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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

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update iv



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.
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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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Protection AgencyEPA) to generate Renewable Identification Numbers (RINS) credits under
RFS2 progranfREN21, 2018

A number ofpilot, demonstratiorand precommercial advanced biofugitants in other countries
such asAustria, Brazil, Canada, China, India and Itase also producingor have produced
advanced biofuels from lignocellulosic biomdssdstocks ranging froragriculturaland forest
residuesand the cellulosic portion ofmunicipal waste streams blarge volumecommercial
productionremains to b@roven A list of current facilities that produce advanced biofuefslat
and demonstratioscales can be found at the IBfoenergy Task 3® Rrgescale demonstration
plants websitehttp://demoplants.bioenergy20.eu/

Commercialisation of thermlgitbasedprocesseor producing biofuel$ including hydrothermal
liquefaction,pyrolysis and gasification also advanced in 2017. Enerkem in Canada adapted its
commercialscale gasification plant in Edmonton, Alberdiich processes 300 tonnes per day of
sorted municipal wastes, to produce ethanol instead of methanol, iantligh qualifies as
cellulosic ethanol under the US RESAdditional plants based on this technology are under
development in the Netherlan@sd China Biofuels International, 2017; ChemEurope.Com,
2018; REN21, 2018 In addition, Ensyn in Canada has been provigiggplysis oilsfrom its
Ontaricbasedoroductionplant to US customerf®r space heating and cooling applicationgh

this fuel dso qualifying as a cellulosic biofualinder the US RFS2 prograr&r(syn, 2018 In
Norway, a firstof-its-kind demonstration plant is being developed based on thetroal
liquefaction technology. The company Steeper Energy (Denmark and Casdidahsng its
proprietary Hydrofaction technology to Silva Green Fuel, a Norwe§iaedish joint venture
(Biofuels International, 2037 Licella (Australia) is in a joint venture with the forestry company
Canfor (Canada)o produce and upgrade bioude producedy a hydrothermal liquefaction
process in the Canadian province of British Columbia,mediouslyannounced plans to build a
plant in AustraligCanfor, 2016).

Biomethanéhas been mainly produced in the US and the Hié. [&rgest market for biomethane

is the USandits production has been stimulated since 2015 when biomeliegaa to bencluded

in the cellulosic biofuels category of the RA®ogramUS biomethane consumption grew nearly
six-fold between 2014 and 2016, then increasedhanat5% in 2Q7 to 17.4 PJ (EPA, 2017,
RENZ21, 2018). e other globally significant market for biometh@Europenvhereconsumption
increased 12% between 2015 and 2046, 1 PJProduction and usa the EUwere concentrated

in Sweden (4.7 PJ), wheproducing bianethane from food wastes is encouraged 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
(A3PJ))was&tr opebs second | argest (lEA Bioenemy Taski3h met h a
2017 REN21, 2018).

Biofuels are essential to limit climate chandgterest in strengtheningofpicies and reducing
uncertainty about future policies fadvanced biofuels remains strofidpe Biofuture Platforma

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

and consumption ofow-carbon biofued. India agires to deliver twelve advanced biofuel
productionplants, several of which amow in development, and China intends to vigorously
develop cellulosic ethandEU policy support for advanced biofuels after 2020 is also expected to
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strengthen, building oan increasing number of quota podis announced by member stal&s\(
2018.

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 traport sectorin 2017, a

number of airlines and airports made progress in using biofuels foburgflights, securing
appropriate fuels and making biofuels available at key airports. Interest in the use of biofuels in
marine applicationalsoincreasedn 2017, pushed by thesn to be in forceequirement in coastal

regions to reduce sulphur emissions from ships, aswelldy t he shi ppiemg i ndu
decarbonisation targets (IEA Bioenergy Task 39, 2@ibfuelsarealso increasinglpeingused

as a fueffor rail transport. In the Netherlands, 18 new trains are being brought into siafice

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

with the use of biodiesel, compressed biogas and dtbants networkgSrivastava, 2018)

1.3 Global biofuels trade

In recent years, the trade of biofuklsincreased to me¢teglobal demand for renewable fuels.
Ethanol and biodiesel contribute much of this trade because they are the most establisHed biofue
but there is potential foncreasedrade ofdrop-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 bermaged byifferencesn policies and
incentives promang biofuels between different countries/regigrsaich as the US artelU. The

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

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

U.S . Crop Uu.s. ROW Crop Yield
Yield :
Consumption ; ROW
U.S. Ethanol / M Consumption
Production ROW Ethanol $
3 \ Production
. a\) A .
U.S. Ethanol Price ROW
. ~» Ethanol
) U.S. Tariffs \'\ Price
Pl , ROW Net .\
el " Imports
l \ ROW
\ Policies
\, U.S. Net S
Imports ROW Tariffs “

Figure1-6. Influence diagram of biofuels trade between thedd8 the rest of the world (ROW)
showing many of theactors that influence net imports and pedftuse price for biofuels in the
US (NREL, 2013).

Domestic production and consumption policies and import/export talsiaffectbiofuelstrade.

Some ofthe most significant policies influemg where biofuels are imported and produced in
effect arelthet BEO Wit BBoDaRMPDr t / export tariffs
LCFS.For example, RED has caused much more demand for biodiesel impotte EU while
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the price for biodiesel in the®has not been competitive with petroletsased dieselAnother
example is the strong demand for low carbon fuels such as biodiesel and renewable diesel in
California due to 8 LCFS policy that rewards a Higr market value (higher credit) to fuels with

a lower carbon intensity.

Global trade patterns for ethanol have been changindy paresponse to rapidly rising demand
in China andalso dueo the introduction of protective import tariffs in severalintries. In 2015,
China became a major importer of ethanol, especially from t8ehdwever, as domestic
production in China increaseih, early 201 %ariff barrierswereintroduced that greatly reduced
imports.Brazil also introduced an import quota 2017 aimed at discouraging import of US
produced ethanolnternational trade in biodiesislalso beingffected by changing import tariffs.
In February 2018the US introducedfiantrdumping tariffs on imports from Indonesia and
Argentina.In Europe, howver, tariffs on imports of biodiesekre endedh 2017(REN21, 2018

1.4 Future growth of biofuels industry

Transport biofueproducton anc onsumpti on needs to triple by
share of transport fuel demand, which was 3% in 28dreach 10% by 2030 as requiredthg

IEA's Sustainable Development Scenario (SDSJoductiorhas notbeengrowing fast enough to
meet thistarget, however Increasing output threefold requires sustained average annual
production growth of 10% througb 2030whereasonly 3% annual growth is forecast over the
next five yearsin the SDS, lie biggest acceleration of biofuel demasa@nticipated to occun

China, India and Latin America, with biofuel production expected to growach ofthese
countries over the next five years. In countries where transport biofuels industries are aean earl
stage, such as Mexico and South Africa, market developsiaisb needed to keep on track with

the SDS.In addition, the SDS requires a significant technolsigft from conventional biofuels
towardslower carboradvanced biofuel#As shown inFigure1-7, by 2020,with the plants under
construction,production of advanced biofuelgan reach 1.4Mtoe (2 billion litres), which
represents just 1.3% of forecast conventional biofuels production on a wtubsesis. After

2020, greatlyaccelerated commercialisation of advanced biofuels will be required to ensure they
are able to suppls substantial share of all transport biofuels by 2088, 2018)

8 https://www.iea.org/newsroom/news/2017/novembeeaapproacko-energyandsustainable
developmenthe-sugainabledevelopment.html
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Figurel-7. Current and projecteglobalproduction of advanced biofuels, 202622 (IEA, 2018)

Ensuring that a high proportion of announced advanced biofuel prgeotgproducirg on
schedulewill require an improved policy climatidat provides a varietgf measure$o promote
increagd production and uptaksich as advanced biofuels quotad. CFS frameworks as well
asfinancial derisking and financial supports for different stages of R&D and commercialization
Unlessproduction costs can be significantly reduced throteghnologylearning and scalap,
advanced biofuels will continue tme costdisadvantaged compared to conventional biofuels and
fossil fuels,thusrequiringgreatermolicy support to ensurgufficient economiwiability such that
substantial commercial expansion will occur

The promising development of fuel cells for vehicular applications, using ethanol directly or
hydrogen from ethanol reforming on board, can be the straightforward path to adopt hydrogen in
transport

The vast majority of biofuel ugemainsin road transpoytwith only minimalconsumption in the
aviation and marine sectots.the SDShy 2030 about 1% of the combined demand from aviation
and marine transport is met by biofuels. Reaching thi$ téw®nsumptiorso quickly willrequire
extremely strongolicy frameworks thaaccommodatéhe international nature of thedistinctive
transportsectors as welstechnicalfuel specificatiorrequirementgor use in planesr ships.

It is clear thatmassive plicy innovation is needed for transport biofuels to meet SDS goals.
Technologyneutral policies that specify reductions in fuel Hifgcle carbon intensity, such as

Cal i f bGF8d md sGer many 6s cl i mat e pr otsdhattoffeotie gu ot &
highest decarbonisation relative to cost. Thgpes ofpoliciesareproving effectivefor reducing

greenhouse gas (GHG) emissions from biof(i&s, 2018)
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The rest of this report focuses the production and use of biofuels and the role of polingasg
used to promotdevelopment of biofuels marlksh 15 countries. These countries include g
countries(plus the European Commissiahptweremembers ofEA BioenergyTask 39in the
2016-2018 trienniumas well aChinaand Indiavhi ch are two of the worl d
aspiring to increase their production and use of biofi¢sindividual chapters for each country
reported on also summariather measures being takenthgs countriego develop or stimulate
their respective biofuels industries, including fiscal incentives and invesrnrenesearch,
development and commercializati?dWhere appropriatehe reporalsoupdates the current status
of biofuel sustainability aessments and related fastorfluencingpolicy developmentThe inal
chapter ofthe reportexamineshbiofuels policiesbeing usedn thesedifferent countriesandthe
extent to whichtheyhave been effective.
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2. Australia

Steve Rogers, Australia Task 39 National Lead, Licella

Summary Box

il
il
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There is nanational renewable fuels targ#tjs is left to the states.

So far only two states havgofuelsmandatesQueensland and New South Wales (NSV
The hofuels mandatgin Queenslanare0.5% biodiesel and 4% ethapahd in NSWhey
are5% biodiesel and 6% ethan@blume basis)

The Producer Grant Scheme to reduce fuel excise for ethanol and biedisselvised ir
2016 For biodieselgxcise incremestyear on year until thé reaches 50% of the foss
dieselexcise Ethanol excise is capped at a lower priativeto biodiesel due to its lowe
energy content.

Production of ethanol is relatively stable. In contrast, production of biodiesel hgssed|
due to high costs for feedstock such as tattowpled withlow world oil prices.

The NSWhbiofuels mandate despite being in place since 2003 ,ineffective ast is not
enforced.

Thereareno advanced biofuelmandate and there isno productiorand only limiteduse
of HVO/HEFA fuels.

The Australian Governmeptovides grants for R&D programmes in the area of renew
energy technologies, and invests in related R&D and early stage commercialisation
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2.1 Introduction

In Australia, Australian Federal Energy Policy is a political minefield and has been the downfall

of numerous party leaders and Prime Ministers over the past tef y@arig this time, Australia

has changed Prime Ministers six times and with a very challenging federal electoral term of only
three years, along with strong vested interests in fossil fuels, it has made it impossible to get any
long term federal energyopcy in place to extend the federal Renewable Energy Target (RET).
The RET was originally established in 2001 and subsequently extended in 2011 to deliver 45,000
gigawatthours of renewable electricity by 2020 as part of the Labour governments Cleay Energ
Future Package that also introduced a price on Carbon as well as established the Clean Energy
Finance Corporation and ARENA The Australian Renewable Energy Agency. The Liberal
opposition led by Tony Abbott had the reform of the Carbon Tax as a comensblicy and

foll owi ng Ab bhe tLabdus governneents Clean Energy Future Packages
dismantledin 2014; however, the CEFC and ARENA have remained despite Abbott trying to
remove t hem. The | atest at tGEGrpductidneligatiorsiofl vy t o
26% reduction on 2005 levels, linked to policy through the National Energy Guarantee (NEG) has
been dumped following the removal of the latest Prime Minister Malcolm Turnbull. Turnbull has
lost his leadership twice now oveirohte policy and has now resigned from politics.

Australiads RET t ahouwseot renewabledetectrigity Oy 2020 wikh lve anett
without any further stimulus as a result of a rapidly increasing uptake of solar by consumers due
to price fallsfor panels, high insolation rates and increasing power prices.

