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Significantopportunities existto reducegreenhousegasemissionsincrease
domesticenergysecurity,boostrural economiesandimprovelocalenvironmental
conditionsthroughthe deploymentof sustainablébioenergyandbio basedproduct
supplychains

SourceETP2010,0ECD/IER010



But there is hugeuncertainty about
how largea sustainablecontribution bioenergycanmake.

. SourcelEABIoenergyExCo02009:05
IEA Bloenefgy www.ieabioenergy.com




GLOBAL BIOENERGY PERSPECTIVES

»  Currentbioenergy
— ‘Modern’bioenergy:10 A5 EJ/year
— Totalglobalbioenergy(2008):50 EJ/year

« Deployment level suggested by | PCC scenarios by
2050

— 440-600 ppm CO,®4 target: 80-150 EJ/ year
— <440 ppm CO,®% target: 118-190 EJ/ year

« Current production of forest and agricultural
biomass

— Industrial roundwood: around 15 EJ/ year
— Major agricultural crops: about 60 EJ/ year.

|s a 10-fold increase likely, desirable,
sustainable?
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The overall objective of this ‘mobilization’ project is to enhance
the mobilization of sustainable bioenergy supply chains.

« Identify the necessary elements of a successful and sustainable
bioenergy supply chain.

« Develop new and existing frameworks that seek to understand and
explain the underpinning elements that contribute to sustainable
supply chains.

* Include elements of availability of feedstock, applicable
conversion processes, GHG balances, land use issues,
governance mechanisms and other aspects of bioenergy
production and supply.

« Stimulate integration across complex systems which leads to
transfer of knowledge to new and upcoming bioenergy technologies
or feedstocks in different regions of the world.

* Inform the debate, improve governance, and contribute to
mobilization of sustainable supply chains globally.
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Overviewof the structure of the inter Task'mobilizing’ project.
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Fivesupplychainshavebeenevaluated
from both the ‘bottom up’ and ‘top down’

Boreal& temperate forests

» Agriculturalcropresiduesfor bioenergyandbio refineries

» Regionabiogasfrom MSW,oil palm residuesand co digestion
» Integration of lignocellulosic cropsnto agriculturallandscapes

« Cultivatingpasturesand grasslandsthe sugarcaneethanol case

10



Boreal& temperate forests

Coordinator:EvelyneT hiffault, LavalUniversity,Canada

With contributionsfrom: Antti Asikainen,JohannaRouta,Tanjalkonen,Mark Brown,DavidCoote,
GerDevlin,GustafEgnell Martin JungingerT'huyMai Moulin, PatrickLamers DavidParé, JackSaddler,
William CadhamSusanna/anDyk,LinojKumar,Bill White.
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What are the major roadblocksand opportunities for mobilizing forest
biomasssupplychainsin the boreal and temperate biomes?

Policyenvironment

Socialeconomicand
environmentalfootprint
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Currentpredominantforestry production system:
highvaluesawlogsand pulp and paperdominateoperations

STUMPS
Potential 60 -80 m °
For energy 50 -60 m °

BUNDLING OF FOREST RESIDUES

STAND:
Round wood 250 m °
Forest residues 100 m

3

At least one third

of the logging residues and
stumps will be left in the
forest as a fertiliser

ROUND WOOD
WITH BARK

FOREST 3%
RESIDUES

250 m® Forest chips3
40 - 60 m’ 110-120 m

Bark, sawdust and L,
other wood residues

e | i e

SAWMILL/PULP MILL 190 - 210 m ® TOTAL WOOD FUELS
E.Alakangas 150-180 m” = 300 - 360 MWh

Heat production =170 - 200 M W

Electricity production =85 -100 MWh



RECOMMENDATIORSRMOBILIZATIO®OFSUSTAINABIHORESBIOENERGY

X Themostimportant driver to increaseuseof forest biomasdor bioenergyis
policy supportedprice for feedstocksand energyproducts.

X Thereare significantopportunitiesfor further mobilizationthroughenhanced
technologicalandinstitutional learning

X Tradeoffers opportunities/incentivesfor biomassmobilization.

xOnesocialinnovation isthe expansiorof marketsthrough cooperative
organizationstructures suchas:forestbiomasssupplycooperativesforestbiomass
energyfirms; andforest biomasdrade centers.

