.002*** 
(0,001)

0.002*** 
(0,000)

0.002*** 
(0,000)

0.002*** 
(0,000)

REGULATIONS_
COMPLEX

0.127*** 
(0,012)

REGULATIONS_
COST

0.092*** 
(0,013)

GROWTH 0,000 
(0,000)

0,000 
(0,000)

0.000* 
(0,000)

0.001** 
(0,000)

0.001* 
(0,000)

0.001** 
(0,000)

SIZE 0,001 
(0,006)

0,000 
(0,006)

0.013*** 
(0,004)

0.027*** 
(0,005)

0.025*** 
(0,005)

0.026*** 
(0,005)

AGE1 -0,057 
(0,066)

-0,059 
(0,067)

-0,044 
(0,046)

-0.091* 
(0,050)

-0.086* 
(0,050)

-0.093* 
(0,050)

AGE1-5 0,017 
(0,021)

0,018 
(0,021)

0,017 
(0,016)

0,001 
(0,017)

0,003 
(0,017)

0,003 
(0,017)

B2B 0,006 
(0,017)

0,005 
(0,017)

-0,017 
(0,013)

-0.037*** 
(0,013)

-0.029** 
(0,013)

-0.031** 
(0,013)

B2C -0,011 
(0,020)

-0,01 
(0,020)

-0,024 
(0,015)

-0.034** 
(0,016)

-0,024 
(0,016)

-0.029* 
(0,016)

Pseudo R2 0,061 0,055 0,106 0,041 0,054 0,047

LR Chi2 390,19 351,7 983,76 348,75 450,95 398,97

p value-Chi2 0,000 0,000 0,000 0,000 0,000 0,000

Country FE YES YES YES YES YES YES

Industry FE YES YES YES YES YES YES

Observations 4640 4640 7165 6554 6554 6554

Note: This table displays the logit regression results regarding the impact of sustainability-oriented firm capabilities and technology 
push on eco-design innovations. Country and industry fixed effects are included in the analysis. Standard errors are robust and given in 
parentheses. *p<0.10,**p<0.05,***p<0.010.
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specification, indicating that investments of more than 1% of turnover on circularity significantly improve 
the probability of eco-design innovation adoption for SMEs. Therefore, we observe that sustainability-
oriented firm-level capabilities have a positive effect on eco-design practices. Our findings are in line 
with the strategic management literature that highlights the importance of environmentally-specific 
capabilities for achieving eco-innovations (Melander, 2018; Kabongo and Boiral, 2017).

Columns 3-6 in Table 5 display the impact of technological capabilities on the SME’s propensity 
of eco-design innovation implementations. Technological capabilities considered in these specifica-
tions are PROCESS in Column 3 and RD in Columns 4-6, respectively. Columns 5&6 further include 
the impact of regulatory requirements as control variables. Due to concerns of multicollinearity, all 
variables are not entered into the regression simultaneously. Our findings reveal that implementing 
process eco-innovations such as re-planning of water and energy usage, using renewable energy, and 
minimizing waste significantly improves the probability of involving in eco-design by 31% compared to 
the case when SMEs do not implement any process eco-innovations. While the sustainability-oriented 

Table 6. The impact of access to finance on eco-design

(1) 
(Access to Finance)

(2) 
(Access to Finance)

(3) 
(Access to Finance)

(4) 
(Access to Finance)

GRANTFIN -0.259*** 
(0,027)

-0.260*** 
(0,026)

EQUITYFIN 0.048*** 
(0,014)

0.049*** 
(0,014)

DEBTFIN 0.025** 
(0,013)

0,007 
(0,013)

RD 0.002*** 
(0,000)

0.002*** 
(0,000)

0.002*** 
(0,000)

0.002*** 
(0,000)

GROWTH 0.001** 
(0,000)

0.001** 
(0,000)

0.001** 
(0,000)

0.001** 
(0,000)

SIZE 0.027*** 
(0,005)

0.026*** 
(0,005)

0.027*** 
(0,005)

0.026*** 
(0,005)

AGE1 -0,077 
(0,050)

-0.090* 
(0,050)

-0.090* 
(0,050)

-0,075 
(0,050)

AGE1-5 0,009 
(0,017)

0,001 
(0,017)

0,002 
(0,017)

0,009 
(0,017)

B2B -0.036*** 
(0,013)

-0.038*** 
(0,013)

-0.036*** 
(0,013)

-0.037*** 
(0,013)

B2C -0.029* 
(0,016)

-0.030* 
(0,016)

-0.032** 
(0,016)

-0,026 
(0,016)

Pseudo R2 0,055 0,043 0,042 0,057

LR Chi2 463,7 360,27 352,75 477,22

p value-Chi2 0,000 0,000 0,000 0,000

Country FE YES YES YES YES

Industry FE YES YES YES YES

Observations 6554 6554 6554 6554

Note: This table displays the logit regression results regarding the impact of access to finance on eco-design innovations. Country and 
industry fixed effects are included in the analysis. Standard errors are robust and given in parentheses. *p<0.10,**p<0.05,***p<0.010.
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capabilities constitute the strongest driver of eco-design innovations, the impact of broader technological 
capabilities of SMEs on eco-design practices is also significant. Columns 4-6 use RD as an alternative 
technological capability variable and confirm the previous findings. This is in line with Hypothesis 2 
that technological capabilities are likely to improve eco-design activities. This confirms the findings in 
the eco-innovation literature that highlights the role of technology-push and technological capabilities as 
positively influencing the introduction of eco-innovations (Costantini et al., 2015, Demirel and Kesidou, 
2019; Ghisetti and Pontoni, 2015).

Considering the access to finance variables, Table 6 reports our findings and implies that access to 
equity finance through venture capital, business angels, and capital markets is positively and signifi-
cantly associated with greater willingness to conduct eco-design innovations. This is in line with the 
literature stating that equity and venture capital mitigate information asymmetries and help to lessen the 
negative consequences of credit rationing for SMEs. Equity finance can help SMEs by providing active 
management support and advice (Mrkajic et al., 2017; Hall 2005). Access to grant finance in terms of 
EU funds and government grants, on the other hand, is interestingly observed to significantly decrease 
the likelihood of eco-design innovations. Access to debt finance through bank loans, green banks, and 
peer-to-peer lending is not significantly related to eco-design adoption. Therefore, grant finance and 
debt finance are ineffective for SMEs in promoting eco-design activities.

Considering the control variables that might potentially influence eco-design innovations, we observe 
in Tables 5&6 that the likelihood of eco-design increases for larger and high growth SMEs and under 
more stringent regulatory requirements, which is in line with the findings in the literature (Bossle et al., 
2016; De Marchi, 2012). On the other hand, younger SMEs which are less than one year old and SMEs 
that focus on B2B are likely to conduct fewer eco-design innovations.

5. DISCUSSION AND CONCLUSIONS

This paper investigates the role of firm capabilities and resources for driving eco-design innovations 
among European SMEs. The findings of the paper indicate that sustainability-oriented capabilities 
that are measured by the investments into the circular economy significantly improve the practice of 
eco-design innovations. Likewise, technological capabilities have an important impact on the adoption 
of eco-design innovations. These two findings argue for the importance of building SMEs’ innovation 
capabilities with a particular emphasis on their relationship with the natural environment. While external 
factors such as regulatory pressures and demand from stakeholders are essential to moving firms in the 
right direction to control their impact on the environment, firms’ internal innovation and sustainability 
capabilities are what determine firms’ ability to effectively respond to these stimuli.

In line with this finding, it is important to evaluate how SMEs can grow their technological and 
sustainability-oriented capabilities in order to maximize the industrial efforts towards low-carbon 
transitions. Most SMEs present limited resources to invest in innovation and sustainability as a natural 
outcome of their size. Hence, the business case for sustainability needs to be clear in order to incentivize 
SMEs’ decision to invest in their sustainability-oriented capabilities. While basic regulations exist in all 
EU countries to control the environmental impact of corporations, they are often not aligned with the 
underlying principles of the circular economy. SMEs typically comply with environmental regulations 
through end-of-pipeline solutions that contain the pollution created. This presents little space for in-
novation and high costs. Instead, regulations should focus on incentivizing firms to avoid pollution and 
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waste of all types throughout all stages of operations, rather than containing it at the end of operations. 
Industrial and environmental policies should be carefully considered with SMEs in mind to ensure their 
participation in the CE. For instance, recently designed tax breaks for repairs in Sweden are an excellent 
policy intervention in support of the circular economy. It is intended to boost eco-design with repairs in 
mind as well the emergence of a repairs industry that is likely to accommodate many SMEs.

The final finding of the paper highlights that only equity finance promotes eco-design innovations. 
While access to equity finance is positively and significantly associated with eco-design innovations, the 
availability of equity finance is limited to an extremely small number of SMEs. It only applies to those 
young firms with the potential to scale fast, often using digital technologies. Indeed, we have seen the 
emergence of environmental start-up firms with strong eco-design innovations to tackle ocean pollution, 
single-use plastic pollution, etc., in recent years, and these firms have been able to secure investment 
capital. Yet, they remain to be the exception in a financial climate where cleantech investments remain 
small. Additionally, it is not reasonable to expect that the majority of SMEs will be attractive to inves-
tors for most sectors. Hence, equity finance cannot be relied on to boost the eco-design innovations of 
SMEs. Grant finance and debt finance, on the other hand, are ineffective at best for promoting eco-design 
activities. Grant finance serves a particularly important role in supporting technology-oriented SMEs, 
and there is a strong incentive for these funds to be channeled into circular economy activities more 
effectively as governments work toward environmental targets. Likewise, even though alternative debt 
finance options such as peer-to-peer lending complement traditional bank loans as potential funding 
sources for eco-innovations of SMEs, our findings suggest that there are not significant synergies between 
debt finance and eco-design innovations. A changing attitude for banks, promoted by favorable regula-
tions towards sustainability in lending, is necessary to ensure that SMEs can be integrated effectively 
into the circular economy through their design activities.

The paper has some limitations to be mentioned, which mostly originate from the nature of the dataset 
used in the empirical analysis and thereby bring forth the possible avenues for future research. We use 
a cross-sectional dataset that does not allow considering the SME’s prior eco-design practices, which 
is a common shortcoming in EI literature. Nevertheless, we tried to overcome this limitation by using 
lagged independent variables where possible (e.g., investments in EI in the last three years).
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ABSTRACT

Green supplier selection has a crucial importance for businesses. In the past, the selection of suppliers 
was solely based on conventional criteria such as cost, quality, and flexibility whereas expectations of 
businesses transformed in today’s world on grounds of raised environmental awareness, public pres-
sure, and regulations. Alternatives called green suppliers sensitive to the environment, preserving the 
ecological balance, managing wastes, and preventing pollution increased in value. This study analyzes 
practices on the selection of green suppliers. The articles between 2014 and 2021 were analyzed from 
the perspective of green criteria. The green criteria in the 50 articles determined are divided into 28 
groups. With the k-means algorithm, these criteria groups are divided into four clusters, which was aimed 
to analyze the usage frequency of green criteria. This study is intended to contribute to green supplier 
selection practices in academia and industry in the future.

INTRODUCTION

Businesses establish supply chains for products and services they provide. One of the most important 
steps in any supply chain is the selection of a supplier that fits for demands and expectations of the busi-
ness. Suppliers that are part of a green supply chain are expected to be green suppliers. Suppliers that 
adopt green practices, manage their waste, comply with societal and legal norms about the environment 
and run environmental management systems are preferable for green supply chains (Büyüközkan & 
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Vardaloğlu, 2008). Multi-criteria decision-making (MCDM) methods are adopted often for the selection 
of a green supplier.

These methods are based on comparison and grading of alternatives, which provides selection of the 
best one or ranking the alternatives. It enables to offer rational solutions for complicated problems in the 
light of considerations that contradict one another (Triantaphyllou, 2000). There are a variety of MCDM 
methods in the literature. Among the most popular ones are Analytic Hierarchy Process (AHP), Technique 
for Order Preference by Similarity to Ideal Solution (TOPSIS), Elimination and Choice Translating Reality 
English (ELECTRE), and Preference Ranking Organization Method for Enrichment Evaluations (PRO-
METHEE). Freeman and Chen (2015) implemented Entropy and TOPSIS along with integrated AHP. 
Espinilla et al. (2015) adopted ELECTRE, Gupta and Barua (2017) used BWM (Best-Worst Method) and 
fuzzy TOPSIS, and Kumar et al. (2017) implemented fuzzy ELECTRE. Similarly, literature also offers 
studies over the selection of green suppliers through goal programming and optimization. A thorough 
literature review was performed in this study. It was intended that observing current trends by choosing 
a time period covering recent dates produces more accurate and consistent results. Thus, it was deemed 
appropriate to include the studies between 2014-2021. The Web of Science Core Collection database 
was selected for literature review. The reason for choosing this database is to access articles published 
in quality journals with well-known indexes. An online search was performed on this database using 
these keywords: “green supplier” or “green supplier selection” or “green supplier evaluation” or “green 
supplier multi-criteria decision making” in the topic section. Only articles were chosen and books, book 
chapters, conference papers, theses, and other academic publications were excluded from the search. In 
addition, the timespan was set from 2014 to 2021, and only articles written in English were considered. 
It was desired to select green supplier selection articles that included at least one MCDM method, one 
case study, and considered appropriate for the scope of the study. All of the articles reached from the 
database were first subjected to abstract scanning and those that were not suitable for the study were 
excluded. 50 articles that were eligible after full-text scanning were included in the study.

BACKGROUND

Recently, many literature reviews of green supplier selection and green supply chain have been applied. 
Srivastava (2007) divided studies over green supply chain management into three categories: Importance 
of a green supply chain, green design and green operations. As a part of the study where the focus was 
on reverse logistics, criteria were tabulated using multi-criteria decision-making and other methods that 
were previously adopted. Genovese et al. (2010) compiled a review on the selection of environmental 
suppliers and presented a list of criteria employed. Sarkis et al. (2011) classified the studies over green 
supply chain management within the framework of organizational theories. Igarashi et al. (2013) carried 
out a compilation study that includes 60 articles over the selection of green suppliers from 1991 to 2011. 
The articles were reviewed and analyzed from the normative, empirical, and conceptual perspectives. 
Govindan et al. (2015) reviewed the evaluation and selection of green suppliers between 1997 and 2011. 
The study, which analyzed the selection perspectives and common criteria for selection, suggested that 
the most common criterion is environmental management systems. Fahimnia et al. (2015) performed 
a wide-ranging literature review about green supply chain management, and divided the articles into 
clusters by journal, country, year and citations. My Dung et al. (2016) reviewed the studies where AHP 
and Analytical Network Analysis (ANP) were adopted for the selection of green suppliers. Soda et al. 
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(2016) performed a literature review on green supply chain management (GSCM). The performance of 
GSCM practices, functional barriers and practices on selection of green suppliers were reviewed. Konys 
(2019) performed a literature review that covers green criteria. Konys employed PRISMA methodology 
to confirm the data of green criteria which are used before. It is a far-reaching study in which a database 
for green criteria was established. Published between 2002 and 2014, 36 articles serve as the basis of 
the review. The Table I displays some of review studies analyzed.

MAIN FOCUS OF THE CHAPTER

There are several ways to set criteria for selecting a supplier. The most common one is to review stud-
ies in the literature and determine criteria appropriate for the scope of implementation. The purpose of 
benefiting from previous studies is to use similar criteria in studies conducted in similar industries. The 
criteria to be considered in the selection of green suppliers are expected to be green criteria. This study 
is intended to be of use for further studies over the selection of green suppliers. The green criteria, which 
were previously adopted in literature, were divided into criteria groups and classified. The definitions of 
green criteria were reviewed, and they were displayed by studies. This study contributes to the literature 
by proposing green criteria clustering with k-means algorithm. It is thought that the study reflects current 
trends since 50 articles between years 2014-2021 constitute the scope of the study. This clustering study is 
expected to be useful in determining the green criteria groups that should be used in future applications.

Table 1. Green supplier selection review studies

Source Year Number of articles 
reviewed Years gap Scope

Genovese et al. (2010) 2010 15 2003-2008 Review on awareness of sustainability for 
selection of green suppliers.

Igarashi et al. (2013) 2013 60 1991-2011
Review on theoretical, empirical and analytical 
models of studies over the selection of green 
suppliers.

Villanueva-Ponce et al. 
(2015) 2015 34 2007-2013

Multi-criteria decision-making methods adopted 
for the selection of green suppliers and analysis 
of criteria.

Govindan et al. (2015) 2015 33 1997-2011
Selection methods, the most common criteria 
and limitations for the evaluation and selection 
of green suppliers.

My Dung et al. (2016) 2016 36 2002-2014
Compilation of studies where AHP and ANP 
multi-criteria decision-making methods are 
adopted for the selection of green suppliers.

Ghadimi et al. (2016) 2016 61 2008-2014

Classification by response to seven questions 
such as criteria reviewed for the selection of 
green/sustainable suppliers, methods adopted 
and impact of a green supplier on environmental 
performance.

Konys (2019) 2019 190 2007-2019 Ontology of criteria for selection of green 
suppliers.
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Issues, Controversies, Problems

The first Industrial Revolution enabled to use of steam power and made things easier for production. 
The second Industrial Revolution allowed for mass production through the division of labor and pro-
duction lines, thus offering a capability to manufacture high amounts of goods at a low cost (Lins et al., 
2018). The third Industrial Revolution integrated automation technologies into production and service 
industries. Nowadays, Industry 4.0, which is renowned for virtual platforms, use of big data, and cyber-
physical systems (CPS), is widespread (Witkowski, 2017). In this process, most of the efforts focused on 
increasing production, and the environmental issue remained in the background. Waste generated in the 
process was released into the environment, polluting water reservoirs. Gases recklessly released caused 
the greenhouse effect and global warming. Global warming has increased the global temperature year in 
and year out, disrupting the natural balance and posing a threat to the habitat of creatures (Ehrlich, 2008).

