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ABSTRACT

Afavourableregulatoryandstandardizationframeworkisaprerequisiteforestablishingacutting-
edgebio-basedeconomyinEurope.Thisarticlepresentsanoverviewofexistingregulatoryand
standardizationbarriersthatarehamperingthemarketuptakeofbio-basedproducts.Amongothers,
theyinclude:i)thelackofalevelplayingfieldvis-à-visbiofuelsandfossil-basedproducts;ii)the
lackofgenerallyacceptedend-of-liferoutesforbio-basedproducts;andiii)theexistenceofstandards
designedforfossil-basedmaterialsthatdonotmatchmarketpractises.Basedontheresultsofa2-round
Delphisurvey,proposalsareformedtoovercometheidentifiedbarriers.Thesesolutionsarethereafter
verifiedbystakeholdersthroughadditionalinterviewsandaworkshop.Finally,recommendations
weredraftedtoupdatethecurrentregulatoryandstandardizationframework.Morespecifically,the
adoptionof relevantprinciples for thecascadinguseofbiomasstheuseofalternative innovative
feedstock(e.g.waste)andtheupdateofexistingstandards(e.g.compostability)areproposed.
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Bio-Based Economy, Cascading Principles, Comspostability, Delphi Survey, Level Playing Field, Regulatory 
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INTRodUCTIoN

Improvedandinnovativewaysofproducingandconsumingfood,productsandmaterialsareneeded
for decoupling economic growth from resource depletion and environmental impact (European
Commission,2018).AsstatedintheStrategicInnovationandResearchAgenda(BBIJU,2017),a
sustainablebio-basedeconomyinEuropecouldprovideenvironmental,socialandeconomicbenefits,
andthereforecontributetowardsachievingacarbon-neutralfutureconsistentwiththeParisAgreement.

Asupportiveregulatoryandstandardizationframeworkisaprerequisiteforestablishingsucha
sustainableandefficientbio-basedeconomyinEurope.Regulationshouldenableratherthanimpede
innovationforunlockingthepotentialofthebio-basedeconomy,andshouldensurealevelplaying
fieldforcompetitionbetweenbio-basedandfossil-basedindustries.

This paper identifies existing regulatory and standardization gaps and bottlenecks affecting
bio-basedindustries;it isbasedonin-depthinterviewswithselectedvaluechainrepresentatives,
followedbya2-roundDelphisurvey.Thissurveyfocusedontheidentificationofbarriershampering
themarketuptakeofbio-basedproducts,aswellaspotentialinnovations(driversofchange)thatare
expectedtoplayanimportantroleinscalinguptheindustry.Theresultsofthe2-roundDelphisurvey
providedthebasisfortheformulationofspecificrecommendationsforupdatingexistingstandards
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andregulations,andforthedevelopmentofnewregulationstofillimportantgaps,inparticularin
theidentifiedfieldsofinnovation.

Thepaperstudiestheimportanceofdifferentelementsofasupportiveregulatoryframeworkfor
thebio-basedeconomythatareneededforestablishingalevelplayingfieldforbio-basedproducts.
Regulatory and standardization related suggestions for enhancingprinciplesof cascadinguseof
biomass,andforenhancingtheuseofwasteasafeedstock,areelaborated.Inaddition,solutionsfor
existinggapsinstandardsareidentifiedandproposed.

Thepaperisorganizedasfollows:first,theproposedmethodologyisexplained,followedby
adescriptionofidentifiedexistingbarriers.Thereafter,theresultsontherequiredelementsfora
supportiveregulatoryframeworkareillustrated,andfinally,theconclusionsandrecommendations
ofthisstudyarepresented.

LITERATURE REVIEw, RESEARCH oBJECTIVES ANd METHodoLoGy

Systematicforesightinvestigationswithafocusontechnologies,regulationsandstandardsallow
betterdecision-makingtowardstheenablingofabio-basedeconomy(LaduandQuitzow,2017).Itis
indeedachallengetoestablishaflexibleregulatoryframeworkthatcanadapttothepaceofchange
ofinnovationsandnewtechnologies.Foresightinvestigationscanbedefinedasastructureddialogue
amongstakeholdersonpossible futuredevelopments (GiaoutziandSapio,2013). It representsa
relevantpolicyinstrumentanddecision-makingtoolbasedonthefollowingfeatures:anticipation,
participation,networking,visionandaction(VecchiatoandRoveda,2014).Blind(2008)proposed
threemethodologiesforconductingregulatoryforesight:

i) Afirstapproachthatusesscienceandtechnologyindicatorsforidentifyingpossiblefieldsthat
maycausechallengesfortheregulatoryframework.

ii) Asecondapproachbasedonsurveysthatenableregulatorybodiestoidentifyfutureneedsfor
regulations.

iii) ADelphimethodologyinvolvingmultiplesurveyrounds.

For this paper, we adopted a combined methodology for conducting regulatory foresight,
includingpreliminaryexpertinterviews(seeLaduandClavell,2018)anda2-roundDelphiexercise
(seeLaduandClavell,2019).TheDelphimethodisbasedonstructuredsurveysandmakesuseof
informationobtainedfromtheexperienceandknowledgeoftheparticipants(JRC,2015).Itaimsto
synthesizethecollectiveexpertiseoftherespondents(LinstoneandTuroff,2002),andincludestwo
ormoreroundstovalidateandrefinetheresultsofinitialcommunicationswiththeparticipants.The
formalizationofthemethodology,theamountofdata,thenumberofexpertsinvolved,andthefact
thatdivergingopinionsarepartiallyhiddenbehindthemainconvergingone,makeitapopularand
credibleapproachforpolicymakers(JRC,2015).

