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Executive Summary

Global production and use of transport biofuels

Global biofuels production has continued to increase over the last decade, 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 wellwets annual growth rate of 11.4%

over the past decade however the most growth in three years. The highestgasoltserved in

the Asia Pacificregion which realized an annual growth rate of 20.1% over the period 200&

and a 6% increase from 20162017.The Americas and Europe stbntinue tahave the highest
shares of biofuels production. In 2017, North America, SaaottCentral 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
renewable diesdliels produced byydrogenating (hyditoeating animal and vegetable oils and
fats @lso known abydrotreated vegetable oil (HV©} hydrotreated esters and fatty acids (HEFA)
fuelg, aswell as a growing amount dfiomethane in some countries suchttes United States
(US), Sweden, anGermany.In energy terms, i”2017, an estimated 65% of biofuel production
was ethanol, 29% was FAME biodiesel and 6% was HVO/HEIess; while growing rapidlyas

a transport fuelbiomethane contributed less than 1%atél biofuel use

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

five years with most growth expected to come from Latin Ameraad norROECD countriesn

Asial. In Brazil, the drivers for biofuel demand remain strong ins anticipated thathe new
RenovaBio policywill acceleratenew investment to increase biofuel production capacity. China
intends to roll out 10% ethanol biésin gasoline nationwidevhich 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 specific targetviorced
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 theyeligy their strategies to achieve these
targets.The cellulosic and advanced biofuels targets under the Renewable Fuel Standard (RFS)
program in the US also continues to stimulate interest in establishing and increasing advanced
biofuel production in NortiAmerica.

Although conventional biofuels (i.esugar/starctbasedethanol and FAME biodiesetpmprised
more than 93% dflobalbiofuels market shaia 2017 worldwide effortontinuedo demonstrate
production and use of drap andotheradvanced biafels This is largelyn respoiseto thegrowth

in policies requiting or promoting bituels that demonstrate improved sustainabéitiyibutes,
especially lowerlife cycle net carbonemissions (lower carbon intensitghd lesspotential to
exacerbate undé@ableland 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 cdmrefiand by fuels
from thermochemical gasificatieor pyrolysisbasegrocesses. Demand for HYO/HEFA biofuels
is expected t@ontinue togrow because of tirefidrop-ino properties and low carbon intenet,

! This region groups together @kian countriespart from China, India, Japan and South Kofde regiorranges
from Afghanistan through Mongolia, to SoutheAsta and the slands of the Pacific
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especially when produced fromaste and residu#deochemicafeedstocks such as tallow and used
cooking oil whichaccount for a increasinghare of HV@HEFA feedstocksThese fuels are now
primarily producedin Europe, Singapore and the Wd productions expected t@ontinue to
grow as new facilities come on line anéw investments are made to increase existing plant
capacites

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

only beendemonstrated atlatively smallscalesglobally due to slower thaforecastprogress in
scale up andommerciabdeploymentMost cellulosic ethana$ 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 countriesuch asCanada, Brazil, Austria, China, India and Itahgalsoproducingor have
producecadvanced biofuels from lignocellulosic biosséeedstocks ranging fromgriculturaland
forest residuesand the cellulosic portion ofmunicipal waste stream&oweverlarge volume
commercial productioremains to b@roven Policy interest in advanced biofuels remains strong.
The Biofuture Platforma 20member country collaboration initiated by Brazil, has advocated an
increase in lowcarbon biofuel consumptioindia aims to deliver twelve advanced biofuel plants,
several of which are in development, and China intends to vigorously develop tekdhasol.