X Integration of energyand forest systemsis essentiako realiseregionalto global
mobilizationpotentials.

xAchievingmanyof the opportunitieslisted abovewill require a culture changein
societyand certainly in the forest and energysectors
o Developmenibof a sharedvision,andrecognitionandacceptanceof different views.
o Developmenibf commonsustainabilitycriteriafrom localto globalscales.
o Developmenibof technicalstandarddor bioenergyproductsto helpremovetrade barriers,
Increasemarkettransparencyandincreasepublicacceptance.
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Challengegor mobilizingsignificantlygreater forest bioenergy

Substantiabainsin mobilization(e.g. from ~4to 14 28 EJ/yearranonly be achieved

with anincreasan forestmanagemenintensity
* Increasedoundwoodto rNPP*ratio, and
* Increasedioenergyto roundwoodratio

Sustainabilityssueswill arise with intensificationof forest managementtherefore
» stronggovernanceschemesandgloballyacceptedsustainabilitycriteriaare essential.

Afundamentalshiftin the forestand energysystemsof manycountriesisrequired.
» E.g.in Canadareachinga Roundwoodo NPPratio of 10%requiredtripling the AAC*

* requiresdrasticincreasein managemenintensity

» openingof ‘unmanagedforestareas

» developmentof a sharedvision

« aconsiderablesocietalchangefor Canada.

* NPP=net primary productivity; AAC=‘annualallowablecut’ asusedin forest management

IEA Bioenergy [IWESanssmp



Agriculturalcropresiduesfor bioenergyand bio refineries
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Coordinator:NiclasScottBentsen,
Universityof Copenhagen

With contributionsfrom:
PatrickLamersCharled_alonde Inge
Stupak,anBonner,PatrickGirouard,Jacob
JacobsonMariaWellisch Jianbangsan



Casestudiesconductedin Denmarkthe USand Canadashowthat there isareal
potential for further developmentof viablebioenergyand biorefiningsupplychains
basedon agriculturalcropresidues|f thereis:

» politicalsupport

* bestpracticesare followed for residueremoval,and
» thereiscontinuedsupplychaindevelopmentandoptimisation.

Annualproductionanduseof primary
cropresiduesrom Danishagriculture
(Statisticdenmark2015).

Cropresiduepotentialin the
continentalUnited States(NREI[2007).

Bioenergyatlas
(http://maps.nrel.gov/bioenergyatlas).
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Recommendationfor mobilizationinclude:

Establisha consistentand stable policy framework that supportsbioenergyand
productsmadefrom renewablebiomassand wastes.

Increaseawarenessof key stakeholdersaboutthe availabilityof credible,
transparentknowledgeon processesgostsand sustainabilityaspectye.q.,for
farmers,energyproducersand other stakeholdersalongthe supplychain)usinga
variety of socialmediaand educationaland extensionprograms.

Developlong term contractsto increasestakeholderconfidence.

Provideincentivesfor farmer groups,biomassaggregatorand bio processorso
bearthe initial investmentrisk.

Developand distribute tools to underpinthe confidenceof processorsabout
consistentbiomasssupply,includingquality and storageissues.

DevelopBestManagementPracticedor soil health for a variety of soiltypesand
operatingconditionsthat ensureresidueremovalis not detrimentalin the long
term.

Developandagreewidely uponcrediblesustainabilityguidelines

IEA Bioenergy [IWESanssmp



What amount of agcrop residuescanbe mobilizedat globalscales?

IRENAestimatesthat 13 80 EJ/yealof agriculturalresiduesmustbe usedby 2030to
meetthe Sustainabldnergyfor All (SE4AlDarget of doublingthe shareof
renewableenergyin the globalenergymix before 2030(Nakada efal. 2014).

ThelPCGpecialreport on renewableenergy(Chumet al. 2011)reporteda
technicalpotential of agriculturalresiduesby 20500f 1570 EJ/year.

However:

» agriculturalcropresiduesare not asgooda fuel asforestwoody biomasdor
bioenergyto generateheatand power.