Like all organizations, businesses have begun to include environmental concerns in their plans by 
studying environmental processes. In addition to management, production, and marketing concepts, sup-
ply chains have also been reorganized in a green-focused manner. Consequently, the concept of green 
supply chain has emerged (Srivastava, 2007).

Green Supply Chain

Before focus on green suppliers, it is essential to describe supply chains. A supply chain is a system of 
organizations where suppliers are involved as it stands for planning, design and inspection of any service, 
product and information flow from a manufacturer to a client (Srivastava, 2007). The concept of green 
supply chain is an environmentally friendly rendition of the aforementioned classic definition of a supply 
chain. Table 2 shows the transformation of supply chain operations into green supply chain operations. 
As displayed, procurement, production, distribution, logistics and packaging operations, which are part of 
supply chains, are replaced by green procurement, green production, green distribution, reverse logistics 
and green packaging, which are part of green supply chains (Büyüközkan & Vardaloğlu, 2008). Figure 
1 displays green supply chain operations.

Table 2. Transformation of a supply chain to a green supply chain concept

Operation Supply chain Green supply chain Change

1 Procurement Green procurement Priority attached to procurement of low resource consumption 
and environmentally friendly products, material and services.

2 Production Green Production
Capability to not only manufacture high-quality, resilient 
and cost-effective items but do so without any environmental 
damage.

3 Distribution Green Distribution
Establishment of a distribution network that generates little 
CO2 and consumes environmentally friendly energy for the 
distribution of any service or product.

4 Logistics Reverse Logistics Establishment of a logistic infrastructure that covers re-use, 
recycling and recovery operations.

5 Packaging Green Packaging Use of recyclable materials for packaging.
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Green Supplier

A green supplier is a supplier that is part of a green supply chain. Green suppliers are supposed to be 
environmentally friendly, capable of managing their waste, aspire to reduce their carbon footprints, and 
respect to natural resources. A green supplier can be described in various ways depending on the industry 
involved, expectations of decision makers and perspectives of authors. The definitions that the authors 
used in their studies are displayed in Table 3.

The selection of suppliers brings about challenges for organizations (Govindan & Sivakumar, 2016). 
Involved in supply chains established by organizations to run their operations and allocated with a large 
number of financial resources, suppliers are expected to be successful when it comes to criteria such as 
quality, cost, and service. As attributes (criteria) usually contradict one another, it is essential to make 
an analytical assessment of criteria to be taken into account. This has entailed a solution to supplier 
selection problems through certain means. In the literature, numerous multi-criteria decision-making 
methods are widely used for green supplier selection. In addition, there are studies that adopted tools 
such as linear programming, artificial intelligence, optimization, and goal programming (Chen, 2011). 
Figure 2 displays the structure of green supplier selection problems.

Figure 1. Green supply chain operations (Büyüközkan and Vardaloğlu, 2008)
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Green Criteria

A criterion is an attribute to be taken into consideration for the analysis of options. Criteria must be 
set as a part of the organizational setup for the selection of green suppliers. For conventional supplier 
selection, criteria such as cost, price, quality, service, and delivery are often adopted. In addition to the 
aforementioned criteria based on which suppliers are expected to deliver a good performance, there 
might be other criteria set in accordance with the requirements of a given industry or expectations of 
operators. By their nature, green criteria are taken into account for the selection of a green supplier. 
Although only green criteria can be used in the selection of green suppliers, it can also be used with 
dimensions that include economic and social criteria. Green criteria in the articles covering the scope 
of the study are shown in Table 4.

Table 3. Some examples for the definition of a green supplier

Source Definition of a green supplier

Lee et al. (2009) A supplier that adapt to the environment and are expected to design efficient and green items and perform life 
cycle analyses.

Hu et al. (2015) A supplier that are available in all supply chains to help saving cost and achieving environmental protection.

Wang Chen et al. (2016) A supplier that comply with expectations and goals of a business to minimize its adverse environmental 
impact and maximize its economic performance.

Tsai et al. (2016) A supplier that help businesses, once they are evaluated by proper criteria, improve their efficient use of 
resources, reduce their consumption of resources and create a green corporate image.

Pang et al. (2017) A supplier with low-carbon ability selected by businesses to manage pressures imposed by governments and 
markets.

Lin et al. (2018) A supplier that can provide environmentally friendly competencies.

Figure 2. The structure of green supplier selection problems (Konys, 2019)
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Table 4. Green criteria in the articles

No Green criteria Definition References

1
Environmental 
management system 
and certification

Any certification system developed by organizations to find out and 
manage environmental effects of their operations in an effort to certify 
their environmental management skills. The most common is ISO14001 
(Ahmadi et al., 2017).

Wang Chen et al. (2016),  
Guo et al. (2017),  
Banaeian et al. (2018),  
Abdullah et al. (2019)

2 Green image
Prioritization of the capability to manufacture green items in accordance 
with environmental standards and its perception in the eyes of consumers 
(Mousakhani et al., 2017).

Freeman and Chen (2015), 
Gupta et al. (2019), 
Ghorabaee et al. (2020)

3 Green packaging
Describes the use of environmentally friendly packaging and packaging 
materials that dissolve or degrade and do not adversely affect the nature 
(Uygun & Dede, 2016).

Kannan et al. (2015), Uygun 
and Dede (2016), Liang and 
Chong (2019)

4 Pollution control and 
prevention

Controlling and monitoring organizations so that the pollution generated 
by their operations does not do damage to the nature.

Fallahpour et al. (2016), 
Ulutaş et al. (2019), Gupta et 
al. (2019)

5 Green production 
systems

It refers to the effort to minimize the consumption of raw materials and 
energy for production.

Uygun and Dede (2016), 
Lo et al. (2018), Liou et al. 
(2019)

6 Green technology

Generating environmentally friendly outcomes by means of technology 
to be put to use for purposes such as protection of human health and 
environment, and promotion of sustainable economic development (Wu et 
al., 2019).

Ghorabaee et al. (2016), 
Tian et al. (2018), Chen et al. 
(2018)

7 Green purchasing
It is the observance of the environment in the purchasing and purchasing 
activities of reusable, recyclable and non-hazardous products and raw 
materials (Fallahpour et al., 2020).

Liou et al. (2019), Fallahpour 
et al. (2020)

8 Green product/
material

Any environmentally friendly product that can be monitored for its entire 
life cycle be free from any toxic material and made of recyclable elements.

Demir et al. (2018), 
Khorasani (2018) Kumari and 
Mishra (2020)

9
Management 
commitment to 
green supply chain

Having an environmentally friendly perspective and acting in line with 
a social responsibility within the body of an organization through the 
support and encouragement of high and medium level managers (Hashemi 
et al., 2015).

Hashemi et al. (2015), 
Haeri and Rezaei (2019), 
Krishankumar et al. (2020)

10 Energy/resource 
consumption

Any operational process requires minimizing energy consumption and 
gravitating toward renewable energy resources.

Cao et al. (2015), Bakeshlou 
et al. (2017), Hou and Xie 
(2019)

11 Green transportation Use of less-polluting vehicles for transportation purposes and selection of 
alternative vehicles with less environmental damage.

Demir et al. (2018), 
Chatterjee et al. (2018), 
Ulutaş et al. (2019)

12 Reverse logistics A green operation that stands for moving goods from their final 
destination (consumers) for the purpose of capturing value.

Cao et al. (2015), Chatterjee 
et al. (2018), Liang and 
Chong (2019)

13 Waste management It is the reduction, measurement and monitoring of wastes by suppliers 
during their operations.

Yazdani (2014), Freeman and 
Chen (2015), Shojaei and 
bolvardizadeh (2020)

14 Hazardous/Toxic 
substances

Chemical and other materials that pose an environmental threat must be 
managed in all aspects such as storage, utilization, recycle and disposal.

Zhao and Guo (2014), 
Chatterjee et al. (2018), 
Gegovska et al. (2020)

15 Waste water

Any increase in the amount of waste water generated exacerbates 
environmental impact and causes an increase in ecological footprints. The 
flow of waste water into water reservoirs poses a risk for natural balance 
(Govindan et al., 2017).

Kannan et al. (2015), 
Govindan et al. (2017), 
Yazdani et al. (2019)
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Table 4. Continued

No Green criteria Definition References

16 Air emission
Taking under control, measuring, reducing and classifying any harmful 
quantities of air caused by chemicals and combustion operations that harm 
the ozone layer (Kuo et al., 2015).

Dobos and Vörösmarty 
(2019), Hou and Xie (2019), 
Yazdani et al. (2019)

17 Green market share Criteria that project prospective changes in market share of businesses in 
consideration of their green reputation (Pati et al., 2016).

Kannan et al. (2015), Liang 
and Chong (2019)

18 Green design
Product design based on reuse, recovery and recycle of materials, use 
of fewer materials and less energy, prevention or reduction of the use of 
hazardous materials (Çalık, 2021).

Ecer (2020), Çalık (2021), 
Zhang et al. (2021)

19 Remanufacturing Criteria to remanufacture items and recover their lost value through 
methods such as repairment of damaged components.

Kannan et al. (2015), Uygun 
and Dede (2016), Gegovska 
et al. (2020)

20 Reuse The re-utilization of previously used items, and thus recovery of materials 
and energy in an effective fashion.

Yazdani (2014), Kannan 
et al. (2015), Dobos and 
Vörösmarty (2019)

21 Reducing activities It demonstrates giving importance to mitigation efforts while conducting 
activities. Uygun and Dede (2016)

22 Recycle A common term that stands for processing used items to convert them into 
new ones.

Yu and Hou (2016), Hou and 
Xie (2019), Liang and Chong 
(2019)

23 Environmental 
training

The fact that individuals in an organization are equipped with 
environmental training in an effort to achieve green goals.

Qin et al. (2017), Gupta et al. 
(2019), Krishankumar et al. 
(2020)

24 Green R&D and 
innovation

This term is a token of research and development efforts exerted by a 
business for the development of environmentally friendly technologies, 
practices, procedures and methods, and continuous improvement of its 
current structure (Qin et al., 2017).

Kannan et al. (2015), Qin et 
al. (2017), Wu et al. (2019)

25 Eco-labeling The usage of an environmentally friendly label by suppliers to deliver a 
high performance in line with green goals. Liang and Chong (2019)

26 Green warehousing A green criterion to save space and energy for all warehousing operations. Kannan et al. (2015), Liou et 
al. (2019), Ulutaş et al. (2019)

27 Solid waste Measurement and control of the amount and extent of solid waste 
generated.

Govindan et al. (2017), Liang 
and Chong (2019), Gegovska 
et al. (2020)

28 Environmental costs Calculation of the cost of environmental damage caused by raw materials 
and goods

Cao et al. (2015), Wu et al. 
(2019), Ecer (2020)

29 Environmental 
policies

The efforts to adapt to applicable legislations and standards on 
environment.

Zhao and Guo (2014), Liou 
et al. (2016), Shojaei and 
bolvardizadeh (2020)

30 End-of-pipe 
practices It shows investments in waste reduction and recycling management. Ahmadi et al. (2017)

31 Green management 
and control

It describes the management and control activities carried out in order to 
have environmental targets, plans and policies.

Tsui and Wen (2014), Wan 
et al. (2017), Chatterjee et al. 
(2018)

32 Environmental 
competencies

Possession of sufficient ecological knowledge, socio-economic know-how, 
and skills for environmental conservation (Gitinavard et al., 2018).

Mousakhani et al. (2017), 
Gitinavard et al. (2018), Wan 
et al. (2020)

33 Pollution production It refers to the amount of pollution that occurs in the measurements.
Ghorabaee et al. (2016), 
Haeri and Rezaei (2019), Wu 
et al. (2019)
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ANALYSIS

It is known that there is at least one green criterion in each of the green supplier selection practices that 
constitute the scope of the study. It was seen that only green criteria were used in some studies, and other 
criteria were used in addition to green criteria in others. In 42 of the 50 studies (84%), green criteria were 
used along with other criteria, while only green criteria were included in the remaining 8 studies (16%). 
As can be seen in Table 5, criteria other than green are generally traditional criteria such as cost, price, 

Figure 3. Label cloud of criteria adopted in the studies

No Green criteria Definition References

34 Environmental 
efficiency Conducting environmentally efficient activities. Kannan et al. (2015), 

Fallahpour et al. (2020)

35 Green degree level It expresses the grade of environmental friendliness of the alternative. Yu and Hou (2016)

36 Environmental 
performance It is the efforts of the supplier to achieve its environmental goals. Uygun and Dede (2016), Lo 

et al. (2018)

37 Environmental 
consciousness

It reflects the awareness of suppliers in the supply chain while 
implementing their operations.

Zhao and Guo (2014), Wan 
and Li (2015), Shojaei and 
bolvardizadeh (2020)

38 Green social 
responsibility

It is the social responsibility activities that suppliers show on 
environmental issues.

Liang and Chong (2019), 
Shojaei and bolvardizadeh 
(2020)

39 Green risk It is to evaluate, measure, and prevent the dangers and risks that occur in 
the environment (Fallahpour et al., 2020). Fallahpour et al. (2020)

40 Environmental 
collaboration

The capacity of collaborations on environmental assessment while 
carrying out the activities of the elements in the supply chain (Liou et al., 
2019).

Liou et al. (2016), Liou et 
al. (2019), Fallahpour et al. 
(2020)

41 Green application It is the environmental output of the supplier’s practices. Rouyendegh et al. (2020)

Table 4. Continued
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quality, service time, quality control. Figure 3 contains the tag cloud created according to the frequency 
of the criteria used in the studies. These criteria can be placed under the main criteria such as social, 
ethical, quality, cost, and it was noticed that green criteria and other criteria exist together without the 
main criteria. The intensive use of other criteria shows that the high rate of use continues in practices 
such as the recent selection of green suppliers.

To examine the green criteria, 28 green criteria groups were established. While determining groups, 
the most used green criteria are usually arranged as separate group titles. In cases where the environ-
mental criteria were intertwined with each other, the descriptions of the authors who used the criteria 
were taken into consideration. If a definition of the criteria was not given in the study, it was tried to 
find out which criterion group it belongs to for the authors’ point of view and the field of application. 
For each case, it was aimed to make an appropriate grouping study by making comparison with other 
studies. Each criterion was included in only one group in order to avoid a statistical error. The fact that 
the criteria names and definitions are included differently in most studies made it difficult to distribute 
the criteria. In order to overcome this difficulty, the criteria were examined one by one, even if they have 
different names, a common structure was created within the group by paying attention to the definitions 
and is shown in Table 6.

Two parameters named “frequency” and “appearance” were specified for evaluating these criteria 
groups. The “frequency” parameter refers to the total number of times each criterion group was seen 
in articles. “frequency” refers that the total number of groups in these articles. The other parameter, 
“appearance”, is the total number of articles that include the first parameter. For example, there were 
criteria from 25 “eco-design” groups in the reviewed articles. Since there are criteria from more than 
one “eco-design” group in some studies, these criteria were included in the 19 articles.

SOLUTIONS AND RECOMMENDATIONS

The groups are classified by considering the two parameters mentioned above. Groups were intended 
to be divided into four classes, from the most frequently used to the least used. These groups are named 
“Very common”, “Common”, “Moderately common” and “Less common”, respectively. The k-means 
clustering algorithm is used for this process. The k-Means clustering algorithm is an unsupervised al-
gorithm that aims to divide n data into k clusters where each sample is closest to it (Likas et al., 2003). 
The clustering algorithm aims to minimize the sum of squares of various types (Wang et al., 2012). As 

Table 5. The other most common criteria

Criteria Reference

Cost Mousakhani et al. (2017), Gitinavard et al. (2018), Chen et al. (2018), Gegovska et al. (2020)

Quality Tsui and Wen (2014), Lo et al. (2018), Haeri and Rezaei (2019)

Price Kannan et al. (2015), Banaeian et al. (2018), Gupta et al. (2019)

Delivery Khorasani (2018), Hou and Xie (2019), Ghorabaee et al. (2020)

Technology Wan and Li (2015), Wan et al. (2017), Bakeshlou et al. (2017)

Service Ahmadi et al. (2017), Gegovska et al. (2020), Wan et al. (2020)
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Table 6. Important criteria created for the content of the groups

Group no Group Criteria

G1 Environmental Management System Environmental management system, ISO14001, green certification, 
environmental certification

G2 Green Image Green image, green social responsibility, green enterprise image

G3 Green packaging and labeling Green packaging, eco-packaging, eco-labeling

G4 Pollution Control Pollution control, pollution prevention

G5 Green Manufacturing Green manufacturing, cleaner production, green production

G6 Green Technology and R&D Green technology, use of eco-friendly technologies, low-carbon 
technology

G7 Green Purchasing Green purchasing, requirement of low-carbon purchasing

G8 Green Product/Material Green product, green material, use of eco-friendly raw materials

G9 Management Commitment Commitment of green supply chain management from managers, 
green supports by top managers of contractors companies

G10 Energy/Resource Consumption Energy consumption, resource consumption, saving energy

G11 Green Distribution Green transportation, reverse logistics, green warehousing

G12 Waste Management Waste management

G13 Hazardous Substance Hazardous substance, use of toxic/restricted substances, inventory of 
hazardous substances

G14 Amount of Waste Waste water, waste production, solid waste

G15 Air Emission Air emission, CO2 emission, greenhouse gas emission

G16 Green Market Share Ratio of green customers to total customers, green customers’ market 
share

G17 Eco-Design Green design, eco-design, ecological design

G18 Remanufacturing, Reuse and Recycle Remanufacturing, recycle, reuse, recycling

G19 Staff Environmental Training Green training, staff environmental training

G20 Environmental Costs Environmental cost, total green product cost

G21 Environmental Policies Environmental policies, Environmental permits and reporting, 
government regulations and legal compliance on the environment

G22 Green Management and Control Green management, environmental management, environmental 
control, environmental planning

G23 Environmental Competencies Environmental competencies, green competencies

G24 Pollution Production Pollution production, pollution, Environmental pollution of production

G25 Green Risk Evaluation Carbon risk evaluation

G26 Environmental Collaboration Environmental collaboration, environmental collaboration and 
information sharing with firm

G27 Environmental Consciousness Environmental consciousness, Environmental awareness

G28 Environmental Performance and 
Efficiency Environmental performance, Environmental efficiency
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an iterative algorithm, the closest one to the centroids is assigned with this method. The main function 
of k-means algorithm as follows (Eq. (1)):
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1 1
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where j={1,2,3,…,k} and i={1,2,3,…,n}. In Eq. (1), J represents main function, i represents number 
of data, cj and xi stand for centroid of jth cluster and data point, respectively. The application was made 

Table 7. The frequency and appearance numbers of green criteria groups

Group no Group Frequency Appearance

G1 Environmental Management System 31 20

G2 Green Image 14 14

G3 Green packaging and labeling 10 8

G4 Pollution Control 12 12

G5 Green Manufacturing 14 12

G6 Green Technology and R&D 17 14

G7 Green Purchasing 2 2

G8 Green Product/Material 13 12

G9 Management Commitment 7 7

G10 Energy/Resource Consumption 21 21

G11 Green Distribution 11 8

G12 Waste Management 6 6

G13 Hazardous Substance 9 7

G14 Amount of Waste 10 8

G15 Air Emission 9 9

G16 Green Market Share 3 2

G17 Eco-Design 25 19

G18 Remanufacturing, Reuse and Recycle 26 14

G19 Staff Environmental Training 8 8

G20 Environmental Costs 8 5

G21 Environmental Policies 9 7

G22 Green Management and Control 19 15

G23 Environmental Competencies 7 7

G24 Pollution Production 10 10

G25 Green Risk Evaluation 1 1

G26 Environmental Collaboration 3 3

G27 Environmental Consciousness 4 4

G28 Environmental Performance and Efficiency 4 4

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use



219

Investigation of Green Criteria With Clustering Analysis in Green Supplier Selection
 

with MATLAB software. In the clustering study of the algorithm, three different centroids and four green 
criteria set groups were formed. The result of the algorithm taken from the software is shown in Figure 4.

