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Executive Summary

Global production and use of transport biofuels

Global biofuels production has continued to increase over shaléeade, from over 37 million
tonnes oil equivalenfMtoe) in 2007 (~64 billion liters) to over 8Mitoe in 2017 (~145 billion
liters). It increased 3.5% from 2016 to 2017, which is well betsewannual growth rate of 11.4%
over the past decade howevee tmost growth in three years. The highest gromablobserved in
the Asia Pacificregion which realized an annual growth rate of 20.1% over the period 200&
and a 6% increase from 2016 to 20Ifie Americas and Europe stibntinue tchave the highst
shares of biofuels production. In 2017, North America, SanttCentral America and Europe had
world shares of 45.5%, 26.9% and 16.8%, respectively.

The main biofueldeingproducedare ethanol, biodiesel (fatty acid methyl ester or FAME), and
renewalke dieselfuels produced byydrogenating (hyditoeating animal and vegetable oils and
fats @lso known alydrotreated vegetable oil (HV©} hydrotreated esters and fatty acids (HEFA)
fuels), aswell as a growing amount dfiomethane in some countriesch asthe United States
(US), Sweden, anGermany.ln energy terms, i”R017, an estimated 65% of biofuel production
was ethanol, 29% was FAME biodiesel and 6% was HVO/HEfe#s; while growing rapidlyas

a transport fuebiomethane contributed less thEb oftotal biofuel use

Globalbiofuelsproductionis forecasto grow at anodestannual growth rate &% over the next

five years with most growth expected to come from Latin America and@&TCD countriesn

Asial. In Brazil, the drivers for biofuelemand remain strong aiidis anticipated thathe new
RenovaBio policywill acceleratenew investment to increase biofuel production capacity. China
intends to roll out 10% ethanol blends in gasoline nationwitieh will require a sixfold increase

in national output, andthis is simulatingnew investment in ethanol production capacity. The
growth prospects foconventionalbiofuel production inEuropeand North Americaare more
limited. The recent announcement in the European Union (EU) of a speediet foradvanced
biofuels and biogasef at least0.2% in 2022, % in 2025 and at least 3.5% 2030, however, is
stimulating interest from large oil companies as they develop their strategies to achieve these
targets.The cellulosic and advanced biofsig¢hrgets under the Renewable Fuel Standard (RFS)
program in the US also continues to stimulate interest in establishing and increasing advanced
biofuel production in North America.

Although conventional biofuels (i.esugar/starctibasedethanol and FAMBiodiesel)comprised
more than 93% djflobalbiofuels market shaia 2017 worldwide effortontinuedo demonstrate
production and use of drap andotheradvanced biofuelsThis is largelyn respoiseto thegrowth

in policies requiting or promotingbiofuels that demonstrate improved sustainabéitiributes,
especially loweiife cycle net carbonemissions (lower carbon intensitghd lesspotential to
exacerbate undesirabiend usechange;for example fuels producedrom agricultural, forestry,
industrial or municipalvastes and residug In 2017, he growth of advancediofuels was led by
HVO/HEFA fuels followed by ethanol from cellulosic materials such as corn fibre, and by fuels
from thermochemical gasificatienr pyrolysisbasedrocesses. @nand for HYO/HEFA biofuels

is expected t@ontinue togrow because of threfidrop-ind properties and low carbon intenest,

! This region groups together disian countriespart from China, India, Japan and South Kolée regiorranges
from Afghanistan through Mongolia, to SoutheAstaand the islands of the Pacific
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especially when produced fromaste and residug#eochemicafeedstocks such as tallow and used
cooking oil whichaccount for aincreasingshare of HV@HEFA feedstocksThese fuels are now
primarily producedin Europe, Singapore and the UWhd productions expected t@ontinue to
grow as new facilities come on line andw investments are made to increase existing plant
capacites.

Production of dvancediofuels from cellulosic feedstocks, including cellulasibano) hasso far

only beendemonstrated atlatively smallscalesglobally due to slower thaforecastprogress in

scale up andommerciabdeploymentMost cellulosieethanolis nowbeingproduced in the US and

EU. In 2017, total production in the US wa8 million liters, mainly fromcorn kerneffibre and

corn stover. A number gfilot, demonstratiorand precommercial advanced biofugidants in

other countriesuchasCanada, Brazil, Austria, China, India and Itahgalsoproducingor have
producedadvanced biofuels from lignocellulosic biomé&ssdstocks ranging frolgriculturaland

forest residuesand the cellulosic portion omunicipal waste stream$&ioweverlarge volume
commercial productionemains to b@roven Policy interest in advanced biofuels remains strong.
The Biofuture Platform a 20member country collaboration initiated by Brazil, has advocated an
increase in lowcarbon biofuel consumptioindia ams to deliver twelve advanced biofuel plants,
several of which are in development, and China intends to vigorously develop cellulosic ethanol.
EU policy support for advanced biofuels after 2020 is also expected to strengthen, building on an
increasing numéx of quota potiies announced by member states

Global biofuels trade

In recent years, thmternationaltrade of biofuels has increased to meet the global demand for
renewable fuels. Ethanol and biodiesel stiduate much of this trade because they & most
establishedand largest volumeiofuels, but there is potential fonoretrade of dropin biofuels

such as HVO/HEFAuels Ethanol has been traded for decades and has developedange a
volumeglobal market. In contrast, biodiesel trade is kEstmblished and has been encouraged by
policies and incentives that promote biofuels, particularly in the EU. The current major participants

in liquid biofuels trade are the US, the EU, Brazil, and Argentina. The volume and direction of
biofuel trade dep®ds on many factors, including policies, tariffs, crop yieldedstock availability

and biofuels supply and demand within individual count&esne of the most significant policies
influenadngwh er e bi of uel s are | mpor t elbleEnergy Digctiveed uc e d
(RED andrREDIl),t he US06s Renewabl eankueQasl i Stoamd aardds (LFROFw
StandardLCFS). International import/export tariffslso play an important rale

Transport biofuels policies

Policies and fossiluel prices & the main factorsdriving therate of biofuelggrowthin specific
countriesand world regionsgMany forms of plicy instruments are being usedcluding blending
mandates, fuel and carbon taxes and renewable or low carbon fuel staaslavei,as a weety

of fiscal incentives and public financingechanismsTable 1 summaizesthe typesof biofuel

policiesbeingimplementedo propelfurther biofuelproduction and use IEA BioenergyTask 39
member countrieas well asn China and India.
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Tablel. Polidesfor production and use of biofuels Trask 39 member countrigéus China and India