EU policy support for advanced biofuels after 2020 is also expected to strengthen, building on an
increasing number of quota puks announced by member states

Global biofuels trade

In recent years, thmternationaltrade of biofuels hasicreased to meet the global demand for
renewable fuels. Ethanol and biodiesel stidnate much of this trade because they are the 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 less established and has been encouraged by
policies and incentives that promote biofuels, particularly in the EU. The currentgagjoipants

in liquid biofuels trade are the US, the EU, Brazil, and Argentina. The volume and direction of
biofuel trade depersibn many factors, including policies, tariffs, crop yielidedstock availability

and biofuels supply and demand within indival countriesSome of the most significant policies
influendngwh er e bi ofuel s are i mported and produced
(RED andrREDIIl),t he USO6s Renewabl eankueQasl i Ftoamd aardds (LROFw
StandardLCFS). International import/export tariffalso play an important rale

Transport biofuels policies

Policies and fossiluel prices arghe main factorsdriving therate of biofuelggrowthin specific
countriesand world regionsMany forms of plicy instrumentsare being usedncluding blending
mandates, fuel and carbon taxes and renewable or low carbon fuel staaslavdl,as a variety
of fiscal incentives and public financimgechanismsTable 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 countrigdus China and India

- Introducing 10 million liters (crude oil equivalent) o

second generation biofuglgolume)

- A special tax incentive for the consumptidnethanol

- Import of biocETBE encouraged through 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% biodiesel and 6&thanol
(volume)
- Queensland: 0.5% biodiesel and 4% eth&nolume)
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 2q2aergy - Pure biofuels exempted from mineral oil tax
content)
Brazil - 27% ethanol and 10% biodiegeblume) - There are tax inceives for biofuel producers, blenders an| -
- 100% hydrous ethanol is also marketed in all gas users including tax incentives for ethadflelx fuel vehicles,
stations in Braazil. tax incentives for ethanol fuel and federal tax exemption
and incentives for biodiesel production
Canada - Federal use mandates: 5% ethanol andoRdiesel | - -British Col
(volume) Carbon Tax and Low
- Five provinces of British Columbia, Alberta, Carbon Fuel Statard
Saskatchewan, Manitoba and Ontario established -Ontariods a
blending requirement of 5% to 8.5% for ethanol ar| carbon allowances
2% to 4% for biodiesglolume) -Al bertads c
Denmark - 5.75% biofuels (both ethanol and biodieggtlume) | - CO, excise exemptions for biofuels -
- 0.9%for advanced biofuelsy 2020
European - Cap on food and feedrops of max 1% above 207 - -
Union (EU) consumption with a maximum of 7% (energy conte
- Subtarget for advanced biofuels of 0.2% for 207
1.0% for 2025 and 3.5 for 2036nergy content)
- Use of high iLUC crops should gradually decrease
0% in 2030 unless thegre certified to be loviLUC
Germany - GHG reduction 08.5%/4%/6%in the fuel mixfor the | There is no tax relief for FAME biodiesel, HYO/HEFA fue| - A carbon tax is
entire fuel sector from 2015/2017/2020 onwards | vegetable oils and ethanol indirectly applied via
- FAME biodiesel, HVO/HER fuels and vegetable oils hay CO;tax for passenger
the samduelt ax as d 0.4184diter) f uel ( cars
- Ethanol has the sanfieelt a x as g a 6.6545ilitery
-The fuel tax for ORGYAVHh dntil
2023
Japan - 500 million liter ethanol mandafgolume) - 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 (both ethanol and biodiesel, double
counting advanced biofuel&nergy content)
- 1.0% for advanced biofuels in 2020

obligations

- Biodiesel manufacturers reiwe a rebate of
50% on the general fuel levy

New Zealand | - No mandate on biofuel use or any biofuel volume | - Fuel exciseexemption for ethanol (including - 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 -

South Korea

- 2.5% mandate for biodiesel (volume)