As the RET was a Renewali#ectricity Target and not a Renewaldergy Target, it only
accounts for ~35% of Australiads GHG ®emi ssi on
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Unadjusted emissions = Seasonally ad)justed and weather normalised

Figure2-1. Australian National GHG emissions (source: Department of the Environment and Energy)
Some of the six State and two Territory governments have made better commitments on
Renewable Energy (Electrig); however, there is no National Renewable Fuels Target with only

4 http://www.abc.net.au/news/20:08-23/climatechangepolicy-a-brief-history-of-sevenkillings/1015%616

5 http://www.environment.gov.au/system/files/resources/7b982888 4c96b5d6f03911e9a01d/filesbgiquarterlyupdatedec201 7
revised.pdf
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NSW and Queensland having any mandates. The NSW mandate is ineffectual though as the
Government grants the liable party (Fuel Distributors) exemptions due to a lack of supply.
Investors ag scared to invest in new plants due to this which results in the policy being ineffectual.
As a consequence, GHG from Transport have increased by 22% since 2005 and now account for
17% of total emissions up from 14% in 2005.

Table2-1. Renewable energy (Electricity) and biofuel mandates in Australian states and territory governments

State/ Target Target Date Net zero Current % Biodiesel Ethanol
Territory Emission Renewable Mandate Mandate
Target Energy Jeage Joage
ACT 100% 2020 2050 22
SA 50% 2050 47
VIC 40% 2025 2050 12
Queensland 50% 2030 2050 7 0.5% 4%
NSW No target 2050 17 5.0% 6%
(achieving (achieving
0.1%) * 2.5%) *
Tasmania 100% 2022 2050 92
WA No target No 7
Northern 50% 2030 No 2
Territory
National 26% 2030

https://www.fairtrading.nsw.gov.au/ __data/assets/pdf file/0005/381488/Biofuels_results_4Q_2017.pdf
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Figure2-2. Percentage change in emissions per sector from-2005 (excluding land use change)
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Sources: Australian Government — Department of the Environment and Energy, National Inventory Report 2015, Volume 1:
http://www.environment.gov.au/system/files/resources/97197ble-07b9-4e6f-a08e-0f6145e681e5/files/national-inventory-report-2015
voll.pdf; Quarterly Update of Australia’s National Greenhouse Gas Inventory, September 2017:
http://www.environment.gov.au/system/files/resources/c2a05f9f-b95b-4a0a-b10c-21b5eda91ced/files/nggi-quarterly-update-nggi-
september-2017.pdf

Figure2-3. Australian GHG emissions by sector

As shown inFigure2-4, Australia has a high reliance on diesel, gasoline and aviation fuel due to
its geography and high penetration of primary industries e.g. agriculture, mining and forestry.

Lubrication oils and
greases
Fuel Oil 1% Other
2% 1%
‘ LPG 2862.7
Automotive gasoline 18,208.50
Automotive gasoline
Aviation turbine fuel 8925.4
31%
Diesel Oil 26,517.10
Fuel Oil 978.7
Lubrication oils and greases 340.6
Other 534.60
Total 58,298.50

Source: Australian Government — Department of the Environment and Energy, Australian Petroleum Statistics Issue 257, December 2017:
https://www.energy.gov.au/sites/g/files/net3411/f/australian-petroleum-statistics-dec-2017.pdf

Figure2-4. Australia fuel sales by type, 202817

2.2 Main drivers forbiofuels policy

For the reasons outlined above regarding the challenges in getting a united position, the
Liberal/National Coalition parties shaw interest in enhancing any biofuels policy. The existing
ethanol policy was found in a 2015 report from the Federal Audit Office to be ineffectual and to
have benefited one company significantly.
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Excerpt of findi ngs reportiotmthefdderal éharliincemtive pogranme r a | 06

The Auditor-General The Ethanol Production Grants Program
ANAQO Report No.18 2014-15
Performance Audit Department of Industry and Science

Source: ANAO.

9. The EPGP has had five participants. When the program commenced, it
had two initial participants, increasing to five participants for a single year
(2008-09), then declining and remaining at three participants since. Between
2002-03 and 2013-14, one participant (Honan Holdings Pty Ltd) received
$543.4 million (70.2 per cent of all program funding).

10. At a number of key program phases, reviews of the EPGP have been
commissioned. In February 2014, an assessment by the Bureau of Resources
and Energy Economics (BREE)?, a unit within Industry, found that:

@ while the annual cost of the program had been significant, regional
employment and greenhouse gas abatement benefits had been modest;

. the health benefits that accrue from reduced air pollution are also
modest and declining;

° there would appear to be no net benefit for agricultural producers;

. while the program supported an additional lower priced fuel product,
the benefits to motorists were less than they should have been; and

° there was no evidence that provision of support for the Australian
ethanol industry provided downward pressure on petrol prices.

2.3 Biofuels policy
2.3.1 Biofuelsobligations

As outlined above, biofuels are currently not included in any National Renewables Policy and
whilst there is a federal biofuels incentive scheme, there isdwrdl biofuels policy and this is

left to the States. So far, only two states have mandatksgling Queensland and New South
Wales (NSW) but unfortunately the NSW mandate despite being in place since 2007 is ineffective
as the mandate is not enforcectda lack of supply.
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Queensland:

- Ethanol: 3% to 4% from 1 July 2018
- Biodiesel: 0.5%
New South Wales:

- Ethanol: 6%
* Use 2.5% i.e. mandate not enforced
- Bio-Diesel: 5%

* Use 0.1% i.e. mandate not enforced

Figure2-5. State biofuel mandates in Australia

The Queensland mandate was introduced in Jan 28l1part of QueenslaéslBio-Futures
Packag®which is a very positive initiative that has garnered widespread infemesinternational
countries interested in the enormous potential f@@meenslanddiomass resource¥he launch

of the mandatevas accompanied bysaiccessfuadvertising campaign explaining the benefits of
using ethanol. There was also an App developed allowing drivers to check their car to determine
if ethanol could be used safely.

There has recently been a significant change in direction of the Bioerfeugtralia
(https://www.bioenergyaustralia.org.au/hoirtkvat previously acted as an information exchange
network as opposed to a lobbying organisation. This change has resulted in relocation of the
associations office to Canberra (Australiads
development of policy and subsequent lobbying of State and Federal governenishn
Hewsonformer leader of the Federdliberal party and strong advocatfor Bioproductshas

recently been appointed Chaithis is aother very positive development.

Australia has natural advantages in producing bioenergy including expertise in agricultural
science, an established agricultural economy and an abundarataral resources. With the right
policies, Australia has enormous potential to significantly increase supply and demand of biofuels,
even in a scenario with significant electrification of transport and mining demand.

Aviation, marine and heavy vehiclaave few or no alternatives to using liquid fuel. The largest
increase in liquid fuel demand in Australia over the long term is expected to be in aviation fuel

6 https://www.statedevelopment.qgld.gov.au/industeyelopment/biofutures.html
" https://www.bioenergyaustralia.org.au/news/15878/
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Figure2-6. Energy supply projectionsion-electricity (Source: ClimateWorks Australia, Office of Chief Economist,
Biofuels Association of Australia)

In the above 2040 scenario by ClimateWorks Austratizanced/dropn biofuels make up an
increasing share of biofuels supply as they become oomteompetitive, since they face fewer
barriers to entry such as the need for engine modifications at high biofuel blend rates. ARENA
anticipates that advanced/drpbiofuels will have a substantially larger share in the longer term

of the Australian mfuels market than ethanol and earlier generation biodiesel.

2.3.2 Excise duty reductions

The producer Grant Scheme whereby the producer of ethanol or biodiesel was provided with a
grant equivalent to the excise cost was stopped in June 2015 with excisecheivgad on these

two commodities but with excise incrementing year on year until the biodiesel reaches 50% of the
fossil diesel price. Ethanol excise increased earlier however is capped at a lower price to biodiesel
due to its lower energy content. Sadly,the excise adjustments, no provision was made for
renewable diesel (which was in the earlier scheme) as it was deemed not required as none was
being produced at commercial scadBoenergy Australia is currently working to try ahdve
renewable dieselgain included in excise benedit
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Fuel Excise changes
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Figure2-7. Fuel excise changes (assumed 2.5% CPI indexation)

Despite the obvious opportunities for the agricultural sector, there is greater concern in the farming
community about preserving the existing full excise relief received by farmers on fossil diesel.
The change to recent policy whereby ethanol now pays an excise perversely resulfsiétsbio
costing more than fossil if prices were at parity.

2.3.3 Fiscallncentives
Not available
2.3.4 Investment subsidies

Queensland is by far the most prominent state in terms of promoting the use of Biofuels and
launched its Bid ut ur e s program in 2016 that ai ms t
https://www.statedevelopment.qld.gov.au/industeyelopment/biofutures.htmi Various
Queensland State programs are in place to help support this.

2.3.5 Other measures stimulatithgofuelsimplementation

R&D: Australia has a very positive R&D arrangement were companies with a turnover of less than
$20 million per annum are able to get a rebate of 43.5% on R&D expenses
https://www.ato.gov.au/Business/Reseaacitdevelopmentax-incentive/

The Australian Renewable Energy Agency (ARENA) was established in 2011 to improve the
competitiveness of renewable energy technologies and to increase the supply of renewable energy.
It provides grants for R&D programmes in the area of renewable enelhmptegies, and invests

in related R&D and early stage commercialisation. It has invested in and continues to support the
Australian Bioenergy sector by means offanding grantshttps://arena.gov.au/about/what
renewablesnergy/bioenergy/
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The Clean Energy Finance Corporation (CEFC) is a A$10Bn fund designed to facilitate and
increase flows of finance into the clean energy sector. It commissioned a report that outlines the
status of the industnyhttps://www.cefc.com.au/media/107567 Adestraliarbioenergyand
energyfrom-wastemarketcefcmarketreport.pdf The CEFC is also a A$100m cornerstone
investor in a A$200m bioenergy fund that is run by a specialist investment organisation
Foresight Group who has invested in multiple Bioenergy projects in the UK
http://www.foresightgroup.eu/institutional/cbusiness/infrastructure/austrakbimenergyfund-

abf/

Despite all the above incentives and funding opportunities, biofuels develogniecommercial
deployment faces a number of significant barriers including:

1 lack of consistent policy causing gpolitical risk

T Australia is a high cost economy impacting the cost of feedstocks, including aggregation and
feedstock having alternative, higr value uses

1 lack of fuel distribution infrastructure, and conflict with the business models of existing oll
companies

T inadequate or lack of bigefining capacity in Australia to produce refined, diofiofuels
suitable for end users

7 low levels of consmer/investor knowledge and acceptance

1 fragmented biofuels supply chain

ARENAGS i nvest ment i n biofuels demonstration
development, has the potential to address these barriers and improve the competitiveness and
suppl of biofuels in the long term, as well as helping Australia capitalise on its natural advantages

in producing biofuels.

2.4 Promotion of advanced biofuels

Currently, thereare no specific policies promotinthe sale ofadvanced biofuels and there is
limited production of advanced biofuels in Australia. Howedespitethis Australiahas been one
of the worlds leaders idevelopment oAdvanced Biofueldechnologes due tothe significant
R&D tax credit outlined above and support fré&\RENAS.

As aconsequencéiustralia is home to the worlds largd$ydro Thermal Liquefaction (HTL)
pilotplantat Li cel | a & s in8I8Whdhissishope of tlaree pilotiplangs the site and
is capable of processing 10,0@8pa of feedstock slurlwork at this site has enabled the
development of the companitgo commercial projects Canada and the UK

8 https://arena.gov.au/projects/?projeatuestart=0&projectvalue
end=500000000&technology=bioenergy

? https://www.licella.com.au/facilities/

1 %https://www.licella.com.au/projects/
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A domestic waste lube oil refiner Southern’Gig looking to leverage itsfining capability at its
2 facilities in Wagga Wagga and Gladste@mel has announceélans for a 200 MIAdvanced

Biofuels plantat its Gladstone facility in Queensland/ork on HTL treatment of Algae and
Biosolids has also been undertakgnMuradet %at their Wyalla facility in South Australia

Cellulosic Ethanoblevelopment is also being assistedARBENA through its support of Ethtec
who dm to construct a $30 million purpose built pi#stale facility in the Hunter Valley iNSW. The
facility is targetinga range of noiiood waste plant matténcluding sugarcae bagasse, forestry residues
and cotton gin trash known as lignocellulosic biomass.

Curtin University has also received support for their work on Gasification and Pyrofysis
Mallee! ¥Work on GasificatiorR&D projects have been conducted on the production of advanced
biofuels from algae and lignocellulosic biomass.