- Introducing 10 million liters (crude oil equivalent) o

second generation biofuglglume)

- A special tax incentive for the consumption of ethanol

- Import of bicETBE encouraged thugh a zero tariff

Country Biofuels mandates Fuel excise tax reduction/exemption Other policy
mechanisms
Australia - No national renewable fuels target - Producer grant scheme (fuel excise reduction) -
- New South Wads: 5% biodésel and 6% ethanol
(volume)
- Queensland: 0.5% biodiesel and 4% ethgwnalume)
Austria - 6.3% biodiesel, 3.4% ethanol and 5.75% biofuels | - Tax concessions for fuels with a biofuel share of at least| -
(energy content) 4.4%
- 0.2% advanced biofuels target by 2@28ergy - Pure biofuels exempted from mineral oil tax
content)
Brazil - 27% ethanol and 10% biodiegeblume) - There ardax incentives for biofuel producers, blenders af -
- 100% hydrous ethanol is also marketed in all gas users including tax incentives for ethaifle fuel vehicles,
stations in Brazil. tax incentives for ethanol fuel and federal tax exemption
and incentives for biodiesel production
Canada - Federal use mandates: 5% ethleand 2% biodiesel | - -British Col
(volume) Carbon Tax and Low
- Five provinces of British Columbia, Alberta, Carba Fuel Standard
Saskatchewan, Manitoba and Ontario established -Ontariobs a
blending requirement of 5% to 8.5% for ethanol ar carbon allowances
2% to 4% for biodiesdlolume) -Al bertads ¢
Denmark - 5.75% biofuels (both ethanol and biodiegetlume) | - CO, excise exemptions for biofuels -
- 0.9%for advanced biofuelsy 2020
European - Cap on fod and feed crops of max 1% above 2( - -
Union (EU) consumption with a maximum of 7% (energy conte
- Subtarget for advanced biofuels of 0.2% for 201
1.0% for 2025 and 3.5 for 20%energy content)
- Use of high iLUC crops should gradually decrease
0% in 2030unless they are certified to be lolWJC
Germany - GHG reduction 08.5%/4%/6%in the fuel mixfor the | There is no tax relief for FAME biodiesel, HVO/HEFA fue| - A carbon tax is
entire fuel sector from 2015/2017/2020 onwards | vegetable oils and ethanol indirectly applied via
- FAME biodie®l, HVO/HEFA fuels and vegetable oils ha] CO;tax for passenger
the samduelt ax as d D.£184diter) f uel ( cars
- Ethanol has the sanfigelt a x as g a 6.@#45ilitery
-The fuel tax for ©ONGYkavh ahtil
2023
Japan - 500 million liter ethanol mandat&olume) - No diesel oil delivery tax for B100 -
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Tablel. Polidesfor production and use of biofuels Trask 39 member countrigdus China and Indiécontinued)

Country

Biofuels mandates

Fuel excise reduction/exemption

Other policy mechanisms

Netherlands

- 16.4% biofuels (botlkethanol and biodiesel, double
counting advanced biofuel&@nergy content)
- 1.0% for advanced biofuels in 2020

New Zealand | - No mandate on biofuel use or any biofuel volume | - Fuel excise exemption for ethanol (includi - Emissions trading scheme
obligations imported ethanol)
- No excise exemption for biodiesel
South Africa | - No mandate on biofuel use or any biofuel volume | - Fuel excise exemption for ethanol -
obligations - Biodiesel manufacturers receive a rebate
50% on the general fuel levy
South Korea | - 2.5% mandate for biodiesel (volume) - -
Sweden - GHG emissions reduction of 2.6% for gasoline ang - The tax exemption has varied from full to | -
19.3% for diesel reduced tax exemption but frodaruary
2018 all biofuels are fully exempted from
tax
The United - Volume targets for biofuels including conventional | - -Cal i f or 1€Carlzod Fuel Btandarg
States (US) cornbased ethanol and advanced, cellulosic and (LCFS)
diesel biofuels -Bi odi esel produce

use in the transportation sector
- The 2@% and %% blending targets are proposed
(volume)

ethanol and biodiesel

China - No official national nandate for ethanol and biodieg - An excise tax exemption for waste-bised | - Fuel ethanol subsidies: halted since
use in the transportation sector biodiesel production 2016 for conventional grain ethanol
- 11 provinces and cities (known as pilot provinces & (1 G); subsidies for 1.5 geration
cities) selected as fuel ethanol pilot zones for - No excise tax exemption for ethanol ethanol (from cassava or sweet
mandatory E10 blendinyolume) sorghum) since 2013017 but phased
- Small trial program using 2% and 5% biodiesel out in 2018; cellulosic ethanol
blends carried out in a few provincésolume) production subsidy of $0.07 per liter
(600 RMB per ton)
- Import tariffs on USorigin ethanol
India - No official national mandate for ethanol adpiddiesel | - No excise tax exemption/reductions for - Deregulated diesel prices

- Allow 100% foreign direct investment
in biofuel technologies

- Over $30 million USD investment in
biofuel R&D and second generation
ethanol technology

- Biofuel imports are banned but the
import of feedstock for production of
biodiesel is permitted to the extent
necessary
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As Table 1 illustratesplendng mandates reain the most widely adopted mechanism for
increasingoroduction and use oénewable fualin the road transport sectdlandate®of various
forms are prevalenin all geographic regions anfbr countriesspanning different levels of
economic development/orldwide, 64 countries currently have biofuels mandates and tangets.

bulk of mandates continue to come from thebE®F member statesvhere theecently revised
Renewable Energy Directive (RHED specifis a 10% renewable content by 202@ourteen
countries in the America@\orth, Central and South America) have mandates or targets in place or
under consideration, 12 the Asia-Padfic region, 11 in Africa and the Indian Oceagagion and

2 in non-EU countries in Europe.