Sweden - GHG emissions reduction of 2.6% for gasoline and - The tax exemption has varied from full to | -
19.3% for diesel reduced tax exemption but frobaruary
2018 all biofuels are fully exempted from
tax
The United - Volume targets for biofuels including conventional | - -Cal i f or iCarlaod Buel Btandarc
States (US) cornbased ethanol and advanced, cellulosic and (LCFS)
diesel biofuels -Bi odi esel produce

use in the transportation sector
- The 2®@6 and 3% blending targets are proposed
(volume)

ethanol andiodiesel

China - No official national mandate for ethanol and biodie| - An excise tax exemption for waste-bihsed | - 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 generation
cities) selected as fuel ethanol pilot zones for - No excise tax exemption for ethanol ethanol (from cassava or sweet
mandatory E10 blendingolume) sorghum) since 20313017 but phased
- Small trial program using 2% and 5% biodiesel out in 2018; cellulosic ethanol
blends carried out in a few provincg®lume) production subsidy of $0.07 per liter
(600RMB per ton)
- Import tariffs on USorigin ethanol
India - No official national mandate for ethanol and biodie| - 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 prtuction of
biodiesel is permitted to the extent
necessary
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As Table 1 illustratesplendng mandates remain 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 tafgets.

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

2 in nonEU countries in Europe.

As in past years, in 2017 national and-salional governments continued to require specific shares
of FAME biodiesel or ethanol to be blended into transport féedshown in Table 1, allask 39
member countries egpt South Africa and New Zealand have biofuels mandates in place. In
addition to blending mandates for conventional biofuels, the US and someeEilben states,
including Austria, DenmariNetherlandsind Italy, alsdvave developedr are developing blending
mandates for advanced biofuelghich are becoming mandatory as of 2021 across the EU based
on the new provisions of the RED Ih China, whilethere are not yatfficial national mandate

for ethanobr biodiesel use in the transpgsctor, 11 provinces and cities (known as pilot provinces
and citieshave beerselectedaspilot zones for mandatory fuel ethar{&l10) blending.Similarly,
smalltrial prograns touse 2% and 5% biodiesel blentisve beerarried ouin a few provinces.
Similar to China, India does nget have official national mandatdor ethanolor biodiese]
however blending targetfer biodieseland sugar/starchithanolof 5% and20%, respectivelyare
beingconsideredimplementation of national biofuels mandates are anticipated in both China and
India in the near futureThe United Kingdom (UK) has recently implemented its Renewable
TransportFuel obligations Order (RTFO Il) and created a specific target for certain types of
advanced biofuels including aviation and high blends.

Biofuel blending mandateBave proven to beffective for establishing 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 of biodiesel production in Austiaditate ofNew South
Wales where biofuels mandat@s place since 2007 kabeen ineffectiveThe mandates are not
alsohelpful in increasing the markets beyond the mandated |doeklsxample thélend wall issue

in the US.

The mainreasons bifuels mandatesave not worked wkin 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 pumps to sell bigftmdsl security
concerns andustainabity issues such dhe potential to exacerbate detrimental impacisdifect
land use chang@LUC). While biofuel mandates haveelpedio reduetransport sector greenhouse
gas (GHG) emissions, they have mabivaysbeen successfuh meetng GHG reduction targets
since biofuel obligations are either basedlomn o f uotumes dr energy contemather than
decarbonisation potentialn other words, biofuel mandatedone often have noprovided
sufficiently strong incentives to spyroducers @ continue toinnovae to reduce thecarbon
intensityof their biofuels.

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update viii



Fuel excisetax reduction/exemptiobased policies and import/export tariffs have been used
mainly to make the production and use of biofuels economical at early stages of market
development. As biofuels production becomes more cost competitive, egrodagtion costs
decrease dhe price of petroleum rises, fuel excise reduction/exemption incentives are often either
modified or lifted. These types opolicieshavebeen employeth 100 f T a snkmb8r 8odirgries
(Australia, AustriaBrazil, Denmark, Germany, Japan, New Zealand, South Africa, Sweden and
the US) Similar to mandateghe implementation of fuel excigax reduction/exemptiofased
policies alonein a jurisdiction has not been a stroeagoughdriver to foster biofuels market
expansiorwhen deployed in isolatiorNew Zealand and South Afrigaovide examples of this,
whereeven though some excise tax exemptions ettistie is noor only verysmall levels of
biofuels production and use.