Bymeans of preliminary interviews, experts’ opinions were collected with theobjective of
identifyingexistingmarketbarriers thatarecurrentlyhampering themarketuptakeofbio-based
products,andanticipatingupcominginnovationsthatwouldhaveapositiveimpactinthefurther
developmentof the sector.Special attentionwaspaid toexisting regulatory, standardizationand
investmentbarriers,whichcoulddelaythesenewdevelopments,andwhichshouldbeaddressedand
possiblyremovedinordertosupportfurtherdeploymentofthebio-basedeconomy.Overall,20key
sectorexpertswereinterviewed,including10expertsfromindustryand10expertsfromacademia.

Basedontheseresults,a2-roundDelphistudywasdesignedandconductedtoidentifyrequired
updatesoftheregulatoryandstandardizationframeworkforsupportingafulldeploymentofinnovation
potentialsandforunlockinginvestmentsinthebio-basedeconomy.
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Theaimofthefirstroundwastoidentifyexperts’opinionsonwhichelementsshouldbeincluded
inasupportivestandardizationandpolicyframeworkforbio-basedproducts.Intotal,887experts
fromacademia,industry,NGOs,andexpertsworkingonbio-basedeconomyrelatedtopics,were
invitedtoparticipateinthesurvey.

Consideringthattheliteraturefailstodebatethepracticalitiesofdefining“experts”forDelphi
exercises(Bakeretal.,2006),forthepurposeofthisstudy,weadopteddifferentactionstoensurerigor
intheselectionoftheexperts.Thefirstidentificationofexpertswasdonedirectlybytheauthoramong
theirinstitutions’internaldatabases.Inaddition,coordinatorsandpartners’institutionsofrelevant
Europeanrelatedprojects(e.g.,BBIJUprojects)andparticipantsinimportantrelatedconferences
inEurope(e.g.,the12thEuropeanBioplasticConferenceandtheGlobalBioeconomySummit)were
invitedtoparticipate.Inordertoreachmoreexperts,alinktothesurveywasalsopublishedinseveral
newsletters.SeeFigure1fortheoverviewofparticipatingexpertsinthefirstround:

Intotal,100expertscompletedthefirstround,whichincludedonlyopenquestions.Themajority
oftherespondents(45%)camefromGermany,frombothacademia(36%)andindustry(34%).In
termsofexpertise,mostofthemdeclaredtobebioeconomyexperts(70%).

Thesecondroundaimedtorecollectexpert’sopinionontherelevanceoftheimportantfeatures
thatasupportiveregulatoryframeworkshouldinclude,aswellastherelevanceofotheridentified
actionsneededforestablishingalevelplayingfieldforbio-basedproducts.Itwasdistributedonly
amongtheexpertsthatwishedtoparticipateinasecondround.SeeFigure2fortheoverviewof
participatingexpertsinthesecondround.

In total,35expertscompleted thesecondroundof thesurvey,more than50%comingfrom
Germany(54.3%).Mostoftheexpertsworkedinacademia(45%)andindustry(20%).

EXISTING MARKET BARRIERS

Regulatory and Market Barriers
Consistentlong-termpolicygoalsandsupportivepolicyinstrumentsneededforthetransitiontoa
circularbio-basedeconomyarecurrentlymissing.Forexample,therearenolegislativemechanisms
tosupportandregulate theuseofbiomass forproducingchemicalsandproducts (e.g.,effective
demandsupportpoliciesinfavourofbio-basedproducts).Thelackofthesemechanismshampers
thedevelopmentofmarketsdedicatedtobio-basedproducts.Moreover,theEC’sRenewableEnergy
Directive(RED)of2009andtheirnewproposalforREDII(2021-2030),includesprovisionsthat
favour the production of biofuels over bio-based products within Europe. Incentives for biofuel
productionfavourfeedstockproductionforthebiofuelindustryandlimittheavailabilityofbiomass

Figure 1. Generalities of the participants of the first Delphi round
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forthebio-basedproductindustry.Moreover,thebio-basedproductindustryisnegativelyaffectedby
thecontroversyaroundtheuseoffoodcropsforanyotherusesthanfoodandfeedhasbeenraisedby
NGOs,consumersandpolicymakers.Thisisalsoaresultofstrongincentivesforbiofuelproduction.

Thereisalsoalackofalevelplayingfieldbetweenbio-basedproductsandfossil-basedproducts.
Bio-basedproductsareexpectedtoprovideconformitytohighstandardsconcerningsustainability,
whilefossil-basedcounterpartsarenotrequiredtoconformtoanystandards.Thecostsofexternalities
linkedtotheproductionandconsumptionoffossilproducts(e.g.,thedamagetotheenvironment)
arecurrentlynotcarriedbytheproducersoftheseproducts,ratherbytheentiresociety.Thelackof
pricingoftheseexternalitiescreatesapriceadvantageforfossilproductsoverbio-basedproducts.
In this regard, bio-based products are prevented from taking advantage of the existing related
environmentalbenefits.