2.5 Market development and policy effectiveness

Biofuel production is estimated to be unchanged from 2017, but is significantly below 2014 when
it peaked at 400 ML and consumption approached 800 ML, including biofuel imports. Production
of ethanol is relatively stable and is supported by a 6% mandate in NSW, while a 3% mandate in
Queensland took force in 20(@SDA GAIN, 2018.

The ethanol industryni Australia has three established producers in NSW and Queensland, with
an installed production capacity of 440 million liters (ML). The largest ethanol producer in NSW
uses wheat starch and has the capacity to manufacture around 300 million litersnof. etha
Queensland has two ethanol plants, one operated by United Petroleum at Dalby and a smaller
facility operated by Wilmar at Sarina. The Dalby biorefinery is located in the sorghum growing
region in the Darling Downs and normally buys around 200,000 Mdrghum grain a year from

local growers, which can produce 80 million liters of fgedhde ethanol. At full capacity, the

bi orefinery also produces 830,000 MT of we t
supplements, mainly in the dairy andtafeedlot industries. In mi@017, the Dalby ethanol
biorefinery announced a US$20 million investment to boost production capacity by 24 million
litres to 100 million liters a year. The Sarina biorefinery produces fuel ethanol from sugar. It has
the capaity to manufacture around 60 million liters of ethanol annually. Imports of ethanol from

all sources appear to be uncompetitive with standard fuels under the current excise tax regime.

! thttp://www.sor.com.au/

! ?http://www.sor.com.au/northemil-advanceebiofuelspilot-plant

! *https://arena.gov.au/projects/advanemgrinemicroalgaebiofuetto-commercialisation/
! “https://arena.gov.au/projects/advandesimassgasificationtechnology/
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Ethanol Plants in Australia
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Figure2-8. Ethanolproducers plants in Australia

By contrast, production of biodiesel has collapsed due to high costs for feedstock (such as tallow)
and low world oil prices. A surge in biodiesel imports occurred in A®, duilding up stocks and
keeping consumption highénan it would have been otherwise before the excise rebate scheme
closed partly due to higher crude oil prices, which fell from-g0d4. Imports of biodiesel from

all sources are subject to the full excise and appear to be uncompetitive with stanskrd die
imports(USDA GAIN, 2018§.

These developments reduced the scale of the biodiesel market and the B2 mandate in NSW and
related tax relief was insufficient to prevent firms leaving the industry. The largest biodiesel
producer, Australian Renewable FaIGARF), closed in early 2016 although production capacity
remains. Exports of tallow to Singapore for the manufacture of renewable diesel have increased
significantly in recent years, reflecting reduced demand from biofuel refineries in Australia.
Europeis the main destination for exports of Australian canola for use in the production of biofuels
(USDA GAIN, 2018.

Bio-Dieselproduction in Australig ®

Australian biodiesel industry has seen dramatic reduction in production and capacity since 2015.
Demandfor biodiesel and hydrogenated vegetable oil (HVO)/renewable diesel in Australia has
fallen from 440 ML in 201415 to less than 15 ML in 2017, a 96% reduction.
Domesticproductionof biodiesehasfallenfrom 72ML in 2014 15to aroundl5 ML in 2017

(a 79% reduction)

Since 2006¢espite installed biodiesel/HVO plant capacity reaching 550 ML in 2008 (nine large
plants), Australia's production of biodiesel never exceeded circa §aML

In 2014 there were nine installed biodiesel plants, with &defsacity of 376 ML pa installed
capacityis currently ~111 ML pa.

! *http://www.eccoaustralia.com/biofuels.html
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EcotechBiodieselappeargo be theonly commerciaBiodieseloperatorin the Australian market
~5ML p.a. against their installed capacity of 30ML p.a. Ecotech are hopeful that as a result of the
Queensland mandate this will increase to close to their capacity.

The only other plant in production, originally operatedBigdiesel Industries Australia, is
estimated to be producing ~2ML p.a. mainly for the use of the UCO trucks operated by its new
parentScanline This plant has been in production since 2003 with capecgyoduce 20

million litres per annum from Used Cooking Oils and is located in Maitland NSW, BIA.

AustralianRenewabld-uelsformerly thelargest Biodiesel company Australiawentinto
administrationn January?2016,with the Barnawarthglantbengsoldto Thorney

Technologiesn early 2017. It is believed that this plant is intended to be restarted with the
product being exported to the UBhere are two other small facilities producing small
volumes of Biodiesel itchuca in Victoria and Hendsonin WA.

In July 2015, Federal Government policy introducing full diesel excise on imports of
biodiesel/HVOresultedn importscrashingrom 345ML in 2014 15to zeroin 2016. In 2014
15 about 92 ML of biodiesel was imported and sold into the Austradaket. In
20174mports of biodiesel were virtually zeron 201415 about 253 ML of renewable
diesel/HVO was imported and sold into Australizero in2017.

Increased overseas demand of Australian feedstocks has placed upward price pressure on
biodieséfeedstock prices and some producers were priced out of the market. For example,
tallow and used cooking oil (UCO) were (and still are) in high demand by Neste, Singapore, to
supplybiodiesel into the USA market
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The main biofuel retailers in AustraliaeaBP, Shell and Caltex. BP has contracts in place for 55
million litres per year of ethanol. BP has >100 retail outlets for biofuels blends. Shell has about 10
outlets in each of Melbourne, Sydney and Brisbane selling E10 blends. Caltex has E10 outlets in
NSW and Queensland but the number is uncertain. Caltex also sells a range of biodiesel blends to
contract customers (B5 to B20).

2.6 Sources

Departmenbf the Environment and Energy, 2018.
http://www.environment.gov.au/system/files/resources/7b9829b6-4c96-b5d6
f03911e9a01d/files/nggjuarterlyupdatedec201 ~revised. pdf

ABC, 2018. Australia's recent climate change policy: A brief history of seven killings.
http://www.abc.net.au/news/2008-23/climatechangepolicy-a-brief-history-of-seven
killings/10152616

Australian Government, 2017.
https://www.fairtrading.nsw.gov.au/__data/assets/pdf_file/0005/381488/Biofuels_results_4Q 2017.pdf
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https://www.fairtrading.nsw.gov.au/__data/assets/pdf_file/0005/381488/Biofuels_results_4Q_2017.pdf

Bioenergy Australia websitéittps://www.bioenergyaustralia.org.au/home/

Australian Government, 2017. National Inventory Report 2015.
http://www.environment.gov.au/climathange/climateciencedata/greenhousgas
measurement/publications/natiofiiaentoryreport2015

Australian Government, 2018. Quarterly Update of AusteaNational Greenhouse Gas Inventory:
December 2017.

http://www.environment.gov.au/system/filestvasces/7b9824189cc4c96b5d6
f03911e9a01d/files/nggjuarterlyupdatedec201 #revised.pdf

Australian Renewable Energy Agency
https://arena.gov.au/about/wkisirenewableeneqgy/bioenergy/

Australian Government, Australian Taxation Office
https://www.ato.gov.au/Business/Reseaadd-developmentax-incentive/

IEA Bioenergy Task 42, 201%ountry reportAustralia.
https://www.ieabioenergy.task4diorefineries.com/upload _mm/9/f/9/c856238k1£413f-af61-
db58bdad4d511 Australia%20Country%20Report%20IEA%20Bioenergy%20Task42%20150617.pdf

Queensland Government, Department of State Development, Manufacturing, Infuastamct Planning
https://www.statedevelopment.qld.gov.au/industeyelopment/biofutures.html

Queensland Government, Department of State Development, Manufggctofiastructure and Planning,
Biofutures
https://www.statedevelopment.gld.gov.au/industeyelopment/biofutures.html

http://www.abc.net.au/news/2008-23/climatechangepolicy-a-brief-history-of-seven
killings/10152616

http://www.environment.gov.au/system/files/resources/7b98280c84c96b5d6
f03911e9a01d/files/ngaiuarterlyupdatedec201 “revised. of

https://www.fairtrading.nsw.gov.au/__data/assets/pdf file/0005/381488/Biofuels_results 4Q 20
17.pdf

https://www.bioenergyaustralia.org.au/home/

USDA Global Agricultural Information Network (USDA GAIN), 2018. Australia Biofuels
Annual.
https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=Biofuels%
20Annual Canberra Australia -732018.pdf
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3. Austria

DinaBacovsky, BIOENERGY 2020+ GmbH

Summary Box

1

The bofuel volume obligation includeat least 3.4% ethanol and 6.3% biodieselan
energy contenbasesThe carbon intensity or emissions of biofuels aseaurrently taker
into account.

Aims to achieve a minimum overall biofuel share in transport aieB.45% (by energy
contenj by October 2020

The market share of biofuels consumed in road transpd016was 7.1% by energ
content Of thesebiofuels 80% were lodiesel, 9% ethanol, 1% ETB&d 10% HVO(by
energy content)

To promote the production and consumption of advanced biofuels, the revise(REEL
II) targetswill be implemented (0.2% target by 2022). Theme no specific policies
promoting aviation biofuels

Tax concessionsare granted for fuels with a biofuel share of at least 4(d9oenergy
content) However, to beligible, the fuel must also be sulphiree (less than 10 mg sulph
per kg of fuel).Since January 2000he use ofneat orpure biofuels as fuslhas beer
exempted from mineral oil tax.

The government is fundingdvanced biofuelR&D projects dealing with a wide range
topics and types of advanced biofuels
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3.1 Introduction

Renewable energy accounts for about-bnei r d of Austriabs tot al proi
it in the form of biofuels, combustible waste, and hydropower. Asttwoi r ds of t he ¢
electricity is generateétom hydro-electric power, around 37% &u st ri ads energy
produced domestically.

Mioe

3 Heat

Net import Transformation and other losses

o Electricity
25 Commercial Other renewable
Biofuels and waste
2 Transport
Nuclear
15
— W Natural Gas
0 il
5 Industry u Coal
_ .
0
Production TPES TFC* (byfuel) TFC* (by sector) *Demand data are for 2015

TPES: Total primary energy supply; TFC: Total final consumption.
Figure 3-1. Energy supply and demand in Austria, 2016. Total primary energy suppl83\&s

million tonnes of oil equivaler(Mtoe), 33% renewables (IEA average 10%) (IEA, 2017)

Austriads national Renewabl e Action Plan hope
that the energy used nationally in 2020 will be the same as in 200%,100 PJ. This will mean

that energy use in various economic sectors will have to be drastically reduced, including:

1 -22% in the traffic sector

1 -12% heating and cooling

1 -6% in electricity

The country plans to increase renewable energy productior8ff8RJ in 2011 to 388 PJ in 2020.

In other words, 34% of energy consumed in 2020 is to be renewable. The projected renewable
energy share in 2020 will be:

1 51% Bioenergy

1 41.2% Hydropower

1 4.5% Wind

1 0.5% Photovoltaic

3.2 Main drivers for biofuels policy
The main driver for biofuels production in Austria is EU legislation for the promotion of renewable

energy. The rationale behind the EU legislation is a combination of concerns regarding energy
supply security, the need for climate change mitigation, bhedvish for rural development and
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job creation. While rural development and job creation were the main drivers in the beginning, the
importance of climate change mitigation has increased and is reflected by ongoing discussions on
the greenhouse gas emissieductionbenefits ofusingbiofuels.

The EU has established a legal framework concerning transport fuels. These include the
Renewable Energy Directive (RED) 2009/28/EC on the promotion and use of energy from
renewable sources and the Fuel Quality Directive (FQD) 2009/30/EC. The RED hgoakbtta

20% final energy consumption from renewable sources by 2020, and a speethcgailof 10%

share of renewable energy in the transportation sector by 2020; the FQD requires a minimum 6%
reduction in GHGs per energy unit of transport fuel by 20Rte 20% renewable energy
consumption has to be metthyee EU as a whole and member states agreed to burden skacimg
thatAustria has to reach 34%.

Both directives include sustainability criteria for biofuels, requiring at least 35% savings in GHG
emissions as compared to fossil fuels by 2013. This requirement increases to at least 50% by 2017,
and 60% by 2018 for biofuels produced by new facilities. These EU Directives are binding for all
member states and need to be implemented into the respeatioveahlaws.

Post 2020 targets for renewable energy are a minimum of 27% of final energy consumption in the
EU as a whole by 2030. Recently, the revision of the Renewable Energy Directive has been
completed, and new stihrgets for the transport sect@ave been defined. The overall goal is to
reach 14% renewable energy in the transport sector by 2030; advanced biofuels may be double
counted forreachingthis target, and renewable electricitgedin vehicles may be quadruple
counted. Advanced biofuelsa@hid contribute a minimum share of 0.2 %baffuelsby 2022, 1%

by 2025, and 3.5 % by 2030. The contribution of conventibiwdiielsis capped at 7% or lower,
depending on the level of current consumption in the respective member state.