As a result of the clustering in Figure 4, there are four green criteria groups in the first cluster, six in 
the second cluster, twelve in the third cluster, and six in the fourth cluster (Table 8).

Figure 4. The result of the algorithm taken from MATLAB

Table 8. Clusters resulting from the k-means algorithm

The first cluster The second cluster The third cluster The fourth cluster

Very common Common Moderately common Less common

Environmental Management 
System Green Image Green packaging and labeling Green Risk Evaluation

Energy/Resource Consumption Pollution Control Management Commitment Environmental Collaboration

Eco-Design Green Manufacturing Green Distribution Environmental Awareness

Remanufacturing, Reuse and 
Recycle Green Technology and R&D Waste Management Environmental Performance 

and Efficiency

Green Product/Material Hazardous Substance Green Market Share

Green Management and Control Amount of Waste Green Purchasing

Air Emission

Staff Environmental Training

Environmental Costs

Environmental Policies

Environmental Competencies

Pollution Production
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FUTURE RESEARCH DIRECTIONS

The number of studies on green supplier selection practices is increasing day by day. With this study, it 
was aimed to create a guide for green supplier selection practices. The number of articles investigated can 
be increased to achieve this goal. It may be possible to increase the accuracy of the results by including 
more articles in the study. Different databases can be scanned in addition to the Web of Science database. 
In addition, the work can be improved by increasing the number of parameters used in the k-means clus-
tering algorithm. From another perspective, in addition to green criteria, criteria in economic and social 
dimensions can also be included in the analysis. By conducting surveys with businesses in the industry, 
the results obtained by looking at the use of green criteria can be compared. Some parameters such as 
methods and sectors in green supplier selection practices can also be added to the study to improve the 
study. Thus, a holistic view can be brought to green supplier selection practices.

CONCLUSION

Today, environmental issue occupies an important place in the agenda of people and organizations. 
Regardless of the sector, all businesses have responsibilities to restore the ecological balance. While 
establishing supply chains, it is necessary to organize the processes in line with the determined green 
targets (Akcan & Taş, 2019). At every moment of the implementation of the decisions taken, the environ-
ment should be cared for and the green should be taken into account. In this direction, the supply chains 
created should also be a “green supply chain”. While establishing green supply chains, various criteria 
should be determined for the selection of suppliers and management of the chain, and the importance 
(weights) of these criteria should be determined and calculated in a deterministic manner.

In this study, the green criteria used in green supplier selection studies were analyzed. A taxonomy 
was intended to be made in which studies with similar names and/or definitions will be evaluated together. 
Since all of the green criteria aim to protect the environment and minimize damage, criteria that have 
close meanings with each other can be determined from time to time. In addition, it may be encountered 
with the situation of qualifying more than one green criterion in one criterion. In order to overcome this 
situation, the authors’ definition of criteria, the markets where the applications are made, and the criteria 
setting structures were examined. To create a general framework, the green criteria are divided into 28 
groups. These groups were analyzed with k-means clustering algorithm. MATLAB program was used 
for the application. According to this method, three centroids were formed and clusters were divided 
into four clusters according to their frequency of use. It was reached that first cluster are “environmental 
management system”, “energy /resource consumption”, “eco-design” and “remanufacturing, reuse and 
recycle”. These groups can be referred to as very common green criteria. The second cluster is called 
common criteria included “green image”, “pollution control”, “green manufacturing”, “Green technol-
ogy and R&D”, “green product/material”, and “green management and control”. Twelve and six groups 
took place in the third and fourth clusters, respectively.

The environmental management system group was determined as a green criteria set, including 
ISO14001, other environmental management systems and green certificates. It is deemed appropriate 
for businesses to request suppliers that have these, since they can be easily revealed, measured, and 
have certificates and systems issued by independent institutions and organizations. The fact that a large 
part of the green criteria still cannot be measured causes only 16% of the studies to be selected with 
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completely green criteria. Price, cost, and service time have still an important place in applications as 
traditional criteria.

It is a complex task to determine the criteria for green supplier selection and green supply chain ap-
plications. Usually, the application parameters are determined by examining the past scientific literature 
or based on the experience of experts. Failure to create the most suitable structure for the desired purpose 
may cause the results to be inadequate or incorrect. In this study, green criteria in green supplier selection 
practices were examined. The results obtained reflect the green criteria trends in studies in the current 
literature. It is thought that the clusters obtained as a result of the algorithm can be used in determining 
the green criteria in the green supplier selection problems to be created.
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KEY TERMS AND DEFINITIONS

Environmental Management System: Certification system that measure the competencies of or-
ganizations and organizations in green management.

Green Criteria: Attributes or factors that evaluate environmental impact.
Green Distribution: Activities to minimize the negative impact on the environment in the movement 

of products and services from supplier to customer and vice versa.
Green Supplier: Suppliers that businesses cooperate to achieve environmental goals.
Green Supplier Selection: The process of enterprises to evaluate the suppliers on environmental issues.
Green Supply Chain: An environmentally friendly interpretation of the classic concept of supply 

chains.
Supply Chain: The movement of products and services and the chain or network of all the elements 

involved in this movement.
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ABSTRACT

Ranking and choosing research projects and analyzing experiments are usually difficult and complex 
responsibilities for professional research councils at universities and research centers. Its complexity 
stems from having more than one variable in each project, and the participation of many decision-makers 
in the ranking process and selection of research projects based on many variables. The fuzzy set theory 
provides the required flexibility to show the uncertainty about the lack of knowledge, and also it can 
manage the uncertainty in the real world that the values of criteria are not defined properly. For this 
purpose, in the environment where the criteria of research projects are vaguely defined, the ranking 
methods such as Taguchi, which can reduce the number of experiments and making process more ef-
ficient, can be used for quality design in designing and processing product. In this work, first of all, the 
authors review fuzzy TOPSIS technique and the Taguchi method as well; then they approach research 
efficiency and optimization of the level of effective parameters in an experiment.
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INTRODUCTION

Modern organizations work in a dynamic and competitive environment in which critical factors for their 
survival and expansion, often result in their effort for efficiency and effectiveness. Despite the concepts 
of performance, being in harmony, well-organized organizations might consider the importance of their 
competitors and compare their situation with them. Dynamic job environment has caused the importance 
of considering the competitors, changes over time (Sergey & Kweku, 2013). One of the most important 
indexes for comparison is the efficiency rate that has a broad meaning in product literature.

The flexibility of the concept of efficiency and its ability to being common in people’s daily life 
has allowed them to define this concept by their knowledge and attitude, which is different from other 
common definitions in other countries and majors (Chen & Richard, 2014). By using Taguchi and fuzzy 
TOPSIS models, efficiency in the organization and research can be evaluated and analyzed. In these 
methods, a set of goals and criteria are used to judge options, and by using a method of ranking, options 
are ranked according to the satisfaction of goals and criteria (Hajkowicz and et al., 2000). As a result, 
the option that can be ideal in every situation is more or less impossible, but choosing the most relevant 
result is relatively possible.

Fuzzy Mathematics

Fuzzy methodologies are efficient techniques for considering vagueness in the human decision. One of 
the branches of contemporary mathematics is fuzzy logic that determines complicated problems, and 
changes in the management environment can be more simply controlled by using this method.

Based on scientific principles, it has been proved that all things include an eternal principle which 
by this principle it is true or not. It may be possible to doubt ‘trueness’ or ‘falseness’ of something, but 
they do not have doubt about one thing, that each occurrence is either ‘true’ or ‘false.’ There are many 
examples like atoms vibrate or not, and grass is green and is not red or many other examples. In other 
words, the desired solution like the grass being green or red defines the trueness or falseness of a solu-
tion, should not be expanded to everything. The problem with science is expanding this matter to all 
occurrences. In logic and mathematics this principle was the norm, anything is either true or false, so in 
this way, relevant topics or mathematical expressions are either entirely right or completely false, black 
or white, one or zero, many examples can be presented (Wang & Elhag, 2006).

The problem with science has this kind of definition among all logical and mathematical matters. 
We will see that it should not be interpreted this way, but everything should be measured relatively and 
should be graded. Everything is ‘relatively’ right or wrong. In other words, real phenomena are not black 
or white but somehow ‘gray.’ Science shows gray realities with black and white tools and this was why 
we thought that reality is also black or white. Considering a person with age of more than 18 years as a 
mature one is not a true fact. The fact has some other particular concept. Between 15 to 16 years old, adults 
barely can be found and also amongst 23 or 24 years old there can be, though rare, that is not mature yet.

In the mathematics environment, there are many concepts, logics, and relations. Many of these rela-
tions and concepts are based on a two-value system meaning of true or false. For example, it is said: 
this system is stable (or unstable) because of some principle or relation or mathematical theory. Here 
only two values are considered, i.e. stable and unstable for a controllable system (it is covered in linear 
control course). In another example, software engineers say that particular software service is safe or 
unsafe and considering only two values: safe or unsafe, and value a system as safe or unsafe. Actually 
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they use only two black and white colors; many examples exist in many engineering fields that cannot 
be covered here.

Using two value like black and white is not desirable and in a way an engineer that designs a system 
(such as circuit, building, mechanical system, hardware or software system) around two value mathemat-
ics is like a painter using only two colors like black and white (not even gray).

Fuzzy and Its History

If we take a closer look at systems and their operation and values, it will be a lot better and makes engi-
neering science progress a lot faster. We can do this by setting aside the two value systems and replac-
ing it with a system or mathematics with multiple values. This multiple value system was introduced 
by Prof. Lotfi Zadeh in 1965 in an article titled “Fuzzy sets” in the “information and control” journal.

He was a co-author in 1963 in the first book of “Linear systems theory” and this book is referred in 
the best universities around the world. Prof. Lotfi Zadeh is known by many engineering science activ-
ists, but at first his articles in 1965 were not paid much attention; of course, others had some theories 
in this area, but not using fuzzy as a term. Max Black, quantum philosopher in 1937 in an article titled 
‘vagueness’ was published in the journal of science philosophy. Max Black used ‘vagueness’ because 
Charles Pearce and Bertrand Russell used this term to describe what we now call ‘fuzzy.

Crisp Sets

Crisp sets are natural and normal sets that are introduced at the beginning of the classical sets’ theory. 
Adding a crisp adjective can help us assume one of the basic concepts of fuzzy logic in our minds.

In crisp sets, membership function has only two value in its range (in mathematics, a range of a func-
tion equals to the sum of all outputs from that function). Yes or no (one or zero) are actually the two 
values that are in classical logic:
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if x A
if x A

� � � �
�

�
�
�

1

0

,

,
. 

Where, ì
A
x� �  is the membership function of element x in the crisp set of A.

Fuzzy Sets

The range of membership function is converted from {0, 1} to a close range of [0, 1] for fuzzy sets 
(Gwo-Hshiung & Huang, 2011).

Fuzzy Topsis Technique

Fuzzy TOPSIS techniques were introduced by Chen in 1992. Based on fuzzy method teachings, human 
thoughts are with uncertainty, and this uncertainty is useful in decision making. So, as a result fuzzy 
decision-making methodis used and one of these methods is fuzzy TOPSIS technique for ranking op-
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tions. In this method, decision-making matrix elements or its associated weights or both of them are 
expressed as fuzzy terms or fuzzy numbers.

There are various methods for fuzzy TOPSIS. Moreover, all of them are derived by a small change in 
fuzzy TOPSIS method introduced by Chen. (Chen and et al., 1992). However, to give more explanation 
for the fuzzy TOPSIS introduced method by Chen will thoroughly explain in this review paper (Chen 
C. T., 2000).

In this research, fuzzy TOPSIS techniques introduced by Chen (2000), and to convert qualitative 
data and lingual terms to quantitative data, we use fuzzy numbers and spectrum introduced by Amiri 
(2010) that are shown in Table 1.

The first step in creating fuzzy decision-making matrix, assume there are m alternatives, n factors, 
and k decision-makers. Fuzzy multiple criteria decision-making problem can be expressed as the fol-
lowing matrix (Roszkowska E. 2011):

�

� � � �

� � � �

� � �

� �

� �
� � � � �

� �
D

x x x x
x x x x

x x x

j n

j n

i i ij

=

11 12 1 1

21 22 2 2

1 1
xx

x x x x

in

m m mj mn

�

� � � �

�

� � � � �

� �
1 2



































W == 





W W W W
j n1 2

� � � �� �

 

In this matrix:

i = the number of inspecting elements (m)
j = the number of responders (n)
x

ij
  is the opinion of j(th) person on i(th) element as the following fuzzy numbers:

x a b c
ij ij ij ij
 � � �, , . 

w
j

  is the importance of each person’s opinion, as the following fuzzy numbers:

Table 1. Nominal terms and its relation to its values

Nominal Terms

Very Low 
(VL) Low (L) Medium (M) High (H) Very High (VH)

Nominal 
Values (0.0, 0.2) (0.0, 0.2, 0.4) (0.0, 0.4, 0.6) (0.4, 0.6, 0.8) (0.6, 0.8, 1)
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Second step
In this step, the fuzzy matrix of people’s opinion should be converted to one of the scaleless fuzzy 

matrixes R  like expressions below:
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In this equation, cj* for each person equals to:
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In this equation a
j
.value for each person is calculated by this equation:
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a
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. (2)

Third step
We create a fuzzy scale less weight matrix V  with W

ij
  as input vector:
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Fourth step
The ideal for positive fuzzy A+ and the ideal for negative fuzzy A- are defined as the following terms:
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In this research, we use ideal positive fuzzy, and Chen (2000) ideal fuzzy.
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Fifth step

If ‘A’ and ‘B’ are two fuzzy numbers as below, then their distance is derived by using equation 3:
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By taking into account the above statements about calculating the distance between two fuzzy num-
bers, we get the distance for each element from positive ideal and negative ideal:
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Sixth step
We calculate the relative nearness of i(th) element to the positive ideal like this:

CC
d

d d
i

i

i

*

i

=
+

 i=1,2,…m1. 

Seventh step
CCi is presented in descending order, and then we rank the existing options in the problem (Gwo-

Hshiung& Huang. 2011).

Factors and Experimental Design

The technique of examining and identifying the multiple factors involved in an experiment under all 
conditions is known as experimental design (Roy, 1990). This technique is also included in the litera-
ture as a factorial design. The experimental design is a series of studies for the evaluation and design of 
experiments in order to maximize the information obtained from experiments outside the real process 
and production (Banks, 1984).

Experimental design techniques are not only a statistical approach, but they can also be used in all 
research and development activities, increase quality, reduce costs, improve the reliability of the results, 
support, and complement all other quality techniques. The advantages they bring in practice can be 
increased performance and quality, efficient use of resources, speeding up research and development 
activities, and values that determine the quality characteristics of the product and the process are less 
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sensitive to uncontrollable or difficult and costly factors. If there is more than one factor in an experiment, 
factorial designs are used. This is a design where factors change together, influenced by each other, and 
these changes are presented separately (Hines and Montgomery, 1972).