Low carbon fuel standards (LCF&)je anewer policyapproachthat is proving to bemore
successful fodriving increased production and use of biofuels, particularly lower carbon intensity
advanced biofuelsRatherthan obligating defined production volumes or blending levibis
approachincentivizes reductions in the carbon intensity of fuels production, including
renewabléiofuels. In addition to encouraging more efficient production of conventional pfue
LCFSbased policies spur the development ardandedroduction of more life cycle efficient
advanced biofuels. Under LCHlicies fuels that can be produced at a lower carbon intensity
compared tdhe petroleumbased gasoline and diesetls theydisplacegenerate higher carbon
credits, which results in higher market values for these flibks state oCalifornia in the US and
the province oBritish Columbia in Canada atevo jurisdictionsat the forefront of implementing
this type ofpolicy. Across the EU as a result of the RED, but specificakéymany and Sweden
have also implemented GHG reduction quota obligatfon biofuel use in their transportation
sectors.

LCFS policies aréhelping tospur investors, entrepreneurs, scientists, argineers to develop
innovative lowcarbon transportation technologies and strategied are also driving egoing
innovations in the conventional biofuels market to reduce carbon imésn€ihe prime example

is the development of betin and integrate@¢onversion technologies enabling existing eorn
ethanol dry mills in the US to convert corn kernel fibre coproduct into cellulosic ethanol. Another
is reusing or selling the carbon dioxide (§@roduced by ethanol fermentation instead of
considering the Oz 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 supply from renewablesssucteas
biogas/renewable natural gamunicipal solid wastes (MSWOr agricultural or forestbased
biomass.

In addition to conventional biofuels, LCHBlicies arespuring production and use of lowarbon
advanced biofuels and HVO/HEFA biofuelShe higher credits generated by lower carbon
intensity advanced biofuels can make ith@roduction more economical. Due to the higher
production cost of HVO/HEFA biofuels compared to conventional FAME biodiesel, these fuels
are mainlybeingsold in markets sth 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 Germany and Sweden.
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A hybrid of suc@ssful policy mechanisms that have beenwdating increasegroduction and use

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

be i mplemented i nto membe REDsdquresecsubtries acldepecat t i v e
least a 10% share of renewable energy in transport fuels in 2020 and simultaneously specifies that
only sustainable biofuels count towards this 1@%get. 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 stricter in the lead

up to 20200ther sustainability criteri& 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 parallel, the FQD requires Ebkrgesiachieve 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, to also
includesolid biomass sustainabilityriteria andstricterbiofuel sustainabilitycriteriathan before,

as well as quotas fdhe useof advanced biofuelsnade from certain feedstockEhe revised
agreement states that at least 14% of transportation fuel must comeefrewable sources by
2030.Conventional orifst-generation, crojpased biofuels areapped at 2020 levegdusan extra

1% but cannot exceed 7% of final consumption of road and rail transport. In addition, the share of
advanced biofuels and biogas mustabéeast 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 biofuéhatis typically met with commercial conveosi technologies

such asconventionalethanol or biodiesel. However, such instruments can be limited in their
capacity to pull earhstage technologies into the market, since thmskielsare often notyet
commercially viable, or are typically more expeedo be produced commercialipusstruggling

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

as Cal iLfCa#rSni athse EUO6s REDIlaln,d Rraamzaidla®bs RKd reawa BH
(CFS) are examples of policies that aim to pdWancediofuels into the market by providing fuel
agnostidinancialincentives to produce biofuelproductsat thelowest carbon intensds.

Despite the domence of meket-pull instruments (i.e., biofuels blending mandates, fuel/CO
excisetax reductiors’exemptions and LCFSy i g ni y ¢ a ndlsohawe $ern dedicated to
supporing technology research, development and demonstration (RD&D), in particular through
grantinstruments dedicated to advanced biofuBlsch measures are technolgaysh instruments

which are typically effective to drive early stage technglagvelopmentsuch asadvanced
biofuels) towards demonstration and commercializafl@chnologypush irstrumentdelp reduce

the cost of research and development to drive new ideas and reduce cost, taking early stage
technologies through the valley of death that exists betiméen development and demonstration

