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ABSTRACT

Communicatingtherelatedenvironmentalbenefitsofbio-basedproductstoconsumersrepresentsa
keycomponentoftheirmarketuptake.Inthisregard,theuseofecolabelsISO14024TypeIplaya
crucialrole.Thisarticleidentifiesandanalyzesdifferentcriteriaproposedbyecolabelsforconducting
asustainabilityassessmentofbio-basedproductsconsideringitsentirelifecycle.Acomparisonof
theselectedcriteriawithexisting indicators ruledoutby theSDGs isproposed.Throughexpert
consultation,thesuitabilityofexistingecolabelcriteriaforbio-basedproductshasbeentestedfor
fourapplicationsofbiobasedproducts:foodpackagingfromPLA;biobasedautomotivecomponents;
bio-basedmulchfilm;andbio-basedinsulationmaterial.
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INTRoDUCTIoN To THE UNITED NATIoNS SUSTAINABILITy 
GoALS, ECoLABELLING AND THE BIoECoNoMy

In2016,theUnitedNations’SustainabilityGoals(SDGs)wereproposedanddesigned,comprising
17worldwideagreedgoalstomakeplanetearthmoresustainable.

Theimportanceofenvironmentallabellingwasrecognizedin1992,duringtheSecondEarth
Summit(RioSummit).TheresultingAgenda21mentionsenvironmentallabellingasatooltopromote
SustainableDevelopment(SD)(Horne,2009;UnitedNations,1992).

Ecolabellingprovidesconsumerswithexplicitinformationabouttheenvironmentalperformance
ofaproductanddirectstheirbuyingbehaviourtowardsustainablechoices(EuropeanCommission,
2012).Itplaysalsoanimportantroleasagovernmentpolicyinstrumenttoestablishinformation
guidelinesforconsumersonsustainableconsumption(BIOIntelligenceService,2012;Schaderet
al.,2011).Therefore,ecolabelsaddressthegoalofsustainableconsumptionandproductionpatterns,
correspondingtothe12thgoalofSD(UnitedNations,2015).Thisarticlewillshowfurtherlinks
betweenecolabelsandtheSDGs.

Various links between the SDGs and the bioeconomy have been identified by previous
publications.WhileGaweletal.(2019)arguethatthebioeconomyhasapositiveimpactontheSDGs,
othersarguethatitsapplicationhasbothpositiveandnegativeimpactsontheachievementofSDG
targets(seeHeimann,2019,Nunesetal.,2016).Forthisreason,bioeconomyproductswithpositive
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environmentalimpactsrequireappropriatecommunicationandmarketingtoolsinordertoconvince
theconsumersofitsbenefits.

Bio-basedproductsareoneof thebioeconomysectors (EuropeanCommission,2012,p.5).
AccordingtoCEN(2014),theyaredefinedasproductsproducedentirelyorpartlyfrombiomass
(plant,forestryoranimalorigin).

Akeycomponentforthemarketuptakeofbio-basedproductsistocommunicatetherelated
environmentalbenefits to theconsumer.LaduandBlind(2017)argue that labels, inparticularly
ecolabelsareanessentialvehicletocommunicatethebenefitsofbio-basedproductstoconsumers,
especiallyifpredefinedsustainabilitycriteriaaremetandverifiedthroughacertificationprocess.

Thisarticlestartswithaliteraturereview,followedbyinformationontheresearchobjectives
andmethodologies.Afterwards,selectedecolabelcriteriaaredescribedandsuggestionsforecolabel
criteriaandlabelsforanumberofbio-basedproductsinlinewiththeSDGsaremade.Thearticle
endswithsuggestionsforfurtherstepsandconclusions.

ThisresearchwascarriedoutwithintheframeworkoftheEUprojectSTAR-ProBio(http://www.
star-probio.eu/,GrantAgreementNumber727740).Itwassupplementedbyadditionalliteratureand
anoutlookontheGermanprojectConCirMy(ConfiguratorfortheCircularEconomy,fundedby
theGermanMinistryofEducationandResearch,fundingcode:033R236EReziProK).Thisarticle
makesuseofmaterialpresentedbytheauthorsattheEURASConference2019.

LITERATURE REVIEw oN THE SDGS AND ECoLABELS

Current Contributions of the Bioeconomy to the SDGs
VariousrelationsbetweenthebioeconomyandtheSDGsexistalready.TosupportSDG2(Zero
Hunger),theefficientuseofbiomassasasustainableenergysourcecansupplyenergyneedsfor
beneficiaries to make, convert and eat food, which tackles the goal to end hunger, obtain food
securityandimprovenutrition(WFP,2019).Theuseofbiomasswaste,useofwastewater,useof
marinefauna(fish)andflora(algae)andanincreasingimportanceofbiodiversitycancontributeto
theachievementofSDG6,12,14and15(referringtocleanwater,responsibleconsumption,lifeon
landandbelowwater,BiobasedIndustriesConsortium,2018).Inthetransportationsector,theuse
ofbioenergycanincreaseaccesstomodernenergyservicesandcanreducetheuseoffossilfuels
(BiobasedIndustriesConsortium,2018),whichisinlinewithSDG7onaffordableandcleanenergy.
El-Chichaklietal.(2016)describethepositiveimpactonthelocaleconomythroughtheconstruction
ofalargebio-refineryinFinland.Althoughtherefineryonlyrequires200workerstocarryoutthe
productionprocess,theauthorsarguethat2,500otherjobswillbecreatedthroughoutthevaluechain.
Inaddition,El-Chichaklietal.(2016)arguethattherecoveryoforganicwasteandtheconversionof
domesticwasteintobiofuels,andalsotheconversionofCO2emissionsintochemicalsandbiofuels
cancontributetotheachievementoftargetsonSDG11and13onsustainablecitiesandclimate
action.PotentialforadditionalcontributionsofthebioeconomytothepersuasionoftheSDGsand
theirdemonstrationsbytheuseoftargetedecolabelcriteriawillbesubjectofthisstudy.