Taguchi Method

In today’s competitive world, quality is a fundamental matter that has come to attention since the 40s and 
50s of the 20th century. Feigenbaum, the innovator of the word “Comprehensive quality management” in 
1951, described it as: “quality means the ability of a product in bringing the desired goal with the least 
amount of cost of manufacturing.” The main body related to quality science in the United Kingdom is 
expanded as experiments designer and the United States as statistical quality control. When Japan began 
its reconstruction after WWII, it faced a severe lack of resources, quality equipment, and experienced 
engineers and began to compete for producing quality products and continuing in quality increase in that 
state. Innovating a method to face competition problems was given to Dr. Genichi Taguchi, a telecom 
equipment development engineer in Electrical communication labs. He was given the Deming award, 
one of the most notable awards in quality management in 1962.

Dr. Taguchi described quality as the amount of loss forced upon the society by producing defec-
tive products, and on this basis; he named the method of improving quality as “Taguchi Method.” The 
Taguchi method is entirely different from standard quality engineering methods. The methodology of 
Taguchi method emphasizes quality design in designing processes and products, but standard methods 
emphasize quality control in product manufacturing or after it. In reality Taguchi believed that the best 
way to increase quality is in designing the product itself.

Dr. Taguchi’s theory (Genichi Taguchi) began in the early 50s as a means to optimize the telephone 
lines in a communication company. It evolved in the 80s and from then is used in major companies 
around the world.

One of the goals in designing this experiment is that by a known change in input variables, the output 
changes can be monitored. Many methods for designing this experiment exist. One of the first methods 
to be offered in this area was the Factorial method that acquired the number of experiments by an N=Lm 
equation. The main problem with this method was that a large number of variables and the experiments, 
which is not acceptable considering the time and costs. So methods of reducing the number of experiments 
were sought after. One of the reformations was the Taguchi method that we are going to explain here.

Table 2. An example of companies using this theory

Dow Chemical AT&T Bell Laboratories Awrey Bakeries, Inc.

Ford Motor Company Canon Business Machines EASTMAN Kodak Company

Goodyear General Electric Company Kraft General Foods

McDonald’s IBM Corporation Siemens Automotive

Motorola, Inc. NASA Marshall Space Flight Center Toyota Motor Corporate Services

Philips Anheuser-Busch Company Xerox Corporation

U.S. Army Headquarters Chrysler Corporation G.E. Aircraft Engines
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The Taguchi method is a standard method used to optimize the level of useful parameters in an ex-
periment. In this method, using Orthogonal Arrays (OA), the number of experiments is reduced. These 
arrays with unique properties are chosen among the whole experiment in factorial method. It does not 
guarantee that the optimized answer is within the selected experiments, but by using calculations related 
to arrays experiment, we can determine the optimal conditions, and the answer in optimal conditions 
which at the end by confirmation test (repeating the test in optimal conditions and confirming the re-
peatable answer in these conditions) is validated. This method was originally a tool to improve product 
quality by means of using statistical and engineering concepts. As experimenting and using errors is 
often time-consuming and costly, the need to satisfy design goals with the least number of tests is an 
essential requirement. In experiment design methods, known changes are applied to input variables so 
that in this way the amount of changes in the output response is monitored. By using this method, we can 
systematically change the controllable input variables and monitor their effects on the output parameters 
(Cafer, Cengiz, & Da, 2003).

Orthogonal arrays are shown as (Xy) Ln, that L stands for Latin squares (arrays that are used in experi-
ment design and have special properties), n is the number of experiments, x is the factor number and y 
is the least amount of factors that can be inspected with the arrays. For example, in (27) L8 the number 
of experiments is 9, and the maximum number of factors is 7 of the second-order can be examined with 
this array. Note that a maximum number of 7 factors can be examined, and fewer factors can be used too. 
Designing an experiment involves selecting the most appropriate orthogonal array, determining the factors 
with the appropriate columns and finally explaining the experiments with the environmental conditions.

Experiment design method steps by Taguchi method for their details and priorities are as follows:

1.  Introducing the effective factors in the reaction
2.  Number of required experiments
3.  Results analysis
4.  Optimal conditions evaluation

Table 3. Experiment design base table by Taguchi method

Number of Parameters
Experiment Design Data

2 3 4 5

2 L4 L9 L16 L25

3 L4 L9 L16 L25

4 L8 L9 L16 L5

5 L8 L18 L16 L25

6 L12 L18 L32 L25

7 L12 L18 L32 L50

8 L12 L27 L32 L50

9 L12 L27 L32 L50

10 L12 L27 L32 L50

11 L12 L27 L50

12 L16 L27 L50

13 L16 L27
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In the first phase, we determine the effective factors and consider multiple scenarios for each of them. 
By taking into account the number of useful parameters and their orders, the number of experiments 
is determined. This way the number of parameters is determined from the first horizontal row in table 
1, and the order is determined by the vertical row in the right side, the intersection of these two rows 
determines the number of experiments.

After determining the number of experiments, we create a matrix; the rows of this matrix determine 
the experiment condition. To create these matrices, a couple of complex methods exist, but we can use 
various statistical software such as Minitab or Design expert. Designing experiments by the Taguchi 
method considers two sets of factors. The first set that is called controllable factors, having a defined 
order and are controllable. This set is used in experiment design and final product or process design. The 
second set called noise factors affect the reaction in a process but cannot be controlled economically. 
These factors are the main reason for variation. The goal of Taguchi experiment design is creating the 
best condition so that the least variables are affected by the noise factors (Yao & Sio, 2013).

The advantages of this method are as follows:

• Reduction in the costs and the number of experiments
• A means to evaluate discrete factors (material type, part color, etc.)
• Determining factors share
• A means to estimate results in an optimal condition
• A means to estimate results in desirable orders
• Determining error impact
• Determining considered colliding effects impact
• A means to acquire optimal conditions for multiple results
• A means to analyze factors of different orders
• Analyzing an infinite number of factors

In this method, we expect the following results from analyzing the answers

• Optimal conditions in which the desired quality is achieved
• The impact that each factor has on quality and operation, and which is the most effective factor?
• Estimating the results with optimal conditions (confirmation tests)

There are two methods to analyze the experiment

1.  Standard method (ANOVA variance analysis)
2.  Using a signal to noise ratio (S/N)

The amount of S/N defines the scarcity from a known value, or in other words, in what way our results 
changed due to the tests that were done.

However, how can we understand which value is better?
To acquire these results, there are 3 equations, and each one of them has a purpose in particular condi-

tions. In the Taguchi method, a Loss function is used to calculate the deviated value from the expected 
value in the result, and this function has different conditions according to the problem conditions.
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Where n is the number of trials and y is the measured output (Gwo-Hshiung& Huang. 2011).

• The first equation is ideal where we are examining a property which is non-negative, its ideal 
value is zero where the result is expected to be near to zero

An example of this equation can be abrasion, contraction, and destruction

• The second equation is ideal where there is no predetermined condition, so a more significant 
value is more desirable

Like when we examine material resistance, longevity, and efficiency.

• The last equation is when we examine a specific property, and we do not want to deviate from the 
desired result.

In all of the above and as a whole, when we use the S/N value for analysis, tests are repeated multiple 
times, and finally, we acquire the optimal conditions for the experiment. However, these optimal condi-
tions can be outside the tests that we have done. After calculating the loss function for each output, we 
calculate the Overall S/N ratio from the following formula:

SN = -10 Log(Li). 

Finally, these conditions should be met, and tests should be done under these conditions so that we 
can see whether it gives us the desired output or not.

The general thinking about specification limits is the customer will satisfy as long as the differences 
remain within the required limits (Fig 1). If the difference exceeds the limits, then the client directly 
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feels dissatisfied. The specification limits split fulfillment from dissatisfaction (Taguchi part formulas: 
(Jeyapaul and et al.2005)).

Variance Analysis

In order to find the relative importance of parameters in each output, we use a statistical method called 
ANOVA. In the ANOVA table, F test shows the effectiveness or ineffectiveness of tested parameters in 
the desired reliability level. Also, distribution percentage as a statistical parameter gives a better under-
standing of the impact of each parameter and also to the output. For parameters with high distribution 
percentage, small changes have a significant impact on the output.

The order of freedom for each input parameter is defined separately and equals to its orders minus 
one. Also the total order of freedom equals the number of tests minus one and the order of freedom for 
error equals the total order of freedom minus the sum of input variables.

Sum of total squared, errors, and parameters that are derived from the following formula (Gwo-
Hshiung & Huang. 2011):
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Figure 1. Taguchi Loss function
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If we use variance analysis, we can understand that which factor has the most impact.
Taguchi method, like any other method has its limitations:

− We should consider the time in the experiment process.
− When designing systems, we should use this method from the start and if we use it in the middle of 

the experiment it is of no use
− After determining factors and their values, we use this method it is no longer useful.

Taguchi Experiment Design

Taguchi experiment design was developed as a process optimization technique in the 1950s (Roy, 1990). 
The method is based on statistical data analysis and simplifies the analysis and process optimization 
of complex systems. It can be applied in the process of modeling and modeling many other systems 
(Lochner and Matar, 1990). Taguchi offers new product development and complex problems, as well as 
cost-effective and time-consuming solutions to appropriate alternatives. It takes its technical strength 
from its discipline rather than technical experiments.

The Taguchi technique is implemented in four steps; To design the parameters by analyzing the 
quality characteristics that are important for the process and product by brainstorming, to design and 
implement the experiments, to analyze the results and to determine the optimum conditions and to evalu-
ate the results by applying the optimum conditions. Brainstorming is a necessary and important step in 
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practice. Brainstorming before an experimental design is a must for the Taguchi approach. However, 
Taguchi did not provide a guide or guide for brainstorming. The content and outputs of the brainstorming 
are mainly dependent on the nature of the process being studied and revealed by technical experience. 
The nature of the brainstorming may vary depending on the type of subject studied, its exact patterns 
not determined. Taguchi recommends the involvement of all relevant departments. Before starting the 
experiment, an approach will be developed in which the whole process will be discussed, how much will 
be done, how the results will be analyzed and which factors will be the most important. It is essential 
to consider and decide what, how and how many times the approach will be tested and when the results 
will be analyzed (Roy, 1990).

The Taguchi method aims to support high-quality process and product development in every aspect. 
This should include a minimum sensitivity against the production conditions and uncontrollable factors 
of the process or product, the provision of the required system, parameters and tolerances at the lowest 
cost, and the loss of loss of the product caused by the Taguchi loss function in the framework of a new 
quality cost understanding (Roy, 1990).

Taguchi Approach a Variability

Taguchi aims to increase the durability of the product and process design, system approach and design 
to the uncontrolled effects to improve the quality during the experimental design phase. The product and 
process design is a combination of accurate and appropriately tuned inputs, as well as the proper adjust-
ment of mechanisms and process phases in the production process. The Taguchi technique is mainly 
based on improving quality by reducing the causes that cause variability (Roy, 1990).

Quality has not emerged to control the product or process; the aim is to design the quality to include 
it in the process to find the best way to improve beyond direct application to the product. Instead of 
improving quality through the inspection, screening, and control of processes, it should be targeted to 
bring the design to a level that will not be affected by changing, uncontrollable environmental factors 
in production processes. Quality improvement is achieved by minimizing deviation from the target. Ta-
guchi claims that quality is directly related to deviation from the design parameters, not to compliance 
with fixed standards or specifications. The cost of quality should be measured as a function of deviation 
from the standard.

The product life cycle relates to the measurement of deviation from the parameters determined based 
on cost. These costs should include waste, recovery, inspection, warranty and service, recycling and 
product replacement costs. Cost is the factor that will guide the necessary parameters to be checked. 
Taguchi considered quality improvement efforts as a continuous effort. The first step is to bring the 
population distribution as close to the target value as possible. To achieve this, Taguchi design experi-
ments use the orthogonal arrays (Roy, 1990).

Orthogonal Array, Effects and Interactions of Factors

The experiments are designed with strict rules, and the design of the experiment is fairly simplified with 
index systems that are rigid enough to leave no room for random situations and complex effects. An or-
thogonal index set is used to design the experiment. An orthogonal index can carry several alternatives, 
experimental alternatives. Commonly used orthogonal indexes are composed of 2, 3 and 4 alternative 
factors. Some directories may contain factors in the mixed alternative. In many cases, a standard orthogo-
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nal index is adapted to an assay containing factors in a mixed alternative. The experiment design process 
starts with selecting an appropriate orthogonal index, assigning the factors to the appropriate columns 
and determining the experimental conditions (Roy, 1990). To calculate the number of combinations of 
all effects, including main effects and interaction effects;
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The interactions between factors are established by taking all combinations into account, i.e., starting 
from binary interactions, all alternatives to the interaction effect that questions the interaction of the k 
factor, are determined;

a

k

a

k
kk

a
k

k a a
k

� �
� ��

�
�
�

�
� � �� �

� � �
2 2

2 1
!

! !
. 

The Taguchi technique can be useful when applied in early stages in the design of product or process 
systems. On the other hand, Taguchi’s approach does not involve self-modeling and optimization of the 
process; Analysis of the results of experiments is used to define the effects of factors, to plan additional 
experiments, and to improve performance (Simpson et al., 1997).

CONCLUSION

The present study marks our attempt to render a review of the previous literature on the concept of ef-
ficiency as related to various experiments, research programs, and projects. In the initial phase of the 
study, we analyzed fuzzy TOPSIS, a popular decision-making method, via reviewing fuzzy mathemat-
ics concepts. Next, for detecting the most efficient and error-free processes and tests, we explicate in 
detail Taguchi Experiment Design method. Our study shows that with a rise in the number of factors, 
the efficiency of the experimental design falls dramatically. This is, in part the result of an increase in 
interaction effects caused by the rise in the number of factors. Thus, the researcher should pay no atten-
tion to the interactions that pass a particular stage. In other words, as a result of time limit, the folding 
cost, and increased factors, the researcher will be unable to do a complete test of all interaction effects 
and necessary combinations when they reach a certain level (Uslu, 2007: 545-546).

On the other hand, within the framework of system integration and design optimization, we can see 
that technology-based road maps and investment planning methodologies, design optimization tech-
niques, and design-targeted tools are used in combination with different disciplines (Olds, 2003). What 
these approaches imply is the assessment of the most ideal and practical methods possible to be used in 
various conditions. In other words, the final objective is to assess a variety of techniques with an eye to 
contextual conditions rather than relying on one particular method and to establish the best optimization 
method in the wake of the mental processes. The outcome of design optimization is a superior quality 
that will place manufacturers and process designers at an advantage enabling them to retain their fierce 
competition without much waste of time and money (Uslu, 2007: 549).
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Simulation-based design optimizations, where different disciplines and approaches are used, are used 
to increase the efficiency of the calculations and to extend the application areas, such as the Taguchi 
orthogonal indexes, as well as various experimental design techniques, as well as the need for design 
optimization to bring together artificial neural networks and simulation applications. Complex engineer-
ing systems and applications make it necessary to formulate the utility function, environmental criteria 
and to test the game-theoretic approach simultaneously.
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ABSTRACT

This research aims to analyze the impact of environmental concerns on Turkish consumers’ attitudes 
toward and intention to purchase EVs. It is also aimed to investigate the role of demographical charac-
teristics—gender, age, income, and education—on those impacts. Given the purpose, a descriptive study 
was conducted through an online survey with a sample of 334 consumers. The research findings indicate 
that environmental concern plays a significantly influential role in the attitude toward and intention to 
purchase EVs. The study also confirms that environmental concern’s impact on the attitude and inten-
tion toward EVs differs in terms of gender, age, and income. Only women show a positive influence of 
environmental concern on the attitude toward EVs. There is no difference in the direct or indirect link 
between EV purchase intention and environmental concern for age groups. Environmental concern’s 
indirect influence on the intention to buy EVs is the highest and significantly different for the consumers 
with 7500-9999 TL income.
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INTRODUCTION

One of the major challenges facing our environment is the uncertainty of future access to fossil fuels and 
the significant volume of carbon dioxide (CO2) emissions. According to The World Resource Institute, 
road transportation accounts for 11.9% of global greenhouse emissions (Ritchie & Roser, 2021). Hence, 
the adoption of renewable energy vehicles instead of conventional ones may be considered a promising 
solution. One type of them, electric vehicles (EVs), produces zero direct emissions and helps protect 
natural sources and the environment (Shen et al., 2019, Tu & Yang, 2019).

Owing to the increasing environmental concerns of consumers, EVs are becoming an attractive al-
ternative for transportation (Junquera et al., 2016). Various studies on EV adoption have assumed that 
EVs are eco-innovations with the ability to reduce the environmental problems of the transportation 
sector (Egbue & Long, 2012, Schuitema et al., 2013). According to the International Energy Agency 
(IEA), in 2020, over 3 million EVs were sold, with an increase of 43% compared to 2019 (IEA, 2020). 
EV sales rates in Turkey have also increased compared to 2019. The sales amount, which was 222 in 
2019, increased to 844 in 2020 (TEHAD, 2021).

There has been an increasing amount of literature on the consumers’ attitude and intention toward 
EVs (Asadi et al., 2021, Chu et al., 2018, Lai et al., 2015). However, the literature still lacks knowledge 
for the emerging markets. Since EVs are still a relatively new technology in those markets, few studies 
exist focusing on consumers’ intention to adopt EVs. As an emerging market, Turkey, consumers’ EV 
adoption is a brand-new subject. Besides, the relationship between environmental concern and EV ac-
ceptance has not been thoroughly investigated. Therefore, this paper aims to analyze the EC’s impact 
on Turkish consumers’ attitude and intention for EVs. We also aim to identify the role of demographics 
(i.e., gender, age, income, and education) on those effects.

This study has the following structure. The first section presents the theoretical background and 
hypotheses development. In the second part, the paper gives the methodology with the analysis and 
findings of the study that are followed by the conclusion and discussion section. In the last section of 
the study, the limitations and implications for future research are presented.