» Thesdfeedstocksare not grownin ashighadensityasforestbiomassmeaning
costof cropresiduescanbe high.

Theanalysigeportedin this studyindicatesthat IRENAand other projectionsmay
be possibleto achievewith concertedeffort at societallevels.
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Biogasfrom Municipal SolidWaste(MSW),oil palm
residuesand co digestion

Coordinator:HansLangeveldBiomasd®kesearchyWageningenTheNetherlands
With contributionsfrom: HeinzStichnotheand RubenGuisson
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How muchwaste and residuesare availableglobally?

CurrentglobalMSWproduction:

« 1.3Dbilliontonnesper year,isexpectedto increaseto 2.2 billion
tonnesby 2025(World Bank2012);

« about560million tonnesis of organicorigin;the biogaspotentialis
48 million Nm3or 1.0EJ.

e By2025,6 billiontonnesof urbanwastewill contain1 billion tonnes
organicwastewith a biogaspotential of 86 million Nm?3 (equivalentto
1.8EJ).

Agriculturalresiduesand wastesconstitute feedstockssuitablefor biogas

production.Estimatesnclude:

« allcroprelatedwaste(excl.manureand MSW)amountsto 2.2 billion
wet tonnestoday and 2.8 billion wet tonneshby 2020;

* manureamountsto 16 billion wet tonnestoday and 18.8billion wet
tonnesby 2020;and

« strawamountsto 0.8billion wet tonnestodayand 0.9 billion wet
tonnesby 2020(E4Tect2014).

A conservativeestimatesuggestiogasproductionin 2020could
generatesome5.3EJ.

IEA Bioenergy [IWESanssmp
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Costcompetitivenessof biogasis favorable comparedto fossilfuels

Costsupplycurveof biomasan Irelandin 2012(Clancyet al. 2012).



Policyrecommendationsessentialfor biogasmobilization potentials to be achieved.

» Policyinefficiencies,inconsistenciesand intrinsic barriersneedto be removedat
local,regional,and nationallevels.

« Consistentpolicy supportincludingsufficienteconomicincentivesfor investments
In biogasinstallations& infrastructurefor marketingand utilizingbiogas,upgraded
gas,andlocallyrgeneratedelectricity.

« Policieanustcreatea level playingfield with fossilfuels.

* Improvethe publicimageof biogasproduction.

* Improvebusinessasefor digesterperformance.
* Relativelylow energycontent per unit of feedstock highinitial investmentcosts,and
considerabldogisticalcomplexityand cost.
» Developefficientlogisticalsystemsjnvestmentin infrastructure,and RD&Dto develop
advancechardwareand managemensystems.

« Developbiogassupplyand valuechains(includingaccesdo the grid of manysmall
biogasproducers biogasstoragesystems}hat are integrated with existingresidue
managementsystems(e.g.,collectionof municipalwaste,food waste)to improve
the competitivenesof biogasproduction.

» Reliable,longterm financialsupport (e.g.feed n tariffs) is especiallyessentiafor
biogasproductionbasedon energycrops;sincethesecropsare producedon
agriculturalland, productioncostscanbe considerable.

IEA Bioenergy [IWESanssmp




Integration of lignocellulosiccrops
Into agriculturallandscapes

Coordinator:loannisDimitriou, SwedisHJniversityof AgriculturalSciences

With input from: Mark Brown,GerardBusch VirginiaDale,GerDevlin,Burton
EnglishKevinGossKeithKlein,KevinMcDonnell JohnMcGrath,BlasMola ivudego,
Fionnuala MurphyChristinaNegri,EstherParish herbert Ssegand)onaldTyler
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What mobilization potential is there?

IRENAestimatedthe supplyof energycropsrequiredto doublethe shareof
renewableenergyin the globalenergymix by 2030is 33 89 EJ/yearNakada etl.
2014).

ThelPCGpecialreport on renewableenergy(Chumet al. 2011)estimatedthe
technicalpotential of dedicatedbiomassoroductionon agriculturalland by 2050
betweenO 700 EJ/yearnzerowhen no surplusagriculturalland will be available
dueto food sectordevelopment).

IEA Bioenergy [IWESanssmp



Recommendationgo significantlymobilizelignocellulosiccrops.