Benefits of Ecolabels and Standards
Ecolabels play an import role in promoting eco-friendly consumption. The reason is that most
ecolabelledproductsarecredencegoods,implyingthatthevaluedattributestheycontainarenot
observabletotheconsumerevenafterpurchaseorconsumption(Daugbjergetal.,2014).AsFigure
1shows,eco-friendlyconsumptionisinfluencedbyasetofconsumer-relatedfactors,inwhich“Trust
intheecolabel”and“Knowledgeoneco-friendlyaspects”playanimportantrole.

Ideally,environmentallabelsarebasedontransparentcriteriaandareawardedbyanindependent
thirdparty(e.g.theEUEcolabel).Byacquiringtheselabels,productsshowcomplianceswithtechnical
specificationsandsustainabilitycriteria.Consideringthatconsumersacceptthelabelasonemeansof
proofofcompliancewiththetechnicalspecifications,standardsfunctionasanimportantfoundation
oftrust-worthyecolabels.



International Journal of Standardization Research
Volume 17 • Issue 1 • January-June 2019

25

AsaformofISO’scontributionsinlinewiththe12thSDGrelatedtoconsumptionandsustainable
production,ISOhassetstandardsforenvironmentallabellingintheISO14020series(ISO,2018a).
TheISO14020seriesconsistsofthreetypesofstandardsforvoluntaryenvironmentallabels(Horne,
2009),namelyISO14024:2018(forTypeI-EnvironmentalLabels),ISO14021:2016(forType
II-EnvironmentalLabelling),andISO14025:2006(forTypeIII-EnvironmentalDeclaration).The
threestandardsprovideguidingprinciplesfor thedevelopmentandapplicationofenvironmental
labelsandself-declarationsandconceptualizethird-partycertificationprograms,whichhelpverify
environmentalclaimsandthusencourageconsumerstomakebetterchoices.Inaddition,newfields
ofactionareemerging,whichrequirethedevelopmentofnewstandardsandspecifications.This
articlewillprovidemoreinsightinthisregard.

TheapplicationofecolabellingthroughtheuseofISOstandardscanensureconsumerstoobtain
reliablepurchaseinformationfromproducersregardingenvironmentalclaims.Thisisbecausethe
ISOstandardshaveglobalrecognitionandinvolvevariousstakeholders indeterminingobjective
criteria(ISO,2012;ISO,2018b).AccordingtoISO14024:2018,ecolabellingisatypeoflabelling
thatfollowsTypeIenvironmentallabelling,basedonmulti-criteriaandlife-cyclesealsofapproval
(ISO,2018c).ThestandardspecifiesprinciplesandprocedurestoestablishaTypeIenvironmental
labellingprogram, includingdeterminingproductcategories,productenvironmentalcriteria,and
productfunctioncharacteristics;andtoevaluateandproveconformity.Thestandardalsoestablishes
certificationproceduresforlabelling.TypeIenvironmentallabellingisathird-partycertifiedproduct
environmentallabellingschemethatreferstothedeterminationofasetofcriteriabyaprivateor
publicenvironmentallabellingprogram(Horne,2009).Thethird-partycertifierissuesandcontrols
theuseoflogosormarksforthecertifiedproduct(Ibanez,2016;ISO,2018c).Athird-partycertifier
orecolabellingbodythatawardsthelabel(alogoormark)cancomefromgovernmentorganizations
orprivatenon-commercialorganizations(Ibanez,2016;ISO,2018c).Therefore,theecolabellingbody
asathird-partycertifierhasanimportantroleintheecolabellingschemetoawardlabel(alogoor

Figure 1. The relationship between ecolabels and the purchase of eco-friendly products. Source: own figure inspired by Daugbjerg 
et al. (2014)
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mark)totheproductbasedonthefulfilmentofasetofcriteriadeterminedbytheprivateorpublic
environmentallabellingprogram.ExamplesofTypeIenvironmentallabellingaretheEUEcolabel
andtheGermanBlueAngel.

RESEARCH oBJECTIVES AND METHoDoLoGIES

Takingupthetechnicaldevelopmentsforestablishingasustainable,bio-basedeconomy,thepresent
studyaimstogaininformationonhowecolabelsandstandardscansupportthemarketacceptanceof
bio-basedproducts.Alsoinsightwillbegiventotheextenttowhichproposedsetsofsustainability
measureshavesimilarordifferentcharacteristicsincomparisonsofselectedproducts.Fourtypesof
bio-basedproductswereselectedforthestudies:

• Foodpackagingmadeofpolylacticacid(PLA)
• Bio-basedautomotivecomponents
• Bio-basedmulchfilm
• Bio-basedinsulationmaterialandinsulatingmaterials.

PLAisabio-based,biodegradablethermoplasticwithawiderangeofapplications,including
packaging for fresh foods such as yoghurt, desserts and meat products; paper bags and cartons
withplasticwindowsforbakedgoods;tablewareaswellaslabelandwrappingfilms(seeGreen&
Kunnemann,2006).At10.3%,PLAhasthefourth-largestshareoftheglobalbioplasticsmarketand
alsoaccountsformorethan25%oftheworldmarketforbiodegradablebioplastics(seeEuropean
Bioplastics,2018).