THEORETICAL BACKGROUND AND HYPOTHESIS DEVELOPMENT

Environmental concern (EC) refers to one’s perception and knowledge about environmental issues, to 
what extent a person concerns for and is worried about threats to the environment, and supports efforts 
to solve them (Lin & Niu, 2018, Moyo, 2018). Environmentally concerned consumers are highly moti-
vated and interested in purchasing environmentally friendly products (Moyo, 2018, Verma et al, 2019).

Previous studies have posited that EC has a direct positive effect on the attitude toward and inten-
tion of green consumption (Mainieri et al., 1997, Bamberg, 2003, Mcdonald et al., 2016, Mohd, 2016). 
McDonald et al. (2016) stated that people who are more concerned about the environment are more 
likely to respond to environmental issues and take actions in environmental protection. Also, some of 
the studies have shown that EC is a significant personal antecedent of consumers’ preference for green 
consumption. For instance, it is confirmed that EC positively influences the attitude toward (Kirmani, 
2016) and willingness to purchase (Mohd, 2006) green products.

The previous studies also demonstrated that there is a positive link between EC and EV purchase 
intention (Thananusak et al., 2017, Wu et al, 2019). Besides, there is some evidence for the impact of 
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EC on the attitude toward EVs. Lai et al. (2015) found that EC leads to a positive perception of EVs. 
Wu et al. (2019) showed that the more individuals are concerned about the environment, the more they 
perceive EVs as easy to use and environmentally valuable. Hence, we investigated the impact of EC on 
consumers’ purchase intention and attitude toward EVs. Thus, the first two hypotheses of the study are 
built as below:

H1: EC has a positive impact on the intention to purchase EVs.
H2: EC has a positive impact on the attitude toward EVs.

Furthermore, the attitude is a powerful indicator of the intention (Fishbein & Azjen, 1975). The pre-
vious EV studies (Asadi et al., 2021, Degirmenci & Breitner, 2017, Yang et al., 2020) also confirmed 
a positive relationship between the attitude toward and intention to buy EVs. As aforementioned, EC 
positively influences consumers’ attitude toward EVs (Lai et al., 2015, Wu et al., 2019) so the attitude 
can also act as a mediator on the link between EC and EV purchase intention. Thus, we proposed H3 
and H4 as follow:

H3: Attitude toward EVs has a positive impact on the intention to purchase EVs.
H4: Attitude toward EVs mediates the link between EC and purchase intention of EVs.

Consumers with different demographics can vary in terms of their EC levels and so their inclinations 
for green consumption. Therefore, it is expected that demographical variables -gender, age, income and 
education- can alter the effect of EC on the attitude and intention toward EVs. As women and men go 
through the different socialization processes from their early childhood, they develop a distinct social 
expectations and values (Gilligan, 1982) which in turn differentiates their perception of environmental 
issues (Sreen et al., 2018). For instance, previous research has demonstrated that women are more envi-
ronmentally concerned than men (e.g., (Goodale, 2021, Mueller & Mullenbach, 2018, Xiao & McCright, 
2015). In addition to the empirical studies, the literature reviews (Liu et al., 2019) have also suggested 
that women are more environmentally concerned compared to men. Besides, the influence of EC on 
green consumption varies depending on gender. For instance, it is confirmed that EC’s positive impact on 
green purchase behavior is stronger for women (Dagher et al., 2015). Another study (Nguyen et al., 2017) 
proved that women showed a stronger positive influence of environmental attitude on green purchase 
intention. Dimitropoulos (2014) found that potential adopters of full electric cars tend to be females, highly 
environmentally concerned and consider the environmental impact of car use. It is also confirmed that in 
general women put more emphasis on environmentally friendly mobility (Kawgan-Kagan, 2020). Thus, 
compared to men, women are more likely to be eco-friendly in their beliefs, attitudes, and choices (Lee 
& Holden, 1999) and help the environment (Zelezny et al., 2000). Whereas, men do not see a problem 
living a non-green life style (Tiller, 2014). Regarding this gender gap in sustainable consumption, with 
a series of experimental studies Brough et al. (2016) demonstrated that greenness and femininity are 
cognitively linked. Based on this reasoning, following three hypotheses of the study are built as below.

H5a: The strength/magnitude of EC’s impact on the purchase intention of EVs is greater for women 
than men.

H5b: The strength/magnitude of EC’s impact on the attitude toward EVs is greater for women than men.
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H5c: The strength/magnitude of EC’s indirect impact on the purchase intention of EVs through the at-
titude toward EVs is greater for women than men.

Prior research has also suggested that EC levels of consumers vary depending on age, so their atti-
tude and intention toward purchasing green products differ accordingly. However, the literature presents 
conflicting findings about this issue. For instance, it is confirmed that as consumers age, they become 
less environmentally concerned (Gray et al., 2019, Marquart- Pyatt, 2012, Xiao & Dunlap, 2007). In 
contrast, it is also demonstrated that age positively influences EC (e.g., (Bouscasse et al., 2018, Hirsch, 
2010, Urban & Ščasný, 2012)). Consumers’ green product attitude and intention vary for different age 
groups as well. Lin and Syrgabayeva (2016) found that 18-24 age group has the highest willingness to 
pay more for renewable energy. Whereas, Newman and Fernandes (2016) confirmed that Gen X and Y 
consumers are less likely to engage in pro-environmental behavior than baby boomers. Consumers also 
differ in terms of EV adoption depending on their ages. For instance, early adopters of EVs are likely 
to be between 18 and 34 years of age (Tran et al., 2019). Other studies (Peters & Dütschke, 2014, Plötz 
et al., 2014) demonstrated that individuals who are highly interested in EVs tend to be middle-aged. 
Unlikely, Ghasri et al. (2019) found that Gen Y is more likely to adopt EVs compared to Gen X and Z. 
Sovacool et al. (2018) revealed that consumers below middle age are most inclined to purchase EVs.

In addition, age is a predictor of consumers’ attitude toward EVs. Kim et al (2014) confirmed that 
the 36-50 age group has a more positive environmental attitude toward EVs than other age groups. How-
ever, another study (Chen et al., 2020) demonstrated that younger people have a more positive attitude 
for EV adoption. These studies show that although age alters consumers’ EC, attitude and intention 
toward EVs, the literature presents mixed evidence (Coffman et al., 2017, Liao et al., 2017). Therefore, 
in this study, it is expected that age will moderate the EC’s impact on the attitude toward EVs and EC’s 
direct and indirect effects on the intention to buy EVs; however, due to the conflicting findings in the 
literature, the direction of the moderation effect could not be mentioned. Based on this, the hypotheses 
are built as follow:

H6a: Age alters the strength/magnitude of EC’s impact on the purchase intention of EVs.
H6b: Age alters the strength/magnitude of EC’s impact on the attitude toward EVs.
H6c: Age alters the strength/magnitude of EC’s indirect impact on the purchase intention of EVs through 

the attitude toward EVs.

Consumers’ EC level, attitude, and intention for green consumption may also vary depending on their 
income levels. For instance, Li and Chen (2018) demonstrated that a rise in both absolute and relative 
income increases consumers’ EC levels. A similar research collected data from 40 countries also suggested 
a positive relationship between income and EC (Dorsch, 2014). However, another study investigated 50 
nations confirmed a negative association between EC and individuals’ income levels (Gelissen, 2007). 
In contrast to all these studies, Liu et al. (2014) did not find evidence for the effect of income on EC. 
The previous studies also found that consumers’ intention to buy and attitude toward green consumption 
differ among income groups. For instance, Muhammad et al. (2015) confirmed that income positively 
relates to the willingness to pay for the organic food. Besides, income has a positive impact on energy 
efficiency (Li et al., 2019) and habitual green consumption (Zhang et al., 2019). Whereas some other 
studies found a negative relationship between income and green consumption. For instance, Zhao et al. 
(2018) demonstrated that income negatively affects the willingness to pay for carbon-labeled products 
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and this negative impact is strongest for the lowest income level. Besides, Roberts (1996) proved a nega-
tive correlation between income and ecologically conscious consumption. Unlikely, some studies could 
not establish an association between income and green consumption (Elliot, 2003, Sun et al., 2019).

When it comes to the attitude toward green consumption, the previous research also presented con-
flicting findings; for instance, Zhao et al. (2014) found that income positively influences the attitude 
toward green consumption, however, Singhal and Malik (2018) confirmed that income does not make 
any difference in women’s attitude toward green cosmetic products. Even though the effect of income on 
EC, attitude and intention toward green products is mixed, previous EV studies have shown that people 
with high incomes are likely to adopt EVs (Higueras-Castillo et al., 2020, Lee et al., 2019, Lin & Tan, 
2017, Trommet et al., 2015, Vassileva & Campillo, 2017). EV adoption and EC are also positively as-
sociated as people with higher EC are more likely to purchase EVs (Wu et al., 2019, Krupa et al., 2014, 
Mohamed et al., 2016). Besides, it is also demonstrated that environmentally concerned consumers have 
a positive attitude toward EVs (Lai et al., 2015, Wu et al., 2019, Liu et al., 2015, Mohamed et al., 2016, 
He et al., 2018). Accordingly, it is expected that for the consumers with higher income levels, the impact 
of EC on the attitude toward EVs and its direct and indirect influence on EV purchase intention will be 
stronger. Thus, three hypotheses of the study are established as follow:

H7a: A rise in the income level increases the strength/magnitude of EC’s impact on the purchase inten-
tion of EVs.

H7b: A rise in the income level increases the strength/magnitude of EC’s impact on the attitude toward 
EVs.

H7c: A rise in the income level increases the strength/magnitude of EC’s indirect impact on the purchase 
intention of EVs through the attitude toward EVs.

Previous research has confirmed that education is one of the factors influencing consumers’ EC levels, 
attitude and intention for green consumption (Asunta, 2003, Harring & Jagers, 2017). Education can 
improve consumers’ ability to establish a broad perspective on the importance of the natural environment 
and its interaction with humans. Ergen and Ergen (2011) stated that education is the most important 
factor to create consciousness about the environment. The strong association between education and EC 
is supported by different studies as well (Zelezny et al., 2000, Vicente-Molina et al., 2013). Some of the 
studies emphasized that level of education is considered to be linked to EC, environmental attitude and 
behavior (e.g., (Newell & Green, 1997, Roberts & Bacon, 1997)). The previous research agreed that 
education is positively correlated with these variables (Straughnan & Roberts, 1999, Daziano & Bolduc, 
2013). For example, in their studies Liberty and HongJuan (2010) showed that individuals with higher 
levels of education tend to better understand environmental issues and thus become more concerned for 
environmental quality and more motivated to practice environmentally responsible behavior. Further-
more, Cerri et al. (2018) suggested that strong obstacles to engaging in pro-environmental behavior can 
be caused by the consumers’ education level.

While most of the studies come up with a positive correlation between education and EC, environmen-
tal attitude and behavior, a few exceptions do exist. For instance, it is found that education is negatively 
correlated with environmental attitude (Samdahl & Robertson, 1989) and with consumers’ willingness to 
seek environmentally friendly products (Jain & Kaur, 2006). Other studies (Chan, 1996, Diamantopoulos 
et al., 2003) could not find evidence for the impact of education on environmental attitude and behavior.
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As regards to use environmentally friendly car, Dimitropoulos (2014) found that highly educated 
individuals are more concerned about the environmental impacts of car use than individuals who have 
achieved low education levels. Several studies found that a person with high level of education is likely 
to purchase EVs (Carley et al., 2013, Hackbarth & Madlener, 2013, Hidrue et al., 2011). In line with this, 
Kim et al. (2014) demonstrated that education level is significantly and positively influencing consumers’ 
EV purchase intention. Morton et al. (2017) also found that early adopters of EVs are likely to hold a 
university-level education. On the contrary, Sierzchula et al. (2014) found that education is not significant 
in determining EV adoption. As can be seen, conflicting results are presented in the literature regarding 
education, EC and attitude and intention toward EVs. However, since several studies emphasized that 
there is strong positive link between education and green consumption (Vicente-Molina et al., 2013, 
Daziano & Bolduc, 2013, Cerri et al., 2018) and EV adoption is correlated with a high education level 
(Carley et al., 2013, Hackbarth & Madlener, 2013), it is expected that as the education level increases, 
the impact of EC on the attitude toward EVs and its direct and indirect influence on EV purchase inten-
tion will also increase. Accordingly, following hypotheses are built.

H8a: A rise in the education level increases the strength/magnitude of EC’s impact on the purchase 
intention of EVs.

H8b: A rise in the education level increases the strength/magnitude of EC’s impact on the attitude 
toward EVs.

H8c: A rise in the education level increases the strength/magnitude of EC’s indirect impact on the pur-
chase intention of EVs through the attitude toward EVs.

Based on the above hypotheses, we built the research model as in Figure 1.

METHODOLOGY

Data Collection and Sampling

The data were collected from 334 consumers through an online survey and the questionnaire was de-
signed on SurveyMonkey. Participants either received a survey link as a direct message or accessed to 
the link via different social media platforms (e.g., Linkedin, and Instagram). The online survey enabled 

Figure 1. Research model
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researchers to reach the respondents from several cities of Turkey. Table 1 gives the demographics of 
the participants.

56% of the participants were women, and 44.0% were men, and most of the participants (83.2%) had 
university, master’s or PhD degrees. Besides, 0-2499 TL consisted the 31.1%, 5000-7499 TL did 30.5% 
of the participants’ income levels. Last, approximately half of the participants (54.4%) were between 
the ages of 18-31 (Table 1).

Measures

We adopted La Trobe and Acott’s (2000) Modified NEP/DSP Environmental Attitudes Scale for EC, 
Degirmenci and Breitner’s (2017) scale for the attitude toward and intention to purchase EVs. EC and 
intention to buy EVs were measured through a five-point Likert type scale (1: strongly disagree, 5: 
strongly agree). Besides, a five-point semantic differential scale (e.g., 1: bad, 5: good) measured the 
consumers’ attitude toward EVs.

Analysis and Findings

First, we tested the measurement model through Confirmatory Factor Analysis (CFA) using AMOS 
24. For the reliability of the scales, the values of Cronbach’s Alpha (α) and Composite Reliability (CR) 
were calculated. Then, the Average Variance Extracted (AVE) values were checked for the convergent 
validity. Fornell-Larcker Criterion and Heterotrait-Monotrait Ratio of correlations (HTMT) method were 
applied for the discriminant validity. To calculate those values, we used the AMOS Plugin (Gaskin & 
Lim, 2016). Table 2 presents the results with the model fit indices.

The values of α and CR, which are greater than 0.7, demonstrate an appropriate level of reliability 
for the measures. Besides, the AVE values above 0.5 prove the convergent validity of the scales (Hair 
et al., 2014). Fornell Larcker Criterion confirms that the AVE value’s square root for each measure 

Table 1. Demographic characteristics of the participants

Gender N % Education N %

Female 187 56.0 Secondary school and High school 56 16.8

Male 147 44.0 University 186 55.7

Total 334 100 Masters and PhD 92 27.5

Total 334 100

Income
   (personal) Age

0-2499 TL 104 31.1 18-24 96 28.7

2500-4999 TL 71 21.3 25-31 86 25.7

5000-7499 TL 102 30.5 32-38 59 17.7

7500-9999TL 23 6.9 39-45 24 7.2

10000 TL< 34 10.2 46-52 29 8.7

Total 334 100 53< 40 12.0

Total 334 100
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is higher than LVC values (Fornell & Larcker, 1981). In addition, HTMT signifies that all the values 
lower than 0.90 (Hair Jr. et al., 2017). Also, each scale’s AVE value is greater than its MSV value. All 
of these indicate that the scales have decent discriminant validity. The model fit indices are within the 
ranges recommended in the literature (Hu & Bentler, 1999, Tabachnick & Fidell, 2007) representing a 
good model fit.

To test the hypotheses, we used Process Macro (Hayes, 2012). First, Model 4 was used to test H1, H2, 
H3, and H4. Then, Model 8 was selected for testing the hypotheses with moderating variables: for gender: 
H5a, H5b, H5c, for age: H6a, H6b, H6c, for income: H7a, H7b, H7c, and for education: H8a, H8b, H8c.

As depicted in Table 3, EC positively influences the intention to purchase (β=.219, p<.05) and at-
titude toward EVs (β=.250, p<.05), and the attitude positively affects the intention (β=.749, p<.001). 
Attitude also fully mediates the link between EC and intention; as attitude enters into the model, EC’s 
direct impact on intention to buy EVs becomes insignificant. The confidence limits (BootLLCI: 021, 
BootULCI: .393) not including zero demonstrate the indirect effect’s significance. Thus, H1, H2, H3, 
and H4 are confirmed.

The results for the moderated-mediation model are presented below for gender (Table 4), age (Table 
5), income (Table 6), and education (Table 7).