Numeroushurdlesmentionedbytheexpertsarelinkedtotheend-of-lifeofbio-basedproducts
(Bosetal.,2018).Frequently, thereisnogeneralagreementastowhichend-of-lifeoption(e.g.,
recycling,digestion,composting)foragivenbio-basedproductisthemostpreferableroute.This
lackofclaritycreatesconfusionthroughoutthevaluechain,andespeciallyforconsumers.There
arecurrentlynoharmonizedrulesatEuropeanorevenatnational/regionallevelonhowtodispose
ofbio-basedproducts,andconflictinginterestsamongdifferentplayerswithintheend-of-lifevalue
chain(e.g.,recyclers,composters)exist.

Barriers Around Certification and Standards
TheInternationalStandardizationOrganization(ISO)definesstandardsas:

documented agreements containing technical specifications or other precise criteria to be used 
consistently as rules, guidelines or definitions, to ensure that materials, products, processes and 
services are fit for their purpose (Definition of ISO1).

These agreements provide people and organizations with a basis for mutual understanding,
andareusedastoolstofacilitatecommunication,measurement,commerceandmanufacturing.In
anidealsituation,standardsaredevelopedinacollaborativeprocessthatincludesmanufacturers,
users,consultants,governmentsandotherinterestedparties.Therefore,standardizationbodiesseek
tohaveallpartiesconcernedatthetableduringthedevelopmentofstandards.Whenstakeholders
arenotrepresentedduringthedevelopmentofthestandards,outcomesmaybelessthanoptimalfor
stakeholdersthatareexpectedtousethestandardsinthemarket.Asthedevelopmentofastandard

Figure 2. Generalities of the participants of the second round of the Delphi survey
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cantakeseveralyears,itisalsopossiblethat,duringthistime,processeshaveevolvedthatmakethe
standardalreadyoutdatedonceitispublished.Inbothsituations,thestandarddoesnotrepresent
theactualsituation inpractice.Anexampleofsuchamismatch is theEN13432forpackaging.
Thisstandardprescribesthatbiodegradableproductsshouldcompostwithin12weeksinasecured
compostingcycle.Whenbiodegradableproductscomplywiththestandardtheycanreceive(oneofthe
many)certificatesthatclaimthattheproductwilldegradewithin12weeksinasecuredcomposting
cycle.However,thecompostingcyclesrunbycompostersarecurrentlymuchshorterthan12weeks;
around2to3weeksatmost.Inpractice,thismeansthatcomposterssieveoutall(biodegradable)
productsbeforehand.Inotherwords,eventhoughtheproductsarecertifiedaccordingtothestandard,
theseproductswillbeincinerated.

Anotheridentifiedbarrieristhatformanyyears,productstandards(thatspecifyrequirements
tobefulfilledbyaproductoragroupofproducts)havebeendevelopedtodetermineitsfitnessfor
purpose.Mostofthesestandardsweredevelopedwhenfossil-basedproductswere“mainstream”
products.Requirementsinthestandardwithwhichtheproductneedstocomplyare,forexample,
basedonthecharacteristicsofplastic.Todemonstratefitnessforpurpose,newmaterialsaretested
againstthecharacteristicsofplastic,asdevelopedforpre-existingfossil-basedplasticmaterials(e.g.,
plasticbeingresistantto100%relativehumidity((RH)/moisture).Astheinterestliesinshowingthe
fitnessforpurposeinreallifesituations,itwouldbemoreappropriatetoevaluatethefunctionality
againsttherequirementsofaspecifiedapplication.Inthisway,thenewmaterialsarenotevaluated
basedonpre-definedpropertiesofplasticbutbasedontheactualfunctioningoftheapplication.For
newbio-basedproducts,itmaybedifficulttocomplytothesestandards;thisisbecausetheyexhibit
adifferentsetofcharacteristicspreviouslynotenvisaged.Thismaynot,however,implythatthese
productsareunsafeforthetargetedapplicationandmayleadtotheunnecessaryexclusionofproducts.

Finally,bio-basedproductproducersareoftenrequestedbyuserstocertifyspecialcharacteristics
oftheirproducts,suchasbiodegradability,sustainability,theshareofbiologicalcontent.Incertain
cases,avarietyofsimilaroroverlappingcertificationsexistinthemarket(e.g.,compostability).The
largeamountofcertificationschemesisperceivedasahurdleforbio-basedproductproducersas
theyareresponsiblefortherelatedcostsandadministrativeburdens.Moreover,forcertainaspects,
suchastheriskofindirectlandusechange(ILUC),certificationoptionsarestillataninfancylevel
(Majeretal.,2018).Finally,theoverwhelmingnumberofsustainabilitycertificationschemes(e.g.,
ecolabels)andtheirlackofharmonization,furtherconfuseconsumers,thereforerepresentingabarrier
linkedtocommunicationandimage.

RESULTS

Elements of a Supportive Regulatory Framework for the Bio-Based Economy
ThissectionpresentsthemainresultsofthesecondroundoftheDelphistudy,andFigure3provides
anoverviewoftheimportantfeaturesthat,accordingtotheparticipants,shouldbeconsideredin
asupportiveregulatoryframeworkfor thebioeconomy.Thedifferentcategoriesoffeatureswere
derivedfromtheanswersofthefirstround,andtheirimportancewasrankedbytheexpertsinthe
secondround.ThiswasdonebyadoptingaLikertscale,from0“notimportant”to5“veryimportant.