Theautomotivesectorhaspotentialforincreasedbio-basedmaterials,someofwhicharealready
successfullyimplemented.Accordingtoananalysiscarriedoutin2010,anaveragecarconsistsof
approximately150kgofplasticsandplasticcompositeelements(seeCEDelft,2017)andraisesthe
questionofsuitablebio-basedalternatives.Examplesofapplicationsforbio-basedsolutionsinthe
automotivesector,ingeneral,includebio-resins,fibre-basedsolutionsfortheinteriorandcomposite
materials (see e.g.CEDelft, 2017).Anothernew fieldof application forbio-basedmaterials in
theautomobile industryare tires,which thenewly launchedConCirMyproject aims toanalyze.
Ofparticularimportanceforthisarticlewerea)sidedoorswithinteriortrimmadeofcomposite
materialswithnaturalfibressuchasflax,hemp,linenandabio-basedresin,b)mirrorandindicator
covermadeofbio-basedpolyamidesandc)vehicleinteriorsmadeofpolypropyleneincombination
withnaturalfibres.

Mulchfilmsareusedforthecultivationofagriculturalproducts,e.g.asparagus.Biodegradable
versionsoffertwomainadvantages.First,biodegradationofbio-basedproductsinthesoilisnot
expectedtoproduceecotoxiceffects.Bio-basedbiodegradablemulchfilmsdonotcontainheavy
metalsthatcouldcausesucheffects(seeDeWilde,2002).Thesecondadvantagerelatestotheafter-
usephasebecausethedegradabilityeliminatestheneedtoremovethefilmsfromtheagriculturalsoil
afteruse.Bio-basedplasticscurrentlyaccountforarelativelysmallshareoftheagriculturalplastics
market.However,astronggrowthisexpectedforthenextfewyears(seeEuropeanBioplastics,2016).

Stimulated by the introduction of sustainability concepts in building/construction design,
researchintothedevelopmentofinsulatingmaterialsfromnaturalorrecycledmaterialshasalso
increased.Bio-basedmaterialshereareinparticularwoodfibers,cellulose,wool,hempandstraw,
supplementedby“unconventional”materialssuchasreed,maize,cotton,oilpalmfibers,pineapple
leaves,riceandsunflowers(seeAsdrubalietal.,2015).Duetotheimportanceoftheconstruction
sectorasamajorpolluterofgreenhousegasemissions,bio-basedproductsfromthissectorwere
alsoincludedinthestudy.
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Afterselectingproductsfortheanalysis,weconceptualizedandimplementedaresearchstrategy
withfiveelements:1.literaturereviewandresearchontheSDGs,2.analysisoftheexistingecolabels
landscape, 3. preparation, conduct and analysis of experts interviews in four areas of bio-based
products,4.developmentofrecommendationsforecolabelcriteriaandstandardisationand5.deriving
comparisons.UtilizingtheEcolabelIndex,whichprovidesinformationon465ecolabelsfrom99
countriesand25industrysectors,weidentifiedthemostrelevantlabelsforbio-basedproducts.This
researchpavedthewayforthedevelopmentofaninterviewguidetobeusedinthein-depthcase
studiesanalysis.Carryingoutsemi-structuredinterviews(Adams,2015)withprofessionalsdealing
withthefourproductgroupsofouranalysiswasthefollowingstep.Theinterviewguideconsisted
ofsixsections:backgroundoftheinterviewee(s),frameworkconditions,ecolabelsandsustainability
standards.Inadditiontoopenquestions,asectionincludedalistofcriteriaidentifiedintheanalysesof
theecolabellandscapefordeeperanalysesontheirsuitabilityintheareasofourresearch.Interviewees
wereselectedtorepresentawiderangeofstakeholders(seeTable1).

The interviews tookplacebetweenMayandSeptember2018.The resultsweregivenmore
depthbytheanalysisofadditionalsourcesprovidedbytheinterviewees.Basedonallthegathered
information,wefinallydevelopedasetofrecommendations,supportingtheuseof thefourcase
studyproducts,enrichedbycomparisonsandananalysisofthecontributiontoaddressingtheUnited
Nations’sustainabilitygoals.

SELECTED ECoLABEL CRITERIA

Foundations
Thefirstchaptersintroducedecolabels,environmentalstandardsandtheirlinkstotheSDGs.The
followingchaptersrepresentouranalysisoftheseareasfortheselectedproducts.Aproblemofbio-
basedproducts,ingeneral,isthelackofevidenceoftheirspecificenvironmental,socialandeconomic
sustainability.Therefore,thedevelopmentoftoolsandindicatorsisofhighrelevance(seee.g.Ladu
andBlind,2017).Aninitialgoalofourresearchwasthereforetoidentifysuitableecolabelcriteria.

Initially,suitablelabelswereselectedbyusingthefollowingsearchtermsintheEcolabelIndex:
“bio”(52hits),“bio-based”(2hits),biobased”(2hits),sustainable(34hits),“construction”(24hits),
“building”(62hits)“waste”(29hits)and“plastics”(4hits).Basedonfurtherscreenings,weanalysed
42ecolabels(seeTable2),including,forexample,theEUEcolabel,theGermanBlueAngel,the
CarbonTrustFootprintLabelandtheNordicSwanregardingrelevantbasiccriteria.