Table 2. CFA model-reliability and validity

Fornell- Larcker HTMT

α CR AVE MSV* MaxR(H) EC Attitude Intention EC Attitude Intention

EC .844 .802 .519 .070 .863 .721

Attitude .913 .897 .690 .376 .914 .264 .831 .236

Intention .834 .866 .688 .376 .952 .239 .613 .829 .175 .666

*Maximum Shared Variance 
χ2/df: 1.775, GFI: .928, AGFI: .905, CFI: .970, NFI: .935, RFI: .923, IFI: .970, TLI: .965, RMSEA: .048, SRMR: .049

Table 3. Regression model analysis (without moderators)

Direct Effects

coeff se t p

EC-->intention .219 .094 2.324 .021

EC-->attitude .250 .072 3.493 .001

Mediated Model*

coeff se t p

EC .031 .079 .396 .692

attitude .749 .059 12.636 .000

Indirect Effect of EC on Intention

Effect BootSE BootLLCI BootULCI

EC-->attitude--
>intention .187 .099 .021 .393

* Y: intention, X: EC, M: attitude, R2=.336
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As Table 4 exhibits, the interaction effect (EC*gender) on the intention is insignificant (β=-.012, 
p>.05). Therefore, contrary to the expectation, EC’s impact on the intention to purchase EVs does not 
differ between genders, so H5a could not be supported. In contrast, EC significantly and positively influ-
ences the women’s attitude toward EVs (β=.529, p<.001); however, this impact becomes insignificant 
for men’s (β=.030, p>.05). Therefore, as it is expected, the strength/magnitude of EC’s influence on the 
attitude toward EVs is higher for women compared to men, which confirms H5b. Besides, the index of 
moderated-mediation represents that the difference in conditional indirect effect is significant (BootLLCI: 
-.681, BootULCI: -.017); that is, the indirect effect of EC on the intention to buy EVs through the at-
titude varies depending on gender. Specifically, EC has a significant indirect impact on the women’s 
intention to purchase EVs (BootLLCI: .105, BootULCI: .671), but an insignificant indirect impact for 
men’s (BootLLCI: -.125, BootULCI: .212). This result indicates that the strength/magnitude of EC’s 
effect on the intention to purchase EVs through the attitude is greater for women than men. Hence, H5c 
is also demonstrated.

When it comes to age (Table 5), for the direct and indirect effect of EC on the intention to buy EVs, 
none of the interaction effects (EC*age) is significant. Therefore, it seems that age does not make any 
difference in the EC’s direct impact on the EV purchase intention and its indirect impact through the 
attitude toward EVs. Besides, the index of moderated mediation for each age group also confirms the 
indirect effects’ resemblance. Thus, H6a and H6c could not be confirmed. In contrast, it is revealed 
that age makes a significant difference in the effect of EC on the attitude toward EVs (R2 change=034, 
p<.05). Specifically, the first interaction effect (EC*w1) alters the relationship between the EC and the 
attitude (β=.563, p<.01). Explicitly, EC’s impact on the attitude toward EVs is insignificant for the age 
group of 18-24, but it becomes significant for the one of 25-31. The other interaction effects are not 
statistically significant, so the EC’s impact on the attitude toward EVs for all other age groups is similar 
to the one for the 18-24 age group. These results specify that the strength/magnitude of EC’s influence 
on the attitude toward EVs changes (increases), only when the age range rises from 18-24 (effect=.109, 
p>.05) to 25-31 (effect=.673, p<.001). Thus, since age makes a significant positive difference in the 
effect of EC on the attitude toward EVs, H6b is supported.

Table 4. Moderated-mediation model testing results for gender

Moderator: 
Gender coeff se t p effect se t p LLCI ULCI

DV: attitude

EC*gender -.500 .413 -3.491 .001** female .529 .105 5.031 .000* .322 .736

male .030 .097 .305 .761 -.161 .220

DV: intention

EC*gender -.012 .159 -.078 .938 female .067 .119 .654 .573 -.167 .302

male .055 .106 .518 .605 -.154 .263

EC--> 
attitude--> 
intention

Index1 BootSE Boot-
LLCI

Boot-
ULCI effect BootSE Boot-

LLCI
Boot-
ULCI

gender -.371 .175 -.681 -.017 female .393 .152 .105 .671

male .022 .083 -.125 .212
1 Index of moderated mediation
* p<.001 ** p<.01
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Table 6 shows that the EC*income interaction effect makes no significant difference in the EC’s direct 
impact on the EV purchase intention, so H7a could not be demonstrated. In contrast, the EC*income 
interaction effect alters the relationship between EC and attitude toward EVs (R2 change=081, p<.001). 
Specifically, EC*w2 (β=.349, p<.10) and EC*w3 (β=1.053, p<.001) interaction effects make a signifi-
cant difference in the EC’s influence on the attitude. That is, for the income group for 0-2499 TL, the 
impact of EC on the attitude toward EVs is not statistically significant (effect=.074, p>.05); however, 
EC positively influences the attitude toward EVs for the income groups of 5000-7499 TL (effect=.422, 
p<.01) and 7500-9999 TL (effect=1.109, p<.001). This positive impact is stronger for the latter in-
come group. For the other income groups (2500-4999 TL and 10000 TL and more), EC’s impact on 
the attitude toward EVs is similar to the one for the 0-2499 TL income group. Hence, it can be inferred 
that EC influences the attitude of the participants with higher income levels (i.e., 5000-7499 TL and 
7500-9999 TL) more than it does the attitude of the participants with lower income levels (i.e., 0-2499 
TL). However, since this case is only valid for the three income levels, H7b is partially supported. Last, 

Table 5. Moderated-mediation model testing results for age

Moderator: 
Age coeff se t p effect se t p LLCI ULCI

DV: attitude

EC*w1 .563 .193 2.926 .004** 18-24 .109 .127 .862 .390 -.140 .359

EC*w2 .365 .238 1.536 .126 25-31 .673 .145 4.639 .000* .387 .958

EC*w3 .136 .349 .390 .697 32-38 .474 .201 2.359 .019*** .079 .869

EC*w4 -.066 .206 .322 .747 39-45 .245 .325 .754 .451 -.395 .885

EC*w5 .023 .264 .087 .931 46-52 .043 .162 .265 .791 -.276 .362

EC*w: R2 change=034, F=2.528, p=.029*** 53< .132 .232 .569 .569 -.324 .589

DV: intention

EC*w1 .285 .219 1.303 .193 18-24 -.085 .142 -.601 .548 -.365 .194

EC*w2 .037 .267 .139 .890 25-31 .199 .168 1.189 .235 -.131 .529

EC*w3 .521 .391 1.332 .184 32-38 .048 .227 -.213 .832 -.495 .398

EC*w4 .199 .230 .864 .388 39-45 .436 .365 1.195 .233 -.282 1.153

EC*w5 .013 .296 .043 .966 46-52 .114 .182 .627 .531 -.243 .471

EC*w: R2 change=007, F=.677, p=.641 53< -.073 .260 -.279 .780 -.584 .439

EC--> 
attitude--> 
intention

Index1 BootSE Boot-
LLCI

Boot-
ULCI effect BootSE Boot-

LLCI
Boot-
ULCI

w1 .414 .271 -.191 .793 18-24 .080 .062 -.022 .222

w2 .268 .226 -.119 .762 25-31 .494 .265 -.089 .865

w3 .100 .193 -.243 .478 32-38 .348 .218 -.007 .824

w4 -.049 .120 -.221 .269 39-45 .180 .182 -.116 .550

w5 .017 .353 -.599 .820 46-52 .032 .103 -.057 .341

53< .097 .346 -.486 .897
1 Index of moderated mediation
* p<.001 ** p<.01 *** p<.05
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Table 6. Moderated-mediation model testing results for income

Moderator: 
Income coeff se t p effect se t p LLCI ULCI

DV: 
attitude

EC*w1 -.053 .201 -.264 .792 0-2499 
TL .074 .134 .550 .582 -.190 .337

EC*w2 .349 .200 1.743 .082****
2500-
4999 
TL

.021 .150 .138 .891 -.274 .315

EC*w3 1.053 .230 4.507 .000*
5000-
7499 
TL

.422 .149 2.839 .005** .130 .715

EC*w4 -.153 .215 -.711 .478
7500-
9999 
TL

1.109 .187 5.939 .000* .742 1.476

EC*w: R2 change=081, F=7.600, p=.000*** 10000 
TL< -.079 .169 -.471 .638 -.411 .252

DV: 
intention

EC*w1 -.221 .226 -.977 .329 0-2499 
TL .003 .151 .020 .984 -.293 .299

EC*w2 .262 .226 1.160 .247
2500-
4999 
TL

-.218 .168 -1.292 .197 -.549 .114

EC*w3 .145 .266 .545 .586
5000-
7499 
TL

.265 .169 1.566 .118 -.0.68 .599

EC*w4 -.030 .242 -.125 900
7500-
9999 
TL

.148 .221 .670 .503 -.287 .584

EC*w: R2 change=009, F=1.107, p=.353 10000 
TL< -.027 .190 -.144 .886 -.401 .346

EC--> 
attitude--> 
intention

Index1 BootSE Boot-
LLCI

Boot-
ULCI effect BootSE Boot-

LLCI
Boot -
ULCI

w1 -.039 .172 -.350 .332 0-2499 
TL .054 .087 -.114 .235

w2 .254 .167 -.045 .597
2500-
4999 
TL

.015 .146 -.223 .355

w3 .753 .273 .060 1.037
5000-
7499 
TL

.307 .145 .068 .643

w4 -.111 .160 -.483 .199
7500-
9999 
TL

.807 .267 .151 1.076

10000TL 
< -.058 .134 -.387 .224

1 Index of moderated mediation
* p<.001 ** p<.01 *** p<.05 **** p<.10
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regarding EC’s indirect impact on the intention, the conditional indirect effect is significantly different 
for the 7500-9999 TL income group (Index: .753, BootLLCI: .060, BootULCI: 1.037). It means that 
the strength/magnitude of EC’s indirect influence on the purchase intention through the attitude toward 
EVs is more for the income level 7500-9999 TL (effect=.807, BootLLCI: .068, BootULCI: 643) than 
0-2499 TL (effect=.054, BootLLCI: -.114, BootULCI: 235). Nevertheless, other income levels do not 
show any difference in this impact compared to the 0-2499 TL income level. Since there is an increase 
in the strength/magnitude of EC’s indirect impact on the EV purchase intention only when the income 
level rises from 0-2499 TL to 7500-9999 TL, we found a partial support for the H7c.

Finally, none of the interaction effects is revealed to be significant for education (Table 7). Therefore, 
EC’s impact on the attitude and its direct and indirect influence on the intention to buy EVs does not 
differ in terms of education. Hence, H8a, H8b, and H8c could not be supported.

Table 7. Moderated-mediation model testing results for education

Moderator: 
Education coeff se t p

DV: attitude

EC*w1 .175 .184 .947 .345

EC*w2 .257 .236 1.091 .276

EC*w: R2 change=004, F=.668, p=.513

DV: 
intention effect se t p LLCI ULCI

EC*w1 .031 .199 .156 .876

Secondary 
school 

and High 
school

.070 .172 .410 .682 -.267 .408

EC*w2 -.204 .254 -.801 .424 University .101 .102 .996 .320 -.099 .302

EC*w: R2 change=002, F=.616, p=.541
Masters 
and 
PhD

-.133 .189 -.707 .480 -.504 .238

EC--> 
attitude--> 
intention

Index1 BootSE Boot-
LLCI

Boot-
ULCI effect BootSE Boot-

LLCI
Boot-
ULCI

w1 .130 .193 -.264 .495
Secondary 
school and 
Highschool

.092 .122 -.092 .384

w2 .191 .206 -.221 .588 University .222 .148 -.015 .531

Masters 
and 
PhD

.283 .165 -.004 .631

1 Index of moderated mediation
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CONCLUSION AND DISCUSSION

The findings of this research show that EC positively affects the attitude toward and intention to purchase 
EVs. The results also confirm that the attitude toward EVs has a positive impact on the EV purchase 
intention and mediates the link between EC and this intention. When it comes to the moderation effects 
of the demographics, it is revealed that the gender, age, and income alter the EC’s impact on the attitude 
toward EVs. Regarding gender, EC significantly and positively influences only the women’s attitude 
toward EVs. In different age categories, EC’s positive impact on the attitude toward EVs is the highest 
for the age group of 25-31. The rest of the age groups is similar in terms of this effect. Besides, it is 
revealed that compared to the consumers with 0-2499 TL income, ones with incomes of 5000-7499 TL 
and 7500-9999 TL show a stronger positive influence of EC on the attitude toward EVs, 7500-9999 TL 
group does the strongest one. Hence, it can be stated that an increase in income level leads to a more 
positive EC-attitude link. However, the strength/magnitude of this link does not differ considering edu-
cation as EC’s influence on the attitude toward EVs is insignificant for each education level.

Considering the EC’s direct influence on the intention to purchase EVs, it is seen that none of the 
demographics alter this effect. For each gender, age, income and education group, this impact is similar. 
Therefore, regardless of their demographical characteristics, consumers are alike in terms of EC-purchase 
intention link. Last, it is demonstrated that EC’s indirect effect on the intention to purchase EVs dif-
fers in terms of gender and income. Only women show a positive and significant impact of EC on the 
EV purchase intention through their attitude toward EVs. Besides, EC’s positive indirect influence on 
the intention to buy EVs is higher for the consumers with 7500-9999 TL income and this influence is 
significantly different from the ones for other income groups.

The findings of this study support and contradict the ones in the current literature. For instance, it 
is unveiled that EC is an essential positive antecedent of the women’s attitude toward and intention to 
purchase EVs, which supports the findings of several studies that have confirmed that women are more 
environmentally concerned (Goodale, 2021, Xiao & McCright, 2015) and show a stronger positive 
influence of environmental attitude on the green purchase intention (Nguyen et al., 2017) compared to 
men. In addition, Dimitropoulos also (2014) found that potential adopters of full electric cars are likely 
to be women and environmentally concerned. It was also found that 25-31 age group has the strongest 
positive link between EC and the attitude toward EVs. Our finding complies with the approach that 
younger people are likely to hold more positive attitude toward EV adoption (Sovacool et al., 2018, Chan 
et al, 2020) and to be environmentally concerned (Gray et al., 2019, Marquart-Pyatt, 2012). However, 
this finding contradicts the ones of Kim et al. (2014) as they found that 36-50 age group has a more 
favorable environmental attitude toward EVs than other age groups. We could not find evidence for the 
moderation effect of age on the EC’s direct and indirect impact on EV purchase intention. This finding 
does not support the results of the studies, which demonstrated that age alters the purchase intention of 
EVs (Peters & Dütschke, 2014, Ghasri et al., 2019).

When it comes to the income level, it is found that 5000-7499 TL and 7500-9999 TL income group 
has the higher positive EC impact on the attitude toward EVs than the other income groups. It was also 
proved that EC’s indirect effect of EV purchase intention through the attitude toward EVs is the highest 
for the 7500-9999 TL income group. Turkish Statistical Institute (TUIK) (2020) indicates that average 
personal monthly income is 2376 TL in Turkey, so our income groups can be considered high for Turkish 
population. These findings are congruent with the ones of previous research demonstrating that EV adop-
tion positively relates to the high income (Higueras-Castillo et al., 2020, Lee et al., 2019) and EC levels 
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(Lai et al., 2015, He et al., 2018). As regards to education, we did not find evidence for the moderation 
effect of education on the influence of EC neither on the attitude toward nor on the purchase intention of 
EVs. This result is concordant with the previous studies (Chan, 1996) that could not support the impact 
on education on environmental attitude and intention. Besides, Sierzchula et al. (2014) confirmed that 
education is not a determinant of EV adoption. Thus, our finding is contradictory to the general point 
of view that EV adoption (Dimitropoulos, 2014, Morton et al., 2017) and EC (Harring & Jagers, 2017, 
Daziano & Bolduc, 2013) are positively correlated with education.

This study’s novelty contributes to the existing literature in several respects theoretically. First, although 
EV has been a popular subject for developed countries, the present knowledge is still limited for the 
emerging markets. Thus, by focusing on Turkish consumers, this study enriches the current understanding 
of EV purchase intention’s antecedents, particularly in an emerging market context. Second, even if EC 
has been studied as an indicator of willingness to purchase sustainable products, its role on consumers’ 
preference for EVs needs further interest. Mainly, the current literature only supplies minimal informa-
tion about the EC’s impact on the attitude toward EVs. In this manner, the study at hand empirically 
contributes to a better understanding of this impact. Third, this study also provides a comprehensive 
approach providing empirical evidence for the relationships among EC, attitude toward and intention to 
purchase EVs by exploring them in terms of gender, age, income, and education. As the EV market is in 
its early phase for emerging economies, it is crucial to unveil the differences and similarities in consum-
ers’ insights from different demographics to present segment-specific implications. Last, the findings of 
the study support the Theory of Reasoned Action as consumers who are environmentally concern (i.e., 
individual factor) have a positive attitude toward buying EVs (i.e., attitude toward the behavior), which 
in turn, leads to a purchase intention (i.e., behavioral intention).

This study also has some practical implications for policy makers and the managers. The results show 
positive effects of EC on the attitude toward and intention to purchase EVs. Besides, the demographics 
mainly alter the relationship between EC and the attitude toward EVs. Therefore, EV companies and 
policy makers should take into account the demographical differences in this relationship. Hence, they 
should initially focus on women, 25-31 age and 5000-9999 TL income groups coming from all educa-
tional backgrounds for strengthening their positive attitude toward EVs through suitable environmental 
messages in Turkish market since they are most likely to be attracted by the promotional campaigns 
involving environmental messages. Hence, for these consumer segments, EVs should be specifically 
presented as eco-friendly products by highlighting its pro-environmental attributes such as producing 
zero direct emissions, reducing air pollution and enabling cleaner towns and cities. In this respect, EV 
companies, government and civil organizations should consider informing and educating these consumers 
about the benefits and advantages of EVs on environmental protection. Also, they should advertise more 
the environmental benefits of EVs through the integrated marketing communication channels that these 
consumers frequently use. For instance, for the age group 25-31, different social media platforms can 
be effective for promoting EVs as this age group is the primary audience of social media ads in Turkey. 
Considering women, YouTube may be a right channel to convey environmental benefits of EVs since 
50% of Turkish women actively use this platform (We Are Social, 2021).

Besides, policy makers should cooperate with the environmental organizations and universities to 
conduct workshops on EVs’ environmental advantages. Such events will be useful for consumers to 
clear up their doubts about EVs. Furthermore, since environmentally concerned Turkish consumers 
with high income levels (7500-9999) are more likely to purchase EVs, in order to convince them EV 
companies should arrange private and personalized promotional activities. For instance, inviting them 
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to have a special EV driving experience and simultaneously informing them about how EVs protect the 
environment could help increase their willingness to purchase.