Theintroductionofacarbontaxforallproductsisconsideredbyexpertsasthemostimportant
measuretobeincludedinasupportiveregulatoryframework.Morespecifically,acarbontaxwill
levelthecurrentplayingfieldofbio-basedproducts,vis-à-visfossil-basedproducts(Carusetal.,
2011).Consideringthatcertainbio-basedproductsemitfewerGHGemissions(EC,2018),bio-based
productswillbenefitfromtheintroductionofrevenuesforGHGemissions.Acarbontaxcouldbe
implementedasaCO2tax(i.e.,CO2emissionsaretaxed)orasfossilcarbontax(i.e.,ataxonthe
fossilcarboncontainedinfossilresources).Taxbenefitsandfinancialincentivesforinnovativebio-
basedproductswerealsoproposed(e.g.,researchallowances).
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Supporting the cascading use of biomass was also classified as “very important”. Possible
suggestionsonhowtooperationalizedifferentprinciplesofthecascadingusewillbedescribedin
thisresultssectionofthispaper.

Preferredpublicprocurementforsustainablebio-basedproductsrepresentsarelevantfeatureof
asupportiveregulatoryframeworkandagreatchannelforincreasingdemandformoresustainable
products.Itshouldbecomplementedbytherequestforsustainabilitycertificationforallproducts,
includingtraditionalandfossil-basedproducts,andbytherolloutofcorrespondingstandardsand
labels.Thedevelopmentofsustainabilitycriteriathroughouttheentirevaluechainisessentialtoensure
alevelplayingfieldforallproducts(Laduetal,2019a).However,inordertoreduceadministrative
andmonetarybarrierstobio-basedproductproducers,theintroductionofsubsidiesforsustainability
certificationsshouldbeconsidered.

Toleveltheplayingfieldbetweenthematerialuseofbiomassversusenergy,itwasproposed
toendsubsidiesforbiofuels.Anotheralternativecouldbetheintroductionofquotasandblending
mandatesforthematerialuseofbiomass:inthelongrun,abanonnon-renewablematerialshould
beintroduced.Laduetal.(2019b)proposedtheintroductionofa“RenewableMaterialsDirective”
foracceleratingthetransitionfromfossil-basedmaterialstobio-basedalternatives.Thisshouldbe
coupledwiththedevelopmentofbiomassrelatedstandards(e.g.,qualityandavailability)toincrease
consumers’confidenceinbiomassquality.

Asupportiveregulatoryframeworkshouldaddresstheentirelife-cycleofaproduct,including
theafterusephase.Withtheoverallgoalofreducingwaste,theproductionoffullybiodegradable
productsforspecificapplications(e.g.,mulchfilms)shouldbesupported,andthisshouldbecoupled
withimprovementsineco-designrequirementsconsideringtheabilityofbio-basedproducts.Forthe
consumersandwastecollectors,itisimportanttohaveclearinformationonhowtheproductsshould

Figure 3. Features of a supportive regulatory framework for the bio-based economy
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bedisposedofafteruse.Carryingoutstrongcommunicationactionsinordertoinformthepublic
aboutthebenefitsofbio-basedproductswillincreasetheirawarenessandwillingnesstobuythem.

Finally,itisconsideredveryimportanttoestablisharegulatoryframeworkthatenablesunlocking
thepotentialofthebioeconomyinpromotinglocaldevelopment.Theestablishmentofagro-industrial
valuechainsbasedonthesustainableuseofbiomassareimportantmeasuresformakingbio-based
productsmorecompetitive.Indeed,thesevaluechainsplayanimportantroleindevelopingstrategies
thataimatpromotinginvestmentstoagro-enterprises,facilitatingknowledgesharingbetweenthem,
and,ingeneral,forfurtherexpandingtherole-playedbyagricultureineconomicgrowth(UN,2017).

Elements Towards the Establishment of a Level 
Playing Field for Bio-Based Products
Animportantelementtowardstheestablishmentofalevelplayingfieldforbio-basedproductsisthe
implementationoflong-termpoliciesandpolicyinstrumentsthatareindependentofgovernmental
changesandprovideambitiousbutrealisticgoals.Thelowpriceoffossil-basedproductsandthe
existingblendingmandateforbiofuelshinderthedevelopmentopportunitiesoftheindustrialmaterial
useofbiomass.Theadoptionoflong-termregulationswillcreateneededtrustforcompaniesand
increasetheirreliabilityonbio-basedproductsandtheirwillingnesstoinvest.

The policy framework should be scientifically robust, comprehensive and consistent across
all related sectors (e.g., in agriculture in order to ensure a sustainable supply and cost-efficient
feedstock).Itshouldconsiderseveralenvironmentallydamagingfactors(e.g.,CO2emissions,impacts
onbiodiversity, landuse and climate change) and related social impacts and costs. It shouldbe
focusedonincreasingpublicawarenessforbothcompaniesandconsumers.Thiscouldbedoneby
organizingtrainingandawarenesscampaignsfocusedonincreasingthemotivationoftheconsumer
whenchoosingproducts.Informationshouldbeeasytounderstand;inaddition,functionalityand
sustainabilityissuesshouldbecommunicatedinascientificallycorrectwaywithoutbeingmisleading.
Inthissense,accordingtosomeexperts,qualityandperformancestandardscouldhelpcustomersto
helpguidetheirmarketchoices.

Asupportiveregulatoryframeworkshouldincludedemandsupportmeasures(e.g.,greenpublic
procurement),aswellasincentivesforR&Dandtrainingforbio-basedproducts.Legislativeactsthat
aimtofostertheemergenceofbio-basedproductsandlimitthecostsofenvironmentalexternalities,
as well as promoting the economy of circularity (e.g., through the application of specific fiscal
measures)shouldbedesigned.