As in past years, in 2017t@nal and sulnational governments continued to require specific shares
of FAME biodiesel or ethanol to be blended into transport féedsshown in Table 1, allask 39
member countries egpt South Africa and New Zealand have biofuels mandates in fiace.
addition to blending mandates for conventional biofuels, the US and some EU member states,
including Austria, DenmariNetherlandsind Italy, alsdvave developedr are developing blending
mandates for advanced biofuelghich are becoming mandatory @s2021 across the EU based

on the new provisions of the RED Ih China, while there are not yefficial national mandate

for ethanobr biodiesel use in the transpssctor, 11 provinces and cities (known as pilot provinces
and citieshave beesekctedaspilot zones for mandatory fuel ethar{&ll0) blending.Similarly,

small trial program touse 2% and 5% biodiesel blentisve beerarried ouin a few provinces.
Similar to China, India does nget have official national mandador ethanolor biodiese]
however blending targetsr biodieseland sugar/starcethanolof 5% and20%, respectivelyare
beingconsideredimplementation of national biofuels mandates are anticipated in both China and
India in the near futureThe United Kingdom (UK) &s recently implemented its Renewable
TransportFuel (bligationsOrder (RTFO II) and created a specific target for certain types of
advanced biofuels including aviation and high blends.

Biofuel blending mandatekave proven to beffective for establishig biofuels markets and
shielding biofueldrom low oil prices However mandateslone havenotproven as successful for
expandingor maintainingstrong biofuelsnarketswithout proper enforcement and accompanying
measuresAn example is the collapse ofddiiesel production in Australiastate ofNew South
Wales where biofuels mandat@s place since 2007 ka been ineffectiveThe mandates are not
alsohelpful in increasing the markets beyond the mandated |dgeksxample thélend wall issue

in the UBS.

The mainreasons bifuels mandatesave not worked welin some jurisdictionsre varied and
includelack of secure supply of feedstotkgh coss for feedstock due to competing uses, low
crude oil prices, shortage of infrastructure such as fuel panp sell biofuelsfood security
concerns andustainability issues suchth® potential to exacerbate detrimental impacisdifect
land use chang#LUC). While biofuel mandates haveelpedo reduetransport sector greenhouse
gas (GHG) emissionshey have noalwaysbeen successfuh meetng GHG reduction targets
since biofuel obligations are either basedlomn o f uotuines d energy contemtather than
decarbonisation potentialn other words, biofuel mandatedone often have noprovided
sufficiently strong incentives to spysroducers to continue tmnovae to reduce thecarbon
intensityof their biofuels.
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Fuel excisetax reduction/exemptioitbased policies and import/export tariffs have been used
mainly to make the production and use oabfbels economical at early stages of market
development. As biofuels production becomes more cost competitive, epgqdagtion costs
decrease dhe price of petroleum rises, fuel excise reduction/exemption incentives are often either
modified or lifted. These types opolicieshavebeen employed ih0o f T a sn&mb8r 8odirgries
(Australia, AustriaBrazil, Denmark, Germany, Japan, New Zealand, South Africa, Sweden and
the US) Similar to mandateghe implementation of fuel excigex reduction/exmption-based
policies alonein a jurisdiction has not been a stroegoughdriver to foster biofuels market
expansiorwhen deployed in isolatiorNew Zealand and South Afrigaovide examples of this,
whereeven though some excise tax exemptions ettiste is noor only verysmall levels of
biofuels production and use.

Low carbon fuel standards (LCF&)e anewer policyapproachthat is proving to bemore
successful fodriving increased production and use of biofuels, particularly lower carbon igtensit
advanced biofuelsRather than obligating defined production volumes or blending letlgls
approachincentivizes reductions in the carbon intensity of fuels production, includiog
renewablebiofuels. In addition to encouraging more efficient prdaucof conventional biofuels,
LCFSbased policies spur the development ardandedroduction of more life cycle efficient
advanced biofuels. Under LCH®licies fuels that can be produced at a lower carbon intensity
compared tdhe petroleumbased gadime and diesefuels they displacgenerate higher carbon
credits, which results in higher market values for these flibks state o€alifornia in the US and
the province oBritish Columbia in Canada ateo jurisdictionsat the forefront of implemenmtg

this type ofpolicy. Across the EU as a result of the RED, but specifidalymany and Sweden
have also implemented GHG reduction quota obligatfon biofuel use in their transportation
sectors.

LCFS policies arédhelping tospur investors, entrepreurs, scientists, and engineers to develop
innovative lowcarbon transportation technologies and strategied are also driving egoing
innovations in the conventional biofuels market to reduce carbon imsn€ihe prime example

is the developmentfdolt-on and integrated conversion technologies enabling existing corn
ethanol dry mills in the US to convert corn kernel fibre coproduct into cellulosic ethanol. Another
is reusing or selling the carbon dioxide (§Qroduced by ethanol fermentation e of
considering the C@ coproduct stream to be a waste. Beyond these innovations, existing
conventional ethanol plants can also loweirtbarbon footprint by transitioning away from fossil
fuel-based energy to obtain their heat and/or electricity Iguppm renewable sources such as
biogas/renewable natural gamunicipal solid wastes (MSWOr agricultural or forestbased
biomass.

In addition to conventional biofuels, LCH®licies arespuring production and use of lowarbon
advanced biofuels @anHVO/HEFA biofuels. The higler credits generated by lower carbon
intensity advanced biofuels can make ith@roduction more economical. Due to the higher
production cost of HYO/HEFA biofuels compared to conventional FAME biodiesel, these fuels
are mainlybeingsold in markets such as California and British Columbia where LCFS policies are
in force hatincentivize biofuels based on their carbon intensity, or where there are other supporting
policies based on GHG emission reductions such as in Germanyvaders

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update (¢



A hybrid ofsuccessful policy mechanisms that have beeniting increasegroduction and use

of biofuels within EU member states are the E
Quiality Directive (2009/30/ECJhese directives are bimgjonall EU member states and need to

be i mplemented into membe REDsdqaresecsuitries acliepecat t i v e
least a 10% share of renewable energy in transport fuels in 2020 and simultaneously specifies that
only sustainable biofuglcount towards this 10% target. The principle sustainability criterion for
biofuels under the RED are minimum GHG emission reduction thresholds compared to regular
fossil gasoline and road diesel; and these GHG reductions become progressively stieternsh

up to 20200ther sustainability criteria defining the eligibility of biofuels to count towards the
mandatory target include the origin of feedstocks, namely the environmental, biodiversity and

soil characteristics they stem from. In paraltee FQD requires EU countries achieve at least a

6% carbon intensity reduction over their lifecycle of all fuels traded in the Union, including fossil
fuels.