3.3 Biofuels policy

The main legislations that impa&tu s t biafual®isdustry include:

EU Renewable Energy Directive (RED) 2009/28/EC

EU Fuel Quality Directive (FQD) 2009/30/EC

Fuel Ordinancé Anderung der Kraftstoffverordnung 2012 (i.d.F. BGBI. Il Nr. 259/2014)

Sustainability Ordinancié Nachhaltigkeitsverordnung BMF (BGBI. 1l Nr. 157/2014)

Ordinance on Agricultural Feedstocks for Biofuelsandwirtschaftliche Ausgangsstoffe fir

Biokraftstoffe und flissige Biobrennstoffe (i.d.F. BGBI. || 250/210)

1 Mineral Oil TaxLaw - Mineral6lsteuergesetz 1995 (BGBI. | Nr. 630/1994, geandert durch
das Bundesgesetz BGBI. | Nr. 151/2009) in der Fassung BGBI. | Nr. 118/2015

1 Ethanol Blending Order ethanolgemischverordnung (BGBI. 1l Nr. 378/2005) and its
revision Bioethanolgemisclkvordnung (BGBI. Il Nr. 260/2007)

=A =4 =4 =4 4

For the Clean Fuel Standard, EU regulations apply:
1 Regulation on Emissions at Type Approval, Reg No. 715/2007
1 Regulation on Emission Performance of Cars, Reg. No 443/2009; Reg. No 333/2014

In order to enter the market and/or earn incentives, the fuel specification has to match the existing
standards for Diesel or Otto fuetfie company producing or importing the fuel has to register
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with elNa; in addition, the production chain has to comyti the sustainability criteria, and this
has to be certified

Thereareno marketbased mechanisms such as carborataemissions trading (capndtrade).

To promote the production and consumption of advanced biofuels, the targets mentioned in the
revised RED will be implemented (0.2% target by 2022). Thsrro specific policies promoting
aviation biofuels in the country

3.3.1 Biofuelsobligations

In November 2004, the EU Biofuel Directive 2003/30/EC was transposed into Austrian national
law with an amendment to the Fuel Ordinance of 1999. This amendment stipulates that all
companies putting fuels on the market (e@MV andthe Austrian mineral oil company) must,
from October 2005, replace 2.5% of the total energy quantity by biofuels. From 2007, this
percentage was increased to 4.3%, and in RQ@s raised t6.75%, as stipulated in the Directive.

The EU Renewable Engrdirective (RED) 2009/28/EC and the Fuel Quality Directive (FQD)
2009/30/EC were transposed into Austrian national law by again amending the Fuel Ordinance in
2009, 2012, 2014 and 2018. The Fuel Ordinance stipulates:

T From 2010, 5.75% (by energy content) of all Otto and Diesel fuels should be biofuels or
other renewable fuels.

1 The greenhouse gas emissions of all fuels supplied to the transport sector have to be reduced
by 6% bytheend ofDecember 2020.

1 Fuels can onlpe counted towards these targets if they fulfill the sustainability criteria (same
thresholds and requirements as in RED and FQD). Any feedstock produced in Austria must
comply with EU regulations. Imported feedsteck biofuels must be certified by aneth
Member State or a voluntary scheme approved by the EC or Austrian control bodies.

Mandates or biofuel volume obligati®mclude:
T At least 3.4% of ethanol to be added to gasoline
1 At least 6.3% of biodiesel to be added to diesel

The carbon intensityraemissions of biofuels arehcurrently taken into account.

Prior to the most recent devel opment s, t he
specifications for motor fuels as well as substitution regulations for biofuels primarily with regard

to environmentaperformancespects. As of December 2012, biodiesas specifically defined

as FAME (fatty acid methyl ester). FAME can be used as a blending component up to an amount
of 7% (y volume) of the total diesel fuel. TH#odiesel has to be produced exclusively from
vegetable oils.

A

Austri ads ssessments ateabhsed on RED aad EU frameworks. The new EU RED
and FQD directives are challenging. Ongoingdirect Land Use ChangdL{UC) and overall
sustainability concerns are leading to aedephasis of conventional and advanced biofuels.
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RED and FQDbiofuel sustainability criteria are being implemented into Austrian law by two
separate ordinances. The cultivation of feedstock is regulated by an ordinance on agricultural
feedstockfor biofuels and bioliquids, while the fuel mandate that came inte farg011 govers

the certification of commercialized biofuels. Double counting of GHG savings made by biofuels
produced from wastes, residues, +ioad cellulosic material and lignocellulosic material will be
assessed on a casgcase basis.

3.3.2 Excise dutyreductions

In 1999, an amendment of the Austrian tax law stipulated there would be no tax on biodiesel and

et hanol to a certain | imit. The AAustrian Dec
7% biodiesel with fossil diesel. Blends more thanif%asoline were taxeat thefull amount.

Also, if the biodiesel is produced in smaltale plants and it is exclusively usbyg farms
themselves, it is free of mineral oil tax.

Together with the amendment to the Fuels Ordinance in 2004, the Minedakt ®ds been revised
(Mineral Oil Tax Law, BGBI. | Nr 180/2004). Accordingly, tax concessions are now granted for
fuels with a biofuel share of at least 4.48% energy contentHowever, to be able to benefit from
thesetax concessions, the fuel mustalse sulphuiffree (less than 10 mg sulphur per kg of fuel).

The use of pure biofuels as fuel has been exempted from mineral oil tax since January 2000. The
Bioethanol Blending Order that entered into farc®ctober 2007 allows refunding of the mineral

oil duty for E75 blends.

3.3.3 Fiscal incentives
Not available.
3.3.4 Investment subsidies

1 For the biofuel consumer (e,geduced license fees, tax craeddr purchase of flexuel
vehicles or natur al gas vehicles, vehicle). ): The
for municipalities and companies when buying alternative fuel vehicles.

1 There is funding available for the construction of desttionfacilities for the production
of renewable energy

T There is funding avail abl16mifiooundeRtbesNevar c h and
Energies 2020 R&D program

3.3.5 Other measures used to stimulate the production and use of biofuels

National funding is provided through the Austrian Research Promotion Agency FFG. Owners and
providers of funds for the research prograares the Austrian Ministry for Transport, Innovation
and Technology (bmvit) and the Federal Ministry of Science, Research and Economy (bmwfw).

National R&D funding programs include instruments that are open to all fields of research (to fund

fundamentatesearch, applied research and buitdof research infrastructure) and thematic calls
(such as the New Energies 2020 program and the IEA Research Cooperation).
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EU funding is available through t&rizon 2020 program

The ERA-NET schemeprovides a platform to coordinate research funding programs between
several EU member states. Transnational projects are created and each partner is funded through
national funds.

3.4 Promotion of advanced biofuels

The Austrian government is fundiagvariey of R&D projects on advanced biofuelad has also
developed several advanced biofuels pilot or demonstration plants although only one is currently
operational (Table-8) . The funded R&D projects are dealing with a wide range of different topics
and types of advanced biofuels, for example biomass gasification and synthesisdiesgll
mixed alcohols, conversion of algal biomass, lignocellulosic biogas and lignocellulosic ethanol.
Major research projecpanning a range of Technology Readiness LeV&4$) include:

1 Vienna/ Gussing Gasifier BIOENERGY 2020+ plans to instaldualtfluidised bed
gasifierreactorfor performinghigh-temperature gasificatiaio produe synthesis gas (CO,

H>), followed by downstream processinga@ducegas®us liquid and chemicaproducts

(e.g, by methanation, Fischéefropsch synthesigtd. The currenfTRL is 4-7. See
https://www.bioenergy2020.eu/content/rhpetence _areas/biomass_gasification/gasapplic
ationsfor details.

1 bioCRACK + bioBOOST: BDI is further developing its technologies for pyrolysis of solid
biomass and subsequignipgradinghis pyrolysis oilin the Fluid Catalytic Cracking (FCC)
units within petroleunmefineries The currenTRL is 6.Seehttps://www.bd#
bioenergy.com/eindi_biolife_science396.htmlfor details.

1 Winddiesel: Repotec, Gussing Energy Teclogies and Vienna University of Technology are
jointly investigating poweto-liquids technology. Hydrogen, derived from electrolyssng
renewable electricity, is added to syngasduced byiomass gasification and then converted
to FT-liquids. The curentTRL is 6-7. Seewww.winddiesel.afor details.

1 Heat-to-Fuel: This is an Elfunded project. Three Austrian entities (BIOENERGY 2020+,
Gussing Energy Technologies and Vienna University of Technology) and 11paitieers
from another six European countries cooperate to upgrade alternative, residual biomass
feedstocks and convert excess heat to liquid fuels in a combined gasification,-Fregseh
and Aqueous Phase Reforming plarte currenfTRL is 3-6. Seehttp://www.heattofuel.eu
for more details.

1 TORERO: This is an Efunded project imolving 5 partners including the Austrian research
organisation and Joanneum Research. Torero will demonstrate a technology concept fo
producing ethanol from a wood waste feedstock, fully integrated in adaede, industrially
functional steel mill: 1) Wood waste is convertediticoab by torrefaction 2) this biocoal
replaces fossil powdered cdal fuel a steel mill blast furnag 3) carbon monoxide in blast
furnace exhaugfagesis microbially fermented to ethan&8eehttp://www.torero.edor details.
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1 CO2-free logistics Starting in May 2018, DBSchenker, Fronius, HyCentA, and
Energieinstitit Linz will jointly work to demonstrate the production of hydrogen through a
high pressure PEM electrolyzer and the utilization of this hydrogen in fugi@sired fork
lift trucks. The currenTRL is 8.

1 Reformer Steam Iron Cycle OMV, AVL and Universiy of Technology Graz are jointly
developing a process for the decentralized production of renewable hydrogen via reforming of
biobased feedstocks in combination with chemical looping of iron based oxygen carriers. The
underlying process is called the Refar Steam Iron Cycle (RESC), which has been patented
recently by the research grodghe currenfTRL is 3.

1 OSCYME: AEE Intec is investigating a new reactor concept for carrying out enzymatic
hydrolysis of lignocellulosic feedstocks. The goal of this project is to develop a continuous
enzymatic hydrolysis process usingnavel plug-flow reactorthat substantidy improves
conversion rates and redisenzyme additiomequirementsThis newly developed reactarill
be the basis fomaimprovedhydrolysisproces®ventually applicable in the biobased indiestr
to save eargy, resources and timgee
http://www.aeeintec.at/index.php?seitenName=projekteDetail&projekteld=212&landsen
more details.

3.5 Market development and policy effectiveness

Austria has targets mandating the blending of biofuels, introduc&Gi8). [ Nr. 398/2012 In

2015, the overall biofuels target was a minimum 5.75%6ulei in transport fuellly energy
content) see Table-3. In addition, there were separate targeysefiergy content) of at least 3.4%
biofuel in petrol and at least 6.3% biofuel in diesel. Austria aims to achieve a minimum overall
biofuel share of 8.4% in transport fuebased orenergy content by October 2020. A fuel supplier
that fails to fulfil thar quota obligationsnustpay an administrative penalty as established in the
Krarfahrgesetz 1967, Fassung vom 04.05.20I/e growth and stabilization of installed
production capacity for ethanol and biodiesel production is summanizdable 32, with
consumption trends shown in Tabl8.3
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Table3-1. Biofuel obligations/mandates (% by energy content
Year Ethanol Biodiesel Overall biofuels target
(any biofuel)

2010 3.4 6.3 5.75

2011 3.4 6.3 5.75

2012 3.4 6.3 5.75

2013 3.4 6.3 5.75

2014 3.4 6.3 5.75

2015 3.4 6.3 5.75

2016 3.4 6.3 5.75

2017 3.4 6.3 5.75

2018 | New biofuels obligations/mandates will begstablished

when REDII will be transposed into national law.

The Austrianregulation defines values as % by energy content. These values can be fulfilled by
adding 5% by volume of ethanol to gasoline and 7% by volume of biodiesel to diesel.

