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ABSTRACT

Bioeconomyhasbeenproposedasapathwaytosustainabledevelopmentinmanycountries.However,
thedifficultiesindefiningthebioeconomyboundariesatthenationallevelmightnecessitatethe
adoption of a sectoral approach to monitor and evaluate the success of its development. In this
resolution,standards,certificationsandlabelling(SCL)schemesforbioeconomy-relatedsectorsmight
beanessentialsourceofdata.ThestudyevaluatesthepotentialtouseSCLschemesasasourcefor
monitoringandevaluatingsustainablebioeconomy,byanalysingthesustainabilityaspects(chain-of-
custody,environmental,economicandsocialthemes)consideredinselectedSCLschemes.Avarietyof
SCLschemesfordifferentstagesofthebioeconomyvaluechainsweresubjectedtoanalysisonwhether
theyconsiderinternationallyagreedaspirationalprinciplesandcriteriaforsustainablebioeconomy.
TheaspectsmostfrequentlymentionedbytherequirementlistsoftheanalysedSCLschemeswere
identified,alongwiththehighlightsontheleast-frequentlymentionedsustainabilitytopics.
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INTRodUCTIoN

Bioeconomyistheutilizationofbiomasstoproducenotonlyfoodandfeed,butalsoenergy,chemicals
andmaterials.Duetoitspromisingpotentialinaddressingglobalchallenges,bioeconomyhasbeen
directlyorindirectlyincludedinpolicyagendasworldwideasawaytodecouplegrowthandpetroleum
dependency(Bracco,Calicioglu,GomezSanJuan,&Flammini,2018;andBracco&Flammini,
2018).However,bioeconomyisnotsustainableper se,especiallyconsideringthecompetitionitposes
fornaturalresourceinputsforfood(Calicioglu,Flammini,Bracco,Bellu,&Sims,2019),andother
aspectssuchaswhetherbioeconomyimprovesworkingconditionsfortheemployees.Furthermore,
theimpactofbioproductsandtheirvaluechainsarenotinclinedtoterritorialboundaries,andthey
rathergloballyaffectsocietyandecosystems.Therefore,informationontheoverallsustainabilityof
thebioproductsisofparticularconcernforsustainabledevelopment.

Data availability can often be an issue in sustainability monitoring frameworks related to
bioeconomy. Nevertheless, standard, certification and labelling (SCL) schemes for biomass and
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bioproductscanprovideinsightsontheoverallsustainabilityofbioeconomyattheproductlevel,
astheyincreaseinformationflowsthroughoutthevaluechainandinthemarket(FAO,2003).They
helpallvaluechainactors(producers,manufacturers,distributors,tradersandconsumers)disclose
informationandchoosetherightproductsfortheirpurpose.Overthelastyears,severalSCLschemes
havebeendevelopedbytheprivateandpublicsectors(e.g.OKbiobasedVinçotte),aswellasby
internationalorganizations(e.g.GreenGoldLabel). In thecontextofbioeconomy,existingSCL
schemesprovethebio-basedcontentofaproduct,intendtodemonstratetheextentofitssustainability,
orinformontheproductend-of-lifeoptions(e.g.biodegradability,compostabilityanddisintegration
ofaproduct).Forinstance,theEuropeanUnion(EU)delegatestheevaluationofthesustainabilityof
biofuelsenteringitsmarkettovoluntaryschemesapprovedbytheCommission(Bracco,2015).This
EUbiofuelregulatoryregimeintroducesadoubledelegation:theEuropeanCommissionentrusts
thepartnersoftheapprovedSCLschemestoensurebiofuelsustainability;andtheschemesdelegate
thirdpartyauditorstoguaranteetheirbehaviour.

SCLschemessendamessagetotheactorsofthevaluechainandtheconsumers.Thisinformation
increasesaccesstomarketandbrandvalue,confidence,traceability,andfacilitatesriskmanagement
(duediligencesystem).SCLschemesoftenhelpcompaniescomplywithnationalandinternational
legislations,suchastheinternationallabourstandardssetbytheInternationalLabourOrganization
(ILO)orenvironmentallaw.Consumers,particularlyindevelopedcountriessuchasthemembersof
theEU,aremoreandmorepreparedtobuygoodsandserviceswhichhavereducedenvironmental
impacts(EuropeanCommission,2008).Forexample,consumersareoftenwillingtopayahigher
pricethatisalsocalled“GreenPremium”foramoresustainablebio-basedproduct(Carus,Eder,&
Beckmann,2014;Dammeretal.,2017).Therefore,byincreasingmarketinformation,thecertification
ofabioproductcanalsoenhancethedevelopmentofitsmarketandfavours,forinstance,public
procurement(Dubois&GomezSanJuan,2016;Lynch,Klaassen,&Broerse,2017).

Despite the needs in bioeconomy sustainability monitoring and the potential opportunities
thatSCLschemesofferasadatasource,acomprehensiveanalysisof thecurrentstatusonhow
sustainabilityisaddressedinbioeconomy-relatedSCLschemesislacking.Inthisrespect,thisstudy
aimstoassesswhichsustainabilitycriteriaarerequestedbytheexistingSCLschemesforbio-based
products,inordertodeterminetowhatextenttheSCLschemescanbeusedtomonitorandevaluate
thesustainabilityofbioeconomydevelopmentattheproductlevel.

The studypresents certificationoptions fordifferent typesofbiomassandbioproducts, and
analysestheaspectsconsideredbytheselectedcertificationschemes,mainlyfocusingonwhethera
givencertificationoptionconsidersthechain-of-custody(CoC)andsustainabilitystandards.Tothis
end,inordertooutlinesustainabilitycriteria,acollationoftopicshasbeenidentifiedonthebasis
oftheaspirationalprinciplesandcriteriaforsustainablebioeconomy(summarisedinAppendixA),
developedandvalidatedbytheInternationalSustainableBioeconomyWorkingGroup(ISBWG).This
workinggroupcomprisesrepresentativesofgovernments,researchandinternationalorganizations,
andithasbeenestablishedbytheFoodandAgricultureOrganizationoftheUnitedNations(FAO).

Inthescopeofthisstudy,theanalysedSCLscoverdifferentstagesofthevaluechainofabio-
basedproduct,frombiomasstobiomaterialsandfinalbioproductsenteringthemarket.Thestudy
referstoproductsfromthefollowingbioeconomysectors:agriculturalsectors(agriculture,forestry,
andfisheries),bio-basedconstructionmaterialsandfurniture,pulpandpaper,bio-basedtextiles,bio-
basedchemicalsandpolymers,bioenergy;andtoend-of-lifecertification.Foodandfeedareexcluded.
Theselectionofcertificationschemesforbiomass,forestproducts,agriculturalcommodities,biofuels
andbiomaterials,prioritisesthosestandardsthatarenotapplicablejustinonecountrybecausethe
analysisaimstobeglobalinscope.Inthecontextofthiswork,productsofbiologicaloriginthat
arenotclassifiedunderanotherlistedcategoryareconsidered“other”bioproducts.Forthe“other”
bioproductsandend-of-lifecertificationschemes,thisstudyalsoincludesafewnationalSCLs,since
thereareonlyalimitednumberofavailableinitiativesworldwide.AsystematicanalysisoftheSCL
schemesforthefinalproductsinthementionedcategoriesisperformed,particularlybecausethe
compilationunderthesecategorieshavenotbeenpreviouslyundertakencomparatively.
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BACKGRoUNd: STANdARdS, CeRTIFICATIoNS ANd 
LABeLS FoR BIo-BASed PRodUCTS

Standards,certificationsandlabelscanbeappliedtodifferentgoodsandsectors.Thisstudydivides
the SCL schemes into the categories according to the intended final product from the biomass:
(1)biomass(notrelatedtoaparticularsector), (2)forestproductsandagriculturalcommodities,
(3)biofuelsandbiomaterials(asintermediateproducts),(4)“other”bioproducts(bioproductsthat
arenotbiomass,forestproducts,agriculturalcommodities,biofuelsandbiomaterials);andaddsa
separatecategoryof(5)end-of-lifeofacommercializedbioproduct.Inthisscope,thisworkexcludes
certificationschemestargetingonlyfoodandfeedproducts,andheat/powersinceextensiveliterature
isavailableforthesesectors.Italsoexcludescertificationschemesendorsedbylaboratories(mostlyin
researchcompanies)inthedermatologicalareathatevaluatesthesafetyandeffectivenessofcosmetic,
pharmaceuticalandhomecareproductsthroughclinicalstudies,becausetheyaretargetedonlytoa
verylimitedsetofproducts.Thecompendiumofstandardsdoesnotattempttobeexhaustivewhen
itcomestosingleproductgroupsorenvironmentallabelsavailableatthenationallevel.