In 2018, the EUurther revisedheirrenewable energy directiveow referred to aREDII, toalso
includesolid biomass sustainabilitgriteriaandstricterbiofuel sustainabilitycriteriathan before,

as well as quotas fdhe useof advanced biofuelsnade from certain feedstockshe revised
agreement states that at least 14% of transportaielnriust come from renewable sources by
2030.Conventional orifst-generation, crojpased biofuels areapped at 2020 levefdusan extra

1% but cannot exceed 7% of final consumption of road and rail transport. In addition, the share of
advanced biofueland biogas must be at least 1% in 2025 and at least 3.5% in 2030. Food crops,
such as palm oil, thatanresult in high indirect land use change (ILU@hen not cultivated in a
sustainable manneaye to be phased ounless thirgparty certified asow-ILUC biofuels.

Marketpull instruments including biofuels blending mandates and fuel/GQcise
reduction/exemptionare broadly effective to support technologies that are relatively mature, as

they create a demand for biofudatis typically met withcommercial conversion technologies

such asconventionalethanol or biodiesel. However, such instruments can be limited in their
capacity to pull earhstage technologies into the market, since thestiels are often notet
commercially viable, or are pycally more expensive to be produced commergi#tiysstruggling

to compete again$bssil fuels and conventionblofuels.In contrast, egulatoryframeworkssuch

as Cal iLfC#rSpni athse EUOG6s REDIlaln,d Rraamzaidla®bs RKd reawa B
(CES) are examples of policies that aim to pdifancediofuels into the market by providing fuel
agnostidinancialincentives to produce biofuelproductsat thelowest carbon intensgs.

Despite the domence of markepull instruments (i.e., biokls blending mandates, fuel/€O
excisetax reductiors’exemptions and LCFSy i g ni y ¢ a ndlsohawe dernu dedicated to
supporing technology research, development and demonstration (RD&D), in particular through
grant instruments dedicated to advahbefuels Such measures are technolgmsh instruments

which are typically effective to drive early stage technglatgvelopment(such asadvanced
biofuels) towards demonstration and commercializafi@chnologypush instrumentselp reduce

the cost ofresearch and development to drive new ideas and reduce cost, taking early stage
technologies through the valley of death that exists betimé&nt development and demonstration

Financial measures used ®ncouragesxpanded biofuelproduction and uséake a number of
forms,including:

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update X



1 Grants for conversion technology development to increase technology readiness levels to de
risk the technology and supply chain development. Various grants and financial programs are
developed mainly to desk early marlket development and initial commercial projects for
technologies with longerm market potential but high investment risk

Loan guarantesto buy down the risk dinancinglargerfirst-of-a-kind commercial facilities
Corporate tax breaks newly built biotiels productiorfacilities

Guaranteed returon renewable energgssets

Compensatioffor depreciation of acquired renewable energy assets

Rebates anddmuses to car buyers for the purchase of certain vehicles such-hgefleghicles

(FFVs) and other tmates such as reduced license fees and tax credits. For example, Brazil has
successfully introduced policies expanding their fleet of FFVs. This has facilitated the
widespread deployment of highlewel biofuels blends (e.g., high blend of 27% ethanol in
Brazil), and the use of unblended biofuels like hydrous ethanol in FFVs

1 Funding available from municipalities and companies for buying alternative fuel vehicles

E I

New engines that allow to harmonize biofuels and electric power trains (biofuel hybrid sghicle
with gains in efficiency and environmental performance are already in commercial stages that may
influence how fast biofuels can accomplish, competitively, targets of GHG emissions mitigation
considered in transport and energy policies for severalgesin

Despite all thesdinancial measures progresson production of advanced biofuels has been
hampered by the slow rate of commercialisation and the fact that advanced biofuels, at this stage
of development and in the current market and policy enment, are not costompetitive with
conventionaktarch or sugabased biofuels. Due to the immaturity of advanced biofeeldstock

supply chains in terms of feedstock production and supply logistics, feedstock sustainability, and
alsoconversion techriogy efficiency,the vast majority oéxisting pilot, demonstration and pre
commercial advanced biofuels projects in Task 39 member cousrigsll as in China and India

are supported by variougpes offinancial incentives provided bfgderal, state ahmunicipal
government agencies.

Compare and contrast transport biofuels policies
Table2 summarisestrengths and limitations of existing biofuels policies.

More biofuel policiesare beginning to introduce sustainability criteria for conventionduéis.

Since 2009,it e ERED &ipulatesninimum reductiosin GHG emissions compared with fossil

fuels and prohibit growing biofuefeedstocksn areas converted from land with previously high
carbon stock(e.g, wetlands or foress) or producing thenfrom raw materials obtained from land

with high biodiversity (e.gprimary foress or grasslansg) - up to 2020 biofuels must save at least
50% or 60% depending on when the biofuel facility came into operation, increasing to at least 65%
post202Q Only hiofuels that comply with alsustainabilitycriteria can contribute to national
renewable energy targedadare eligible to receive support. Canada has released a set of guiding
principles for sustainable biofueland the state of California hastablifed an LCFSpolicy
framework requiring a reduction in IHeycle carbon intensity for transport fuels. In some cases,
sustainability concerns can lead to revisions in supporting policies, such as the new package of
clean energy and emissions reduction gpaksedyy the European Commissiamder REDII,
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which include a scaling down of conventional biofuels and an increasing role for advanced biofuels
and other lowcarbon alternatives, such as renewable electrfcitypoweringtransportin Brazil,

the fathcoming adoption of the Renovabio program, introducing a LCFS-¢kowon fuel
standard) in vehicular fuels, has reinforced sustainability in biofuels production.