Table3-2. Biofuel productiori installed production capacity (ML/yegar

Year | Biodiesel Ethanol Cellulosic Biogas as Renewable diesel
(FAME) | (conventional) | ethanol | transportation fuel (from lipids)
2006 137 0 - - -
2007 270 15 - - -
2008 280 90 - - -
2009 362 177 - - -
2010 378 202 - - -
2011 348 220 - - -
2012 297 220 - - -
2013 243 226 - - -
2014 327 234 - - -
2015 381 226 - - -
2016 345 228 - - -
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Table3-3. Summary of transport fuel consumption and market shardy@ap

Year Gasoline | Diesel | Aviation | Biodiesef | Ethanol** Market share of

fuels fuel biofuels***
(% by energy content)

2006 2,677 7,353 N.A 381 -

2007 2,643 7,522 426 26

2008 2,466 7,276 454 73

2009 2,476 7,111 572 85 7.00

2010 2,447 7,440 561 105 6.58

2011 2,359 7,246 561 99 6.75

2012 2,305 7,281 561 107 6.77

2013 2,239 7,703 561 87 6.19

2014 2,183 7,581 650 100 7.68

2015 2,204 7,738 673 109 8.87

2016 2,201 8,062 561 109 7.10

* From 2006 onwards (and phasing in since 2005) almost all diesel fuels contain around 7 % by vbiodies#
*Erom 2009 onwards (and phasing in since 2007) all gasoline contains around 5 % by volume of etiiaredhplr

tertbutyl ether (BioETBE)

*** Market share of biofuels in the total transport fuel consumptiodsdtiacludes the contributions of PRBure
Plant Oil) HVO andbiomethane, and is calculated as % by energy content of all fuels used for road transport

The market share of biofuet®nsumed in road transport in Austria in 2016 was 7.1% by energy
content(Table 33). Of these, 80% wergiodiesel, 9% ethanol, 1% ETBE and 10% HVO (all by

energy content).

Table3-4. Ethanolfacilities

Company

City

Capacity (ML/year)

AGRANA Bioethanol GmbH

Pischelsdorf

246
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Table3-5. FAME biodieselfacilities

Company City Capacity (ML/year)
Biodiesel Sid GmbH Bleiburg 22
Minzer BioindustrigGmbH Wien 157
Eco Fuels Danube GmbH Krems 56
HPF Biokraft Hirtl GmbH Fehring 5
Abid Biotreibstoffe GmbH Hohenau 56
Novaol Austria GmbH Bruck an der Leitha 107
Biodiesel Karnten GmbH Arnoldstein 56
Munzer Paltental Gaishorn am See 67
Brantner Energy GmbH Krems 17
Total capacity 543

Note: There is no national HVO producer in Austria.

Table3-6. Advanced biofuel producers

Company Status Technology Production capacity
Gasification of wood chips and

Bio SNG Gussing | closed subsequent methanation for the 100,000 litersa
production of biomethane

BIOENERGY . Synthesis of FHliquids from syngas ,

2020+ operational from the gasification of wood chips 50,000 literda
fermentation of brown liquor at the

AustroCel Hallein | planned pulp mill for the production of 30 million liters (ML)/a
ethanol

Biodiesel is the main biofuel produced in Austria. Biodiesel production capacity in Austria is ~
540,000ML/yearfrom 9 production facilitiegTable 35). Production reached its peak in 2015
with nearly 381ML of biodieselproduced, with production falling to 345 ML in 2Q1botal
biodiesel consumptioim 2016was 561 ML, of which 498 ML was blended with fossil diesel, and
73 ML used directly.

In 2016, 228 MLof ethanolwas producedn Austrig lower than theamount ofbiodiesel
production.While Austriad £10 ethanol demand could beet bythe production capacity of a
single plantj.e.,the AGRANA ethanol plant in Pischelsddifable 34), plans for E10 have been
discarded and E5 remains the typical ethanol blend Pld@helsdorplant has a capacity of 240
ML of ethanol per year, whicét this level of productiors capable of displacing 1/3 of Ausibias
soy protein imports through DDGS-pooduction. Tiisp | a GHGemission reductions of 50%
have been certified by Joanneum Research.

In recent yearspure plant o areincreasinglybeing useddirectly as fues, in particular by

agricultural vehicles and road freight transport. While matiqoroduction datas not readily
availablejn 2016 it was estimated that there wg&b595 bnnes oplant oisused directly atuel.
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Biogas produced in Austria is mainly used on site for heat and power production, with an estimated
production of 308Vim® of biogas per year. Efforts asdsob ei ng made t « NiGt r odu
into the transport fuel market, but the number of GM& capablevehicles must still be increased.

3.6 Sources

Horizon 2020 Program
https://ec.europa.eu/programmes/horizon2020/

European Research Area
https://ec.europa.eu/info/reseahcdinnovation/strategy/era_en

Bioenergy 2020+, Gas applications
https://www.bioenergy2020.eu/content/en/gatence areas/biomass gasification/gasapplications

Heat to Fuel
https://www.heattofuel.eu/

Torero
http://www.torero.eu/

Biokraftstoff & Nachhaltigkeit
http://www.umweltbundesamt.at/elna

Bundesgesetzblatt fiir die Republik Osterreich, 3. Dezember 2012, 398. Verordnung:
Kraftstoffverordnung 2012, Austrian Fuels Ordinance 2012, (BGBI. I, Nr 398/20d&)rdnung des
Bundesministers flr Landind Forstwirtschaft, Umwelt und Wasserwirtschidder die Qualitat von
Kraftstoffen und die nachhaltige Verwendung von Biokraftstoffen (Kraftstoffverordnung 2012)
http://www.umweltbundesamt/éleadmin/site/umweltthemen/verkehr/3_kraftstoffe/elna/KVO_2012.pdf

Feder al Environment Agency, ABi okraftstoffe im Ve
in Austria in 2017, German), Robert Thaler and Heinz Bach, summary of the diia Republic of

Austria pursuant to Article 4(1) of Directive 2003/30/EC for the 2016 reporting year,
https://www.bmnt.gv.at/dam/jcr:8bb25f38bf-4921ba68588f0dbef6102/Biokraftstoffberick2017. pdf

www.ffg.at

IEA Bioenergy, 2018. Austri2018 UpdateBioenergy policies and status of implementation
https://www.ieabioenergy.com/wgpntent/uploads/2018/10/CountryReport2018_Austria_final.pdf
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https://www.ieabioenergy.com/wp-content/uploads/2018/10/CountryReport2018_Austria_final.pdf

4. Brazil

Glaucia Mendes Souza (University of Sdo Paulo and FAPESP Bioenergy Program BIOEN),
Rubens Maciel Filho (UNICAMP and FAPESP Bioenergy Program BIOEN),

Heitor Cantarella (Campinas Agronomic Center and FAPESP Bioenergy Program BIOEN),
Luiz Augusto Horta Nogueira (UNIFEI and FAPESP Bioenergy Research Program BIOEN),

Rodrigo Rodrigues (Brdian Presidency Office),

Giovani Vitoria Machado (Energy Research Office, EPE),

Rafael Barros Araujo (Energy Research Office, EPE),

Angela Oliveira da Costa (Energy Research Office, EPE),

José Mauro Ferreira Coelho (Energy Research Office, EPE),

Adriano Bonotto (Ministry of Foreign Relations, MRE),

Renato Domith Godinho (Ministry of Foreign Relations, MRE),

Ricardo Gomide (Ministry of Mines and Energy)

Carlos Henrique de Brito Cruz, UNICAMP and State of Sdo Paulo Foundation

Summary Box

f

In 2017, Brazil established new legislation for the biofuel sector, n&eadvaBio The
RenovaBigprogramwill create a regulatory framework to revitalize the biofuels sactd
fosterenergy efficiency gains in biofuels production and use. figglaw will come into
force in 2020.

RenovaBiowill provide a marketbased incentivdor higher production efficiencies ar
lower carbon biofuels production lgsung GHG emissions reduction certificates, nan
i CB i @ne CBio corresponds to a reduction of daoe of carbon dioxide equivale
(COzeg in comparison to fossil fuel emissions.

With RenovaBio, the government plans to increaseualethanol production from th
current 30 billion liters to around 50 billion liters by 202id also toincreasebiodiesel
productionfrom 4 billionlitersto 13 billion litersoverthe same period

The mandatory blend lewefor ethanol and biodiesel atarrently 27%(E27) and 10%
(B10), respectively100% hydrated ethan¢la . k . a . i h yid also marketedti
all gas stations Brazil.

There are tax incentives for biofuel producers, blenders and isgusling tax incentives
for ethanolflex fuel vehiclesandfor ethanol fuel andhere ardederal tax exemptions ar|
incentives for biodiesel production.

There are several science and technology fuhdssupportcontinued innovation ithe
production and use ¢dw carbonbiofuels.
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4.1 Introduction

In 1931, the Brazilian government implemented a compulsory blend of at least 5% anhydrous
ethanol in gasoline, aimed at reducing dependence on imported petroleum and absorbing excess
production of the sugar industry. In 1976, in response to the impattts ofl shocks during the

1970s, the Brazilian government created Pnealcoolprogram increasing the ethanol blending

level up to 25% in gasoline (E25) and also introdudiydrousethanol {E10Q , approxi mat
95% ethanol and 5% wajdor use in dedicated vehicles. The use of Ed@dicatedrehicleswas
eventuallyphased out and replaced by mandatory ethalealdingin gasoline, starting with E10.

The ethanol content in Brazilian gasolimesvaried over successive decades is curently 27%.

For over 80 years, all Brazilian cars have been using blends of ethanol and g&selinees of

the Proalcooprogram include@Nogueira, 2008)

a) Mandatng minimum levels of anhydrous ethanol in gasoline;

b) Making consumer prices for hydusethanollower than for gasoline;

c¢) Providng competitive prices for ethanol producers;

d) Developng favorablefinandng termsfor mills to increase their production capacity;

e) Redudng taxes on new cars arahnual registration fedsr vehicles epable of running on
hydrousethanol;

f) Mandatng the sale of hydousethanol at gas stations; and

g) Creaing ethanolstoragereserves to ensure supply throughout the year.

In 1985, due to the decline in oil prices and strengthening of international sugar prices, the
government reviseds ethanol policies, reducing the average financial returns to the sugarcane
industry and stimulatingreaterallocation of sugarcane to produsiggar for export. This led to a
temporary end to the expansion of the Proalcool initiative.

The second phase of expansion took place becaasassimarket opportunity. In 2003, flefuel

cars were launched and well accepted by consumersflidexas offerdrivers the option of
using gasolineqontaining20i 27% anhydrous ethanol), hyalrsethanol, or any blend of the two.
As a resultthe consumption of hydusethanol inB r a zdonheétis market made a comeback,
creating new opportunities for exmhngthe sugarcane industry in Brazil, as well as the possibility
of exporting more ethanol tmeet the demand of the international marketuging ethanol in
gasoline blends. During 2003008, the Brazilian sugarcane industry expanded rapiitlty many
new and more efficiensugarethanolmills commissioned A consolidation pase within the
industry also begaas positive indicators for the indus
demonstrated alongsidiecreasingsupport for new technology developmand transfer (Leal et
al., 2015).

In 2008, the Brazilian ethanol agroindustry started to suffer due to the increasing (aateof
competitiveness relate to gasolinecoupled withpolicies that favored the use pétroleumbased
products. As the Brlian fleet was flexfuel, ethanol demand decreaserth that by 2018thanol
production was 30% less than in 2008 (Youngs et al., 2012018,the share of ethanal the

fuel mix used by light vehicles (Otto Cyclén gasoline equivalent) reached 50.2%, the highest in
history (www.unica.com.br/noticia/6537316920342041897
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B r a zhiodigsed pogram startedn 1980 with the PROGOLEO (Plan for the Production of
Vegetable Oils for Energy Purpojastiative. A blend levelof 30% vegetable oils or derivatives

in fossil dieselvas mandated and, in the long run, a total substitution. The proposed technological
alterrative for the production of biofuels was the transesterification of vegetable oils. The main
motivation was the oil crisiand thesharp increase in the prices of fuélsausedAfter the fall in
internationalbil prices in 1986, the PROLEO program wasbandoned.

At the end of the 20century, several studies were carried out by intaristerial commissions in
partnership with universities and research cengerd in 2002 ethanolysis of vegetable oils was
chosen asthe main route to initiate aubstitution program of petroleum diesel, the
PROBIODIESELprogram As Brazil is a large ethanol producer, ethanolysis was chaséme
production route instead of methanolysis. The National ProdoainfProduction and Use of
Biodieselwascreated in 200%0 further stimulatenergy, economic and social objectivesazll

as mordeedstock productiohy small farmersThis progranevolved graduallywith soybean oil

and tallowproving to bethe most relevant feedstocks for productidhis programmandatech
substitution of B5 by 2005 and suggested that in 15 years the substitution of B20 would be
implemented. In 2018he mandatedlendinglevel for biodiesel was BO.