Thefollowingsectionsprovideasummaryofrelevantexistingcriteriainselectedecolabels,
whicharegroupedasfollows(seealsoSTAR-ProBio,2018a):

a) Sustainabilitycriteria:environmental,socialandeconomiccriteria
b) Additionalcriteria:percentageofbio-basedcontentandfitnessforuse

A specific approach to assess the environmental impact of a product, based on various
environmentalcriteria,isprovidedbylifecycleassessments(LCA)(seebox1).

TheapplicationofLCAvariesbetweenthedifferentlabeltypes.TypeIIIlabels,whichmaybuild
onasinglecriterionormulti-criteriasets,useLCAbutdonotprovidethresholds.

SUSTAINABILITy CRITERIA

Sustainable Sourcing of Biomass
TheRenewableEnergyDirective(RED)specifieslegallybindingrequirementsonsustainablesourcing
ofbiomassforbioenergy,liquidbiofuelsandbioliquids.Themostimportantrequirementsare:
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Table 1. Overview of participants to the interview series

Case study and Interviewees Food 
packaging 
made of PLA

Bio-
based car 
components

Bio-based 
mulch film

Bio-based 
insulation 
material

Total

Producers,retailersetc. 1 2 5 2 10

Certificationbodies,testing
laboratories,standardsbodies

1 2 -1 - 3

Procurement(e.g.farmersusing
mulchfilm,foodsector)

4 -2 2 - 6

Other(government,research) -3 2 - 1 3

Total 6 6 7 3 22
1The project consortium itself has expertise in this field.
2Instead of a public procurer, an expert of a governmental organisation with a specific focus on bio-based car components was contacted (see “Other”).
3The case study was enriched by an interview with a representative of a big stakeholder network. Due to the high consistency of the results of the first 

interviews, it was then decided to finish the interview series on food packaging.

Table 2. Selected ecolabels for bio-based products

123g CO2 ECOCERT GreenPla Nordic Ecolabel RSB Terracycle

BlauerEngel Effinature Gütezeichen
KompostRAL

NSF RSPO ULEnvironment
Multi-Attribute

Certification

CarbonNeutral
Product

Certification

EUEcolabel IMOCertified OKbiobased SCScertified
RecycledContent

UL
Environmental

ClaimValidation

CradletoCradle
Certified(CM)

Products

FAIRTRADE LEED OK
Biodegradable

WATER

Seedling UPSEco
Responsible

Packing
Programme

DerGrüner
Punkt

FSC Level Ökocontrol SFCMember
Seal

USDACertified
BiobasedProduct

DGNB GreenAmerica
Approvedfor
Peopleand

Planet

natureplus PAS100
Certified

SmartApproved
WaterMark

VCSVerified
CarbonStandard

earthadvantage
institute

GreenCircle
Certified

Naturland PEFC SMARTcertified VIBE

Box 1. LCA

Life cycle assessment and bio-based products
AccordingtoISO(2006),LifeCycleAssessments(LCA)are“compilation(s)andevaluation(s)oftheinputs,outputs
andthepotentialenvironmentalimpactsofaproductsystemthroughoutitslifecycle”.Thetwogeneralstandards
ISO14040and14044formthefoundationforthis.EN16760thendescribeshowtodealwiththespecialfeatures
ofthebio-basedpartofabio-basedproductinalifecycleassessment(seeCEN,2015).TheEnvironmentalProduct
Declarations(EPDs),ISOlabelTypeIIIareadirectapplicationofLCAs.Manybio-basedproductsperformbetterthan
theconventionalalternativeovertheirentirelifecycle(seeWursteretal.,2018).
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• Thereductionofgreenhousegasemissionthroughtheuseofbiofuelsandbioliquidsshallbeat
least50%comparedtofossilfuels(60%forbiofuelsproducedinplantswhoseoperationstarted
after1stJanuary2017)(seeEuropeanCommission,2018b)

• (Sustainable)biofuelsandbioliquidsmustnotbeproducedfromrawmaterialderivedfromsoils
withhighbiodiversity

• (Sustainable)biofuelsandbioliquidsshallnotbemadefromrawmaterialobtainedfromsoils
withahighcarboncontent(e.g.wetlandsorforests).

Monetary incentives are created to support compliance with these criteria. However, such
guidelinesdonotyetexistinthemarketsforbio-basedproducts.AccordingtoUBA(2018),thereis
noregulatory/sustainabilitycertificationforthematerialuseofbio-basedrawmaterialsinEurope.
Nevertheless,therearelabelpioneers,whodealwithsustainablesourcingintheassessmentofbio-
basedproducts(e.g.theRoundtableonSustainableBiomaterials(RSB)).Inaddition,threecertificates
containingrelevantsustainabilityprinciplesaretobelisted:InternationalSustainabilityandCarbon
Certification(ISCC)PLUSandFSC®/PEFC(seeSTARPro-Bio,2018a).PEFCalsoincludessocial
criteriaandrequiresthatgeneticallymodifiedorganismsarenotused.

Greenhouse Gas Emissions (GHG)
Todeterminetheimpactofaproductorprocessonclimatechange,themeasurementofgreenhouse
gasemissionsisoftenusedasaproxy.GHGemissionsarealsooftenconsideredfromalifecycle
perspective.Withthatperspective,theGHGemissionsareusedinvariousTypeIIIlabels(e.g.the
Carbon Trust Footprint Label). The ecolabel index contains 25 ecolabels that focus on the CO2
footprintofproductsorprocesses.