Biofuels policies for aviation and marine sectors

Policies topromoterenewable energy ithe transport sector continue to focus primarily on road
transport, especially at the national level. Otimgportantsubsectorsof transportsuch as rail,
aviation and shipping hawmtil recentlydrawn comparably less policy attention despite also being
large energy consumeassd GHG emitterslransport policies and industry efforts are incredging
focusng on deployng biofuels forall long-haul transport sectors (i.e., roadhil, aviation and
shipping, where electrification isnuch more challengingThe aviation industry recognises the
need to address climate charyedecarbonizingnd has adopted a number of targets, including a
50% reduction in net aviation G@missions by 205Qcompared to 2005 levglsFew direct
support policie;mowtarget theuse of renewable fuels in the aviation sedimionesiantroduced

a 2% renewable jet fuel mandate in 20&fich is set to increase to 5% by 20E5U hew REDII
allows aviation biofuelsas an opin to count more highlyusing a multiplier of 1.2)n the
contributions towards t he r2@l§, inadditios to new policwa b | e
developments, thdetherlands, NorwayJK andUSre-committed tgpromotng alternative jefuel
production. As of yeaend 2017, five renewable jet fugfdus 5% ceprocessing of biarude,
were certified for blending witfossikbasedet fuels(at levels ranging from 10% to 50%)

Shipping is aother longdistance transport sector that is unoreasingpressure to reduaés
carbonand sulfuremissionslt now mainly uses heaviossitbaseduels that contain sulphur and
heavy metals. Along with aviatioghippingis one of the hardest transport sectors to decarbonise.
Apart from technological challenges, the deployment of renewables in shipping fewesons
barriers, such as the large price gap between renewable and conventional fuels and very limited
regulations, particularly regarding tl&HG emissions attributesf maritime fuels. International
shipping is regulated by the International Maritimgé&nisation (IMO). Since the Paris agreement
(which did not include international shipping), the IMO hkevelopedreduction strategs for
GHG emissionsand other air pollutant$n 2016, the IMO agrekto a 0.5% cap on sulphur in its
fuels by 2020. In 2(8, the IMO reached an agreement onfamitial strategy to redue CO;
emissions from shippingTheinitial Strategy identifies measures that could indirectly support the
GHG reduction effortsOne of these measures concerns the usercicarbon or foss-free fuels

for the shipping sector arttle development abbust lifecycle GHG / carbon intensity guidelines
for alternative fuels
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Table 2. Strengths and limitations of existing biofuels policies

- Effective in establishing biofuels markets and in
shielding biofuels from low oil prices

- Greater certainty of increased development

- broadly effective to support technologies thed
relatively mature, as they create a demand for
biofuels, which is typically met with commercial
conversion technologies suchasventional
ethanol or biodiesel

Policy instrument Strengths Limitations
Biofuel blendng mandates - Effectivefor developng a biofuel market at early | - Need to balance costs of infrastructure while
stages demand is low in early stages

Need suihble governance to ensure compliar,
Not necessarily so useful in expanding
/maintaining markets

Not necessarily successfor meeing GHG
reduction targets

Limited in their capacity to pull earstage
technologies into the market, since these are
often not commercially viable, or are typicall
more expensive to be produced commercial
struggling to compet
biofuels

Excise duty reductions/exemption

- Increases the competitiveness of biofuels with fos
fuels, especiallyat early stages of developmgift
fossil vs renewable fuels are taxed differently

- Can be also considered filie production of biomas!
such as dedicated biomass crops (e.g. switchgrag
carinata, willow)in order to ensure sufficient
feedstocks for pruction of conventional and
advanced biofuels and ultimately achievement of
mandates for use

- Broadly effective to support technologies that are
relatively mature, as they create a demand for
biofuels, which is typically met with commercial
conversion teenologies such asonventional
ethanol or biodiesel

- As fuel excise rates vary, this may notebe

strongenoughdriver to foster the biofuels
market as an staralone policy

Limited in their capacity to pull earstage
technologies into the market, sgthese are
often not commercially viable, or are typicall
more expensive to be produced commercial
struggling to compet
biofuels

Low carbon fuel standardeCFS)

- Technology eutral

- Favous technologies able to offereimost
significant decarbonisation relative to cost

- Spusthe development and production of more life
cycle efficient advanced biofuels

Unlikely to simulate demand for higher cost,
lessdeveloped technologies with lotgrm
potential

Determining lie cycle emissions is complex
and time consuming and requiring big data
collection
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Table 2. Strengths and limitations of existing biofuels policies (continued)

Policy instrument

Strengths

Limitations

Low carbon fuel standardeCFS)

- Encourags conventimal biofuel producers to lower
their carbon footprint by transitioning away from
fossil fuetbased energy andaking betteuseof
their by-products such as GO

- Results of life cycle analysis dependsystem
boundaries, allocation methods and other
assunptions and are subject to debate

- Need suitable governance to ensure complig

- Need suitable verification process to measur]
the carbon intensity of biofuepsoducedrom
differentfeedstockconversiortechnology
pathways

Research and development,
demonstration funding and
financial derisking measures,
mainly for advanced biofuels and
powerto-X technologies

- Necessary to support early markethnology
development and initial commercial projects with
longer-term market potential but high investneisk

- Successful in deisking technology and cataing
private investment for subsequent stages, somew
sparing public budgets as technologies advance i
commercial stages

- Financial risls associated with potential proje
failures

Sustainabiliy policy

- Propel the production and use of advanced biofue
using norfood crop feedstocksuch asnunicipal
solid waste MSW), used cooking oiland
agricultural and forest residues

- Couldconstrainfurther production of
conventionabiofuels from foodcrops, even
for cases where there is litp@tentialfor
detrimentalindirect land use changes

- Could make waste production profitable, whi
is not in line with overall waste reduction
initiatives and polices
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Challenges forthe further growth of transport biofuels industry

Despitemany activeR&D projects and continuingdvanceseing madein conventional and
advanced biofuels technologiesinda large potential to further increase biofuels production and
use globallyi the biofuels industry facesgnificantchallenges. Petroleum prices remain modest
and future policieso promoterenewable fuels anamprove vehicle fuel efficiency standards
remain highly uncertairOn-going high uncertainty about future policy and funding programs to
support conentional and advanced biofuels continues to bmagor obstacle to accelerating
biofuels developmentespeciallyin some major biofuelproducng jurisdictions like the US.
Worldwide, the food versus fuel debate has drivereased development fodosvards advanced
biofuels over the last-8 years, with countries putting in place specific targets for advanced biofuels
and caps on conventional biofuels. However, commercialization of #esEnced biofuels
technologiefias beemuchslower than earlier facastwith only limited volumeseingproduced

so far with the result thainosttargetsor expansion of advanced biofuels production anchase

not been metExtensive research and development into production of advanced foelgaing,
however with the research focus increasingliifting towardsdrop-in biofuelsfor heavyduty
transport as well as enabling a faster route to large scale lower carbon biofuel productien by co
processing of bioand fossHbased feedstocks at oil refineries