In 2017, Brazil established a new legislation for thefuel sector, namedRenovaBio The
RenovaBigprogram createa regulatory framework to revitalize the biofuels sector, encouraging
energy efficiency gains in biofuels production and. ise=cognizs that different biofued have

different capacities to contribute to the-clrbonization goals set tite 2F' Conference of the

Parties (COP21Yhe policy aims to meet the annual decarbonization targets set by the government

for a minimum 16year period. Biofuels productioni | | be certified throuc
(LCA) with issuance of GHG emissions reductio
acronym for ACr ®di it @ecabaizabom €reditio prodncerz that cao le

traded in the stock miget and purchased by fuel distributers. One CBio corresponds to a reduction

of one ton of carbon dioxide equivalent (CO2eq) in comparison to fossil fuel emisaidhs.
RenovaBig the government plans to increase ethanol production from the curreni@0livdrs

to around 50 billion liters by 2030 and biodiegsdductionfrom 4 billion to 13 billion litersover

the same periodrigure4-1 shows the gosrnancestructure folRenovaBio.

. Fuel market
Biofiel uE] Fuel station
o EEEE—
producers distributors
A

CBios CBios
emission acquisition

—

Figure4-1. RenovaBi@ governancestructure

CAle
QAL

National target i CNPE
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4.2 Main drivers for biofuel policy

Energy security wamitially the main driver for the implementation of biofuels in Bre&dth the
Proalcool and the Biodiesel Programs started in Brazil for economic reasons. Manttyrece
governmental programs wetpdated to betteconsider sustainability concerasd to place a
greater emphasn social and environmental aspects.

4,3 Biofuelspolicy

The dficial document drivingB r a znationalgolicy frameworltor renewable energy today is

its Nationally Determined Contribution (ND@wards achieving the objective of the United Nations
framework convention on climate change. This document, announced in Decembeugg5

the Paris Conference (COP 2fbrecastdhe Brazilian energy trengpected in futurgears and
providesbackgroundor the main energy planning document,then Year 6 s(PBH)er gy P
also known as Plan for Energy Expansion, elaborayd®ir a zEndrg§ Research AgenclgRPE)

and published every year by the Ministry of Mines and Enénggddition all policies, measures

and actions to i mplement Brazil s NDC are ca
Change (Law 12,187/2009), the Law on the Protection of Native Forests (Law 12,651/2012,
hereinafter referretb asthe Forest Code), the Law ongiNational System of Conservation Units

(Law 9,985/2000)ks well asrelated legislatiorfollowing establishegrocesses. ThBrazilian
government is committed to implement its NDC with full respect to human rights, in parttoalar

rights of vulnerable anmunities,includingindigenous populations, traditional communities and
workers inaffectedsectorsand to alsgpromot gendefresponsive measures.

As described above, in 201Brazil launched RenovaBi¢Law 13,576/201), a date policy

recognizng the strategic role of all types of biofuels in Brazienergy matrix, both for energy

security and for mitigation of reduction of greenhouse gas emissitis.new law will be
enforcedbeginningin 2020. RenovaBio povidesa marketbased incentivéddy issung GHG

emi ssions reducti on .dherptogramiis reot espected to anoiede thefi CB i«
creation of carbon taxes or any kind of subsidy to biofuels. The program should include the
creation ofCBiosissued by biofuel producers, which will be tramefd to fuel distributors at the

time of purchase. Fuel distributors will likely have mandates to acquire a certain volQB®sf

A secondary market f@Biosis likely to be created, since fuel distributors that do not have enough
certificateswill hawe to buy them to fulfiltheirannual mandates.

As a result of COP 21, Brazil committed to reduce its domestic GHG emissions to 37% by 2025
and 43% by 2030, both based on 2005 levels. With regard to energy production ahé use,
country also intends todapt further measures that are consistent with the 2&&imum
temperaturgisegoal, in particular:

1 Increase the share of sustainable bioenergy in the Brazilian energy matrix to approximately
18% by 2030, by expanding biofuel consumption, increasingnethsupply- including a
greaterproportion of advanced biofuelsellulosic ethanol in the gasoline fuel nardmore
biodiesel in the diesel mix;

Achieve an estimated 4bshare of renewables in the energy matrix by 2030;

Obtain at least a 86 share of hgropower in electricity generation by 2030, not considering
self-produced electricity;

= =4
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1 Expand the use of renewable energy sources other than hydropower in the total energy mix to
28-33% by 2030;

1 Expand the use of nefiessil energy sources domestically,easing the share of renewables
(other than hydropower) in the power supply to at lea%t Bg 2030, by increasing the share
of wind, biomass, and solar energynd &hieve 1046 efficiency gains in the electricity sector
by 2030.

1 On the biofuels use side, the frameworktlé Rota 2030 program was approved by the
Brazilian federal government in December 2018 (Brazil, 2018) to fgstaterefficiency and
safety in vehicles produced in Brazil. Specific measures have been put féowznamote
ethanol and biodiesel as solutions to meet progressively stringdmtle emissions
regulatiors. Studies show thainderBrazilian conditionsiofuels are able to provide better
GHG emissions mitigatiothanelectric vehicles (Souza et al.,1H).

43,1 Biofuels obligations

National Biofuel Policyi RenovaBioi Law 13.576/2017.

Executive Order 9.308/2018 Establishes annual mandatory targets for the reduction of
greenhouse gas emissions for commercial biofuels, effduigimning in202Q

Ethanolmandatoryblend level increaseflom 18% up to 27.5% Law 13.033/2014The arrent
mandatoryblendng levelis 27%(E27).100% ethano(hydrous ethanolis also marketed in all
gas stations in Brazil

Biodiesel mandatorilend level increasefilom 5% upto 15%- Laws 11.097/2005; 13.033/2014
and 13.263/2016Che wirrent mandatorplendng levelis 10%.

4.3.2 Excise duty reductions

There are tax incentives for biofuel producers, blenders and users including:

1 Taxincentives foethanolflex fuel vehicles: Tax incentives have played an important role in
supporting ethanol consumption since the introduction offfiek cars. Regardless of the
engine power, the tax burden as a share of the suggested retail price is usually lower for flex
fuel vehicles thanfor gasoline only poweredehicles

1 Taxincentives for ethanol fuel: Brazil has a complex tax system including several taxes at the
federal, state, and municipal level. Depending on the economic and financial strategies pursued
by policymakers, théederal government can provide incentives for gasoline and/or ethanol at
the pump. Currently, the federal government provides preferential treatment for ethanol
compared to gasoline under both its Contribution for Intervention in Economic Domain
(CIDE) andContribution to Social Integration/Contribution for Financing Social Security
(PIS/ICOFINS) programs. In additiothe governmentof several Brazilian states provide
differential treatment for ethanol by using different state taxes for circulation of gowt
services (ICMS) for ethanol and gasoline.

1 The federal government sets federal tax exemptions and incentives for biodiesel, according to
the nature of the raw material, size tbke producer and region of production, in order to
encourage the productiomf biodiesel and to promote social inclusion.

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update 42



4.3.3 Fiscal incentives

The ARegi onal Producer Subsidyo is the only
program was created decades ago to prosuggort forsugarcane producers from the nerth
northeastern states to balance their cost of production vatetti the more developed growing
areas in centesouth Brazil. Throughout the yearhe federal government has tailored this
program to the evolving reality of the sugarcane indusiryadditon to being located intates
covered by thgrogram, there are other eligibility conditions for grantthgs subsidysud as

being an independent sugane producer (not integrateddogarethanol mills),not produéng

more thartheannuallimit of 10 thousand tons by crop, and that #mount of thesulsidy cannot
behigher tharthe average price of sugarcane in the region.

In August 2017, the Braziliagovernment put a tariff in place for ethanol imports, allowing 600
million liters to enter duty e, with any volume abowdis being subject to a 20% tariff. This
followed a March 2017 request by Brazilian ethanol producers to place a tamiffboriedethanol.
Producers claim the pace of imports jeopardizes domestic ethanol prodesjpatially m
northeastern Brazil where import volumes have risen significantly due to competnesd
imported corn ethanol. The United States remains the top supplier of ethanol to Brazil.

According to the Secretariat of Foreign Trade, the import tariff agpple biodiesel (NCM
3826.00.00) is fixed at 24, and the import tariff for petroleum oils containing biodiesel up to and
including B30 (NCM 2710.20) is zero.

4.3.4 Other measures usedstmulatethe production and use of biofuels

There are several science aachnology funds such 8\DES FINEP, FAPESRE andCNPqthat
support the production and use of biofuels.

The National Bank for Social and Economic Development (BNDES) provides specific credit lines
for the sugar, ethanol, and bioenergy industries to fund investrnresisgarcane production,
expansion of indugal productioncapacity for sugar and ethanol, cogeneration, logistics, and
multimodal transportation. BNDES reports tha2016a total of & 2.02 billion was released to
finance the sugarcane/sugar/ethanol/energy cogeneration industry, @48 ilion compared

to 2015, due to financial difficulties faced by the sector.

There are alsarfancial incentives for feedstock developmant torenew crop plantinggom
BNDES:

Line 1: New varieties, especialiiyose focused oborder regiorproduction emironments; more
suitable for agricultural mechanization; andfwoducinghigher amounts of biomass
and/ortotal recoverable sugafRS) with emphasis on transgenic improvement;

Line 2: Machines and implements for planting and/or harvesting, as wetl the foollection of
straw and/or waste, with emphasis on expanding the use of precision farming techniques;

Line 3: Integrated production management, planning and control systems;

Line 4: Agile and efficient propagation techniquesseedlings and innoviae biotechnological
devices for plantingand

Line 5: Adaptation of industrial systes for energy crops compatible andzomplementary with
the agreindustrial systenfior ethanol produton from sugarcane.
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Line 6:Financial incentives for feedstodevelopment from BNDES PAISS grants

In June 2017, the Ministry of Agriculture, Livestock and Supply announced the Brazilian
Agricultural Crop and Livestock Plan for 202018. A total of$R 190.25 billion(around £S50

billion) will be released to fundgricultural and livestock programs, including Prorenova for sugar

and PASS for ethanol. This represet8% reduction over the previous crop plan. A totabBf

1.5 billion should be available to finance the Prorenova program for20i& Prorenova is

credit line to finance the renewal and/or expansion of sugarcane fields, which is intended to
prioritize the use of new sugarcane varieties. Pheor e n o v a aonua ihterést ratd isr e 6 s
comprised of the Al ong teewithpaymant due vatisint 96 manthse 6 (T
of contracting the finance.

In addition to conventional biofuels, these programs promote the production of advanced and drop
in biofuels for longdistance transport sectosuch as aviation. Producers of these biofuels can
enter the markeincetheyhave beemuthorizdas abiofuelsproducer by the National Agency of
Petroleum, Natural Gas and Biofué\P).

The financial instruments offered by P#S include: agredit inspecial financing lined) equity
participation c) norrreimbursabldéunds for cooperative projects between companiesraii&D
institutiory and d) norrefundable economic support (grants) for companies, defiepeinding on
the case (amountechnological risk, involvedhstitutions, etc). After the call for tenders and a
sequence afhorough screening steps to select the prgjdéatiustrial PAISS granted about$
625 million in financindines, leveagng investments of 8S 1.7 billion, tobe deployed between
2011 to 2014 (BNDES, 2011), while Agricultural PAIS®de availabléUS 630 million for
projectsover the period 20142018 (BNDES, 2015CGEE sobre 2G Sugarcane Bioenergy &
Biochemicals, pg 88
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Table4-1. Government investments in research and development*

Institution Biofuels and bioproducts
(Thousand dollars)
Year 2012 2013 2014 2015 2016
CNPg 446,023 | 1,096,924 | 397,354 | 194283 | 30,636

Grants and scholarships

2016: 30,195
* ]
ran tggﬁgiz’holwships 49,194 47090 | 40445 | 29617 | 2017: 44.507
2018:28,466
FINEP 0 4,215 1,781 1.447 3,149
Concessions
31,647

Demonstration plants 28,206 36,594 72,090 114,423

Low interest loans and nen
refundable funds for universitieg 30,568 41,434 94,985 18,614 71,916
and research institutes

FINEP 58,774 82,243 168,856 134,484 106,712
Total
Petrobras
CENPES 32,000 28,000 20,388 10,554 7,706
BNDES
Subsidies 288 235 102 73

TOTAL Investment in biofuels 644,765 1,336,788 | 796,134 503,524 282,034

* Source: MRE. FAPESP values are USH ald
** Source: https://bv.fapesp.br/47292

4.4 Promotion of advanced biofuels

Brazil has two commercial cellulosic ethanol plants including a n BBioftew-Isfacility in S&o
Miguel dos Campos (ALphat has amominalannual productiorapacity of 82 million liters, and
the Raizenplant in Piracicaba (SRhat has an annuahpacityof 42 million liters. In addition,
there is an experimental plant in the Canavieira Technology Center {(€P&acicaba (SPhat
hasan annuaapacity of 3 million litersThe @mmercial plants are debugging technical problems
mainly in the prereatmet and lignin filtration stageand these two plants still operate below
theirnominaldesigncapacites (GranBio, 2017; Raizen, 2018) By 2024, Raizen plans to build
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seven more cellulosic ethanol plattstps://www.raizen.com.br/pt/enerein-futuro-tecnologia
emenergiarenovavel/etanetle seqgundageracag.