VariousoptionsareavailableformeasuringtheGHGemissions(seeSTAR-ProBio,2018a)andthe
scopeandmethodsofmeasuringGHGemissionsvariesbetweentheschemes.Forinstance,indirect
emissionsfromlandusechange(iLUC)arenotincludedinthevastmajorityofexistingschemes
(seeSTAR-ProBio2017and2018c).Bycontrast,followingtheadoptionoftheREDin2009,the
questionofGHGemissionscausedbyiLUCbegantoariseintheEUandfinallyledtotheadoption
ofanamendmenttotheREDin2015.ThatamendmentrelatestotheiLUCfactorsforbiofuelsper
rawmaterialthattheMemberStatesshoulduseforreporting.Quantifyingsuchemissionswasandis
thebiggestproblem.Theuseofbiomassinproductsmayhelptoreducetheglobalwarmingpotential
ofoureconomy.Open-Bio(2016),forexample,hasshownthatvariousbio-basedproductshavethe
advantageofhavingalowerCO2footprintinproductionthanalternativefossilproducts.

Toxicity
AccordingtoISO(2013),thetermtoxicityreferstotheabilityofasubstancetohavenegativeeffects
onalivingorganism.Theimportanceofreducedhumantoxicityandenvironmentaladvantagefrom
theusers´pointofviewismentioned,forexample,inPeuckertandQuitzow(2017).Differentlabels
regardtoxicityasanecolabelcriterion(e.g.differentcategoriesoftheEUEcolabelandtheÖkoControl
label(source:internalecolabeldatabase)).

End-of-Life Criteria
Thesignificanceofend-of-lifecriteriaforconsumersinterestedingreenproductscanbedemonstrated
byvariousstudies,e.g.TNS(2012).Dependingontheproductpropertiesandthesubstancestheymay
contain,severalend-of-lifeoptionscanbeconsideredforbio-basedproducts.TÜVAustriaprovides,
forexample,thelabelsOKbiodegradableWATER,OKbiodegradableSOILandOKbiodegradable
MARINE.Giventhepartialorcompletebiologicaloriginofbio-basedproducts,theirend-of-life
managementcanbeimportanttoavoidthelossofmaterialsthatcanbereturnedmorenaturallytothe
biologicalcycle.Thewastehierarchypromotestheavoidanceofwasteorthereturnofmaterialsinto
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theeconomy.Thismustbetakenintoaccountwhenprioritisingend-of-lifeoptions.However,itis
alsoimportanttonotethatnotallbiologicallyproducedmaterialscanbeaddedtobiologicalcycles.

Social Criteria
Thecentralaspectsofthesocialecolabelcriteriarelatetogeneralsocialissuesandthespecificworking
conditionsoftheemployeesworkinginthedifferentvaluechainsoftheentirelifecycleofabio-
basedproduct.Mostecolabelshaveastrongfocusonenvironmentalaspectscomparedtosocialand
economicones.OneofthefewexamplesofecolabelsthatincludesocialcriteriaistheEUEcolabel,
whichobligescorporatesocialresponsibilitytorespect“fundamentalprinciplesandrightsatwork”
in theassessmentcriteria for someproductcategories.Asdescribed in the InternationalLabour
Organisation’s(ILO)CoreLabourStandards,theUNGlobalCompactandtheOECDGuidelines
forMulti-NationalEnterprises,suchsocialstandardsshallbeobservedbyproductionsitesalongthe
supplychainofaproduct(seeILO/ITC,2007).

Another example of good practice is shown by PEFC (no date), which, in addition to food
securityalsodemands respect forhumanand labour rights.Thesocial impactofproductcycles
andproductionistakenintoaccountthroughtheCradletoCradle®label.ThehistoryoftheRSPO
certificate(seeEIA,2015)hasrevealedthat,inadditiontotheformulatingofsocialsustainability
criteria,theassessmentofappropriatecomplianceisalsoveryimportant.

Economic Criteria
According toOECD (1995), ecolabels aremainly seals that show the environmental impactsof
products.Whilemanysocialcriteriacouldberevealedwiththehelpofouranalyses,economiccriteria
areveryrarelyusedinthecurrentecolabellandscape.Inthefollowing,threeeconomiccriteriawill
bepresented.

Energy Efficiency of the Production Stage
Comparedtootherecolabels,theCradletoCradle®conceptconsiderseconomiccriteria(e.g.the
useofmaterials,energyandwaterintheproduction).Comparedtofossilproducts,theproduction
stageofbio-basedproductscanoffervariousadvantages.Carusetal.(2017)usetheexampleof
smartdrop-instoemphasizethattheproductionofbio-basedproductscanrequiresignificantlyless
energythanfossilproducts.Toadequatelydemonstratethisadvantage,itisproposedtoconsider
acertaincriterionfortheenergyefficiencyoftheproductionprocess.Specificadvantagesofbio-
basedproductscouldbedemonstratedbyacriterionthatcomparestheenergyconsumptionwitha
conventionalbenchmarkproduct.

Biomass Utilization Efficiency
Thebiomassutilizationefficiency(BUE)factorwasdevelopedbyIfflandetal.(2015).Itisdefined
as“percentageofinitialbiomassendingupintheendproductbasedonthemolarmassofthereactant
(=biomass)andtargetbio-basedproduct.”STAR-ProBio(2017)alsoidentifiedtheefficiencyof
biomassutilizationasaspecificassessmentgap.Asdescribedearlier,theCradletoCradle®scheme
considerstheuseofmaterialsintheproduction.Inthiscontext,thereareattractiveopportunitiesto
includeassessmentcriteriatohighlightthebenefitsofcertainbio-basedproducts.Forexample,the
bio-basedpolyesterPLA(polylacticacid)andtheacidSA(succinicacid)showahighlyefficient
materialuseofbiomass(Ifflandetal.,2015).ThesecasesshowtheattractivenessofaBUEcriterion.