Financial measures used tncourageexpanded biofuelsproduction and useake a number of
forms,including:
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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 market development and initial commalqgrojects for
technologies with longerm market potential but high investment risk

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

Guaranted returronrenewable energgssets

Compensatiofior depreciation of acquired renewable energy assets

Rebates anddmuses to car buyers for the purchase of certain vehicles such-agefleghicles
(FFVs) and other rebates such as reduced licensarfieesx 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 unblendeahiels like hydrous ethanol in FFVs

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

= =4 =4 -8 2

New engines that allow to harmonize biofuels and electric power trains (biofuel hybrid vehicles),
with gains in efficiency and eironmental 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 several countries.

Despite all thesdinancid measuresprogresson 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 environment, are nabogseétitive wih
conventionabtarch or sugabased biofuels. Due to the immaturity of advanced biofeeldstock

supply chains in terms of feedstock production and supply logistics, feedstock sustainability, and
alsoconversion technology efficiencihe vast majorityof existing 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 bfederal, state and municipal
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 conventional biofuels.
Since 2009, e ERED stpulatesminimum 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 them from raw materials obtained framd|

with high biodiversity (e.gprimary foress or grasslans) - 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 biofuels that comply with akbustanability criteria 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 hastablishedan LCFSpolicy
framework requing a reduction in lifecycle 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 gpalssedy 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 electricitypoweringtransportin Brazil,

the forthcoming adoption of the Renovabio program, introducing a LCFScéddvon fuel
standard) in vehicular fuels, has reinforced sustainability in biofuels production.

Biofuels policies for aviation and marine sectors

Policies topromoterenewable energy in the transport sector continue to focus primarily on road
transport, especially at the national level. Otingportantsubsectorsof transportsuch as rail,
aviation and shipping hawmtil recentlydrawn comparably less policy attentidespite also being
large energy consumessd GHG emittersTransport policies and industry efforts are incredging
focugng on deployng biofuels forall long-haul transport sectors (i.e., roadhil, aviation and
shipping, where electrification isnuchmore challenging. The 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 levelsFew direct
support policie;mowtarget the use of renewable fuels in the aviation selcidonesiantroduced

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 countmore highly(using a multiplier of 1.2)n the
contributions towards the r2@8, inadditios to new policya b | e
developments, thetherlands, NorwayJK andUS re-committed tqpromoing alternative jetuel
production. Asof yearend 2017, five renewable jet fugfdlus 5% ceprocessing of bierude,
were certified for blending witfossitbasedet fuels(at levels ranging from 10% to 50%)

Shipping is aother longdistance transport sector that is unoreasingpressue to reducets
carbonand sulfuremissionslt now mainly uses heavfpssitbaseduels that contain sulphur and
heavy metals. Along with aviatioshippingis one of the hardest transport sectors to decarbonise.
Apart from technological challenges, tdeployment of renewables in shipping faces numerous
barriers, such as the large price gap between renewable and conventional fuels and very limited
regulations, particularly regarding ti&HG emissions attributesf maritime fuels. International
shipping & regulated by the International Maritime Organisation (IMO). Since the Paris agreement
(which did not include international shipping), the IMO hkevelopedreduction strategs for

GHG emissionsand other air pollutantsn 2016, the IMO agrekto a 0.5%cap on sulphur in its

fuels by 2020. In 2018he IMO reached an agreement onfamtial strategy to redue CO,
emissions from shippingTheinitial Strategy identifies measures that could indirectly support the
GHG reduction effortsOne of these meaes concerns the useadrocarbon or fossifree fuels

for the shipping sector artde development abbust lifecycle GHG / carbon intensity guidelines

for alternative fuels
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Table 2. Strengths and limitations of existing biofuelkscpes

Policy instrument

Strengths

Limitations

Biofuel blending mandates

Effectivefor developng a biofuel market at early
stages

Effective in establishing biofuels markets and in
shielding biofuels from low olil prices