For developing green jet fuel, the International Civil Aviation Organization (ICAO/UN) and major
airlines establishednemissiors reduction agreemeknhown asCORSIA (Carbon Offsetting and
Reduction Scheme for International Aviation), which sets out from 2Q@hatocarbon neutral
growthof the aviation industry (ICAO, 2018).

In addition to emission compensation instrumeartsl energy efficiency promotiofspanning
technical/aircraft systemic/operational managemaeartd airport infrastructure) CORSIA also
promotesthe use of drojin aviationbiofuels which shouldoe produced by processesttifiedby
ASTM International (American Society for Testing and Materiatsrimational (ASTM, 2016)
The Brazilian market regulatidmas beempdated to allow the use of such biofuels in aviation.

It is worth emphasizing that there are still industrial and economic challengésojet fuel
productionto becostcompetitivein Brazil andworldwide with aviationkerosene of fossil origin.

In order to deepen its knowledge in this subjBat, a zEndrgy Research Offiallaborated with

the German Agency for International CooperaiiGhzZ) on aprojectto creae a reference nutel

for usng sustainable synthetaviationfuels in Brazil. One of the main objectives of the research
was to examine the status quo of the aviation fuel value chain in Brazil and to determine the actual
market costfor distributors. The project sought &analyse the actual costs afiation fuels,
including hidden cost which couldidentify local opportunities foproducingalternative aviation

fuels based on economically viable logistics conditionss Tésearchpredictedthat synthetic
aviation fue$ will becomeeconomic competitive after 2030.

Another initiative is the trials carried owin coprocessingvegetable oilswith petroleum
feedstocksn refinery hydro-processa at a level10% by volume in twoPetrobragpetroleum
refineries (Gabriel Pass®REGAPIn Minas Gerais anREPARin Parand). Plans were made for
processing of vegetable oil in other Petrobras units inclutieigenrique Lage Refineriy Revap
(SP) thePresidente Bernardes Refinér)RPBC (SP) and the Duque de Caxias refiieReduc
(RJ). However, tis approach fohydro-processing has never been effectively implemented due to
limited economiccompetitivenes

4.5 Market development and policy effectiveness

At the end of December 2017, 382 ethanol plants were producing anhydrous angétfthnol,
according to the Product Movement Information sysi&NP Simp. The report does not
characterize whether the unit is operating ddiis and does not caiderthe exclusively sugar
producingmills. Total anhydrous antlydrous ethanoproduction capacities were 128illion
liters/day and 23nillion liters/day, respectively.

According to the Ministry of Agriculture, Livestock @frood Supply (MAPA)635.6 million tons

of sugacanewasprodu@din calendar year 2017. This amous6.26 lower than in the previous
year, when670.6 million tonswere producedin 2017, national sugar productitotalled 38.1
million tons, 2.0% lower than the previous yeaithvethanolproductionsimilarly decreased by
2.1%and totalingover 27billion liters About 57.8% of this total refers to hydrous ethanol: about
16 billion liters. In comparative terms, the production of this fuel decreased by 3.43% compared
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to 2016. Regarding the production of anhydrous ethanol, which is blended with gasolineathere w
a decrease of 0.3%yjth total production ofl1.7billion liters.

The sugarcangrocessingndustry varies the ratio of sugar and ethanol being produced from
harvest to harvest according to market factors, with production typically in a chrg@60
sugarethanol production or vice verddowever, mcesugarethanol millsadjust theifacilities to
produce apgecifiedratio of sugaethanolfor a given yedproduction seasgrthere is much less
flexibility to changethis ratioduring tre productionyear.

Total ethanol production from cograinfor 2017 is projectetb be480 million liters or 1.86 of
total projected ethanol production, and twibe level of corn ethangdroductionin 2016 (235
million liters). Currently there are four plants pradog ethanol from corn in BraziLocatedin

the states of Mato Grosso and Gajiaso are flexplants, producing ethanol from both sugarcane
and corn, and thethertwo are dedicated only to cor@orn ethanol plants are feasiblgliecorn
producing aresiof Brazil, especially ifthey can be locatedose to livestock operations because
distillers dried grairs andsolubles (DDGSs), a eproductof corn ethanol production, can be
marketed as animal feed, thus increasing the profitability of the busines®veloBr az i | 0 s
centerwest and northern corn producing areasirafarger states with lower population derest
and limited ethanol demaniigure4-2 showsthe location okthanobproduction facilities in Brazil
(December 2017).
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Figure4-2. Ethanol production facilities in Brazil as of December 2017

As of December 2017Brazil had 50 biodiesel plants with a combinedinstalled production
capacity of7.6 billion liters per yeafseeFigure 4-3). In 2017 the amount of B100 produced
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increased 18%, reaching 43 billion liters,up from 3.8 billion litersin the previous year. The
percentage of B100 compulsorily addeddassil diesel was 7.9% throughout 2017. The main raw
materiak weresoybean oil (65%) followed by tallow (12%).

Brazil importsalmost no biodieseUnderhe countryds Nati onal Bi odi
(PNPB), created in 2004 and regulated by ANP through an auction system, only domestically
produced biodiesel is eligible for the auction. Businessesvimg heavy dutyehiclefleets like

long haul trucks, buses, rail transportation and agricultural machinery are allowed to use higher
blends than thosspecifiedby current legislatiomndcould potentially import biodiesel, however

in practice they do notlo soas theprice of the imported product is not competitive with

domestically produced biodiesel.
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Figure4-3. Biodiesel production facilities in Brazil as of December 2017

Table4-2 showshow the level of mandate@thanol and biodieseblendng has variedn Brazil
since 2010and

Table4-3 showshow themandate foblendinganhydrous ethanefaried from 2006 to 2016. Note
that insome years, there are variasan the mandatduringthe year
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Table4-2. Biofuel obligations/mandates (% by volume

Year Ethanol Biodiesel
2010 25 5
2011 22 5
2012 22 5
2013 25 5
2014 25 6
2015 25 7
2016 27 7
2017 27 8

Table4-3. Mandatefor anhydrous ethanol in Brazil, 202916 (JSDA, 2018)

Year Month Mandate
2006 JanFeb E25
Mar-Oct E20
Nov-Dec E23
2007 JanMay E23
JunDec E25
2008 JanDec E25
2009 JanDec E25
2010 Jan E25
FenApr E20
May-Dec E25
2011 JanSep E25
Oct-Dec E20
2012 JanDec E20
2013 JanApr E20
May-Dec E25
2014 JanDec E25
2015 JanMar 18" E25
Mar 16" i Dec E27
2016 Jan Present E27
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Finally, Table4-4 showhistorical fuel consumption in Brazilver the period 2008017.

Table4-4. Historical fuel consumption in BraziP0082017(ML/yeay)

Year Gasoliné Diesef Kerosené Ethanol (Fuel and BiodieseP
Other Industrial
Chemicals)
2008 18,942 45,702 3,444 22,816 1,067
2009 19,118 44,389 3,463 24,283 1,489
2010 22,829 49,142 3,896 24,414 2,226
2011 27,132 51,270 4,372 21,729 2,492
2012 31,834 54,844 4,604 20,258 2,632
2013 31,755 57,783 4,407 24,171 2,780
2014 33,429 59,375 4,453 26,142 3,214
2015 30,267 55,562 4,398 30,705 3,835
2016 31,461 52,158 4,026 27,572 3,719
2017 32,281 52,060 4,015 27,559 4,227

! These figures includaviation gasoline.

2 Thesefiguresshow total consumption of dies@icluding diesel consumption in transformatioenters
such as electricity generation

3 These figures show totabosumption ofkerosengincluding jet fuel, kerosene feedstock, industrial
kerosene and lightning kerosene.

4 Thesefiguresshow total onsumption othanol, including fuel and other industrial uses.

® Thesefigures show final @nsumption obiodiesel,excluding bodiesel consumption itransformation
centerssuch alectricity generation
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5. Canada

Alex MacLeod,Natural Resources Canaddahmood Ebadiaand Jack SaddlgUniversity of
British Columbia

Summary Box

1 There are federal and provincial blending mandates for conventional biofuels.

i Federal blending mandates: 5% ethanol and 2% biodiedeime basis)

9 Five provinces British Columbia, Alberta, Saskatchewan, Manitoba and Ontahave
established a blemnaly requirement of 5% to 8.5% for ethanol and 2% to 4% for biod
(volume basis)

1 Several federal and provincial initiatives are underway to decarbonize the transpor
including federal Renewable Fuels Regulations;@anadian Framework on Cle&@mnowth
and Climate Change, Regulatory Framework on the Clean Fuel Standard (CFS),
Col umbiabs Low Car-b@RSFuelAl Beanhdéasdl ¢
fossil fuel consumpt i eandtradercarBod &xthangeapragry
(excluding transport biofuels).

f Among provincial regul at i ecarln fueB rpiogramshk
proven to be a successful program to reduce the carbon intensityfoétheansportatior|
market in BC.

1 In 2016, the Government of Carsm@d@nnounced its intention to develop a Clean |
Standard (CFS) anoual GHG enissionsChy BCaMegafosnes by 2
through the increased use of lower carbon fuels, energy sources and technologies

1 Various types of federal and provincial gomment support are provided in Canada
biofuels, spanning across all stages of the biorefining process syretmtssand lowinterest
loans, grants for feasibility studies and market developmemd gants for storage an
distribution infrastructure.
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5.1 Introduction

Similar to the rest of the world, transportation in Canada is fuelled almost exclusively by refined
petroleum products derived from crude oil, including gasoline, diesel, aviation fuel and heavy fuel
oil mainly used in marine vessels. Currently, over 96%he transportation sector in Canada is
fuelled by petroleum products, making this sector the second largest emitter of greenhouse gases
(GHG) after the oil and gas sectéigure 5-1 shows GHG emissions from the transport sector
account for almost 23% of all GHG emissions in the country, with road transportation responsible
for 80% of these emissions (Senate of Canada, 2017).

7% 54 Mt CO, eq
Waste & others

10% 73 Mt CO, eq

i 26% 192 Mt CO, eq
Agriculture

Oil and gas

12% 87 Mt CO, eq
Buildings

11% 78 Mt co, eq

10% 76 Mt CO, eq Electricity
Emission-intensive

and trade-exposed

industries 23% 171 Mt C0, eq

Transportation
Figure5-1. Canadads GHG emission breakdown, 2014. i
tonnes of C@eq with 23% contribution from the transportation sector (Source: Senate of Canada,
2017).

There are several alternatives to reduce the carbon intensity of the transportation sector including
improving vehicle fuel efficiency through regulated fuel efficiency standards, increasing the
number of alternatively fuelled vehicles such as electric @N&G/LNG vehicles, improving
transportation infrastructure and optimizing transport modes, and shifting away from petroleum
based to less carbantensive fuels such as biofuels.

Conventional biofuels including ethanol and biodiesel (conventional fatty raethyl ester

FAME) and, to a small extent, natural gas, have been produced and used in Canada to decarbonize
the road transportation sector. Both federal and provincial regulations are in place, known as
renewable fuel mandates, which require minimemewable fuel blending in all gasoline and

diesel consumed in the country. In addition to renewable fuel mandates, other regulations are
contributing to the decarbonization of the road transportation sector in Canada such as British
Col umbi abd6s Hua RequiemerisoRegulation which requires the average lifecycle
carbon intensity (ClI) of fuel sold within the province to decline over time.

5.2 Main drivers for biofuels policy
Canada has the worldés third | ar gdessabiagndi®s ven o

one of the top ten oil exporters in the world.
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renewable fuel industry. The primary drivers for renewable mandates are rural diversification and
GHG emission reductions to fightimiate change. GHG emission reduction now is the primary
driver. The Canadian federal government plans to introduce carbon intensity benchmarks and
require all provinces and territories to have a carbon pricingtiptawill expand consumption of
renewableenergy and biofuels.

5.3 Biofuels policy
5.3.1 Biofuelsobligations

Federal and provincidével renewable fuels programs have continued to support conventional
biofuels production and use across Can&iam 2006 through 2010, the provinces of British
Columbia, Alberta, Saskatchewan, Manitoba and Ontario established a blending requirement of 5
to 8.5% for ethanol in gasoline and 2 to 4% for renewable content in diesel. Federal use mandates
followed thereter, and, since December 2010, federal regulations have required fuel producers
and importers to have an average ethanol content of at least 5% based on the volume of gasoline
produced or imported. Since July 2011, federal regulations have requiredrddecers and
importers to have at least 2%, on average, renewable content based on the volume of diesel fuel
and heating distillate oil that they produce or import. The current fefkakwable Fuels
Regulationsnclude a trading system and administrative, compliance, and enforcement provisions
such as recordkeeping and reporting (ECCC, 2017).