LIMITATIONS AND FUTURE RESEARCH

This study has some limitations. First, 83.2% of our sample consists of individuals with a university or 
higher education level. This is also a limitation for this study because only 21.6% of the population of 
Turkey has a university or higher education level. However, in the studies related to the attitude toward 
and purchase intention of EVs, it is seen that the majority of EV adopters have a high education level 
(Carley et al., 2013, Hackbarth & Madlener, 2013, Hidrue et al., 2011, Morton et al., 2017). In this sense, 
this does not constitute a problem in terms of representation of the sample considering EV adoption.

Second, the study tested the proposed model in Turkey. Similar studies can be carried out in different 
regions or countries with different samples. Third, EV market is in its early phase for emerging coun-
tries. As an emerging economy, the EV market in Turkey is not developed to include the actual purchase 
behavior in the model. Therefore, future studies are recommended to conduct with the aim of studying 
actual purchasing behavior. Fourth, this study investigated the effect of EC on the attitude toward and 
purchase intention of EVs. Further studies should account for both personal and social factors that af-
fect consumers’ pro-environmental behaviors such as perceived environmental benefits, environmental 
responsibility and price sensitivity etc. to widen the scope of the study. Such studies will contribute to 
consumers’ awareness of EVs since consumers of emerging markets are unfamiliar and more skeptical 
about EVs (Rajper & Albrecht, 2020). Additionally, in order to popularize and raise interest for EVs, the 
comparative studies between EVs and fossil fuel cars should be conducted. Therefore, the differences 
in consumer perspectives among them could be revealed.

Further, the current EV knowledge presents limited studies for the moderating and mediating variables 
(Kumar & Alok, 2020). The current literature also gives mixed findings about the role of demographics on 
EV adoption and how they alter the relationships among personal factors, attitude toward and willingness 
to purchase EVs. Thus, the future research can focus on the demographic variables and examine their 
impact on the link between personal antecedents and EV adoption. In this manner, the role of demo-
graphics would be understood more clearly. Additionally, there are some other personal antecedents of 
EV purchase intention that still need further attention from the researchers such as psychological factors 
(Austmann, 2020) and personality traits (Qu et al., 2020). Last, the lack of cross-cultural research and 
EV studies for emerging markets are other gaps that the future studies should emphasize.
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KEY TERMS

Electric Vehicles: Electric vehicles (EVs) have one or more electric motors, using energy stored 
in rechargeable batteries for propulsion. EVs consume no-petroleum-based fuel and have no tailpipe 
emissions.

Environmental Concern: Environmental concern (EC) refers to one’s perception and knowledge 
about environmental issues, to what extent a person concerns about the environmental consequences of 
their own or others’ behavior and supports efforts to prevent threats to the environment. 
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ABSTRACT

With rapid change in technology worldwide, innovative products such as wearable technology devices 
tend to have an uprising trend. Consumers, however, are not necessarily adaptive in their nature and 
their perception is shaped by many factors. The aim of this research is to investigate the consumer ac-
ceptance of wearable technology devices, specifically smartwatches. The study extends the widely used 
technology acceptance model with the introduction of new variables. For the purpose of the study, survey 
data was collected from German and Turkish university students. The overall results provide validation 
to previous literature while introducing new factors for consumer acceptance of technology products, 
wearable technology devices, and smartwatches. Importance of this research comes from the innovative 
and promising nature of the wearable technology devices concept, the lack of work on smartwatches in 
literature, as well as the cross-cultural nature of the study. The study also has managerial implications 
for technology companies who chase after growth in their businesses.

INTRODUCTION

Disruptive innovation creates new value, eventually changing existing networks and establishing new 
ones. Technology continuously modifies our lives in subtle ways yet disruptive technologies such as 
artificial intelligence, 3D printing and advanced virtual reality have really made major impacts. Many 
digital technologies such as smartphones, social media, big data, predictive analytics and cloud are radi-
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cally different from preceding IT-based technologies and products such as wearable technology devices 
tend to have an uprising trend that comes with wider variety nowadays. Wearable technology is any type 
of technology that is incorporated in electronics that can be worn on the body, either as an accessory or 
as part of materials used in clothing. One of the major features of wearable technology is its ability to 
connect to the Internet, enabling data to be exchanged between a network and the device.

With internet usage rates increasing rapidly since the beginning of the 90s, the usage capacity of 
information increased exponentially and technology spread rapidly throughout the world. This reflected 
on the amount of space and scope allocated to technology products in our day-to-day lives. Along with 
this, the number of wearable technology devices produced by companies has been increasing in recent 
years and these products are seen as the new era of growth for technology (Stinson, 2013). There are 
various forms in which wearable technology devices can be worn (Ko, et al., 2005) and despite being a 
relatively new product in its early diffusion stage in the global market, smartwatches are categorized as 
one of the most popular wearable technology devices in today’s world (Chuah, et al., 2016).

The aim of this study is to understand the effects of specific factors on consumers’ acceptance of 
wearable technology devices. The study also investigates the difference between the acceptance patterns 
of cultures, taking Turkey and Germany as sample populations. The model of this study is an extended 
version of the technology acceptance model of Davis (1989). External variables are added to the original 
model, while also aiming to test the validity of the original model.

WEARABLE TECHNOLOGY

The term wearable technology and its practices are relatively new in today’s world, thus it is not possible 
to find an established description in literature. As the topic is an emerging one not only in consumer 
behavior industry but also in the technology industry, a variety of understanding of the topic has been 
presented in recent years. Although it is not likely to describe the meaning and scope of wearable tech-
nology in a standardized way, some terms have many close meanings, including ‘wearable electronics’, 
‘wearable devices’ and ‘wearable computers’. Although the topic has recently started to be a trending 
topic in both academic research and managerial application, the history of wearable technology dates 
back years ago starting with the head-mounted displays developed for pilots in the 1960s (European 
Commission, 2015).

According to Dunne (2004), “wearable technology is a term used to describe many different forms 
of body-mounted technology, including wearable computers, smart clothing, and functional clothing”. 
Ko, et al. (2005) describe wearable technology devices as electronic devices that people continually wear 
as unhindered as clothes providing intelligence support that increases memory, intellect, communica-
tion, physical senses and creativity. European Commission’s (2015) report on the internet of things and 
wearable technology states the following:

Wearable technology is a type of technology that is incorporated in electronics that can be worn on 
the body, either as an accessory or as part of materials used in clothing. One of the major features of 
wearable technology is its ability to connect to the Internet, enabling data to be exchanged between a 
network and the device.
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Furthermore, another understanding and exposition of the concept of wearable technology devices is 
their usage as a fashion item allowing customers to reflect their style and characteristics into their daily 
life. Being available in a variety of customized opportunities such as different colors and sizes, a fringe 
benefit of wearable technology devices is their ability to be used as accessories. This trendy approach 
combines ‘fashion’ and ‘technology’ and often regarded as ‘fashnology’. Brem, Ro, & Rauschnabel 
(2006) regard wearable technology as the new form of fashion accessories for the users. Supporting the 
theory of Dion, Berscheid, & Walster (1972) which suggests that the consumers have a tendency to pick 
objects that are perceived as aesthetically pleasing, Bajarin (2014) concludes that, “while people buy 
watches to tell time . . . the number one criteria in choosing a watch for most people is how it will look. 
It’s a fashion statement, not a technology one”.

There are various forms that wearable technology devices can be worn such as a wristwatch, a badge, 
a ring, jewelry, shoes, clothing or eyeglasses (Ko, et al., 2005). The current existence of a wide range 
of wearable technology and smart devices is constantly in a rising trend thanks to the extended use of 
these products and developments in the technology industry. Being already available in many forms, 
it is not hard to guess that smart products will be available for their users in many different forms and 
preferences in the coming future.

Today, wearable technology devices are available for many different purposes for numerous customer 
groups all around the world. Although the literature differs between the respective industries in which 
the smart devices are being used, in general wearable technology devices can be categorized into five 
main product groups based on their usage methods, which are smartwatches, smart wristbands, smart 
glasses (including all types of head-mounted displays), smart clothes and smart accessories.

Despite being a relatively new product in its early diffusion stage in the global market, smartwatches 
are categorized as one of the most popular wearable technology devices in today’s world (Chuah, et al., 
2016). As technology evolved to become an inevitable and crucial part of our lives, the advantages we 
have taken from the practical and life-easing features of them have been increasing respectively. Gaining 
popularity and rapidly saturating the wearable technology devices market, smartwatches are one of the 
devices people use in their daily life in order to gain a wide range of advantages offered by the products.

The benefits of smartwatches are numerous depending on the aimed area of usage and initial expec-
tation from the product. Users of smart wearable devices, smartwatch owners in particular, might have 
different motivations leading them to use or consider to use these devices including; being in more control 
of their actual vital indicators through health activity tracking, ability to understand the extent to which 
the user is participating in sports activities, and increasing efficiency in work and personal life through 
having continuous availability and experiencing constant mobility. Connectedness, with minimum pos-
sibility of discontinuance, is a valuable asset that smartwatches offer to the owner. Belk (2013) has stated 
that the meaning of everyday objects changes according to who and what connects them and to where 
they are connected to. According to Verhoef, et al. (2016), “the ability of smart objects to connect not 
only with consumers and each other but also with other virtual and physical devices on the Internet will 
speed up the pace of change in their meaning”.

Smartwatches are considered among the most important developments in the information technology 
industry having plentiful functions in addition to showing time (Chuah, et al., 2016). Smartwatches that 
are in contact with a phone allow users to track their activities through the sensors transmitting informa-
tion in contrast to classical watches transmitting mainly time information only (Akbulut & Akan, 2015). 
Smart wristbands, on the other hand, are usually light-weighted and used for tracking and monitoring 
daily physical activities. These activities include but are not limited to sleeping patterns, the number 
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of calories spent, number of steps taken, water consumption and pulse tracking. There is a variety of 
sensors embedded inside the smart wristbands, leading the device to have numerous diverse functions 
(Nanda, 2017). In addition to the activity tracking features of the smart wristbands, when connected to a 
mobile phone and Bluetooth, these smart devices also act as notification devices transmitting messages 
from various applications.

Smart glasses are like mini-computers with high-definition images in the outside world. By process-
ing and capturing its user’s physical environment and augmenting with virtual elements, smart glasses 
are considered as new wearable augmented reality devices (Rauschnabel, Brem, & Ro, 2015). Having 
internal and external sensors that can collect data from computers, smartphones and other electronic 
devices, smart glasses enable their users to have a wireless connection to GPS, Wi-Fi and Bluetooth, 
leading users to be able to connect to the Internet and watch videos or gather information. Some versions 
of smart glasses and head-mounted displays include face recognition software, built-in cameras, GPS and 
other applications. The aim behind the usage of the smart glasses is rather different from head-mounted 
displays since they are mostly used in order to reach more information regarding the environment in 
which the user is, instead of isolating the user from the outer world.

Smart clothes, or interactive or digital clothing, is defined as a “garment-integrated device which 
augments the functionality of clothing or which imparts information-processing functionality to a gar-
ment” (Dunne et al., 2005). According to Hwang (2014), “science has combined with fashion where 
the property of clothes and various information technology (IT) functions coexist together in this new 
conceptual wear”. Ranging a high variety of products, smart clothes can be in many different forms such 
as pants, underwear, socks, suits, hats, shoes and so on.

Smart accessories, although not as commonly used as other wearable technology devices, mostly 
function as to be synchronized with other mobile devices. Since smart accessories are designed relatively 
smaller to be worn on the body, their relative connectivity and ability to operate various applications 
are limited. However, at the same time, they allow the users to take advantage of the accessories’ usage 
as electronic identity, signature and application locker. Smart accessories such as smart rings and smart 
necklaces can be featured with GPS modules that allow the devices to be used as location-direction 
detection for individuals with special needs.

Wearable technology devices are in an increasing trend all around the world, currently capturing a 
favorable future potential in the market for technology products. As of the beginning of 2016, 15% of 
overall U.K. population was characterized as smart wearable technology product users allowing a strong 
rise of the share of these devices on online sales stores (Mills, et al., 2016). Providing numerous advan-
tages for consumers, wearable technology devices can be stated as one of the most personal accessories 
available in many shapes and forms. The new concept of wearable technology devices shows that the 
consumer can benefit from a range of wearables on their bodies no matter which part of the body is the 
area of interest for taking the maximum advantage on the usage of the device (Robson, Kietzmann, & 
Pitt, 2016).

TECHNOLOGY ACCEPTANCE MODELS

As a result of the advanced and emerging technologies’ continuous development in a fast-paced and 
constantly changing digital world, numerous models have been proposed to better understand consumer 
adoption of new technologies and their implications (Chuah, et al., 2016). Diffusion and acceptance 
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of innovation and technology are particularly important for social scientists in order to understand the 
perception of the consumer and serve their needs better. Understanding and analyzing the cultural and 
social changes while trying to better explain the tools of change is an area of interest for researchers 
interested in social science.

There is a vast amount of research in literature which tries to meaningfully understand and make 
sense of user’s adoption of technology such as innovation diffusion model of Rogers (1962), theory 
of reasoned action (TRA) (Ajzen & Fishbein, 1980), technology acceptance model of Davis (1989), 
extended version of the technology acceptance model (Venkatesh & Davis, 2000; Venkatesh & Bala, 
2008), theory of planned behavior (Ajzen, 1991), unified theory of acceptance and use of technology 
(Venkatesh, et al., 2003) and extended version of the unified theory of acceptance and use of technology 
(Venkatesh, Thong, & Xu, 2012). According to literature, the Technology Acceptance Model (TAM) of 
Davis (1989) is believed to be one of the most validated models investigating and explaining the intention 
to adopt the technology. Being an evolved version of Fishbein and Ajzen’s (1975) theory of reasoned 
action, the TAM model introduces new belief variables, perceived usefulness and perceived ease of use. 
The original model consists of five elements: external variables, perceived usefulness, perceived ease of 
use, attitude and intention. The model is widely used in order to understand the technology acceptance 
and adoption patterns of consumers. According to Fishbein and Ajzen’s (1975) theory of reasoned ac-
tion, beliefs are one of the influencing sources of attitude, which then shape the intention. Following, 
behaviors are generated through intention (Ma & Liu, 2004). As the technology acceptance model takes 
its roots from the theory of reasoned actions and is further developed, today the model is applicable 
in not only consumer behavior area but also in social psychology. Davis, in 1989, introduced two new 
dimensions to the model being perceived usefulness and perceived ease of use. Figure 1 presents the 
original TAM model of Davis (1989).

With the new constructs of the model - perceived usefulness and perceived ease of use - consumers’ 
beliefs on technology are measured, resulting in explaining and predicting attitude towards technol-
ogy and therefore predicting acceptance of technology (Ma & Liu, 2004). As a result of the analysis 
conducted on the model, Davis (1989) concluded that both perceived usefulness and perceived ease of 
use have a relationship with actual use, with perceived usefulness being significantly more correlated. 
To conclude, by combining an already existing model of TRA with two new constructs, the original 
TAM model was developed and tested many times by researchers trying to understand the patterns of 
consumer acceptance of the technology. It was found that when perceived usefulness and perceived ease 
of use - variables that are successfully adapted to the model - are enhanced, they positively influence 
attitude and intention (Kim & Shin, 2014). 

Figure 1. The original technology acceptance model (Davis, 1989)
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RESEARCH MODEL AND METHODOLOGY

The structure of this study is based on the technology acceptance model of Davis, with the aim of 
confirming the findings of previous research while contributing to the literature with its cross-cultural 
nature and specific focus on wearable technology devices and smartwatches in particular. The model in 
Figure 2 represents the basis of this study and is constructed by the addition of new variables that are 
believed to have a relationship with consumer acceptance of wearable technology devices to the basic 
Technology Acceptance Model of Davis (1989).

Perceived ease of use of a product represents the degree to which a consumer perceives a product easy 
to operate or service easy to receive. Davis (1989) defines perceived ease of use as “the degree to which 
a person believes that using a particular system would be free of efforts”. If a specific service which 
includes technological aspects is perceived as easy to use and take advantage of, users have an enhanced 
belief of that technology or service is more useful and they are more likely to have a positive attitude 
towards that technology product or service (Kim & Shin, 2014). As perceived ease of use is proved to 
be effective in technology acceptance, our study aims to explore if such a relationship is established in 
acceptance to wearable technology devices in a cross-cultural comparison perspective.

According to Davis (1989, 1993), perceived usefulness is one of the main psychological determinants 
of attitude towards technology and the intention to use technology. Perceived usefulness is defined by 
Davis (1989) as “the extent to which a person believes that using particular technology will enhance his/
her job performance”. As stated by Kim and Shin (2014), “when users tend to believe that the technol-
ogy is useful, they form favorable attitudes towards it”. In the basis of the study of Davis, together with 
the importance of opportunity cost of using any service, perceived usefulness is believed and proved to 
have effects on the attitude towards a technology product and the intention to use that product.

Attitude is defined as the positive or negative tendency the consumers gain against an object over time 
by learning. The object mentioned here could be a human, product, service, location, event, advertising 
and similar elements (Schiffman & Kanuk, 1978). Attitude, as stated in the definition, is not inherent in 
consumers upon birth, rather they tend to learn it later. For example, the idea that a brand or a product 
has better quality than the others is not an innate thought of the consumer (Solomon, 2009). According 
to Fishbein and Ajzen (1975), attitude towards use is defined as “an individual’s positive or negative 

Figure 2. Research model
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feelings (evaluative affect) about performing the target behavior”. It is necessary to draw attention to 
the various characteristics of attitude. Firstly, attitudes are formed by consumers through the process of 
learning, so attitude is learned tendencies. If a consumer is not satisfied with the product, the consumer 
may gain a negative attitude towards that product. Attitudes refer to trends over time and they often stay 
unchanged and continuous because they develop slowly over time (Hoyer & MacInnis, 2007). There-
fore, when consumers have a negative attitude towards an object, it is hard for marketers to change this 
negative attitude. Consumers make purchasing decisions based on their attitudes; a consumer who is 
satisfied with the quality of a brand may choose the brand again for their next purchase or recommend 
it to others (Hanna & Wozniak, 2017).