Mostcertificationsforbiomassandbio-basedproductsrefertonational,regionalandinternational
standardsdevelopedby technical committeesorganised in standardisationbodies.Therefore, the
study presents the main international (International Organisation for Standardisation, ISO), and
regional (such as the European Committee for Standardisation, CEN) standards that are often
referredtobythecertificationschemes.Thesestandardsandguidelinesdonotdirectlycertifythe
products; therefore, they arekept separated fromcertification schemes considered above. In the
EU,themainstandardsandguidelinesspecifictobio-basedproductsareEN16640;EN16751;EN
16760;EN16785-1;EN16785-2;EN16848andEN16935;EN13432;CEN/TC411andCEN/TS
16137:2011.Standardsandguidelinesadoptedinternationallyare,forinstance,theonesdeveloped
bytheInternationalOrganizationforStandardization(ISO).ISOdevelopsInternationalStandardsbut
doesnotissuecertificates.RelevantISOstandardsforbiomassandbioproductsare:ISO9001:2015;
ISO14001:2015;ISO20400:2017;ISO26000:2010andISO13065:2015.Bio-basedcertification
schemesareusuallybasedonhighlyrecognizedstandards(e.g.EN,ISOorASTMstandards)and
relyonthird-partycertification(EuropeanBioplastics,2016).Theycanbemadebyindicatingeither
thebio-basedmasscontentofthetotalmassasapercentageofthetotalmassorthebio-basedcarbon
contentasapercentageofthetotalcarboncontentorthefinalmaterial/product.Themethodology
usedtocalculatethecarboncontentisthe14-Corradiocarbonmethod(EU:EN16640orCEN/TS
16137,International:ISO16620-2,US:ASTM6866)(EuropeanBioplastics,2016).

Descriptionsandtargetsanalysedoninitiativesrelatedtobiomass(Table1),forestproductsand
agriculturalcommodities(Table2),biofuelsandbiomaterials(Table3),“other”bioproducts(Table
4)andend-of-lifeoptions(Table5)areprovided in thissection.TheSCLschemesanalysedare
promotedbyindustries,government,non-governmentalorganizationsorinternationalorganizations.
Thereviewedinitiativesarenumerous,sincecertificationschemesoftentargetaspecificproduct(e.g.
soy,palmoil,sugar,biochar)becausetheyarepromotedbyroundtablesthatrepresentthestakeholders
inthatparticularsindustry.Moreover,theSCLschemescancoverdifferentstepsoftheproductvalue
chain(e.g.thewholevaluechainorjustsomesegmentsofit).

Forbiofuels,thisstudyanalyses,inparticular,theseveralvoluntaryschemesforbiofuelsand
bioliquidsusedintheEUtocomplywiththesustainabilitycriteriasetbytheRenewableEnergy
Directive2009/28/EC(RED).Theseschemesaremostlyprivatelyrunbutrecognizedasvalidto
demonstratecompliancewiththesustainabilitycriteriabytheEuropeanCommissionforaperiod
offiveyears(EuropeanCommission,2019).ThevoluntaryschemesrecognizedbytheEuropean
Commissionaremarkedwithanasterisk(*)hereafter.
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ANALyTICAL APPRoACH

InordertodefinetheaspectscoveredbytheanalysedSCLinitiatives(forbiomass,forestproducts,
agricultural commodities, biofuels, biomaterials, “other” bioproducts, and end-of-life of a
commercialized bioproduct as described in Background Section), this study has developed four
groupsofthemes,namely,CoC,environmental,economicandsocial.Consecutively,theschemes
wereskimmedtoperformaspreadsheet-basedgapanalysistoidentifythecriteriacoveredunder
eachofthesefourgroups.

ThefirstthemeoftopicsdealswiththeCoCrequirements(includingmassbalance/segregation
measuresinmanufacturingandlogistics,performance,thetraceabilityofthebioproductsandrisk
assessmentandmanagement)andthebio-basedcarbonandmasscontentsrequirements,whilethe
lastthreegroupsexaminetheeconomic,environmentalandsocialsustainabilityoftheactivities.The
restofthesustainabilityaspects(i.e.environmental,economicandsocial)tobeassessedbythiswork
havebeenidentifiedbasedonthesustainablebioeconomyprinciplesandcriteria(P&C)(AppendixA).
TheP&Cwereadaptedandinterpretedtoidentifytopicsthatcanberelevantforanalysingcompanies’
behaviourandcoveringtheeconomic,environmentalandsocialaspectsincludedintheSCLschemes.
Forinstance(seeTable6),Criterion 1.1. Food security and nutrition are supportedmatchesthesocial
topicFood security and nutrition (food availability, access, utilization and stability, 1a),whichwas
usedtoexaminewhetheragivenSCLschemeaddressesthisaspect(i.e.inordertoevaluatewhether
SCLcanbeusedtoinformbioeconomydevelopmentintermsoffoodsecurityandnutrition).

Insomecases,thereisnoone-to-onecorrespondencebetweencriteriaandtopics.Forinstance,
onecriterionsometimesmatchesmorethanonetopic(e.g.topics4band4cbothaddresscriterion
4.2).ThetopicsidentifieddonotnecessarilycoverallaspectsoftheP&C,butarelimitedtothose
issuesrelevanttoSCLinitiativestargetingprivatesectoractors.Thetopicsforwhichtheselected
initiativeswere scanned through are classified according to the themes and associated topics as
demonstratedinFigure1.

Sincetheultimategoalofthisstudyistoillustratewhichsustainabilityaspectsaremostoften
andleastoftenmentionedinthelistsofrequirementsproposedbytheselectedcertificationschemes,
theauthorsdefinetheformeras“frequent”topicsandthelatteras“sporadic”.However,thescope
oftheSCLschemewastakenintoaccountduringthispractice;ifacriterionwasoutofscopeforthe
scheme,ithasnotbeenconsideredasmissing.

Table 1. Descriptions and targets of analysed initiatives on biomass

Name Description and target

BetterBiomass
NTA8080

Fora)bioenergynotincludedintheRenewableEnergyDirective2009/28/EC(RED)and
bio-basedproductsorb)REDbiomassproducts*(biofuelsorbioliquids).TargetstheEUand
includesreferencestoEuropean(EN)standards.Concernsthecompletesupplychainfrom
production,processing,transporttoenduse.

GreenGoldLabel
(GGL)

Forbiomassintheenergyandbio-basedsectors(woodyagri-residues,wastewoodbiomass,
andbioliquids):inparticularthestandardsforthechainofcustody(GGLS1),agricultural
sourcecriteria(GGLS2)andforestmanagementcriteria(GGLS5).Globalinscope.