Conclusons

Policies have proven to be a key component in the development, deployment and use of biofuels
such as bioethanohp biThfueétEa\l Bamek nfedrgyms Task
have several Abi of uel Cc o udiverse iraage of biafisels predutbre r s
and consumers. One of the TaskOos activities h
biofuels policiesand production and use levels over the period 2. h all cases, biofuels

policies have played amportant role in developing regional and national biofuels markgst

policies haveprimarily promoed the production and use rafad traasport biofuels with theail,

aviation and shippingsectors drawingless policy attention despite being significafuel
consumerscarbon emitters and potentially large markets for biofuels. A mixtursaoke-pull

and technologypush policy instruments has been most successful at encourdgoigel

production and use. While many of the original policies were dpeellto promote energy security,

more recent policies, such as the California and British Columbia low carbon fuels standards
(LCFS), haveGHG reductionas a primary goalAlthough variougurisdictiors have combined

policies in different waydlending madates continue to be one of the most success@dhanism

used to increase biofuel markets.
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1. Global production and useof biofuels
1.1 Introduction

The transport sector accowtfor 29% of total global energy consumption in 2048 shown on
the left side ofFigure1-1. Of the total energy used for transport, approximai&¥o (21.9% of
29%)is for road transport, twthirdsfor passenger mobility and o1tleird for freight. International
anddomesticaviationand shipping eacaccount foranother roughly 10.5% (3.1% of 29%), with
the balance used for pipeline and teahsport (IEA, 2017aRENA, IEA and REN21, 2018).

Aviation
3 .1 % Shipping
0]
1%
Other sectors
Pipeline
transport

O - 6 Rail
21.9% Rroad

Figurel-1. The role of transport in total energy consumption in 2015 (IEA, 2017a; IRENA, IEA
and REN21, 2018)

Because of the importance of energy density in the sector, tramspwins heavily reliant on
energy denstossil fuels especially petroleurbased liquid fuels As of 2015, 96 %
energy use came from petrolewtarivedproducts, representing 64.7% of world oil consumption
(IEA, 2017b). Renewable enéegaccounted for only 3.1% of final energy demand for transport,
significantly lower than thabeing achievedor electricity and heatthis 3.1% contribution of
renewable energy to transpbrealks downto 1.6% from ethanol, 0.8% from biodiesel, 0.4% from
other liquid biofuels, 0.01% from biomethane, and 0.3% from renewable electricitfi(gpae

1-2) (IEA, 2017a).

The transport sector is a significant contributor to global carbon dioxide) (E@issions,
representig 23% of all such global energglated emissions andover 736 of thsis from road
transport Figure 1-3). Between 2010 and 2015, transport sector emissions increased by 2.5%
annually (IEA, 2017c). To date, ategies to decarbonise the transport sector are clustered into
measures tdavoid, shift and improve.Of these measures, increasing energy effici€payt of

he 0 avoi ahdthecusewkrénewalle energy (part of the "improve" cluster), are ¢entral
completely decarbonising the transport sector.
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Figure 1-2. Transport energy use by fugipein 2015 (IEA, 2017a; IRENA, IEA and REN21,
2018)
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Figurel-3. GlobalCOz emissions by transport mode in 2015 (ITF, 2017; IRENA, IEA and REN21,
2018)

As shown inFigure 1-2, biofuels are currently the main contributor to transport sector
decarbonisation. The productiondanse of biofuels have been increasowgr the last decade
mainly because of supporting policies, fiscal incentives and various finassiatancprograms.

In addition to greenhouse gas (GHG) reduction benefits, energy security and increased economic
activities especially in rural communities have driven biofuel industry growtb. next section
discusseshe productionuse and international tradébiofuels.
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1.2 Biofuels production and use

Globally, biofuels production has continued to increaser he last decadé,om over37 million
tonnes oil equivalen(iMtoe) producedn 2007 (~64 billion liters)to over 84Mtoe in 2017(~145
billion liters). Itincreagd 3.5%from 2016 ta2017 which whilewell belowits annualgrowth rate
of 11.4%achieved ovethe past decade, tke most growth inthree years (seleigure1-4). The
highestannualgrowth ratewasobserved irthe Asia-Pacificregion,which grew atain annual rate
of 20.1%overthe period 2002016 andsawa further6% increasérom 2016 t02017.

The Americas and Europecontinued tdhave the highest sharef biofuels productionin 2017
North America, South and Central America and Europe had world shasés58b, 26.9% and
16.8%, respectivelylable1-1 lists thew o r Itaph €esbiofuel producing countrieim 2017. The
United Stateg$US) remairedthe largest producer (43.9%), followed by Brazil (22%) and Germany
(3.9%)(BP, 2018)
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Figure 1-4. World biofuels production, 200Z017. Biofuels production increased at an annual
growth rate of 11.4%, from over 3Mtoe produced in 2007 to over 84toe in 2017 (Adipted
from BP, 2018)
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Tablel1-1. Top tenbiofuels producing countrigs 2017

Country Biofuels production Share in
(million tonnes oil equivaleni 2017
us 36,936 43.9%
Brazil 18,465 22.0%
Germany 3,293 3.9%
Argentina 3,131 3.7%
Indonesia 2,326 2.8%
France 2,224 2.6%
China 2,147 2.6%
Thailand 1,846 2.2%
Netherlands 1,658 2.0%
Spain 1,541 1.8%

The main biofuels produced were ethanol, biodiesel (fatty acid methyl ester or FAME fuels), and
biofuels produced by treating animal and vegetable oils and fats with hydrkgewn(as
hydrotreated vegetable oil (HV@) hydrotreated esters and fatty acids (HEB®fuels, as well

as a growing contribution from biomethane in some counsieh as the US, Sweden and
Germany Asestimated65% of biofuel production (in energy termsaswethanol, 29% was FAME
biodiesel and 6% was HVO/HEFAhe use of biomethane as a transport fuel, while growing

rapidly, contributed less than 1% of the biofuel toREN21, 2013

The totalworldwide production of ethanol increagéom 29 Mtoe (~60 billion liters) in 2007 to
54 Mtoe (~110billion liters in 2017 (seeFigure 1-5). The US and Brazil maintained their leads
in ethanol productiom 2017, together accounting for 84% of global producfidre next lagest
producers were China, Canafent shown)and ThailandProduction ofFAME biodieselgrew
from over9 Mtoe (~11billion liters in 2007 to over27 Mtoe (~35billion liters) in 2017.0ver the
20072017 period, pbal ethanol production grew ahannué rate of 3.3%and hodiesel

productionby 4% driven mainly by growth in Argentina, Brazil and Spain.