Intention is defined as “the strength of one’s intention to perform a specified behavior” by Fishbein and 
Ajzen (1975). Multi-attribute models are often used to anticipate behavioral intention. In these models, 
the focus is on the technology related beliefs of users (Fishbein & Ajzen, 1975). According to the TAM 
model of Davis (1989), intention is shaped by attitude and factors affecting attitudes such as perceived 
usefulness and perceived ease of use and these as a result influence actual use of a technology product. 
Additionally, TAM proposes that technologies are perceived as more useful when they are easier to use, 
and that usefulness also directly influences usage intention. In addition, as per the theory of the reasoned 
actions suggests, the subjective standard determines the intended meaning of the behavior (Ajzen & 
Fishbein, 1980) and actions are taken with more motivation by the individuals when it is believed that 
the others expect them to perform these actions (Venkatesh & Davis, 2000).

Following the discussions above, the following hypotheses are proposed:

Hypothesis 1: Perceived ease of use will have a positive effect on perceived usefulness of wearable 
technology devices.

Hypothesis 2: Perceived ease of use will have a positive effect on attitude towards wearable technology 
devices.

Hypothesis 3: Perceived usefulness will have a positive effect on attitude towards wearable technology 
devices.

Hypothesis 4: Perceived usefulness will have a positive effect on the intention to use wearable technol-
ogy devices.

Hypothesis 5: Attitude will have a positive effect on intention to use wearable technology devices.

The next set of hypotheses reflects that this study also aims to focus on the differences between 
cultures/countries and the effects of these differences on acceptance to wearable technology devices. 
Following the review of the literature, three main aspects are identified that potentially will lead to 
differences between cultures/countries: sports culture representing the involvement in sports activities, 
life expectancy rates showing the long term expectations and uncertainty avoidance indicating extent 
to which individuals embrace ambiguity. First, sports culture in this study refers to the extent to which 
different cultures’ attitude towards participation in sports or physical activities. Second, if improvements 
in technology affect life expectancy, it is worth to further investigate this effect the other way around; 
a potential alteration on the levels of consumer belief in terms of increased usefulness of wearable 
technology products, when it is believed that there will be a longer life span ahead. Third, the level of 
uncertainty avoidance, which is a function of the degree to which a social group feels threatened by 
ambiguous, uncertain, unknown situations (Mooij & Hofstede, 2002). Societies with higher uncertainty 
avoidance scores tend to minimize the unknown, as they feel more comfortable with clarity and certainty.
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Hence, the following hypotheses are proposed:

Hypothesis 6: Country difference has an effect on the perceived usefulness of wearable technology devices.
Hypothesis 7: Country difference has an effect on attitude towards wearable technology devices.

Finally, smartwatches are as much a fashion item as a technological device. Thus it can be expected 
that fashion-wise social influence will have an effect on the consumer decision-making process and 
technology-wise the mobility and availability provided by using a smartwatch should be considered.

Social influence, as defined by Turner (1991), “is the processes whereby people directly or indi-
rectly influence the thoughts, feelings and actions of others”. In order to feel socially accepted, people 
tend to focus on and implement other people’s opinion in their daily lives. Whether being a compli-
ment or a suggestion, or just sharing of a positive or undesired experience, people affect each other’s 
purchase, consumption and disposal decisions. Having said that purchase decisions are shaped around 
the environment and trusted people in the eyes of the consumers, peer groups are not the only way to be 
exposed to social influence on decision-making. Online consumer reviews are also considered as a kind 
of consumer-created review that provide the indirect experience of products and services to potential 
buyers influencing their purchase decisions (Park, Lee, & Han, 2014).

Furthermore, mobility and availability of product or service are more important than ever in today’s 
fast-paced world with numerous information reaching a single consumer on a day-to-day basis and the 
ability of the consumer to be responsive constantly. As the mobility and availability of a service or a 
product is now a crucial concept, the applications and implementations of increasing the mobility and 
availability of offered services and products are very broad mainly in the areas of entertainment, knowledge 
and health (Kirstein, et al., 2005). The implications of mobility and availability features of the wearable 
technology devices in the health sector include monitoring health indicators such as tracking pulse, water 
consumption and blood pressure rates in addition to general monitoring and checking of physical sports 
activities. Due to the shifting focus on technical concerns to consumer-oriented marketing strategies, 
it has been a fundamental issue for researchers to reach higher mobility (Ariyatum & Holland, 2003). 
It is further argued by Kim and Sundar (2015) that “effects of mobile communications factors mainly 
result from the mobility levels of the device giving a feel of availability . . . mobility sense tends to be 
reinforced in wearable communication having firm effects on perceived hedonic quality of smart wear-
able technology devices including smartwatches”.

Along these lines, the following hypotheses are proposed:

Hypothesis 8: Social influence will have a positive effect on the perceived usefulness of wearable 
technology devices.

Hypothesis 9: Social influence will have a positive effect on attitude towards wearable technology devices.
Hypothesis 10: Mobility will have a positive effect on perceived ease of use of wearable technology 

devices.
Hypothesis 11: Availability will have a positive effect on perceived ease of use of wearable technology 

devices.
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Methodology and Study Setting

As the aim of the study is to investigate and explore factors affecting the consumer acceptance of wear-
able technology devices, a questionnaire is prepared in order to deeper understand these variables and 
their effects on a cross-cultural level between German people and Turkish people. As the nature of the 
study required us to do so, quantitative research methods are applied.

Data collection was through a face-to-face survey that was administered in 2019 at two universities, 
one in Turkey and the other in Germany. An introduction statement was presented at the beginning of 
the survey summarizing the aim of the study, confidentiality matters and the study concept. In terms 
of scale development for the survey, most of the questions are adopted from literature and used after 
slight adaptations to the context of this study and sample groups. Following the collection of the data, 
responses are transcribed into data analysis software and made ready for the statistical analysis process. 
The model and proposed hypotheses are tested through statistical analysis techniques. Statistical analysis 
methods applied in this research range from descriptive statistics to chi-square tests, regression analysis 
and independent samples t-tests.

ANALYSIS AND FINDINGS

The overall sample size for the study is 221 individuals, among which 101 are Turkish students (46%) 
and 120 German students (54%). 12 Turkish and 17 German participants are smartwatch owners. The 
average age among Germans is found to be 26 with Turkish average being 22. 58% of Turkish and 53% of 
German respondents are female. In terms of area of study, almost all participants are from social science 
studies such as business administration, economics and law in Turkey, whereas in Germany participants 
are more heterogeneous coming from the following areas: social science, communications, media and 
arts, natural science and engineering, information technologies and medicine.

First contingency analysis was conducted to see if the use of wearable technology devices and so-
cial media usage are country dependent or not. Chi-Square analysis findings below show that while 
use of wearable technology devices was independent of country, social media usage was found to be 
more frequent and popular in Turkey compared to Germany. Sports culture, the degree to participate 
in sports activities, in particular, is found to be independent between countries following the same pat-
terns. However, when further investigated it is found that on a weekly basis, German people are more 
involved in sports activities.

Table 1. Chi-square tests

Country * Use of Wearable 
Technology Devices Country * Social Media Usage Country * Sports Frequency Country * Weekly Sports 

Involvement

Chi-Square Significance 
(2-Sided) Chi-Square Significance 

(2-Sided) Chi-Square Significance 
(2-Sided) Chi-Square Significance 

(2-Sided)

0.369 0.543 20.843 0.000 9.309 0.054 11.638 0.009
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Hypothesis Testing

In order to test the reliability and trustworthiness of the instruments used in this study, Cronbach’s alpha 
reliability test has been applied to the data collected from the surveys. Table 2 presents the results which 
show that intention (α=0.946), attitude (α=0.895), and perceived usefulness (α=0.761) are found to 
have the highest internal reliability. These are followed by social influence (α=0.630) and availability 
(α=0.615). The items, perceived ease of use (α=0.538) and mobility (α=0.505) have lower reliability 
than expected. This relatively poorer internal reliability results of perceived ease of use and mobility 
might be resulting from the number of items used to measure the variable or sample size.

Moving forwards, the first five hypothesis are tested to see the significance of the positive effects of 
variables on each other. Below, Table 3 and Table 4 summarize the findings and show that the hypoth-
esized positive effects are all found to be significant. The analysis results show that the hypotheses have 
statistical significance both overall and at the specific country level. We can summarize the results as:

• Perceived ease of use has a positive effect on perceived usefulness of and attitude towards wear-
able technology devices (H1 and H2)

• Perceived usefulness has a positive effect on attitude and intention towards wearable technology 
devices (H3 and H4)

• Attitude has a positive effect on intention to use wearable technology devices (H5)

Moving on to the next set of hypotheses, when the effect of country difference was investigated through 
independent samples tests, while there seems to be no effect of the country on the perceived usefulness 
of these devices (H6), it was found that the country difference had an effect on attitude towards wearable 
technology devices (H7). The results are gathered in Table 5.

With an aim to confirm the positive effect of social influence on perceived usefulness of wearable 
technology devices (H8), simple linear regression analysis was conducted. The results are summarized 
in Table 6. Model summary shows that 12.3% of the variation on the perceived usefulness of wearable 
technology devices can be attributed to social influence. This hypothesis is statistically supported. Simi-
larly, results in Table 7 show that social influence is found to be positively affecting the attitude towards 

Table 2. Reliability analysis of the scales

Name of the Variable Number of Items Cronbach’s Alpha

Perceived Usefulness 3 0.761

Social Influence 2 0.630

Perceived Ease of Use 2 0.538

Mobility 2 0.505

Availability 2 0.615

Attitude 3 0.895

Intention 2 0.946

 EBSCOhost - printed on 2/14/2023 11:26 AM via . All use subject to https://www.ebsco.com/terms-of-use



278

Adoption of Wearable Technology Devices
 

Table 3. Regression model summary

Hypotheses R Square F Sig.
Turkey (n = 101) Germany (n = 120)

R Square Sig. R Square Sig.

H1: Perceived ease of use and 
Perceived usefulness 0.105 25.781 0.000 0.122 0.000 0.090 0.001

H2: Perceived ease of use and 
Attitude 0.151 38.859 0.000 0.153 0.000 0.104 0.000

H3: Perceived usefulness and 
Attitude 0.381 134.524 0.000 0.315 0.000 0.460 0.000

H4: Perceived usefulness and 
Intention 0.250 72.929 0.000 0.220 0.000 0.277 0.000

H5: Attitude and Intention 0.547 264.939 0.000 0.520 0.000 0.518 0.000

Table 4. Regression coefficients

Hypotheses Constant Beta Std. Error

H1: Perceived ease of use and Perceived usefulness 0.105 25.781 0.000

H2: Perceived ease of use and Attitude 0.151 38.859 0.000

H3: Perceived usefulness and Attitude 0.381 134.524 0.000

H4: Perceived usefulness and Intention 0.250 72.929 0.000

H5: Attitude and Intention 0.547 264.939 0.000

Table 5. Group statistics and independent samples tests

Group statistics Independent samples t-test for equality of means

Mean t Std. Error Difference Sig (2-tailed)

H6: Perceived 
Usefulness

Turkey 
(n = 101) 3.3663

0.826 0.11731 0.410
Germany 
(n = 120) 3.2694

H7: Attitude

Turkey 
(n = 101) 3.5710

4.819 0.12310 0.000
Germany 
(n = 120) 2.9778

Table 6. Regression results – social influence and perceived usefulness

Model Unstandardized Coefficients Sig. Model Summary

(Constant) 2.633 0.000 R Square: 0.123

Social Influence 0.320 0.000 F = 30.841
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wearable technology devices (H9). Model summary shows that almost one quarter of variations on the 
attitude towards wearable technology devices results from social influence.

When we examine the effect of mobility and availability on perceived ease of use, these two variables 
together are found to be explaining almost one fourth of the variations on the perceived ease of use of 
wearable technology devices with an R Square of .240. However, mobility has a significant effect on 
the perceived ease of use of wearable technology devices (H10), whereas availability is not found to 
have a positive effect on perceived ease of use (H11). On the other hand, when only measured in Tur-
key, availability was found to be significantly affecting perceived ease of use. Below findings in Table 
8 represent the analysis.

CONCLUSION

First contribution of the study is that technology acceptance model of Davis (1989) is proved to be valid 
and applicable for wearable technology products. This study has shown that perceived ease of use has 
an effect on perceived usefulness, the more a consumer perceives a smartwatch as easy to use the more 
likely that they will also perceive this product as useful. Moreover, when a product is found to be easy to 
use, consumers also build a positive attitude towards it. Validating the results of Davis (1989), the cur-
rent study has affirmed that perceived usefulness of smartwatches effects both attitude towards them and 
the intention to own and use a smartwatch. The strongest and the most significant relationship is found 
to be between attitude and intention, again validating the results on the original TAM of Davis (1989). 
The respondents of this study had a tendency to fully associate intention with attitude, when positive 
attitudes are formed towards smartwatches the intention to buy one increases respectively.

In this cross-cultural study, we have also investigated the country effect on perceived usefulness and 
attitude. Country differentials were sports culture, life expectancy and uncertainty avoidance which differ 
between the two countries that comprise our sample, Germany and Turkey. According to the findings, 

Table 7. Regression results – social influence and attitude

Model Unstandardized Coefficients Sig. Model Summary

(Constant) 2.183 0.000 R Square: 0.240

Social Influence 0.502 0.000 F = 69.115

Table 8. Regression results – mobility and availability on perceived ease of use

Model
Unstandardized Coefficients Standardized Coefficients

t Sig.
B Std. Error Beta

(Constant) 1.886 0.213 8.849 0.000

Availability 0.108 0.056 0.131 1.934 0.054

Mobility 0.362 0.059 0.413 6.098 0.000

Adjusted R Square: 0.233 – F: 34.130 – Significance: 0.000
Dependent Variable: Perceived Ease of Use
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while perceived usefulness did not differ in Germany in Turkey, attitude on the other hand is found to 
be shaped by the country and thus culture. When means are compared and the results of the independent 
samples t-tests are taken into consideration, it is found that Turkish people hold a more positive attitude 
towards smartwatches than the Germans.

Social influence received from the environment is found to have a positive relationship with perceived 
usefulness of smartwatches and attitude towards them. This relationship is stronger between social in-
fluence and attitude compared to social influence and perceived usefulness. The study shows that when 
people receive positive influence about a smartwatch from their environment, there is higher likelihood 
of them to shape a more positive attitude towards smartwatches, which than leads to positive intention to 
use and purchase one. More interestingly, our study has revealed that Turkish people are more likely to be 
affected by social influence and they form a more positive attitude towards smartwatches. Furthermore, 
the social media usage in both cultures were also measured, suspecting a potential positive correlation 
with smartwatch usage and social media usage. Results have proven our suspects correct, as there is a 
more positive attitude towards smartwatches in Turkey with much higher social media usage. The more 
consumers are exposed to positive social influence on smartwatch usage and the more they are active 
on social media, the stronger positive attitudes are formed.

Last but not the least, as mobility is a very popular and essential consideration in our age, our study 
also investigated the relationship between mobility provided by smartwatches and their perceived ease 
of use. Our study results show that while mobility has a significant positive relation with the perceived 
usefulness of smartwatches, whereas availability has no relationship. However, when the results were 
analyzed at the country level, it was observed that Turkish respondents positively associated smartwatches’ 
perceived usefulness and their availability. Overall, according to the statistical findings of this study, 
mobility is one of the features shaping the perception towards usefulness of smartwatches. Consumers 
who think a smartwatch has good mobility, also think that it is useful.

This study contributes to a limited body and extent of research, as academic studies on smartwatches 
are still rare. In addition to once more validating the well-known and widely used TAM model, this study 
particularly introduces sports culture, life expectancy and uncertainty avoidance all under country effect, 
measuring their potential relationship with acceptance of smartwatches. Availability and mobility variables 
are also used as a part of the extended model, through which new independent factors are added, revealing 
more findings on consumer acceptance patterns for technology products and smartwatches in particular.

The study also has a contribution towards the industry as the insights and findings lead us to make 
further comments on the overall effect of consumer behavior on adaption and purchasing decision mak-
ing, especially for a disruptive technology product. To some extent, managers of technology companies 
who chase after growth in their businesses in terms of acquiring bigger market share and creating further 
demand can use this study as an exploratory tool that allows them with insights and findings on consumer 
adaptation to technology devices and intention to own one. Furthermore, by getting closer to exploring 
the factors behind wearable technology acceptance and the effect of culture, companies may be able to 
understand the consumers better and serve them accordingly, with customized features and character-
istics per culture and target group. Despite the fact that the focus of this research is on smartwatches, 
managerial implications are believed to be transferrable to other wearable technology devices in general.

When interpreting this study, it should be kept in might that the study has limitations and room for 
future research. As a limitation, we can present the differences between the sample groups in Turkey 
and Germany. Further, the ability to show this study as a pure comparison between Turkish and German 
culture is limited due to all samples being students from selected universities, which result in the de-
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creased representation of the overall culture. In potential research, the scale of this study can be enlarged 
and made more representative by having more homogenous samples. In addition, there exists potential 
to explore more about consumer acceptance of other innovative products and services, and the research 
instrument can be tailored and extended to fit other industries.
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