Removepolicy barriersrelatedto bioenergyandlignocellulosicropsthat are
currently of concernin specificcountries.
Reducethe costof lignocellulosichioenergytechnologiesasproductionsystems
mature,and costsfall asoperationalexperienceandthe scaleof production
grows.
Levelthe playingfield acrossall energyproductionsystemshrough concerted
publicpolicydiscourse.
Improvethe publicimageof lignocellulosicropsfor bioenergyandbio based
product production.Requires:
X Increasingstakeholderconfidenceand knowledge
X Increasingvailableinformation throughvariedmedia
X Broadenpublic discussiorof the true costsand benefitsof dedicated
energycropsto inform all stakeholdersaboutthe benefitsof lignocellulosic
crop supplychains.
Promote holistic approachedo realizethe valueof biomassplantingsfor
provisionof all ecosystenservices.

IEA Bioenergy [IWESanssmp



CultivatedGrasslandsind Pasturesn Brazil

Coordinator:GoéranBerndes ChalmerdJniversityof TechnologySweden

With input from: André AssuncaoAlberto Barretto, HelenaChum,Andrea
EgeskogQskarEnglundJuliaHanssony.JansRegid_eal,RodrigoMaule, Durval

Dourado NetoSergio PaganinMagnusPerssonlLuisRezendeGerd Sparovek,
Arnaldo WalterStefanwirsenius.
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Contextfor mobilization

Some40-60Mha couldsupportprofitable oil palm biodieselproduction
correspondingo approximatelyl0%of the globaldieseldemand,without
causingdirect LUCemissionsor impingingon protectedareas.
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Historicalexpansiorof sugarcanereain Braziland a comparisonof the average
and maximumhistoricalexpansiorrates(measuredover5 years)with the
iImplied estimatedexpansiorrate.



Most important barriersto mobilization

Fewtechno economicbarriersexist legalconditionsfor productionare settled
throughoutBrazil productionsystemsare mature,andthere istechnologyand
capacityto rapidlyincreaseproductionin responseo increasingdemand.
Progres®n infrastructureinvestmentsfurther strengthenscapacity,ncluding
expandedexportroutesviathe AmazonRiverbasin.

Sustainablyincreasingfood, biomaterialsand bioenergyoutput requires
structural shifts and incentivesrewarding higher productivity. Thisis especially
importantin cattle productionwhere, historicallyamplesupplyof newlandin
frontier regionshasfostereda culture amongproducersandtechnologyproviders
where managemenbptionsto increasdand useefficiencyare lessimportant.

IEA Bioenergy [IWESanssmp



Most important opportunitiesfor mobilization

Modelling and assessmentseveala huge mobilization potential; the biomass
productionachievedn Braziltoday canbe multiplied without convertingforests
andother native ecosystemsnto agricultureland.

Expansiorof irrigated systemscanboost Brazilianproduction tremendously,
sincethe presentlyirrigatedareais minimalwhen comparedto the areasuitable
for irrigation from physicalandlogisticalpoints of view. Thelow useof irrigation is
pricedriven, and price changedor agriculturalproductscanresultin more
intensiveuseof irrigationin doubleandtriple croppingsystems.

Realizinghe opportunities for large scalemobilization that avoidssignificant
natural ecosystemconversionrequiresincentivesand regulationthat
complementgovernmentalcommandand control and that promotesimproved
land productivity.

Decisionsupport systemsthat integrate relevant biophysicaland socioeconomic
data havebeendevelopedand are now usedto guidemobilization of sustainable
production systemsfor food, bioenergyand biomaterialsat severalBrazilian
ministries(Ministry of Integration,Ministry of Agriculture,Ministry of Agrarian
Development).

IEA Bioenergy [IWESanssmp
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Sciencabasedinformation demonstratescompatibilitybetween
agriculturaland conservationnterests:

« Sufficientareato meetboth conservationand productionobjectives

» Largescopefor productivity gainssupportingincreasedagriculture
production rincreasingoroductiondoesnot require additionalland

* Environmentalssuesare not the only reasonwhy productivity gainsare
perceivedto be important rthe agriculturesectorsshareaninterestin
productivitygains

» Environmentaprotectionisacomplexmulti stakeholderprocesswith
multiple initiatives. Fromthis perspectivethe currenttrendsand
achievementsare positive.