REDcert-EUand
REDcertsystem*

HasbeenrevisedandvalidinallEuropeanMemberStatesandselectedthirdcountries(Ukraine
andBelarus).Targetsbiomass(agriculturalrawmaterials)andreferstotheInternational
SustainabilityandCarbonCertification(ISCC-EU)andBiomassBiofuelsSustainability
voluntaryscheme(2BSvs)certificationschemes.
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ReSULTS ANd dISCUSSIoN

Table6showstheanalysisofthecertificationschemes,accordingtothecriteriatheycoverforthe
certificationofbio-basedproducts,aswellastheirend-of-lifepractices.SCLschemesforbiomass,
forestproducts,agriculturalcommodities,biofuelsandbiomaterialscovermoresocio-economicand
environmentalaspectswhencomparedtothecertificationschemesfor“other”bioproductsandend-of-
life.Inparticular,thecertificationforbioproductsotherthanforestproducts,agriculturalcommodities
andbiofuelsdonotcoversocio-economicaspectsandfocusmoreontheCoCandbio-basedmass
content.Infact,thisisnotalimitationbutisduetothescopeofthecertificationschemesathand.
Yet,thisfactmightbeaconcernintermsoftheoverallsustainabilityofthesystem.Socio-economic
orenvironmentalaspectsofaproductareoutofthescopeofsomecertificationschemesalsoforbio-
basedproducts.Likewise,sinceeco-friendlyproductcertificationschemesdonotnecessarilycertify
thebio-basedcarboncontent,therelatedtopicshavebeenexcludedfromtheevaluationoffrequent

Table 2. Descriptions and targets of analysed initiatives on forest products and agricultural commodities

Name Description and target

ForestStewardship
Council(FSC)

TheCoCCertificationforforest-basedmaterialsandproducts(Version3-0activefrom
01/04/2017)isanalysedinthecontextofourwork.Providesafoundationforforestmanagement
standardsandhasaglobalgeographiccoverage.

Programmeforthe
Endorsementof
ForestCertification
(PEFC)

Thisworkanalysesbotha)theCoCcertificationforwoodandwood-basedmaterialsbased
onISO9001:2008,ISO14001:2004andISO14020:2000;andb)thestandardsfortimber
procurement.

SustainableForestry
Initiative(SFI)

ThethreeSFIstandardsanalysedare:a)SFI2015-2019ForestManagementStandard;b)SFI
2015-2019FiberSourcingStandard;c)SFI2015-2019CoCStandard.Commonprinciplesapply
totheSFI2015-2019ForestManagementStandardandSFI2015-2019FiberSourcingStandard.
TheseSFIprinciplesaresupportedbyadditionalmandatoryrequirements.Theserequirements
includemorespecificobjectives,performancemeasuresandindicators.TheSFI2015-2019
ForestManagementStandardappliestoorganizationsintheUnitedStatesandCanada.TheSFI
2015-2019FiberSourcingStandardappliestoorganizationsintheUnitedStatesandCanadathat
procurewooddomesticallyorglobally.SFI2015-2019CoCStandardappliestoanyorganization
globally.

BonsucroEU* CompliancewithBonsucrorequirementsplusadditionalrequirementsthatareneededforEU
REDcompliance(inlinewiththeEURenewableEnergyDirective,(RED)28/2009/EC,similar
provisionsexistintheEUFuelQualityDirective(FQD)30/2009/ECandamendmentsincluded
inDirective2015/1513).BonsucroProductionStandardandBonsucroCoCStandardare
analysedtogethertocountforEUREDcompliance.

RainforestAlliance
Sustainable
Agriculture
Standard(RASAS)

FormsthefoundationofRainforestAlliancecertificationforfarmsandproducergroupsinvolved
incropandcattleproductionandarecomplementedwithgeneralCertificationRulesandPolicies
onPestManagement.Forcertaincountriesandtopics,additionalpolicieshavebeendevelopedas
needed.AlsoincludesaContinuousImprovementSystemwhichdefinesasequentialprogression
ofsustainabilityperformanceoverasix-yearperiodbeginningwiththefirstcertificationaudit.
TheRainforestAllianceasanindependent,non-profitorganizationisalsoaccreditedforFSC
auditingandcertification.TheRainforestAllianceRA-CertDivisionconductsFSCcertification
evaluationsbutitisnotseparatelyanalysedinthisstudysincethecriteriaarethoseoftheFSC
certification.

Roundtableon
SustainablePalm
Oil(RSPO-RED)*

TherequirementsforcompliancewiththeEURenewableEnergyDirectiverequirements
havebeendesignedtobeusedinconjunctionwiththeRSPOPrinciples&Criteria,theRSPO
CertificationSystemrequirements,theRSPOSupplyChainCertificationSystemrequirements
andtheRSPOSupplyChainCertificationStandard.

RoundTableon
ResponsibleSoy
(RTRS)*

TheRTRSEUREDSchemeappliestoproductsderivedfromsoybean.
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topics.Similarly,productend-of-lifepractices(biodegradability,compostabilityanddisintegration)
andsustainableconsumption(ofbioeconomygoods)donotapplytomanycertificationschemesfor
biomass,forestproducts,agriculturalcommoditiesandbiofuels.OnTable6,“not-applicable”topics

Table 3. Descriptions and targets of analysed initiatives on biofuels and biomaterials

Name Description and target

TheKZRINIG
System*

SystemofcertificationforbiofuelsandbioliquidsrelatedtotheREDsustainabilitycriteria
developedbytheOilandGasInstituteinPoland.Analysesthewholechainincluding
cultivation,processing,transport,conversion,andtradeofrawmaterialscultivatedand
harvested,aswellaswastesandresiduescollected,forbiofuelandbioliquidproduction.

HVOScheme SchemefortheverificationofcompliancewiththeREDsustainabilitycriteriaforbiofuels*:
NestleOilleadsthesystemdevelopment,foraneconomicoperatorinthevaluechainaimedat
producingHVO-type(hydro-treatedvegetableoil)renewabledieselfromvariousrawmaterials
tocomplywiththeREDrequirements.

International
Sustainabilityand
CarbonCertification
(ISCC)*

Asaglobalcertificationsystem,coverstheentiresupplychainandalltypesofbio-based
feedstocksandrenewables.Thebio-basedproductscertificationschemespecificallytargets
theentiresupplychainoftheproductsderivedfrombiomass.Heretheauthorscoverthe
ISCCcertificationforbiofuelsinthecontextofourstudy.TheISCCbio-basedproducts
relatedsectionshavebeenanalysedseparatelyforbio-basedproducts(Table4).Withregards
tobiofuels’certification,theISCCDocument202“SustainabilityRequirements”comprises
ofsixsustainabilityprinciples,whichhavebeendeterminedinamulti-stakeholderprocess.
Principle1coversthelegalrequirementsofArticles17(3),17(4)and17(5)oftheEUREDand
Articles7b(3),(4)and(5)oftheFuelQualityDirective2009/30/ECamendedthroughDirective
2015/1513/EC2(FQD),aswellasthefurtherrequirementsondefiningthecriteriaand
geographicrangesofhighlybiodiversegrasslandassetbytheCommissionRegulation(EU)No
1307/2014of8December2014.ISCCPrinciples2-6arenotbasedonlegalrequirements,but
havebeendevelopedinmulti-stakeholderdialogueandrepresentbestpractices.

Roundtableon
Sustainable
Biomaterials(RSB)*

TheRSBPrinciples&CriteriafortheSustainableProductionofBiomass,Biofuelsand
Biomaterials(RSBSTD-01-001)describebestpracticesintheproductionandprocessingof
biomass,andintheproductionofbiofuelsandbiomaterials.Thestandarddescribedherein
specifiesrequirementsforthecertificationofsustainableoperationsalongtheentiresupply
chain.