- Greater certainty ahcreased development

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

- Need to balanceosts of infrastructure while
demand is low in early stages

- Need suitable governance to ensure complig

- Not necessarily so useful in expanding
/maintaining markets

- Not necessarily successfor meetng GHG
reduction targets

- Limited in their capaity to pull earlystage
technologies into the market, since these are
often not commercially viable, or are typicall)
more expensive to be produced commerciall
struggling to compet
biofuels

Excise duty reductions/exemption

Increases the competitiveness of biofuels with fos
fuels, especially at early stages of developmént
fossil vs renewable fuels are taxed differently

- Can be also considered filve production of biomas:

such as dedicated biomass crops (e.g. switchgrag
carinata, willow)in order to ensure sufficient
feedstocks for production of conventional and
advanced biofuels and ultimately achievement of
mandates for use

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

- As fuel excise rates vary, this may notebe
strongenoughdriver to foster the biafels
market as an staralone policy

- Limited in their capacity to pull eaHstage
technologies into the market, since these are
often not commercially viable, or are typicall)
more expensive to be produced commerciall
struggling t ostgeoarapon t
biofuels

Low carbon fuel standardsCFS)

- Technology eutral

Favous technologies able to offer the most
significant decarbonisation relative to cost

- Spuisthe development and production of more life)

cycle efficient advanced biofuels

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

Determining life cycle emissions is complex
and time consuming and requiring big data
collection
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Table 2. Strengths and limitations of existing biofys§cies (continued)

Policy instrument

Strengths

Limitations

Low carbon fuel standardsCFS)

- Encouragse conventional biofuel producers to lowe
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
assumptions and are subject to debate

- Need suitable governance to ensure complig

- Need suitable verification process to measur|
the cabon intensity of biofuelproducedrom
differentfeedstockconversiortechnology
pathways

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

- Necessary to supporady markettechnology
development and initial commercial projects with
longer-term market potential but high investment r

- Successful in deisking technology and cataing
private investment for subsequent stages, somew
sparing public budgets #éschnologies advance intg
commercial stages

- Financial risls associated with potential proje(
failures

Sustainability policy

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

- Couldconstrairfurther production of
conventionabiofuels from food crops, even
for cases where there is litiotentialfor
detrimentaindirect land use changes

- Could make waste production probta, which
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 maden conventionaland
advanced biofuels technologiesnda large potential to further increase biofuels production and
use globallyi the biofuels industry facesignificantchallenges. Petroleum prices remain modest
and future policieso promoterenewable fuels ananmprove vehicle fuel efficiency standards
remain highly uncertairOn-going high uncertainty about future policy and funding programs to
support conventional and advanced biofuels continues to mejar obstacle to accelerating
biofuels developmentespecialf in some major biofuelprodudng 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 advancieetlsio
and caps on conventional biofuels. However, commercialization of tesenced biofuels
technologiehas beemuchslower than earlier forecastjth only limited volumesbeingproduced

so far with the result thanosttargetsor expansion of adveced biofuels production and usave

not been metextensive research and development into production of advanced foelgasng,
however with the research focus increasinglifting 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

Conclusions

Policies have proven to be a key component in the developrdeptpyment and use of biofuels
such as bioethanohp b.iThéueétEa\l Bdme nfedrgyps Task
have sever al Anbiof uel countrieso as member s,
and consumer s .sadviies hasbeen th elled mferkaiion on existing/emerging
biofuels policiesand production and use levels over the period Zk/. h all cases, biofuels
policies have played an important role in developing regional and national biofuels mdstts.
policies haveprimarily promoed the production and use mfad traasport biofuels with thealil,

aviation and shippingsectors drawingless policy attention despite being significant fuel
consumerscarbon emitters and potentially large marketsbiofuels. A mixture ofmarke-pull

and technologyush policy instruments has been most successful at encourdgoigel
production and use. While many of the original policies were developed to promote energy security,
more recent policies, such as thali@rnia and British Columbia low carbon fuels standards
(LCFS), haveGHG reductionas a primary goalAlthough variougurisdictions have combined
policies in different wayd)lending mandagecontinue to be one of the most successghanism