Poorgovernance

Highforest biomassmobilization Lowforest biomassmobilization

» Biomasgproducedandusedin largescaleoperations.
* Productionemphasigs on higherquality land,

 Biomasdeedstockssourcedfrom resffluestreams

convertedpastures.etc androundwood.
. .p ote . * Additionalbiomassdem eadsto significant
» Competitionfor feedstockswith standardwood :
LUCeffectsandne elmpactson ecosystem

productsis high,increasingoressureon forest
resources.

* GHGCbenefitsoverallbut suboptimal dueto significant
LUCandiLUC effects.

services.

 Limitedn HGbenefits.

Forestbiogrfergy Regionallyoriented

Globallyoriented

lines
Highforest biomassmobilization Lowforest biomassmobilization
» Biomasdeedstockdrom residuestreamsarefully « Biomasdeedstocks sourcedxclusivelyfrom residue
utilized; other feedstocksalsoincludetree andtree streams.
partsfrom sustainabl€orest management. » Smallerscalebioenergyapplicationusedlocally.
» Landuseconflictslargelyavoideddueto stronglandf * Landuseconflictslargelyavoided,andecosystem
useplanningandintegratedforest managementnd servicesare protected.
alignmentof bioenergyproductioncapacitywith » SignificanlGHGmitigation benefitsare constrainedby
silvicultural practices$o increaseproductivity. limited bioenergydeployment.
» Ecosystenservicesare preservedat the site and » Globalenergysystemsstill dependenton fossilfuels.
landscapdevelsdueto sciencebasedsustainable
forestmanagementegulations.
Goodgovernance

Adaptedfrom : Chumet al. 2011



Summary of identified opportunities for mobilization and benefits derived

Technical

Institutional

Social &
economic

Research and development of improved technologies
and supply chain optimization

Technology transfer fromexperienced regions to
regions with minimal bioenergy deployment
Learning-by-doing (e.g., starting small and scaling)
System design optimizing local conditions and using
existing infrastructure

Biomass production that is aligned with existing
silvicultural and agricultural practices

Clear and consistent policy definitions and goals for
renewable energy

Coordinated policies for forestry, agriculture, renewable
energy and climate change

Cooperative organizational structures along the supply
chain

Internationally accepted sustainability standards

Good governance systems to guide sustainable
practices

Guaranteed long-term support (e.g., feed-in tariffs,
renewable energy credits, subsidies)

Competitive business case incl. valuation of co- and by-
products & available financial investment capital

Broad societal stakeholder consensus on pathways to
achieve energy system transformation

Reduced greenhouse
gas emissions
through replacement
of fossil fuels

Increased domestic
energy security

Rural economic
development and
employment
opportunities

Potential improvement
in local environmental
conditions

Possible contribution
to improving
renewable resource
management
practices

Added value to lands
maintained in forestry
and agriculture
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Formore information, contact:

Tat Smith
Universityof Toronto
&
IEABioenergyTask43 — Biomass$-eedstock$or EnergyMarkets
tat.smith@utoronto.ca

LucPelkmans
TechnicalCoordinator fEABioenergy
luc.pelkmans@vito.be

PearseBuckley
Secretary fEABioenergy
pbuckley@odbtbioenergy.com

IEABioenergywebsite
www.ieabioenergy.com

Contactus:
www.ieabioenergy.com/contaatis/

DisclaimerWhilstthe informationin this webinaris derivedfrom reliablesourcesandreasonablecarehasbeentakenin the
compilation,|IEABioenergyandthe authorsof the publicationcannotmakeanyrepresentationor warranty,expressor implied,
regardingthe verity, accuracyadequacyr completenes®f the information containedherein.IEABioenergyandthe authorsdo
not acceptanyliability towardsthe readersand usersof the publicationfor anyinaccuracyerror, or omission regardlesof the
cause or anydamagegesultingthere from. In no eventshalllEABioenergyor the authorshaveanyliability for lost profits
and/or indirect, special punitive,or consequentiadamages.