TheBiomass
Biofuels
Sustainability
voluntaryscheme
(2BSvs)*

Foundedin2010byaconsortiumofFrenchbiomassandbiofuelsassociations(the“2BS
Consortium”).Theschemewasprimarilysetuptocoverthemandatorysustainability
requirementsofDirective2009/28/ECforallfeedstocksandbiofuel.

IBIBiochar
Certification
Program

Voluntary,self-certifyingbiocharcertificationprogrammeadministeredbytheInternational
BiocharInitiative(IBI).Thepurposeoftheprogrammeistoprovidebiocharmanufacturersthe
opportunitytocertifytheirbiochar(s)bytheminimumcriteriaestablishedinthemostrecent
versionofthe‘IBIStandardizedProductDefinitionandProductTestingGuidelinesforBiochar
ThatIsUsedinSoil’,whichservesasthefoundationoftheIBIBiocharCertificationProgram.
Currently,theIBIBiocharCertificationProgramfocusesonlyonimplementationintheUnited
StatesandCanada.IBIBiocharCertificationProgramdoesnotcertifyanyotherproducts,
suchasaproductmixedwithbiochar,anddoesnotaddressissuesofsustainability,energyor
greenhousegas(GHG)balance,orlifecycleanalysis.TheseIBIBiocharStandardsidentify
threecategoriesoftestsforbiocharmaterials(IBI,2015):
TestCategoryA–BasicUtilityProperties:measuresthemostbasicpropertiesrequiredto
assesstheutilityofabiocharmaterialforuseinsoil;
TestCategoryB–ToxicantAssessment:biocharmadefromprocessedfeedstocksmustbe
testedmorefrequentlythanbiocharmadefromunprocessedfeedstocks;
TestCategoryC–AdvancedAnalysisandSoilEnhancementProperties:biocharmaybetested
foradvancedanalysisandenhancementpropertiesinadditiontomeetingtestrequirementsfor
TestCategoriesAandB.AlltestsinTestCategoryCareoptional.Manufacturersmayreport
onnone,one,someoralloftheproperties.
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(outofthescopeofthescheme)areindicatedwithgreycells,andexcludedfromthecalculationof
thepercentages.Therefore,thepercentagesgiveninthelastcolumnofTable6isderivedfromthe
numberofticksineachrowdividedbythetotalnumberofrelevantschemesonly(i.e.forwhichthe
sustainabilityaspectsapplies,excludingthegreycells).

Inthecontextofthestudy,therelevantsectorsinlabellingschemes(i.e.Eco-LabelandBlue
Angel)areanalysedandlumpedintoonecolumn.Thesectoralcoverageofsustainabilitycriteria;

Table 4. Descriptions and targets of analysed initiatives on “other” bioproducts

Name Description and target

CradletoCradle
Certified™(C2C)

ProductsProgramguidesdesignersandmanufacturersthroughacontinualimprovement
process(e.g.step-wiseimprovementorimprovementinsegments)thatlooksataproduct
throughfivequalitycategories–materialhealth,materialreutilization,renewableenergyand
carbonmanagement,waterstewardship,andsocialfairness.

DIN-GeprüftBiobased
(productsbased
onrenewableraw
materials)

Appliestoproductsthatarefullyorpartlymanufacturedfrombio-basedrawmaterials,andin
conjunctionwiththebasictestingstandardsinalignmentwiththeirproperties.Itcontainsall
oftherequirementsforawardingthe“DIN-Geprüftbiobased”certificationmark.

EUEco-Label Coversawiderangeofproductgroups,frommajorareasofmanufacturingtotourist
accommodationservicestoassesswhethertheyareenvironmentallyfriendly,asclaimed.
Thespecificationsdependontheproducttype,andaremostlybasedonthebestavailable
techniques.TheEUEco-Labelisavoluntaryscheme,whichmeansthatproducers,importers
andretailerscanchoosetoapplyforthelabelfortheirproducts.Inthecontextofthisstudy,
theproductlabellingschemesofthesectors,whichcouldberelevanttobioeconomy(i.e.pulp
andpaper,chemicals,textiles,andconstructionmaterialsandfurniture)areanalysed.

BlueAngel Guaranteesthataproductorservicemeetshighstandardsintermsofenvironmental,health
andperformancecharacteristics.Intheprocess,theseproductsandservicesareevaluated
acrosstheirentirelifecycle.Criteriaaredevelopedforeachproductgroupthatmustbe
fulfilledbythoseproductsandservicesawardedwiththeBlueAngel.Inordertoreflect
technologicaladvances,theFederalEnvironmentalAgencyofGermanyreviewsthesecriteria
everythreetofouryears.Inthecontextofthisstudy,theproductlabellingschemesofthe
sectors,whichcouldberelevanttobioeconomy(i.e.pulpandpaper,chemicals,textiles,and
constructionmaterialsandfurniture)areanalysed.

International
Sustainabilityand
CarbonCertification
(ISCC)forbio-based
products

Emphasizesthemassbalanceoftheproducts,whichimplicitlygivesanideaonthebio-
basedcontent.Sincethisschemeisverycomprehensive,onlythesectionsrelatedtobio-
basedproductshavebeenanalysedseparatelyasbio-basedproductscheme.Thenormative
requirementsofbio-basedproductcertificationwerelistedas:ISCCPLUS204on“Options
toaddfurtherchainofcustodyrequirements”,ISCCPLUS205“Consumables”,ISCC
PLUS207“RiskManagement”,ISCCPLUS254“IntegrityProgram”,ISCCPLUS260
“Wastefeedstocksandrenewablefeedstocksofnon-biologicalorigin”,ISCCPLUS203
“RequirementsforTraceability”,and“ISCCPLUS20501GHGEmissionRequirements”.

NENbio-based
content

BasedontheEuropeanstandardEN16785-1thatenablesindependentassessmentofclaims
onthebio-basedcontentofproducts(basicmaterials,intermediateandfinishedproducts).

OKbiobasedVinçotte Forallproductsthatare(partially)manufacturedfrombioplasticsandmaterialsofnatural
origin.Onabasisofthedeterminedpercentageofrenewablerawmaterials(%bio-based),the
productsarecertifiedunderfourmaincategories:one-star-bio-based(20-40%),two-star-bio-
based(40-60%),three-star-bio-based(60-80%)orfour-star-bio-based(>80%).

USDABiobased
ProductCertification

ManagedbytheU.S.DepartmentofAgriculture(USDA)undertheUSDAVoluntary
LabellingInitiative,tohelpconsumersinidentifybio-basedproductsandpackagesin
thegeneralmarketplace.Around2,700ofthe14,200productsoftheUSDABioPreferred
ProgrammedisplayanUSDACertifiedBio-basedProductlabel.Itappliestoallbio-based
productsandcertifiesonthebasisofpercentbio-basedcarbon,andpercentbiomasscontentof
thefinalproduct.Thecertificationalsoincludesthereportingofthegrainandoilseedinputs
usedinbio-basedproductmanufacturing.
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however,isalsopresentedinAppendixB,Table8,wherethecoverageoftopicsintheEUEco-Label
andBlueAngelcertificationsareshownwithdetailsforthechemicals,pulpandpaper,construction
andtextilesectors(AppendixB).