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

The ransport sector accowgttfor 29% of total global energy consumption in 2048 shown on
the left side ofFigure1-1. Of the total energy used for transport, approximaf&¥ (21.9% of
29%)is for road transport, twthirdsfor passenger mobility and ostleird for freight. International
anddomesticaviationand shipping eacaccount foranothemroughly 10.5% (3.1% of 29%), with
the balance used for pipeline and teahsport (IEA, 2017a; IRENA, 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 (EDA7a; IRENA, IEA
and REN21, 2018)

Because of the importance of energy density in the sector, transport remains heavily reliant on
energy denstossil fuels especially petroleusbased liquid fuels As of 2015, 96 %
energy use came from peleumderivedproducts, 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% contributio of
renewable energy to transpbreals downto 1.6% from ethanol, 0.8% from biodiesel, 0.4% from
other liquid biofuels, 0.01% from biomethane, and 0.3% from renewable electricity (see
Figurel-2) (IEA, 2017a).

The transport sector is a significant contributor to global carbon dioxide) (E@issions,
representing 23% of all such global energlated emissions andover 7346 of this is from road
transport Figure 1-3). Between 2010 and 2015, transport sector emissions increased by 2.5%
annually (IEA, 2017c). To date, strategiederarbonise the transport sector are clustered into
measures tdavoid, shift and improve.Of these measures, increasing energy effici€payt of

he Aavoi ahdthecubewkrénewahle energy (part of the "improve" cluster), are central to
compldely 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. GlobalCO; emissions by transport mode in 2015 (ITF, 2017; IRENA, IEA and REN21,
2018)

As shown in Figure 1-2, biofuels are currently the main contributor to transport sector
decarbonisation. The production and use of biofuels have been increasirtge last decade
mainly because of supporting poés, fiscal incentives and various finan@akistancerograms.

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

Globally, biofuels production has continued to increager the last decad&pm over37 million
tonnes oil equivalenMtoe) producedn 2007(~64 billion liters)to over 84Mtoe in 2017(~145
billion liters). Itincreagd3.5%from 2016 ta2017 which whilewell belowits annualgrowth rate
of 11.4%achieved over the past decadethismost growth inthree years (seleigure1-4). The
highestannualgrowth ratewasobserved irthe Asia-Pacificregion,which grew at@an annual rate
of 20.1%overthe period 2002016 andsawa further6% increaefrom 2016 tc2017.

The Americas and Europecontinued tdhave the highest sharef biofuels productionin 2017
North America, South and Central America and Europe had world shad&s586, 26.9% and
16.8%, respectivelylable1-1 lists thew o r |tagh éesbiofuel producing countrieim 2017. The
United StategUS) remairedthe largest producer (43.9%), followed by Brazil (22%) and Germany
(3.9%)(BP, 2018)

= North America = South & Central America = Europe = Asia Pacific ® Rest of World
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Figure 1-4. World biofuels production, 200Z017. Biofuels production increased at an annual
growth rate of 11.4%, from over 3toe produced in 2007 to over 84toe in 2017 (Adpted
from BP, 2018)
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Tablel-1. Top tenbiofuels producing countries 2017

Country Biofuels production Share in
(million tonnes oil equivalen) 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 treatingnimal and vegetable oils and fats with hydrogknogyn as
hydrotreated vegetable oil (HV®@) hydrotreated esters and fatty acids (HEBfuels, as well

as a growing contribution from biomethane in some counsieh as the US, Sweden and
Germany Asestimated65% of biofuel production (in energy terms) was ethanol, 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 increadé&om 29 Mtoe (~60 billion liters) in 2007 to
54 Mtoe (~110billion liters in 2017 (seeFigure 1-5). TheUS and Brazil maintained their leads
in ethanol productiom 2017, together accounting for 84% of global producfidre next largest
producers were China, Canafet shown)and Thaiand. Production ofFAME biodieselgrew
from over9 Mtoe (~11billion liters in 2007 to over27 Mtoe (~35billion liters) in 2017.0ver the
20072017 period, pbal ethanol production grew ahannualrate of 3.3%and hbodiesel