Most future biofuels growth is expected tmccur in Latin America andnonOECD Asian
countrie$. In Brazil, the drivers for biofuel demand remain strand the new RenovaBio policy

is anticipated to facilitateaewinvestment to increase biofuel production capacity. China intends
to roll out 10%ethanol blendsn gasoline nationwidewhich will require a siXfold increase in
output andis leadingto new nvestmerg to expandethanol production capacityhe growth
prospects foincreased production of conventiob#fuelsin theEU and the & are more limited.
Productionof conventional biofuels may fall in tHeU after 2020 because of a less favourable
policy landscapeEthanol production in thelSis forecast to level off over the next five years as
increasing fuel efficiencin the vehicle fleet lowers demand for ethanol blended with gasoline and

the corn ethanol limit E 1 0

A b | iereadnedsith respect tatheU S 6 s

RF SRorthesel i cy

reasonsinvestment in new production capacity has declijigd, 2018. However, the October
2018 announcement by the US government tegulations preveirtg selling of E15 during

2This region groups together @lian countriegpart from China, India, Japan anduBoKorea The regiorranges

from Afghanistan through Mongolia, to SoutheAstaand the islands of the Pacific
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summer monthwill be ended mgaresult in increased production and use of grain (and cellulosic)
ethanol in the US.

North America South & Central America Europe Rest of World

Biodiesel 2017

Biodiesel 2007

Ethanol 2017

Ethanol 2007

0 10 20 30 40 50 60
Million tonnes oil equivalent

Figurel-5. Ethanol and biodiesel production growth from 2007 to 2017 by world region. Globally,
ethanol and FAME bioéssel production grew at annual rate of 3.3% and 4%, respectively
(Adapted from BP, 2018).

Key feedstocks foconventionalethanol productiomlobally are sugarcane, sugarbeet, corn and
wheat. Key feedstocks for biodiesel production seed oils (i.efap e s e e d sunpower ,
andpalm), animal fatsused cooking oils (UCCynd waste greaseBi¢Future Platform, 2018

Although the vast majority of biofuels production and use is still based on conventional biofuels,
drop-in biofuels such adVO/HEFA have increased their market penetration, especially in regions
with LCFS policies in force such as California and British Columbia where biofuels are valued
based on their carbon intensity not only their energy cor®emat: 3.1Mtoe (4.4 billion liters) per

year ofHVO/HEFA biofuelsare now being produced worldwidgable 1-2 summariseg&nown
drop-in biofuek productionfacilities worldvide. As shown in this @ble, waste and residue
feedstocks now account for a significant share of0HNEFA biofuels production, supporting
deeper decarbonisation from these fuels. Consequpniiguction of HVO/HEFA biofuels now
primarily based in Europe, Singapore andUWlss is expected toontinue tagrow as new facilities
come on line andewinvestments are made to increase existing plaagacies(REN21, 2018

A majority of HVO/HEFA biofuelsarerenewable diesgRD), with asmall portionof aviation

bi of Wiejétdsprofuited at AltAid Facility in California. Due to the higher prodian cost of

RD compared to FAME biodiesel, these fuels are mainly sold in markets such as California and
British ColumbiawhereLCFS policies are in force to incentivize biofublssed on their carbon
intensity, or wherethere aresthersupporting policis basedon GHG emission reductiorssichas

in Germany and SwedeAnother factor playg a major role in the continuous growthRD and

biojet production and use is thiiese biofuelsare functionally identical tthe petroleum fuels

they are intended teupplement or displace. These biofuels are alBp compatible withthe
existing fuel distribution and usefrastructureand thus they fully qualify adrop-in biofuels.
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While not yet commercialized, other routesdtop-in biofuelsthatcanleverage gortion ofthe
substantiakxisting petrochemical/refining infrastructuaiee also under development, seeking to
develop a nommenewable + renewable feedstatkprocessing approachb produce lower carbon
drop-in fuels that can be used in existvghicle engines.

Tablel-2. Commerciaproductionof dropin biofuelsfrom oleochemicafeedstockgIRENA,
2017; California Air Resource Board, 2018)

Company Location Production capacity | Feedstock
(billion liters)
Neste Two facilities in Finland, one 2.57 Mixed oleochemical
in Netherlands and one in feedstocks andsed
Singapore cooking olil
Diamond us 0.605 Soybean oil
Green Diesel Uuco
Tallow
Corn oil
REG Geismar | US 0.283 Rendered UCO
Nonrendered UCO
Corn oil
Tallow
Soy ail
ENI S.p.A. Italy 0.473 Soybean oil & other oils
AltAir Fuels us 0.17 Mixed oleochemical
feedstocks
UPM biofuels | Finland 0.12 Tall oil
Cepsa (2 demqg Spain 0.12 Unknown
facilities)
Preem Sweden 0.02 Tall oil
Petroleum
East Kansas | The US 0.011 Unknown
Agri-Energy
World Total 4.37

Global production capacity for advanced biofuels at the end of 2015 was estimae850
million liters per yearAraujo et al., 2017IRENA, 2016) Planned capacityxpansionsddabout