Itisimportanttobearinmindthatseveralregulatoryrequirementsimplyadditionalcostsand
timeexpenditureforcompanies.Thismayleadtodelaysinthemarketintroductionofbio-based
products. However, these requirements are necessary mechanisms to control the products that
are entering themarket, andcannot, therefore,be avoided.For example, the registrationofnew
materialsintheREACH2regulationresultsinadditionaldirectandindirectcosts.Materialsthatare
notdirectlyincludedintheregulationmustbeshownandensurecompliancewiththeregulation.
Thisadministrativeprocessforenteringnewproductsiscostlyandtimeconsuming.Inthissense,
severalwaystoovercomethesehurdleswereproposed.Onewaywastosimplifytheadministrative
proceduresforregisteringnewproductsinREACH.Anotherwaywastoprovidesubsidiestocover
costslinkedtocompliancewithcertaincertificationschemerequirements.

Enhance Principles of Cascading use of Biomass
Cascading use principles for biomass utilization are proposed as a way of maximizing resource
efficiencyandreducingnegativeenvironmentalimpactsoftheproductionofbio-basedproducts.
Cascadingusecanbedefinedastheefficientutilizationofresourcesbyusingresiduesandrecycled
materialstoextendtotalbiomassavailabilitywithinagivensystem(Reichenbachetal.,2016).Another
linedifferentiatesbetween“cascadinguse”intermsofaverticalusehierarchy(e.g.,recycling)and
“co-production”intermsofahorizontalusehierarchy,whichreferstotheutilizationofsidestreamsand
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residues(Reichenbachetal.,2016).TheGermanEnvironmentalAgency(UBA)definescascadinguse
astheapproachofusingbiomassthathasalreadybeenprocessed(atleastonemoretime)formaterial
orenergypurposes,distinguishingbetweensingle-stagecascade(bio-basedproducts–energy)and
multi-stagecascade(bio-basedproducts–bio-basedmaterials–energy)(Fehrenbachetal.,2017).

Todate,therealizationofcascadepotentialisminorandthepotentialofbiomasscascadeshave
beenlargelyignored.Currently,residues(e.g.,lignocellulosic)aremostlyusedforenergygeneration.
In this sense, there is a need to identify clear principles for the operationalization of cascading
useinordertohelpcompaniesconsidercascadinguse,notonlyasapolicyguidanceindicatorfor
sustainability.Aconsistentdefinitionofthetermcascadinguseacrossallsectorsislackingandits
integrationintoexistinglegislaturedifferswidelyamongMemberStates.Acommonstrategyfor
supportingtheoperationalizationoftheterm“cascadinguseofbiomass”isneeded,andaccording
totheinterviewedexperts,itshouldpromote:

i) Theuseofnaturalresourcesforaslongaspossible.
ii) Reuseandrecycling.
iii) Theuseofside-streamsandwasteasbiomassformaterialuse.

Expertsarguethattheseprinciplesshouldbeintegratedinrelevantregulations(e.g.,Circular
economypackage,ConstructionProductsRegulation(CPR),etc.)andshouldbedevelopedbythe
ECtogetherwithrelevantstakeholders.Inaddition,inordertostrengthentheuseofthecascading
principle,itwouldbeimportanttosupportzerowasteprinciplesbydevelopingstandardsonwaste
collectionandtreatment(Laduetal.,2019a),andbyprovidingincentivesforusingwasteasfeedstock
insteadofusingfossil-basedproducts.

The integration of cascading use principles into existing legislature differs widely among
individualcountries(Dammeretal.,2016).Forexample,inGermany,thebio-wasteordinanceand
thecirculareconomylaw(BioAbfV/KrWG)introduceregulationsoncollectionquotasandrecycling
targets;however,theydonotaddresstheroutesofuseofthecollectedbiomass,anddonotprovide
anypreferenceforeitherenergyormaterialuses(inpracticeoftensupportingthedirectenergyuse
ofwastewood)(IEABioenergy,2016).InFlanders,electricityproducerscanonlyusewoodifthe
woodstreamisnotusedasanindustrialresource.Thissystemismeanttosupportthecreationofthe
cascadinghierarchyofmaterialsoverenergyapplicationsofthebiomass(Birdlife).

Enhancing the Use of waste as a Feedstock
Largeamountsofsolidfoodwastearecurrentlyburiedinlandfill,andliquidfoodwasteisreleased
intopublicsewersystems.Hightransportandlandfillcosts,aswellasstrictgovernmentalregulations,
haveledtothedevelopmentofalternativeutilizationoptionsoffoodprocessingwaste.Theselection
ofanappropriateprocesstorecovermaterialsandenergyfromfoodwastelargelydependsonthe
characteristicsofthewaste,thedesiredformsofbioenergyandbio-basedproductstobeproduced,as
wellastheireconomicfeasibility(Wang,2013).Incorporationofprice-advantagedfeedstocks(such
asorganicandwet-wastematerials)havebeenhighlightedbyexpertsasupcominginnovationsthat
couldhaveanaddedbenefitinsolvinglocalandregionalwastedisposalrelatedissues.However,
otherexpertspointedoutthatmarketmechanismsarevolatileandhardtopredict.Assoonasamarket
existsforsuchfeedstock,itisdifficulttosayhowpricestructureswilldevelopandwhethertheywill
stillprovideanadvantage.

Currently,thevalorizationoforganicwasteintofertilizersisendorsedbythenewEUfertilizer
regulation,inwhichcommonrulesabouttheconversionofbio-wasteintorawmaterialsthatcanbe
usedtomanufacturefertilizersareprovided(Reicyhenbachetal.,2016andEC,2019).