Topics Related to the Theme of Chain-of-Custody
The“sustainabilitycharacteristics”can include informationabout the typeandoriginof theraw
material, the certification scheme of the material and relevant complements (ISCC, 2016b). A
massbalancesystemallowsthephysicalmixingofmasseswhilekeepingtheaccountfordifferent
“sustainabilitycharacteristics”separate.Themixtureoffeedstockscanhappenatthefirstgathering
point,inthewarehouse,duringtransport,inprocessingorlogisticinstallation,orataconversionsite.
Mostoftheschemesforbiomass,forestproducts,agriculturalcommodities,biofuelsandbiomaterials

Table 5. Descriptions and targets of analysed initiatives on end-of-life

Name Description and target

DIN-Geprüft
biodegradableinsoil
(manufactureditems)

Appliesto(end)productsmadeofmaterialsorintermediateswhicharebiodegradablein
soil,andinconnectionwiththetestingspecifications,containsallrequirementsonissuing
theconformitymark“DIN-GeprüftBiodegradableinsoil”andcertificatesformaterials
andintermediates.Reportsoncompliancewiththethresholdchemicalvaluesinaprovided
list,ultimatebiodegradabilitydisintegrationinsoil,effectonsoilandeco-toxicityofboth
thematerialsusedformanufacturingandtheendproductaresoughtforcertification.If
theproducttobecertifiedfallsunderacertaincategory,theregionaland/orinternational
standardsforthosecategoriesapplyfortheproduct.

DIN-Geprüft
Industrialcompostable
products

Appliesto(end)productsmadeofcompostablematerialsorinter-mediates,and,inconnection
withthetestingfoundations.Products,intermediatesandmaterialscanbecertifiedand/or
registeredaccordingtothefollowingcertificationstandards:DINEN13432,DINEN14995,
ISO17088,ISO18606andAS4736.Laboratorytestingmustbeperformedaccordingtothe
stipulationsinthestandardsnamedaboveaccordingtothefollowingstandardsortestmethods:
DINENISO14851,DINENISO14852,DINENISO14855-1,DINENISO14855-2,
ASTMD5338,ISO16929,DINEN14045,DINEN14046,DINENISO10634,ASTME
1676,AS4454,OECD208.Basicrequirementsarebiodegradability,disintegration,compost
quality(eco-toxicity),chemicalcharacteristics(whethertheyarefromthepositivelist).

OKcompostVinçotte Certifiestheclaimsoncompostabilityofproducts,materialsandintermediates.The
testingmustbecompletedinaccordancewithsettestingstandards.Basicrequirementsare
biodegradability,disintegration,compostquality(eco-toxicity),chemicalcharacteristics
(whethertheyarefromthepositivelist).AlthoughdevelopedforBelgium,thisschemeis
widelyusedintheE.U.

OKbiodegradable
Vinçotte

Certifiestheclaimsonbiodegradabilityofproducts,materialsandintermediatesinsoil,water
andmarineenvironments.Twoversionsexistforhomeandindustrialcompostability.Themain
differenceisintheconditionsunderwhichtheproductcanbecomposted.Thetestingmustbe
completedinaccordancewithsettestingstandards.Basicrequirementsarebiodegradability,
disintegration,environmentalsafety(eco-toxicity),chemicalcharacteristics(whethertheyare
fromthepositivelist).Dependingonthebiodegradationenvironment(water,soilormarine),
thebiodegradabilitytestappliedchanges.

REDcert-DE Thewasteproductchecklistandtheassociatedsupplychainchecklistforthesustainable
collectionandhandling,andtransportationhavebeentakenintoaccountforthissection.
(includingthechecklistfortheinspectionofoperationsthatsupplywasteandresidual
materials,andthechecklistfortheinspectionofinterfacesandsuppliers).

Seedlinglogo TheSeedlinglogoisaregisteredtrademarkownedbyEuropeanbioplastics.Provesthata
productiscertifiedindustriallycompostableaccordingtotheEuropeanstandardEN13432.
TheSeedlingmaybefeaturedonlyiftherespectivecompostableproducthasbeenformally
certified.ThecertificationprocessiscarriedoutbytheindependentcertifiersDINCERTCO
Germany)andVinçotte(Belgium)accordingtothecertificationscheme“Productsmadeof
compostablematerials”.ThecertificationschemeisbasedontheEuropeannormEN13432.
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havea requirementconcerningamassbalancesystem.This fact isalsobecauseasuitablemass
balancesystemguaranteesthattherequirementsoftheREDaremet(art.18).OtherCoCrequirements
referinparticulartotransparency,traceability(6c)andrisk assessment and management,aswellas
monitoring and accountability(6d).

Inafewcases,themassbalanceindicatorsreportthepercentageofwoodcertifiedinthefinal
product;forinstance,theFSCandthePEFCoffersdifferenttypesofcertification(e.g.FSC100%;
FSCMixx%/FSCMixCredit;FSCRecycledx%/FSCRecycledCredit;FSCControlledWoodor
PEFCControlledSources).Similarly,theSFICoCstandardcertifiesforestcontent.

Certificationschemesfor“other”bioproductsmostlyincludethebio-basedcarboncontentand
thebio-basedmasscontentofthefinalproduct.However,exceptforIBIandREDcert-DE,noneof
theschemesforbiomass,forestproductsandagriculturalcommodities,biofuelsandbiomaterials,
orend-of-lifeincludebio-basedcarbon/masscontents.

Topics Related to the Theme of environmental Sustainability
TheenvironmentalcriteriaaremorefrequentintheSCLanalysed,becausetheREDsustainability
requirements(article17)coveraspectssuchasGHGemissionsavings;conservationofbiodiversity
(primaryforestandotherwoodland,protectedareas,highlybiodiversegrassland);conservationof

Figure 1. The topics for which the selected initiatives were scanned through are classified according to the themes (chain-of-
custody, economic, environmental and social) and associated topics
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carbonstocks (wetlands,continuously forestedareas, forestedareaswith10-30%canopycover);
conservation of peatlands. In particular, sustainable intensification of biomass production (1b);
biodiversityconservation(2a);sustainableuseofbiodiversity(2b)andpreservationofland,soil,
forests and marine environments (2f) are frequent topics mentioned by the vast majority of the
certificationschemesforbiomass,forestandagriculturalcommodities,biofuelsandbiomaterials.
ClimateChangeadaptationandmitigation(2c)isatargetofallthebiomassandbiofuelscertification
schemesanalysedbutisnotincludedinsomeforest-relatedcertification.The“other”bioproducts
certificationschemesdonotfocusontheenvironmentaltopics.However,schemesfor“eco-friendly”
products, such as Eco-Label and Blue Angel, which include bioeconomy sectors (e.g. wood),
considerenvironmentaltopics,suchasClimateChangeadaptationandmitigation,Managementand
maintenanceofwaterqualityandquantity(2d),avoidanceofdegradationofland,soil,forestsand
marineenvironments(2e),ecosystemresilience(4c)andwastepreventionandre-use(5b).Onlyone
certification(ISCCenergy)coversthefoodlossandwaste(5c)sinceitrequiresthatallpeopleon
thefarm/plantationhaveaccesstocleanfoodstorageareasasbasicservice.Thesustainableproduct
end-of-life(biodegradability;compostabilityanddisintegration)topic(5d)isfrequent,especiallyin
thecertificationoftheend-of-lifeoptionsfortheproducts.Inaddition,managementandmaintenance
ofwaterqualityandquantity,avoidanceofdegradationofland,soil,forestsandmarinedegradation,
andecosystemresilience(especiallyofhazardouschemicalsrelease)arerequiredfortheend-of-life
certificationschemes.