Life Cycle Cost
Anadditionaleconomiccriterion is lifecyclecost (LCC).According toVertech(2014),LCCis
amethodforevaluatingallrelevantcostsovertimeofaproject,product,ormeasure(e.g.initial
costs,futurecostsandanyresale,salvage,ordisposalcost).Bio-basedproductscanprovidevarious
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costadvantages.Theabove-mentionedCradletoCradle®conceptcombinesenvironmental,social
andspecificeconomicfactorsandaimsat“designsthatarepositiveorbeneficialintermsofcost,
performance,(…),andmaterial(re)utilizationpotentialwithcontinuoususeandreuseperiods”(C2C,
2016).Inordertohighlightthespecificadvantagesofbio-basedproducts,economicanalyseswith
afocusonLCCareparticularlysuitable.

ADDITIoNAL CRITERIA

Bio-based content
ThespecificationCEN/TS16137:2011(Plastics–Determinationofbio-basedcarboncontent,CEN
2011)requiresminimumbio-basedcontent.Itexpressesthebio-basedcarboncontentasafraction
ofthesamplemass,orthetotalcarbon/organiccarboncontent.Bio-basedcontentisalreadyrequired
bysomeecolabels.Oneexampleoftheproductlabellingofbio-basedcontentistheEUEcolabel.

Fitness for Use
Performanceandfunctionalityarekeyproductcharacteristics.Forthisreason,thecriterionof‘fitness
foruse’isincludedinseveralecolabels.Theperformanceofbio-basedproductsandtheirproperties
comparedtoconventionalonesisthesubjectofdifferentiatedopinions.AccordingtoSTAR-ProBio
(2017), some stakeholders are divided regarding this issue. To counteract this and to facilitate
comparisonswithtraditionalfossil-basedproducts,afunctionality/performancecriterioncouldbeof
greatvaluetostrengthenconfidenceinbio-basedproducts.Inordertominimisethelabellingeffort,
theuseofsuchacriterioncouldbevoluntarilyandproductspecific.

ECoLABEL CRITERIA AND LABELS FoR SELECTED BIo-BASED PRoDUCTS

Basedonthepreliminaryworkandtheevaluationcriteria,aseriesofcase-study-specificinterviews
wereconducted.Theanalysisledtovariousconclusions.Inthefollowing,theyarepresentedfocusing
onthesignificanceofecolabelcriteriaandtheirimplicationsforecolabels.

Significance of Ecolabel Criteria
Table3,whichisbasedon22expertinterviews,providesanoverviewoftherelevanceofthecriteria
determinedinthepreviouschapterforthefourapplicationsofbio-basedproducts.

Whilecriteriarelatedtosustainablebiomass/bio-basedcontent,end-of-lifeoptionsandsocial
corporateresponsibilityaremostlyadvocatedintheinterviews,thecriteriaforlifecycleanalyses,
especially with regard to costs, were less frequently selected. The results also show numerous
differencesbetweenthecasestudies.Theintervieweesintheautomotivesectorgenerallyselected
setsofcriteriawithfewerelements.

In contrast to the automotive sector, the majority of respondents in the other three sectors
suggestedinparticularthatfitnessforuse/usabilityshouldbeincludedinthelistofecolabelcriteria
fortheproducts.Thereasonforthedominatingopt-outsintheautomotivesectoristhatthisaspectis
assessedmuchearlierinthevehiclelifecyclethanitwouldbefortheawardofanecolabel.Components
thatdonotmeetthenecessaryfunctionalrequirementsarediscardedearlyinthedevelopmentor
manufacturingprocess.Anotherobservationwasthattheautomotivecomponentsunderconsideration
areprimarilynotproductswithspecialfunctionsthataredemandedseparatelybyendcustomers.

Althoughthecriterionofenergydemandinproductionhasgained50%approvalintheautomotive
sector,ahigherpercentageratewasnotreached.Itwaspointedout,forexample,thattheenergy
balance of bio-based composites is better than that of carbon alternatives. The most important
reasonwhytheresultsdidnotreachtheevenhighervaluesintheotherareas,however,isthatthe
stakeholdersintheautomotiveindustrywantamorespecificcriterion.Theseparateconsiderationof
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theuseofrenewableornon-renewableenergieswouldrepresentfortheinterviewees,amoresuitable
assessmentalternative.

Intwocasestudies(forautomotivecomponentsandbio-basedmulchfilms),theefficiencyof
biomassuseisonlysupportedby50%of therespondentsasapossibleevaluationcriterion.The
intervieweesintheautomotivesectoremphasizedthatthehightechnicalrequirements,especiallyfor
functionalandexternalvehiclecomponents,clearlydeterminewhichmaterialandwhichbiomassis
suitable.AmaterialwithoptimumBMUvaluesdoesnotnecessarilyhavethepropertiesandquality
requiredintheautomotiveindustry.Forthisreason,theBMUcriterionhasalowerprioritythere,
butshouldnotbeignoredaccordingtotheinterviewseries.

Thecriterion“basicprinciplesandrightsattheworkplace”wasselectedbythemajorityinthe
interviewsinthreeofthefourcasestudies,whilethedeviationintheautomotivesectorisminor.The
intervieweesoftheautomotivesectoralsoconfirmedtheimportanceofthetopic,butsuggested,for
example,anassessmentatthecompanylevelortheuseofacompressedcriteriononsocialaspects.