However,unlocking thepotentialofusingwasteas feedstockneedsa supportive regulatory
framework,startingfromanupdateofthecurrentWasteFrameworkDirective(WFD3).Figure4shows
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anoverviewofmeasuresidentifiedinthe2-roundDelphiexercisethat,accordingtoexperts,should
beimplementedforsupportingtheuseofwasteasfeedstockintheproductionofbio-basedproducts.

AsshowninFigure4,thereisaneedtoprovidealegalstatustotheterms“residues”and“side-
streams”currentlynotincludedintheWFD,whichonlydefines“waste”and“by-products”.

Anotherproblemisrelatedtothefactthatregulationsdonotallowtheuseofwasteasfeedstock
formaterialuse,unlessthewasteceasestobewaste(complyingwithrequirementsincludedinart.
6oftheWFD),andisconsideredaby-product(complyingwithrequirementsincludedinart.5of
theWFD).Inaddition,theEU’srulesonend-of-wastecriteriaarenotharmonized,andwhethera
materialisa‘by-product’or‘waste’mustbedecidedonacase-by-casebasis,possiblyleadingto
differentinterpretations.Accordingtoarticle6,aslongasthecriteriaforwastehavenotbeenset
ataEuropeanlevel,memberstatesmaydecideonthestatusofthewasteonacase-by-casebasis.
Inotherwords,MShas theright todecidewhethercertainwastehasceasedtobewasteornot.
ThishasledtoasituationwhereMSdevelopedstrictcriteriathatareimpedingtheuseofwasteto
producebio-basedproducts.Inthissense,theEUshouldprovideguidanceforselectingappropriate
criteriaandsupport their implementation.Apotentialsolutioncouldbethat theEUdevelopsan
EUharmonizedhorizontalstandardonend-of-waste(seeFigure4),andeachMSshoulddevelop
adecreewithcriteriaforspecificproductsandspecifywhenwasteceasestobewaste(Laduetal.,
2019a).TheEUshouldprovideguidelinesandsolutionstofacilitatethemultilateralrecognitionof
nationalapproachesamongMS.

Anotherconcernistheconflictbetweenthechemicalspolicyandthewastepolicy.Bothpolicies
havethesameobjectives:wastepreventionandeliminationoratleastminimizationoftheuseofvery
highconcernsubstances.However,thereisadifferencebetweenthe“productnot-allowedsubstances”
andthe“wastenot-allowedsubstances”,producedduetothecontaminationofwastebythepresence
ofthelegacysubstances.Thesearedefinedassubstanceswhoseusewaslawfulinproductsatthe
timeoftheirproduction,butthathavesubsequentlybeensubjectedtoregulatorycontrolbythetime
theseproductsbecomewaste.Theexistenceoflegacysubstancesandhowtodealwiththemwhen
containedinproductsrepresentsarelevanthurdle.Theproblemislinkedtothefactthatthereisa

Figure 4. Measures to support the use of waste as feedstock in the production of BBP
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timedifferencebetweenthelifetimeofaproduct(definedhereasthetimeaproductneedstoreach
itsend-of-life)andthetimeasubstance(thatmightbecontainedintheproduct)takestobeclassified
as“legacysubstance”.

Standards that are in Need of Revision
Themostimportantand/orpressuringbarriersidentifiedbytheexpertsarerelatedto:

• Compostability(EN13432)
• Non-functionalspecificationswithinstandards
• Biodegradabilityoflignin

Compostability
The EN 13432 “Packaging: requirements for packaging recoverable through composting and
biodegradation”wasdevelopedin2000.Compostabilityisacharacteristicofaproduct,packagingor
associatedcomponentthatallowsittobiodegradeunderspecificconditions(e.g.,acertaintemperature,
timeframe).Thisstandarddefineshowquicklyandtowhatextentabiodegradableplasticmustdegrade
underindustrialcompostingconditions.TheEN13432isaharmonizedEuropeanstandardlinked
totheEuropeanDirectiveonPackagingandPackagingWaste(94/62/EC).Thestandardprescribes
requirements for disintegration (among other requirements): after 12 weeks, at least 90% of the
productshouldbeabletopassthrougha2x2mmmesh.

Thegeneralopinionisthatwhenthecharacteristicsofbio-basedplasticsareinlinewiththeEN
13432standard,industrialcomposterscancompostthemwithoutcomplications.Bio-basedplastics
usuallydonothaveproblemswithcomplyingwiththeserequirements.However,compostersrun
compostinginstallationsinlesstimethanthedescribed12weeks.TheDutchWasteManagement
Association(VA)statesthatcompostingtimeisaround2-3weeks,andthatatsomecomposting
installations thecomposting time isevenshorter:between5and18days.Asa result,bio-based
plasticscannotbefullycompostedintheshortcompostingcycles,andcomposterswillsieveout
the(bio)plasticsbeforehand.Accordingtointerviewedbio-basedplasticproducers,theminimum
compostingtimeissixweeks.ThecompostersstatethattheymustcomplywiththeFertilizersAct
(EU,2019),whichstatesthattherecannotbeanyplastics(bio-basedorfossil)inthecompost.Asa
result,mostbio-basedplasticscurrentlyendupinincinerationfacilities.