Topics Related to the Theme of economic Sustainability
Theeconomicaspects identifiedfromthesustainablebioeconomyP&Careoftennotprioritized
bySCLschemes.Inparticular,economictopicsaresporadicincertificationschemesfor“other”
bioproductsandend-of-life.Schemesforbiomass,forestproductsandagriculturalcommodities,and
biofuelsandbiomaterialsoftenreportonaspectsrelatedtofinancialandeconomicviability(3a),
suchastheadoptionofcontinualimprovementprocedureand/orhealthandsafetyprocedure(e.g.
theoccupationalsafetyandhealth(OHAS)CoCmanagementsystem),ortosustainableproduction
(9a).Aspectsrelatedtoinclusiveeconomicgrowth(3c);economicresilienceinruralandurbanareas
(3d);andsustainabletradeandmarketpractices(8a)areinsteadconsideredbysixSCLsonly.Even
moresporadicisknowledgegenerationandinnovation(7b),whichisconsideredbyfivecertification
schemesonly.SincetheSCLinitiativesanalysedrefertotheproductionsideofbioproducts,noneof
thecertificationsreferstothesustainableconsumptionofbioeconomygoods(9a).

Topics Related to the Theme of Social Sustainability
Socialtopicsareoftenmentionedasameanstoavoidconflictswithlocalstakeholdersandthusto
reducerisks.Forthisreason,mostSCLsenvisagecomplaintand/orgrievancemechanisms(10a).A
veryimportantfactortoavoidconflictsistherecognitionoflandrightsandrightstoothernatural
resources(1c),which is frequent in theSCLs.Equally important is theconsultationprocessand
stakeholderengagement(6b),which;however,isnotmentionedbythemajorityofthecertification
schemesanalysed.Themostfrequentsocialcriterioniscompliancewithrelevantnationalregulations
and laws (6a). Most certification schemes also have requirements concerning labour conditions
(4d),oftenreferringtotheILOstandards.Healthandsustainabilityofcommunities(4a)isanother
topicoftenconsidered,asitincludeslocalcommunities’well-beingorprosperity,safeguardingthe
livelihoodsofthecommunitiesandfamilies,ruralandsocialdevelopment.Socialinclusionofpoor,
women,youth,minorities,indigenousgroups(3c)andsocialresilienceofbiomassproducersand
ruralcommunities(4b)arementionedonlybyone-fifthoftheanalysedSCLs.Socialresilienceof
biomassproducersandruralcommunitiesincludesrespecttohumanrightsandadecentstandardof
living(RainforestAlliance,2017),forworkersandtheirfamilies.Foodsecurityandnutrition(1a),
foodsafety,diseasepreventionandhumanhealth(1d)andexistingrelevantknowledge,provensound
technologiesandgoodpractices(7a)arenotconsideredbymostoftheanalysedcertificationschemes.
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The“other”bioproducts topicsdonot includesocialaspects.However,schemesforeco-friendly
productsandISSCincludehealthandsustainabilityofcommunities(4a),labourconditions(4d),
compliancewithrelevantnationalregulationsandlaws(6a),consultationprocessandstakeholder
engagement(6b).Theend-of-lifecertificationschemesveryoftencoverthesocialtopicsofhealth
andsustainabilityofcommunities(4a),compliancewithrelevantnationalregulationsandlaws(6a),
andcomplaint/grievancemechanisms(10a).

ANALySIS ANd SUMMARy oF THe MAIN ReSULTS

Figure1presentsthefrequencyoftopicsrelevanttotheFAOP&C,whicharemeasuredbybioeconomy
valuechainactorstodifferentextentsinordertocomplywithexistingcertificationschemes.The
percentfrequenciesofP&CtopicsidentifiedineachSCLthemearecalculatedfromtheresultsofthe
stocktakingandgapanalysisperformed,detailedresultsofwhicharepresentedonTable6.Thetopics
areclassifiedbystagesofabioproductvaluechain(i.e.,biomass,forestproductsandagricultural
commodities,biofuelsandbiomaterials,“other”bioproducts,andend-of-lifepractices)tohighlight
differencesamongthesebroadcategories.

One of the reasons behind more frequent coverage of some criteria might be their relative
importancetothedeveloperorthestakeholdersoftheSCLathand.Forexample,sincegreenhouse
gasreductiontargetsareapriorityfortheEU,requirementsrelatedtoclimatechangeadaptationand
mitigationareobservedmorefrequentlyintheSCLschemesthathavethegeographiccoverageofthe
EU.ThetopicsencounteredmorefrequentlyinrelevantSCLschemesindicatedataorinformation
thatareavailable(andareexpectedtobeincreasinglymoreavailable)tomonitorthesustainability
ofthebioeconomysectors.

TheGGL,RASustainableAgricultureStandard,ISCCEnergyandRSBEUREDStandardhave
encompassingrequirementsthattargetimportantsocio-economicaspectsthatareoftenneglectedby
theotherSCLschemes.Therefore,theseschemescanbeusedasthebestexamplescoveringimportant
sporadicenvironmentalandsocio-economicaspects,suchasinclusiveeconomicgrowthandfood
security.Among the themesof topics selected for this study, those related to the environmental
sustainabilityaremorecommonlycoveredbySCLs(inparticularclimatechangeadaptationand
mitigation,managementandmaintenanceofwaterqualityandquantityandwastepreventionand
re-use).Onereasonforthestrongeradoptionofenvironmentaltopicscomparedtotheothergroups
isthecompliancewiththeenvironmentalrequirementsmandatedbytheEURED.

Thebioproductcertificationschemes,whichonlycertifythebiomass/carboncontents,haveless
emphasisontheenvironmentalperformanceofthefinalproducts(Table6).However,eco-friendly
productcertificationschemessuchasEco-LabelandBlueAngel,whichdonotspecificallytarget
bioproductsbutcanbeappliedtothem,haveastrongerfocusontheenvironmentalperformance
oftheproducts.Inthisrespect,thebioproductcertificationschemesarequitelimitedinnaturein
termsofsustainabilitycertification.Theeco-friendlycertificationschemesfortheproductswithin
bioeconomysectors,aswellasintheschemesrelatedtobiomassandbiofuelsproductionprovide
insights on how the copes of the bioproducts certification schemes can be improved the future.
Figure2showsthatsocio-economicaspectsarecoveredlessbyanalysedschemes.Mostcertification
schemeslimittheirsocialstandardstoworkers’conditionsandcompliancewithrelevantnational
regulationsandlaws.Areasontoadoptsocialtopicsistheirpotentialintheavoidanceofconflicts
withlocalstakeholdersandthereductionofrisks.Therefore,severalcertificationschemesinclude
acomplaintand/orgrievancemechanisms;therecognitionoflandrightsandrightstoothernatural
resourcesandconsultationprocessandstakeholderengagement.

However,theothersocio-economictopicshavelittleemphasisontheSCLschemesanalysed.
Theyareoftenunpracticaltomeasure;inparticular,whentherightsandlivelihoodsofsurrounding
communitiesareinvolved.Forinstance,foodsecurity,foodsafety,localknowledge,inclusiveeconomic
growth (e.g. profitability, increase in workers’ income, job creation), economic resilience (e.g.
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Table 6. Analysed certification schemes, their geographical coverages and included topics

continued on following page
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resiliencetofoodpricesfluctuation;economicstability)andsustainabletradeandmarketpracticesare
largelyignoredbymostcertificationschemes.ThisisparticularlytrueforSCLschemesapplicableto
bioproductsotherthanbiomass,forestproductsandbiofuels(“other”bioproducts)andtoend-of-life.