1.5 million liters of new capacityper year, with initiatives underway in Brazil, China, Canada,
Francethe NetherlandsSwedenthe United Kingdm, and the USAraujo et al., 2017IRENA,
2016) While the majority ofexisting capacity is for cellulosethanol, this dvanced biofuel &

so far onlybeen produced in relatively small volumes. Most of the cellulosic ethsuwi@ing
produced in the US and EU. TS RFS2 targetby 2022an annual production of 80 billion liters

of advanced cellulosic biofleand biomasbased biodiesel. Some EU member states including
Austria, Denmark, Italy anthe Netherlands have developed blending mandates for advanced
biofuels. However, advancdaofuels production volumes remain far beltd# and EUtargets
due to slower than expected progress in scale up of commercial produ@i@yvolume of
cellulosic ethangbroductionqualifying under the US RESreached onl\38 million litres in 2018
Production of ethanol from cellulosic residues such as corn kéibeelin corventional corn
ethanol plants in the United States is expandmg017, fve corn ethanoplants, with &ombined
capacity of nearly 2 billion litre€&600 million gallons)were approved by the USnvironmental
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Protection AgencyEPA) to generate Renewigbldentification Numbers (RINs) credits under
RFS2 progranfREN21, 2018

A number ofpilot, demonstratiomnd precommercial advanced biofugitants in other countries
such asAustria, Brazil, Canada, China, India and Italse also producingor have poduced
advanced biofuels from lignocellulosic biomdssdstocks ranging froragriculturalandforest
residuesand the cellulosic portion ofmunicipal waste streams bl#rge volumecommercial
productionremains to b@roven A list of current facilitieghat produce advanced biofuelgpdot
and demonstratioscales can be found at the IBfoenergy Task 3® krgescale demonstration
plants websitehttp://demoplants.bioenergy2020.eu/

Commercialisatn of thermdi/-basedorocessefor producing biofuel$ including hydrothermal
liquefaction,pyrolysis and gasification also advanced in 2017. Enerkem in Canada adapted its
commercialscale gasification plant in Edmonton, Alberta, which processes B08dger day of
sorted municipal wastes, to produce ethanol instead of methanol, ianiieh qualifies as
cellulosic ethanol under the US RESAdditional plants based on this technology are under
development in the Netherlands and ChiBofuels Interrational, 2017; ChemEurope.Com,
2018; REN21, 20138 In addition, Ensyn in Canada has been provigigmplysis oilsfrom its
Ontaricbasedproductionplant to US customerf®r space heating and cooling applicatiomngh

this fuel alsoqualifying as a cellubsic biofuelunder the US RFS2 progrargrsyn, 2018 In
Norway, a firstof-its-kind demonstration plant is being developed based on thatroal
liquefaction technology. The company Steeper Energy (Denmark and Casdidahsng its
proprietary Hydrofation technology to Silva Green Fuel, a Norweg&wmedish joint venture
(Biofuels International, 20)7Licella (Australia) is in a joint venture with the forestry company
Canfor (Canada)to produce and upgrade bioude produced by a hydrothermal liqusian
process in the Canadian province of British Columbia,madiouslyannounced plans to build a
plant in AustraligCanfor, 2016).

Biomethanehas been mainly produced in the US and the Hig. [&rgest market for biomethane
is the USandits producton has been stimulated since 2015 when biometbegpen to bencluded

in the cellulosic biofuels category of the RASogramUS biomethane consumption grew nearly
six-fold between 2014 and 2016, then increasedhemdt5% in 2017 to 17.4 PJ (EPA, 2017,
RENZ21, 2018). Te other globally significant market for biometh@Europewhereconsumption
increased 12% between 2015 and 204.6,1 PJProduction and use the EUwere concentrated
in Sweden (4.7 PJ), wheproducing bimnethane from food wastes esicouraged as part of a
comprehensivevaste reduction policy, and where use of biomethane as a transport fuel is
prioritised over its use for electricity production or for injection into gas gind8016,Germany
(1.3 PJ) was Eur orpfdidmsethane fordrandpofE/A Bicgreegyt Task 87
2017 REN21, 2018).

Biofuels are essential to limit climate changgterest in strengtheningoficies and reducing
uncertainty about future policies fadvanced biofuels remains strofigpe Biofuture Platforma

20 member country collaboration initiated by Brasiladvocang for an increase ithe production

and consumption ofow-carbon biofued. India aspiresto deliver twelve advanced biofuel
producton plants, several of which amow in development, and China intends to vigorously
develop cellulosic ethandtU policy support for advanced biofuels after 2020 is also expected to
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strengthen, building on an increasing number of quotaipslannounceldy member state$gA,
20138.

Although the use of biofuels in aviation is seen as a-teng priority, the quantity of biofuels

used in aviation is still a very small fractiof total fuel use in the transport sectbr.2017, a

number of airlines andirports made progress in using biofuels for wagl flights, securing
appropriate fuels and making biofuels available at key airports. Interest in the use of biofuels in
marine applicationalsoincreased in 2017, pushed by tbhers to be in forceequrement in coastal

regions to reduce sulphur emissions from ships, aswellby t he shi ppitenrmg i ndu
decarbonisation targets (IEA Bioenergy Task 39, 2@ibfuelsarealso increasinglpeing used

as a fueffor rail transport. In the Nethiands, 18 new trains are being brought into serthe¢

will be fuelled with biodiese[Biofuels International, 2017)ndian Railways is experimenting

with the use of biodiesel, compressed biogas and ethanol on its ne(&aviestava, 2018)

1.3 Global biduels trade

In recent years, the trade of biofublsincreased to me¢teglobal demand for renewable fuels.
Ethanol and biodiesel contribute much of this trade because they are the most established biofuels,
but there is potential foncreasedrade & drop-in biofuelssuch asHVO/HEFA fuels Ethanol has

been traded for decades and has developed into a global market involving large volumes. In
contrast, biodiesel trade is less established and has been encourdieddncesn policies and
incentives promoing biofuelsbetween different countries/regigrsaich as the US artdU. The

current major participants in liquid biofuels trade are Argentnazil, the EU and theJS. The

volume and direction of biofugtrade depend on many factors, includoadicies, tariffs, and crop
yields.Figure1-6 shows an influence diagram for the trade of liquid biofbelsveerthe US.

Figure1-6. Influence diagram of biofusltrade between the US and the rest of the world (ROW)
showing many of theactors that influence net imports and pedftuse prics forbiofuels in the
US (NREL, 2013).

Domestic production and consumption policies and import/export talsibsffectbiofuelstrade.

Some of the most significant policies influemgwhere biofuels are imported and produced in

ef fect arelthet BEEO WiGBEBoDaRMPDr t / export tariffs
LCFS.For example, RED has caused much more demémdbiodiesel imports in the EU while
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