Theconclusionfromresearchandinterviewsisthatchangingthestandard(EN13432)isnot
the solution for the current challenges in the market situation. The opposition of composters to
biodegradableproductsdoesnotdependonthestandardasmuchasthefactthattheydonotaccept
anycompostableplasticproducts.However,theStandard,whichwasdevelopedin2000,shouldbein
linewithcurrentpractice.Ascompostingprocesseshavechangedconsiderablysincethen,arevision
oftheStandardisrecommended.Thegoalistocometoanagreementthatmatchestheindustrial
practicesoftodayandthenearfuturewithwhatcanbeachievedforcompostableplasticsandfor
productsforwhichcompostingmayhavebenefits.

Non-Functional Specifications Within Standards
Formanyyears,productstandards(i.e.,thosethatspecifyrequirementstobefulfilledbyaproductora
groupofproducts)havebeendevelopedtodeterminethefitnessforpurposeoftheproducts.Theeasiest
waytoshowfitnessforpurposeforproductswastodemonstratethisagainstthecharacteristicsofa
certainmaterial.However,mostofthese“standardsofperformance”havebeendevelopedconsidering
onlythosecharacteristicsspecifictofossil-basedproducts.Thismeansthattherequirementswithin
thestandardare,forexample,currentlybaseduponthecharacteristicsofplastic.Todemonstrate
fitnessforpurpose,newmaterialsaretestedagainstthecharacteristicsofplastic(e.g.,plasticbeing
resistantto100%RH).Thesestandardsaredevelopedtoevaluatethecharacteristicsofmaterialsto
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evaluatewhethertheyarefitfortheirpurpose.Itwould,however,bemoreappropriatetolookatthe
finalfunctioningoftheproductinsteadofevaluatingthematerialsthatareusedintheproduct.This
wouldbemoreinclusivefornewmaterialstoenterthemarket.Intheend,itisabouttheperformance
oftheproductandnotaboutthecharacteristicsofthematerial.

Onegoodexampleofastandardwhosespecificationsaredesignedbasedonfossilmaterialsis
theclimatetest.Duringtransport,vibrations,shocks,knocks,pressureloads,changesintemperature
orchangesinairhumiditycanhaveagreatinfluenceonproductsand/orpackaging.Customersof
packagingproductsproducers(usually)requireaclimatetesttobesuccessfullypassedtoensurethat
theshipmentcandealwiththesepossibleissues.Climatetestinginvolvesexposingapackageora
producttodifferentcontrolledlevelsoftemperatureandhumidityinsideacalibratedtestchamber.
Thissimulatesarangeofclimaticchangesthatmayoccurduringdistribution.Thetestcanexpose
flawsinpackaging,suchassealsandgluejointsbecomingimpairedandpackagingbeingdamaged,
reducingitsabilitytoprotecttheproduct.Theconditionsfortheseclimatetestsarenot,however,
basedonactualtransportationsituationsandthehighrelativehumidity(RH);therefore,partofthe
testisnotrepresentativeforreallifesituations.

Theatmospherictestisperceivedtobetoostrictastheconditionsinreallifeareneverasextreme
asintheclimatetests.Thetestsarehistoricallybasedonplasticbeingresistantto100%RH,soonly
faultsinthepackage(design)wouldthenleadtowaterleakageandthereforetestfailures.Dueto
theirhydrophilicnature,bio-basedmaterialsresponddifferentlytochangesintheRH(andtoalesser
extenttemperature).Forthisreason,bio-basedmaterials(can)failtheclimatetest,althoughthetest
issettodeterminefailuresintheproductandnotinthematerialsused.Atthetimethestandards
weredeveloped,alternativematerialsenteringthemarketwerenotconsidered.Thisissuewillbe
broughttotheattentionoftheresponsiblestandardizationcommittees.Severalotherstandardswere
identifiedduringtheresearchwheretheirintentiondidnotagreewiththeexecution.Animportant
exampleisstandardsthatexcluderecycledmaterials.Thesewerealsoflaggedtotheresponsible
standardizationcommittees.

Biodegradability of Lignin
Thedefinitionofbiodegradableisthatamaterialiscapableofundergoingbiologicalanaerobicor
aerobicdegradationleadingtotheproductionofCO2,H2O,methane,biomass,andmineralsalts,
dependingontheenvironmentalconditionsoftheprocess.

Whenbio-basedmaterialsarebiodegradable,theirconstituentscanbereturnedtonaturebymeans
oforganicrecyclingbasedonbiologicalprocesses,enablingbiogeniccircularroutes.Thebiodegraded
materialbecomesnutrientsfornewplantsandtrees;thesecanthenbecomenewbio-basedproducts,
therefore closing the loop. There are several standards that demonstrate the biodegradability of
products(EN14995,EN13432,EN14046,ISO14855)).Thesestandardsprescribefordegradation
toCO2,water,methane,biomassandmineralswithinacertaintime(typically90%within6months).

Productscontaininglignincannotmeetthisrequirement.Ligninisarecalcitrantbiopolymer,
meaningthatitresistsdegradation.Whenaplantisdegradedinsoil,thepolysaccharidesarequickly
degradedtoCO2andwater,whilethelast30%oftheplant,thelignin,isconvertedtosoilorganic
matter(humins,humicacid).Thelatterisessentialforsoiltobeproductive.Ligninwill,intheend,
degradetoCO2,butthistakeslongerthantheprescribedsixmonthsinthestandardtests.