ThemissingcoverageoftopicsinanSCLschemeoftenreflectsthedifficultyintheirmeasurement.
Insuchcases,indicationsonthelevelofadoptionofbioeconomygoodpracticescanprovideamore
practicalandcost-effectiveapproachtoinformthecontributiontosustainabledevelopment.When
topicsarenoteasilymeasurable,someSCLschemessuggestanalternativemeasurementbasedon
theadoptionofgoodpractices.Forinstance,inordertoaddresstheeconomicresilienceinruraland
urbanareas,theREDCert-EUrequirestodiscusswithcustomersthebesttimingforcropdeliveries
toensuregoodpricesandtomaintainquality(REDcert,2017).GGLrequiresinsteadasystematic
collectionofdataonproductionsystemsandyields,costsandprices(GGL,2017),whichallows
themonitoringofeconomicresilience.Regardingtheinclusiveeconomicgrowthtopic,associated
good practices can include: the creation of local employment (GGL, 2017; PEFC, 2012); the
improvementofthesocio-economicstatusoflocalstakeholdersimpactedbytheoperationsand/or
thecreationofyear-roundand/orlong-termjobs(RSB,2016);fairopportunitiesforemployment

Table 6. Continued
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andprovisionofgoodsandservicestothelocalpopulation(RTRS,2010).Anadditionalpointto
highlightisthescarceattentiongivenbytheSCLschemestothetopicsderivedfromPrinciple7
(Sustainablebioeconomyshouldmakegooduseofexistingrelevantknowledgeandprovensound
technologiesandgoodpractices,and,whereappropriate,promoteresearchandinnovation).Infact,
existingrelevantknowledge,provensoundtechnologiesandgoodpractices,aswellasknowledge
generationandinnovationarementionedonlyby16-21%oftheschemesanalysed.Theseschemesin
particularfocuson:trainingandeducation(SFI,2015);effectiveandfocusedresearch,development
andextensionexpertise(Bonsucro,n.d.);technicalknowledgeandtraining(ISCC,2016a);traditional

Figure 2. Frequency of P&C topics identified in each SCL theme (i.e. (A) chain-of-custody, (B) environmental, (C) economic, and 
(D) social). The percentages of SCL schemes mentioning a particular topic are provided for each bioeconomy value chain element 
(i.e. biomass, forest products and agricultural commodities, biofuels* and biomaterials, “other” bioproducts and their end-of-life) 
are presented with bars. Each interval between dashed lines correspond to 50%. Note: The calculation takes into account only 
topics within the scope of the schemes. The numbers refer to the topics derived from the P&C.
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knowledge and skills (GGL, 2017); recognition and respect of indigenous peoples’ rights and
traditionalforest-relatedknowledge(SFI,2015);improvingfarmingpractices,managementsystems,
andfarmerknowledge(RainforestAlliance,2017);ensuringthatlocalcustoms,languages,practices
andindigenousknowledgearerespectedandutilised(RSB,2016).

Similarly,thetopicsrelatedtofoodsecurity,foodsafetyandfoodwaste(1a,1d,and5c)are
mentionedjustbyrespectively20%,21%and4%oftheanalysedschemes.Thisimpliesthatusually
theschemesforbiomassandbio-commoditiesdonotrecognizetheimpactofdeployingbioeconomy
onfood-relatedissues.Ontheotherhand,theseaspectshavebeenincluded,forinstance,byRSB
byassessingriskstofoodsecurityintheregionandlocalityandmitigatinganynegativeimpacts
that result fromtheoperations,andbyenhancing the local foodsecurityof thedirectlyaffected
stakeholdersinfoodinsecureregions(RSB,2016).

The bioproduct certification schemes currently monitor compliance with just two criteria
(percentageofbio-basedcarbonormasscontent).Sustainabilitycertificationforindividualproduct
schemes(i.e.BlueAngel,Eco-Labeletc.),especiallyfortheproductsentirelyincludedinbioeconomy
sincetheyareentirelybio-based(suchaswoodproducts),couldserveasareferenceforpotential
improvementofbio-basedproductcertificationschemestoevaluatetheirenvironmentalperformances
(e.g.utilizationoftoxicchemicalsduringmanufacturingprocess).

Anothercommonapproachtoassesstheperformanceofbio-basedproductsistobuilduponthe
experienceandcomprehensiveassessmentsofbiofuelcertificationschemes(thelatteroftentakes
intoaccountawiderrangeofsustainabilityaspectincludingfoodsecurity).

Finally,oneotherimportantpointregardingend-of-lifecertificationschemesisthattheycouldbe
adheredintoothercertificationschemes,aseveryproducteventuallyhasasuitableend-of-lifeoption.
Forexample,abio-basedproductdoesnotnecessarilyhavetobecompostable,andviceversa.Infact,
organiccarboncontent(whichcanbeeitherfossil-basedorbio-based)doesnotnecessarilyimplythat
allofthecarboncontenthadbeenderivedfrombiomass.Forinstance,fossil-basedplasticscontain
organiccarbon,yet,notnecessarilybiomass-derivedcarbon.Therefore,end-of-lifesustainability
indicatorscanbeappliedtoallproductcategories.

The decision on whether a product would end up in a landfill or in sustainable alternative
end-of-lifestrategies(i.e.re-use,recycle,orcomposting)isverymuchdependentontheconsumer
behaviour.Therefore,educationoftheconsumersandclearlabellingiskeyforpublicparticipation
intheimplementationoftheintendedend-of-lifestrategiesforaproduct.Onlyafterwhenproper
disposalmethodsareadopted,theend-of-lifeschemescanprovidepracticalinformationrelatedto
thefateofbioproducts.Inthisrespect,increasingthepublicawarenesswouldbeasimportantasthe
certificationoftheproduct,andinfact,therearesetstandardsforthispurpose,suchasISO14020
series.Thesesetsofstandardswouldalsobeusefulreferencesandrequirements tofosterproper
disposalofthecompostableand/orbiodegradableproducts.

Considering the gaps identified in the relevant information provided by the SCL schemes,
additionalindicatorsmightbenecessarytomonitorandevaluatethesustainabilityofbioeconomy
developmentattheproductlevel.Therefore,theseschemescanserveasalastresortincasedata
arenotavailableforamorecomprehensivelistofindicators.Inthisregard,therecentFAOreport
(Bracco,Tani,Calicioglu,GomezSanJuan,&Bogdanski,2019)providesinsightontheselection
ofrelevantindicatorstomonitorandevaluatethesustainabilityofbioeconomy.TheFAOsuggested
methodologyreviewsexistingmonitoringapproachestoidentifytwocomprehensivelistsalready
available indicators,oneatproduct level andoneat territorial level, anddiscusses thegapsand
weaknessesemergedinthereviewedliteraturewithregardtosocial,economicandenvironmental
impact categoriesof thebioeconomy,andassociateddataavailability.TheFAOstudy identifies
solutions and a possible way forward to help countries and practitioners in their bioeconomy
monitoringandevaluationefforts:astepwiseapproachtomonitoringthebioeconomysustainability,
includingtheselectionofrelevantindicators,bymeansofaflexible,participatoryapproachbuildon
indicatorsanddatathatarealreadyavailableandcountries/stakeholdersmayalreadyreporton.In
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fact,indevelopingabioeconomymonitoringsystemisimportanttostrengthenthealreadyexisting
standards,requirementsandindicators,asthoseusedbytheSCLschemesreviewedinthismanuscript,
toavoidputtingadditionalburdensonthestakeholders.

CoNCLUSIoN

This study classified and analysed bioeconomy-related SCL schemes according to stages of a
bioproductvaluechain(i.e.,biomass, forestproductsandagriculturalcommodities,biofuelsand
biomaterials,“other”bioproducts,andend-of-lifepractices)toinvestigatewhethertheseschemes
canbeusedasadatasourcetoevaluatebioeconomysustainabilityattheproductlevel.