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

Most future biofuels growth is expected tmccur in Latin America andnonOECD Asian
countries. In Brazil, the drivers for biofuel demand remain strong and the new RenovaBio policy
is anticipated to faciiatenewinvestment to increase biofuel production capacity. China intends
to roll out 10%ethanol blenden gasoline nationwidewhich will require a sixfold increase in
output andis leadingto new investmestto expandethanol production capacityfhe growth
prospects foincreased production of conventioh@&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 thE)Sis foreast 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 limig E1 0

A b | iereadnedsith respect ttheU S 6 s

RF SEorthesel i cy

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

2This region groups together @kian countriegpart from China, India, Japan and South KoTd® regiorranges

from Afghanistan through Mongolia, to SoutheAstaand the islands of the Pacific
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summer monthwiill be ended may result 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,
ethaml and FAME biodiesel production grew at annual rate of 3.3% and 4%, respectively
(Adapted from BP, 2018).

Key feedstocks foconventionalkethanol productiomlobally are sugarcane, sugarbeet, corn and
wheat. Key feedstocks for biodiesel productionseed oils (let apeseed, sunpower
andpalm), animal fatsused cooking oils (UCC3nd waste greaseBi¢Future Platform, 2018

Although the vast majority of biofuels production and use is still based on conventional biofuels,
drop-in biofuelssuch as1VO/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®er 3.1Mtoe (4.4 billion liters) per

year ofHVO/HEFA biofuelsare now being produced worldwidEable 1-2 summariseknown
dropin biofuek productionfacilities worldvide. As shown in this &ble, waste and residue
feedstocks now account for a significant share of HNEFA biofuels production, supprting
deeper decarbonisation from these fuels. Consequpniiyuction of HVO/HEFA biofuels now
primarily based in Europe, Singapore andWlss is expected toontinue taggrow as new facilities
come on line andewinvestments are made to increasistaxg plantécapaciies(REN21, 2013

A majority of HYO/HEFA biofuelsarerenewable diesdRD), with asmall portionof aviation

bi of uiejétosprofuited at AltAid facility in California. Due to the higher production 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 biofubssed on their carbon
intensity or wherethere arethersupporting policiebasedon GHGemission reductionsuchas

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

biojet production and use is thihiese biofuelsare functionally identical téhe petroleum fuels

they are intended to supplementdisplace. These biofuels are alstly compatible withthe
existing fuel distribution and usenfrastructureand thus they fully qualify adrop-in biofuels.
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While not yet commercialized, other routesdtop-in biofuelsthatcanleverage a portion dhe
substantiakxisting petrochemical/refining infrastructusee also under development, seeking to
develop a nomenewable + renewable feedstaukprocessing approadh produce lower carbon
drop-in fuels that can be used in existvghicle engines.

Table1-2. 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 andsgd
Singapore cooking oll
Diamond us 0.605 Soybean oil
Green Diesel Uuco
Tallow
Corn ail
REG Geismar | US 0.283 Rendered UCO
Non-rendered UCO
Corn ail
Tallow
Soy ail
ENI S.p.A. ltaly 0.473 Soybean oil & other oils
AltAir Fuels us 0.17 Mixed oleochemical
feedstocks
UPM biofuels | Finland 0.12 Tall oil
Cepsa (2 demg 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 yeai(Araujo et al., 2017/IRENA, 2016) Planned capacitgxpansionsaddabout

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 cellulosigthanol, this dvanced biofuel ha

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

of advanced cellulosic biofieeand 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 beltl# and EUtargets
due to slower than expected progress in scale up of commercial prodddt®rvolume of
cellulosic ethangbroductionqualifying under the US RE&reached onlg8 million litres in 2018
Production of ethanol from cellulosic residues such as &emnelfiber in conventional corn
ethanol plants in the United States is expandmg017, fve corn ethanoplants, with a&combined
capacity of nearly 2 billion litre€&600 million gallons)were approved by the USnvironmental
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