TheEUdemands thatallpolymersorcoatingsused incontrolledreleasefertilizersmustbe
biodegradable.Theproblemariseswhenbiodegradabilityisassessedwithoneoftheabovestandards.
Asaresult,ligninwillnotbeallowedasacontrolledreleasepolymerinfertilizers(notdegradedto
CO2andwater,onlytohumicacid).Thisiscontradictoryasligninispossiblythesoundestpolymer
touse;thesoilsneedthelignin.Asseveralpartiesinthemarkethaverecentlyraisedthisissue,the
EuropeanCommissioniscurrentlylookingintothis.
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CoNLCUSIoN ANd SUGGESTIoNS

Inordertoestablishacutting-edgebio-basedeconomyinEurope,acoherent,well-coordinatedand
favourableregulatoryandstandardizationframeworkisneeded.Theregulatoryandstandardization
frameworkshouldsupporttheunlockingofthepotentialofthebio-basedeconomyandshouldensure
evencompetitionamongallproducts.Tosupporttheachievementofthisgoal,thispaperidentifies
needsforupdatesoftheexistingregulatoryandstandardizationframeworkgoverningthebio-based
economy.Itprovidessuggestionstoimplementtheidentifiedupdatesinviewofsupportingthemarket
uptakeofbio-basedproducts.

Regulatoryandstandardizationsuggestionsareprovidedfordifferentexistingmarketbarriers
identifiedbyexperts.Theseinclude:

• Theabsenceofalevelplayingfieldforbio-basedproducts,bothversusbiofuelsandfossil-based
products.

• Thelackofagenerallyacceptedend-of-lifeoptionforbio-basedproducts.
• Barriersrelatedtoend-of-lifeandperformancestandardsspecifications.

Toidentifypossiblesolutionstoovercomethesebarriers,aforesightactivity(consistingofa
2-roundDelphiSurvey)wasconducted.Thefinalobjectivewastoidentifydesirableupdatesofthe
regulatoryandstandardizationframework.

Theresultsshowedthatthereisaneedtoestablishlong-termpoliciesindependentofgovernmental
changes,coupledwiththeintroductionandadoptionofpolicyinstruments,suchastheintroductionof
acarbontaxforallproducts.Itisalsoimportanttoadoptstrategiesandactionsdirectedatincreasing
thecompetitivenessofbio-basedproducts,suchassustainabilitycriteriaforallproductsandstrong
communicationactionstoinformconsumersaboutthebenefitsofbio-basedproducts.

To increase the efficiency in biomass production and production processes, there is a need
to identify the elements to be included in a strategy for promoting cascading use of biomass.
Cascadingprinciplesshouldbeintegratedinrelevantregulations(e.g.,circulareconomypackage,
ConstructionProductsRegulation(CPR),etc.),andshouldbedevelopedbytheECtogetherwith
relevantstakeholders.Theoperationalizationofcascadingprincipleswouldbenefitfromstandards
onwastecollectionandtreatment,andbyprovidingincentivesforusingwasteasfeedstockinstead
ofusingfossil-basedfeedstock.

The integration of cascading use principles into existing legislature differs widely among
individualcountries(Dammeretal.,2016).InGermany,forexample,thebiowasteordinanceandthe
circulareconomylaw(BioAbfV/KrWG)introducedregulationsoncollectionquotasandrecycling
targets;however,theydonotaddresstheroutesofuseofthecollectedbiomass,anddonotprovide
anypreferenceforeitherenergyormaterialuses(inpracticeoftensupportingthedirectenergyuse
ofwastewood).InFlanders,theelectricityproducerscanusewoodonlyifthewoodstreamisnot
usedasanindustrialresource.Thissystemismeanttosupportthecreationofthecascadinghierarchy
ofmaterialsoverenergyapplicationsofthebiomass(Birdlife).

Inordertounlockthepotentialofwasteasafeedstock,severalclarificationsandupdatesofthe
existingregulatoryframeworkaresuggested.Currently,existinggapsandmisalignmentswithinthe
WFDarehamperingtheuseofwastetoproducebio-basedproducts.Proposedsolutionsarelinked
totheneedtoadheretothedefinitionsthathavelegalstatusintheWFD;onlytheterms“waste”and
“by-products”providedbythedirectivewouldbeused.Article6shouldalsobeupdatedinorderto
provideclear,harmonizedcriteriatodistinguishbetweenwaste,andwastethatceasestobewaste.
Additionally,Article4onwastehierarchyshouldbeupdatedtoappropriatelyconsidervariousEnd-
of-life(EOL)options,inparticularthoseofinterestforbio-basedproducts.Othersuggestionsinclude:

• Conductingecotoxicitytestsandriskassessmentanalysis,whereappropriate,toclassifywaste;
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• HarmonizingtheWFDandtheCircularEconomyPackagetofacilitateoptimalresourceuse
(includingwaste);

• ProvidingharmonizedEuropeanguidanceonpreferredEOLoptions;and
• HarmonizingwasteclassificationsintheEUtoappropriatelyconsiderthewasteofbio-based

products

Toconclude,severalstandardsneedtobeupdatedtosupporttheuptakeofbio-basedproducts.
Also,thepromotionofasustainablebio-basedeconomyinEuropeisconsideredofgreatimportance.
Arelevantsuggestionrelatedtostandardizationistoinvolvetheindustrymoreintensivelyduring
itsdevelopment.Thiswillreducemisfitsinpractise.Fortheidentifiedbarriersrelatedtostandards,
solutionswereformedincooperationwiththeprojectpartners,selectedvaluechainsandadditional
stakeholders.Thesesolutionswerecommunicatedwithinthecorrectstandardizationchannels.
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