Implications for Ecolabels and Standardization
Withregardtothefourcasestudies,specificimplicationswerederived:

Table 3. Relevance of selected ecolabel criteria in the case studies
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RegardingPLA,includingacriterion“bio-basedpackaging”inthecriterialistsofthelabels
relevantforfoodpackagingisrecommended-butnotonlyforthisarea.Itisrecommendedeverywhere,
wherebio-basedpackagingisfeasible.Thisappliesinparticulartopaperpackagingorpaperbags
withplasticwindows,whichcanalternativelybemadeofbio-basedplastics.Detailsarediscussed
inSTAR-ProBio(2018a).Asuitablelabelcouldbeprovided,forexample,byextendingthescope
ofapplicationoftheFSC®/PEFClabeltobio-basedplasticcomponents.Inaddition,theresultson
thecriteriafortheecolabelsupportthepossiblejointlabellinginitiativeoftheEUecolabelandthe
organiclabelinthefoodsectordescribedwithfurthersuggestionsfromScuolaSuperioreSant’Anna
andÖkoinstitut(2018).InterviewedexpertsarguethataspeciallyproposedLCAstandardshould
facilitatecomparisonswithproductsmadeofconventionalmaterialsinordertoidentifyadvantages
ofbio-basedversionsandovercomeprice-relateddisadvantagesofPLA.

Newsegmentsofbio-basedcomponentsaredevelopingintheautomotiveindustry,although
therearehardlyanypossibilitiesforobtainingecolabelstocommunicatethecorrespondingpositive
productcharacteristics.Withafocusontheselectedcomponentsofouranalysis,itisproposedto
closethisgapparalleltomarketdevelopmentthroughmeasurestoprovideasuitableecolabel.One
intervieweedescribedsuchapotentialofferasaneffectivewaytoprovidetransparentinformation
tocustomers.Standardisationmeasureshavebeenproposedbyexpertswithregardtoend-of-life
sustainabilityandenergyissues.Concerningtheend-of-lifeaspect,recyclabilityshouldbeakeyissue.
Similartothecasestudyonfoodpackaging,specialattentionwaspaidtolifecycleassessmentsand
comparisonswithfossilproductsintheinformationprovided.

Concerningbio-based,biodegradablemulchfilms, itmakessense tocreateaspecificsetof
ecolabelcriteriaforadvancedproductevaluation.Accordingtoexpertopinion,therearefourmain
aspects toconsider:1.bio-basedcontent/compositionof theproduct,2.sustainabilityof theraw
materials,3.functionalities(third-partycertificationaccordingtoEN17033)and4.biodegradability
in the soil as the only end-of-life option. The biodegradability of bio-based mulch films, their
specificrequirementsandsuitabletestmethodsarealreadytakenintoaccountinthenewstandard
EN17033:2018.Inaddition,mostrespondentsemphasisedthefunctionalpropertiesofbio-based,
biodegradable mulch films as an important field of action for standardisation. Briassoulis and
Giannoulis(2018)providefurtherinformationonthespecificationoffunctionalproperties.

Inthecaseofbio-basedinsulatingmaterials,the“natureplus”label,whichwasthesubjectofthe
interview,alreadyhadaninternationalecolabelthattakesintoaccountmanyaspectsofsustainability
that are regarded as important for bio-based products. Based on the suggestion of a minimum
percentageforbio-basedmaterialcriteria,additionalsuggestionsfortheintroductionofcriteriafor
durability(productlifetime),functionalityandperformanceweremadeintheinterviews.Challenges
areperceivedbystakeholdersregardingtheintroductionofunconventionaloralternativeproducts,
includingbio-basedforms,intotheconstructionsector.Accordingtotheinterviews,thecreationof
EUstandardsforbio-basedconstructionproductscouldprovidesupportforthisissue.Inaddition,a
revisionofsomecurrentlyestablishedtestmethodscanhelptodemonstrateseveralpositiveeffects
ofbio-basedinsulationmaterialssuchasvapourpermeabilityandheatstoragecapacity.Itisalso
considerednecessarytoredefinethelifecyclevaluesforsomebio-basedproducts.

Contribution to the SDGs
ThediscussedsuggestionsforecolabelsinthisarticlearelinkedwiththeSDGsinvariousways.Table
4liststheecolabelcriteriaandadditionalitemsidentifiedinourstudywithcorrespondingcolumns
showingwhichSDGsitcontributesto.

The requirement for sustainable biomass addresses SDG 2, target 2.4, which aims at the
implementation of resilient agricultural practices that help maintain ecosystems and strengthen
capacityforadaptationtoclimatechange.ThetoxicitycriterionaddressesGoal3,target3.9ona
substantialreductionofthenumberofdeathsandillnessesfromhazardouschemicals,pollutionand
contamination.Theenergyrequirementduringproductionandtheuseofsustainableenergyarein
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linewithtarget7.3,whichrequirestodoubletheglobalrateofimprovementinenergyefficiencyby
2030.Finally,thecriteriaonend-of-lifeoptionsandLifeCycleAssessmentsaddress,forexample
targetSDG12.4,requiringtheenvironmentallysoundmanagementofallwastesthroughouttheir
lifecycle,andtoreducetheirreleasetoair,waterandsoilinordertominimizetheiradverseimpacts
significantlyby2030(SustainableDevelopmentSolutionsNetwork,SDSN).Theabove-mentioned
examplesshowtherelationshipbetweenthetable’sassessmentitemsandtheSDGs.