Theanalysisofexistingstandardsandcertificationoptionsprovidesanindicationoftheadoption
ofsustainabilitystandards,andthereforesuggestswhichtopicsarealreadycommonlymeasuredby
valuechainactorsandwhichonesrequireadditionaleffortstobemonitoredbySCL.Ourresultsshow
thatSCLschemescanbeusedtoinformproductsustainabilityintermsofenvironmentalaspects.
However,socio-economicstandardsshouldgohandinhandwithCoCandbio-basedmasscontent
indicatorstoguaranteethesustainablegrowthofadynamicbioeconomy.
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APPeNdIX A. CRITeRIoN TABLe

Table 7. FAO principles and criteria for sustainable bioeconomy

Principle 1. Sustainable bioeconomy development should support food security and nutrition at all levels
Criterion1.1.Foodsecurityandnutritionaresupported
Criterion1.2.Sustainableintensificationofbiomassproductionispromoted
Criterion1.3.Adequatelandrightsandrightstoothernaturalresourcesareguaranteed
Criterion1.4.Foodsafety,diseasepreventionandhumanhealthisensured

Principle 2. Sustainable bioeconomy should ensure that natural resources are conserved, protected and enhanced
Criterion2.1.Biodiversityconservationisensured
Criterion2.2.Climatechangemitigationandadaptationarepursued
Criterion2.3.Waterqualityandquantityaremaintained,and,inasmuchaspossibleenhanced
Criterion2.4.Thedegradationofland,soil,forestsandmarineenvironmentsisprevented,stoppedorreversed

Principle 3. Sustainable bioeconomy should support competitive and inclusive economic growth
Criterion3.1.Economicdevelopmentisfostered
Criterion3.2.Inclusiveeconomicgrowthisstrengthened
Criterion3.3.Resilienceoftheruralandurbaneconomyisenhanced

Principle 4. Sustainable bioeconomy should make communities healthier, more sustainable, and harness social 
and ecosystem resilience
Criterion4.1.Thesustainabilityofurbancentresshouldbeenhanced
Criterion4.2.Resilienceofbiomassproducers,ruralcommunitiesandecosystemsisdevelopedand/orstrengthened

Principle 5. Sustainable bioeconomy should rely on improved efficiency in the use of resources and biomass
Criterion5.1.Resourceefficiency,wastepreventionandwastere-usealongthewholebioeconomyvaluechainis
improved
Criterion5.2.Foodlossandwasteisminimizedand,whenunavoidable,itsbiomassisreusedorrecycled

Principle 6. Responsible and effective governance mechanisms should underpin sustainable bioeconomy

Criterion6.1.Policies,regulationsandinstitutionalsetuprelevanttobioeconomysectorsareadequatelyharmonized
Criterion6.2.Inclusiveconsultationprocessesandengagementofallrelevantsectorsofsocietyareadequateandbased
ontransparentsharingofinformation
Criterion6.3.Appropriateriskassessmentandmanagement,monitoringandaccountabilitysystemsareputinplaceand
implemented

Principle 7. Sustainable bioeconomy should make good use of existing relevant knowledge and proven sound 
technologies and good practices, and, where appropriate, promote research and innovation
Criterion7.1.Existingknowledgeisadequatelyvaluedandprovensoundtechnologiesarefostered
Criterion7.2.Knowledgegenerationandinnovationarepromoted

Principle 8. Sustainable bioeconomy should use and promote sustainable trade and market practices
Criterion8.1.Localeconomiesshouldnotbehamperedbutratherharnessedbythetradeofrawandprocessedbiomass,
andrelatedtechnologies

Principle 9. Sustainable bioeconomy should address societal needs and encourage sustainable consumption
Criterion9.1.Consumptionpatternsofbioeconomygoodsmatchsustainablesupplylevelsofbiomassgoods
Criterion9.2.Demand-andsupply-sidemarketmechanismsandpolicycoherencebetweensupplyanddemandoffood
andnon-foodgoodsareenhanced

Principle 10. Sustainable bioeconomy should promote cooperation, collaboration and sharing between interested 
and concerned stakeholders in all relevant domains and at all relevant levels
Criterion10.1.Cooperation,collaborationandsharingofresources,skillsandtechnologiesareenhancedwhenand
whereappropriate
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APPeNdIX B. TABLe 8

Table 8. Bioproduct certification schemes related to bioeconomy
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CHAIN OF CUSTODY

Bio-basedcarboncontent ✓ ✓ ✓ ✓

Bio-basedmasscontent ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Massbalance/segregation ✓ ✓ ✓

Chain-of-Custodyperformance ✓ ✓ ✓ ✓

6c.Traceability ✓ ✓ ✓

6d.Riskassessmentandmanagement,monitoring
andaccountability

✓

ECONOMIC

3a.Financialandeconomicviability(safeand
healthybusinessenvironment,e.g.continual
improvement)

3b.Inclusiveeconomicgrowth(e.g.profitability,
increaseinworkers’income,jobcreation)

3d.Economicresilienceinruralandurbanareas
(e.g.resiliencetofoodpricesfluctuation;economic
stability)

7b.Knowledgegenerationandinnovation ✓

8a.Sustainabletradeandmarketpractices

9a.Sustainableproduction(e.g.coherencein
theproductionoffoodandnon-foodgoodsand
managementofnaturalresources)

✓ ✓ ✓ ✓

9b.Sustainableconsumption(ofbioeconomygoods)

ENVIRONMENTAL

1b.Sustainableintensificationofbiomass
production(e.g.sustainablemanagementofland,
soil,forestsandmarineenvironments)

✓ ✓

2a.Biodiversityconservation ✓ ✓ ✓ ✓ ✓ ✓

2b.Sustainableuseofbiodiversity(e.g.restriction
ontheuseofGMO)

2c.Climatechangeadaptationandmitigation(e.g.
GHGemissionsaccountingand/ormitigation)

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

2d.Managementandmaintenanceofwaterquality
andquantity

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

2e.Avoidanceofdegradationofland,soil,forests
andmarinedegradation

✓ ✓ ✓ ✓ ✓ ✓ ✓

2f.Preservationofland,soil,forestsandmarine
environments(includingHCVareas;landwithhigh
carbonstock;ILUC;wetlands)

4c.Ecosystemresilience(e.g.integratedpest
managementandcontrol;avoidanceofhazardous
chemicalsinproduction)

✓ ✓ ✓

continued on following page
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“Other” bioproducts
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5a.Resourceefficiency(e.g.energyefficiency,
renewableenergyandcascading)

✓ ✓ ✓ ✓

5b.Wastepreventionandre-use ✓ ✓ ✓ ✓

5c.Foodlossandwaste

5d.Sustainableproductend-of-lifepractices
(biodegradability;compostabilityanddisintegration)

✓ ✓ ✓

SOCIAL

1a.Foodsecurityandnutrition(foodavailability,
access,utilizationandstability)

1c.Landrightsandrightstoothernaturalresources
(includinglandtenure)

1d.Foodsafety,diseasepreventionandhuman
health

3c.Socialinclusion(e.g.poor,women,youth,
minorities,indigenousgroups)

4a.Healthandsustainabilityofcommunities ✓ ✓ ✓ ✓ ✓ ✓

4b.Socialresilienceofbiomassproducersandrural
communities

✓

4d.Labourconditions ✓

6a.Compliancewithrelevantnationalregulations
andlaws

✓ ✓ ✓ ✓ ✓ ✓

6b.Consultationprocessandstakeholder
engagement(e.g.Free,PriorandInformedConsent
-FPIC)

✓ ✓ ✓ ✓ ✓

7a.Existingrelevantknowledge,provensound
technologiesandgoodpractices

10a.Complaint/Grievancemechanisms ✓ ✓

Table 8. Continued
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