THE wAy FoRwARD

Implications for Policy Makers and Practitioners
Open-Bio(2016),El-Chichaklietal.(2016)andvariousotherauthorshavedemonstratedthevariety
ofenvironmentalandSDG-relatedadvantagesthatbio-basedproductscanprovide.Theyhaveshown
forexamplethatvariousbio-basedproductshavealowerCO2footprintinproductionthanalternative
fossilproductsasanenvironmentalbenefitaswellasthecontributionofthebio-economytosociety
andeconomicgrowth.

Basedonthecriteriaidentifiedandpresentedinthisarticle,environmental,socialandeconomic
advantagesofbio-basedproductscanbedemonstratedbyecolabels.Besidessuggestingcriteria,this
articleevensuggeststheintroductionofnewecolabelcategories.

However,theseadvantagesoflabelledproductsandtheircontributiontotheSDGscanonly
materialize,iftheseproductsareboughtindeed.Therefore,itwillnotonlybeimportanttoappropriately
supportthisarticle’ssuggestedecolabelactivitiesbutalsotoprovideadditionalsupportbyintroducing
supportivemarketingmeasures.

Besidesecolabelsaswhole,severalsinglecriteriaofthisarticlehavespecificimportance.An
issue,whichisofhighworld-wideconcernandinfluencespolicymakingandeconomicbehaviour
ofbusinessesgloballyisCO2.ThesuggestedCO2criterionofthisarticleprovidesopportunitiesto
showspecificadvantagesofbio-basedproductsinthiscontext,whichmighthelptostimulatetheir
demandsignificantly.However,specificmeasureswillbenecessarytosensitisethepublicforthis
aspectandtherelevantproductinformationbasedonecolabels.

Table 4. Consideration of the SDGs by the selected ecolabel criteria
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Implications for Research
Basedonthisarticle’ssuggestionsforecolabels,variousquestionsregardingtheirfutureuseand
impact emerge. Lanzini et al. (2016) formulated precise research and policy-related suggestions
regardingecolabelsforbiofuels.Inthiscontexttheyhighlightthatpreviousstudieshavedemonstrated
thepositiveroleofcertificationinpromotingthesaleofgreenproducts.Forthisreason,theysuggest
exploring the linkbetweenthewillingness topay(for labelledbiofuels)andthefamiliaritywith
other (non-sector-specific) forms of certification in other markets. Likewise, we suggest further
researchonecolabelsforbio-basedproductsinthefourareasofourresearchandtheirinfluenceon
thewillingnesstopay.

CoNCLUSIoN

Usingecolabellingasaninstrumenttoshowspecificenvironmentalandsocietaladvantagesofbio-
basedproductsiscurrentlyaresearchgap.

Inthisarticle,thesuitabilityofdifferentecolabelcriteriaforbio-basedproductswasassessed
based on specific case studies. Options for modified ecolabel criterion sets were identified and
suggestionsfornewlabellingoffersweregiven.Thus,theidentificationofmodificationstotheset
ofecolabelcriteriaandtheofferofnewlabelsforbio-basedproductscanincreaseenvironmental
knowledge and increase consumer concerns, ultimately, resulting in environmentally friendly
consumptionbehavior,accordingtoresearchbyDaugbjergetal.(2014).Thearticleshowedkeycriteria
thatarerelevantnotonlyforecolabelsbutalsoforfurtheractivitiestopromotemarketdevelopment
forbio-basedproductsandalsoidentifiedlinksofthesecriteriawiththeSDGs.Withregardstotheir
futureuse,itwashighlightedthatspecificindicatorsandthesettingofthresholdsrequirefurther
investigation.Theanalysesalsoshowedtheimportanceoftakingproduct-specificcharacteristicsinto
accountwhenassessingthesustainabilityofbio-basedproductsandemphasisedtheneedtoadapt
theassessmentsolutionstothecorrespondingmarkets(business-to-business,-to-consumerand-to-
government),e.g.intheautomotivesector.Correspondingneedsforstandardswerealsoidentified,
includingforexampletheintroductionofLCAstandardsforfacilitatingcomparisonswithproducts
madeofconventionalmaterialsinordertoidentifyadvantagesofbio-basedversionsandovercome
theirprice-relateddisadvantages.

Product-specificpropertiesandapplicationsalso impact the individually relevantend-of-life
options,e.g.intermsoffavouringbiodegradabilityandcompostability.CEDelft(2017)showedthat
theuseofbiodegradablebio-basedplasticsisrecommendedaboveallinapplicationswithdirect
functionaladvantagesoraclearadditionalbenefit.Inthecontextofthepresentedcasestudies,this
directfunctionalityrefersinparticulartobiodegradablemulchfilms,whicheliminatetheneedto
removethefilmsfromthefieldsafteruse.

Manyspecificresultsofthecasestudiesarerelevantforthewholebioeconomy,includingfor
example:theimportanceofcriteriasustainablebiomass,minimumbio-basedcontent,reductionof
CO2emissions,end-of-lifeoptionsandcorporatesocialresponsibility.Inaddition,itwasreiterated
thattherealisationofasustainablebio-basedeconomyrequirestheengagementofallstakeholders.

Itisproposedtofollowupthedevelopmentofthisarticle’sproposalsfortheecolabellandscape
andinparticulartoanalysehowtheywillcontributetoinnovationinthebio-economy.Therefore,it
seemsimportanttodeepenandextendtheresultsoftheanalysisshownherethroughfurtherresearch.
Questionsonthesustainabilityofselectedbio-andcycle-basedautomotivecomponents,forexample,
willbeaddressedintheabove-mentionedprojectConCirMy.
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