Table 5-1 summarizes the percentage of ethanol lindieselto be blended with gasoline and
diesel as mandated by provincial regulations in 2017. The details of tloeseci@al regulations
can be found at Navius (2016 and 2018) @&IDA Foreign Agricultural Service (2018).

In addition to Renewable Fuel Regulations, other federal and provincial initiatives are underway
to decarbonize the transport sector. The federal government has rele&edCanadian
Framework on Clean Growth and Climate Changhich includes a federal carbon pricing
framework. The Pa€anadian Approach to Pricing Carbon Pollution was announced October
2016. This pricing strategy would requak provinces and territories to have some form of carbon
pricing plan in place by 2018n January 2019, the federal government will introduce its own
carbon pricing system (the backstop) in provinces that do not design their own system or elements
of thebackstop in provinces where the system does not fully meet its criteria.

In December 2017, the federal government releasé&kisilatory Framework on the Clean Fuel
Standard (CESWwhich describes ho@anada will transition from volumetrigzased requirements

towards a carbon intensityased approach. Volumetric requirements under the current Renewable
Fuels Regulationsill remain in force until Environment and Climate Change Canada (ECCC)
clarifies howCanada will transition to carbon intensity benchmarks. ECCC is the department
within the Canadian government responsible for coordinating environmental policies and
programs as well as for preserving and enhancing the natural environment and renewable
revturces. The most recent update on the CFSO6s
when the CFS will come into effect and the phased approach to be implemented for the regulated
fuel streams, can be fouhére
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Table5-1. 2017 provincial biofuels blend andateg%)

Province Ethanol Biodiesel Regulations

British 5.0 4.0 The Renewable and Low Carbon

Columbia Fuel Requirements Regulation

Alberta 5.0 2.0 Renewable Fuels Standard
Regulation under the Climate
Change and Emissions
Management Act

Saskatchewan 7.5 2.0 TheEthanol Fuel Act and Ethang
Fuel (General) Regulations
The Renewable Diesel Act

Manitoba 8.5 2.0 The Ethanol General Regulation
Biodiesel Mandate for Diesel Fue
Regulation

Ontario 5.0 4.0 Ethanol General Regulation*
Greener Diesel Regulation

* This policy was approved to increase to 10% starting January 2020

In a recent announcement, the federal government issued a nationwide challenge to Canadians to
develop the cleanest, most affordable and sustainable aviation fuel to further reduce the carbon
footprint of the aviation sector. The details of this program can be toened

In addition to federal initiatives, current and underway praul initiatives support the production

and cons

umpti on

of

bi of uel

S

Low Cathmm Fauel Standardc |

udi

(BC-LCFS), Quebeé sapandtrade carbon exchange program (excluding transport biofuels),
Co |l u mortaad auctiorafor loasbon atlowanceslbertad fevy of $20
CAD per ton on fossil fuel consumption in 2017, whichihaseased to $30 CAD per ton in 2018.

British

5.3.2 Excise duty reductions

While the Canadian biofuels industry had received support from production and consumption
subsidies, provincial subsidies have sunset and federal production subsidies ended March 2017.
However Canadian biofuels continue to benefit from provintéakel volumetric requirements
stretching from British Columbia to Ontario, which range fra¥htd 8.9% for ethanol and from

2to £0f or

enact t h

and 26 for diesel,

renewabl

e

content

n

di

esel

Quebecods

e feveovelumetdcaegdrenfemntsros renewables, startingodbobgasoline

by 2020.

5.3.3 Fiscal incentivesind hvestment subsidies

Canada ranked'5amongst OECD countries for public expenditures on energy RD&D as a
percentage of GDP in 20#ZExpenditures by the federal government, provincial governments

and industry on renewable and clean energy RD&D totalled approxingaByp 630million in

2013/14. Bioenergy related research is being conducted across Canada in universities and colleges,

1 http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/energg/figf/2014/14

0173EnergyMarketFacts e.pdf
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federal and provincial laboratories, and industry. RD&D has been supported at both the federal
and provincial/territorial levels.

There are vadus types of government support provided in Canada for biofuels, spanning across
all stages of the biorefining process. The type of support available includes:

A RD&D -Grants and lownterest loans

A Business planningGrants for feasibility studies and matldevelopment

A Plant construction Grants and lownterest loans, accelerated depreciation
A Production Fuel tax exemptions, producer payments

A Price support Mandated biofuel blending requirements and tariffs

A Distribution- Grants for storage and digtation infrastructure

A ConsumptionTax-breaks for the purchase of biofemnsuming vehicles,

There are variety of investment subsidies that support or have supported the production and
consumption of bioenergy and biofuels. Some of the largest incgmbogeams include:

1 EcoEnergy for Biofuelfiad a $1.5 billion CAD budget over 9 years to boost Canada's producti
on of biofuels. Administered by Natural Resources Canada, the ecoENERGY for Biofuels prog
ram ran from April 2008 to March 201This program provided incentive rates of up to $0.10
CADl/liter for renewable alternatives to gasoline and $0.26 CAD/L for renewable alternatives to
diesel for the first three years, declining in the 6 years thereafter.

1 The ecoAgriculture Biofuels Capital Initiatiencouraged producer equity/ownership in biofue
| facilities and was administerdxy Agriculture and AgrFood Canada. The program helped fu
nd projects that used agricultural feedstock to producéulels and required agricultural produ
cer equity investments of 5% to meet eligibility requirements. This program was extended to
March 2013 but is now expired.

9 The Program of Energy Research and DevelopniBEBRD) is a federal, interdepartmental pro
gram operated by Natural Resources Canada (NRE&RDfunds research andd&opment
designed to ensure a sustainable energy future for Canada in the best interests of both its econo
my and environment.

TfNRCands Cl e an isqifedenat phogranr t@aglvarcenemergilegue technologies t
oward commercial readiness so that natural resource operations can better reduce their impacts
on air, land, and water, while enhancing competitiveness and creating jobs.

1 Sustainable Developmenegdhnology Canad¢sDTC) is a foundation created by the Governm
ent of Canada to support Canadian companies with the potential to become world leaders in the
ir efforts to develop and demonstrate new environmental technologies that address climate chan
ge, clan air, clean water and clean soil. Since 2001, the Government of Canada has committed
$1.364 billion CAD to SDTC.
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There are also a number of new initiatives that support the development of clean technology,
including bioproducts. In June 2017, the fedg@lernment announced a Low Carbon Economy
Fund of $2CAD billion to support projects that will generate clean growth and reduce GHG
emissions towards meeting or exceeding commitments under the Paris Agreement. In addition,
Canada is working with international partners throijbsion Innovation Mission Innovation

aimsto develop ways to produce, at scale, widely affordable, advanced biofuels for transportation
and industrial application€anada is playing a leadership role in the implementation of Mission
Innovatin, as a member of the Steering Committee, dead of the Joint Research & Capacity
Building and Business and Investor Engagement subgroups, and through its participation in the
Information Sharing and Communications gyrbup. Canada is also -beadingthe Sustainable
Biofuels Innovation Challenge 16 countries looking to make progress towards implementing
affordable, advanced biofuels for trangjation and industrial applications. Finally, Canada is one

of 20 countries participating in tH&ofuture Platform a governmenked international effort to
promote accelerated development of advanced lolooaiuels, biochemicals and biomaterials.

|l nnovation and Energy Technology Sector (1 ETS
clean energy RD&D. IETS supports energy innovation through its responsibility to: Fund energy
RD&D in Canada (incl. privi@ sector, academia, and government) via a suite of programs

( OERD) ; Manage Canadads national energy | abor
experts; Work with key stakeholders to strengt
the Clean Innov#on Task Team responsible for delivering a governmeade Clean Innovation

Strategy. The vision is to position Canada for leadership in a sustainable, low carbon economy by
promoting clean technology and innovation to capture clean jobs, market opjestamd

strengthen our competitiveness

5.3.4 Other measures stimulating the implementation of biofuels

Prior to the announcement of the federal cat
provinces (BC, Alberta, Quebec and Ontario) already had carbongpingotace that would meet

the federal benchmark. As of February 2018, Manitoba and Nova Scotia are developing their own
carbon pricing mechanisms to meet the federal benchmark. The remaining provinces, with the
exception of Saskatchewan, have suggesiathpthe federal pricing system.

In 2008, BC introduced a carbon tax on the purchase and use of fuels. The tax covers
approximately 7% of total GHG emissions in BC. Carbon tax rates started at $10 CAD per ton
of carbon dioxide equivalent (CO2e) emission 2008, increasing by $5 CAD per ton each year
until reaching the current rate of $30 CAD per ton of CO2e emissions in 2012.

Alberta began applying a levy of GAD 20 per ton on fossil fuel consumption January 2017,

and will raise the levy to £AD 30 per ton in 2018. This levy, implemented underGlinate
Leadership Actacts as a carbon tax on fossil fuels and exempts biofuels. All biofuels sold in
Alberta must demonstrate at least 25% fewer greenhouse gas emissions than the equivalent
petrdeum fuel.

In November 2015, Alberta announced its Climate Leadership Plan, which intends to:

1 Phase out pollution from coegknerated electricity by 2030 by introducing transition
payments to owners of six coal units;
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1 Triple renewable energy to sup@@¥ of generation by 2030, in part through an extension
of the Bioenergy Producer Program (discussed below);

1 Reduce emissions from the oil and gas sector;
1 Create Energy Efficiency Alberta to deliver cost saving programs; and
1 Implement a provincewide grice oncarbon.

The plan is expected to be funded over the next three year€AD$%.4 billion in gross carbon
pricing revenue.

Alberta facilities that emit more than 100,000 tons of carbon dioxide equivalesao)qi@r year,
including electricityproducers, were subject to the Specified Gas Emitters Regulation (SGER)
from 2007 through 2017, and were required to reduce their baseline emissions intensity from July
2007 by up to 2& in each compliance period. From January 2018, faglugcific SGERargets

have been replaced by an outpased allocation approach using prodeetl standards under

the Carbon Competitiveness Incentive (CCIl) Regulation. This approach aims to incentivize
deployment of besh-class technology in each sector, suppoxtegtiment, drive emissions
reductions and maintain industry competitiveness.

Al bertads existing Bioenergy Producer Progr al
through March 2020. The GAD 63 million program will provide grants to dedicated bidfue

producing facilities, including:

1 liquid biofuels such as biodiesel, ethanol and pyrolysis oil;

1 biogas electricity production from fartrased anaerobic digesters;

1 electricity produced from woody biomass.

Some research and development funding isaladable for biofuels under theCRD 225 million
innovation stream in two program areas: Emissions Reductions AlbeZtfa¥0 million) and
Climate Change Innovation and Technology Framewo®A® 145 million).

Ontario passed legislation introduciagapandtrade systenm May 2016 and held its first carbon
allowance auction in March 2017. The province inghto link its system with carbon markets
in California and Quebec in 2018.

In August 2017, Ontario opened a Low Carbon Innovation Fund (LCIFJC#3$ 25.8 million to

finance projects that would help reduce GHG emissions. The Low Carbon Innovation Fund is part
of Ontario's Climate Change Action Plan and is funded by proceeds lipradvince's carbon
market. Companies, entrepreneurs and eligible universities and colleges may apply for funding to
create and commercialize new, globally competitive,-t@anbon technologies that would help
Ontario meet its GHG emissions reductionsegsgThe fund aims to support technologies in areas
such as: alternative energy generation and conservation, new biofuels or bioproduets, next
generation transportation and novel carbon capture and usage technologies.

Québec passed legislation introduria capandtrade system (excluding transport biofuels) in
2012 and held its first carbon allowance auction in December 2013. The first joint California
Quebec carbon allowance auction was held in November 2014. Emission units not allocated free
of chargeare auctioned off by the government four times a year. A minimum pricEAD#0.75

was set for 2013, which is scheduled to increase at a rat pfus inflation every year until
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2020. For joint auctions with California, the minimum price is set bymetathe higher of the
two systembébs minimum prices at the exchange r

INnOct ober 2016, Quebec became the first provinc
standard, 0 by ado pdautomagersao inpioveltheirt zeemissiorc vehictea g e
(ZEV) offer. The ZEV mandate is an approach developed in the United States that imposes
penalties on automakers that do not sell enough electric vehicles. While Ontario and British
Columbia encourage ZEV awrship by offering financial incentives, Quebec will place the onus

on vehicle manufacturers by requiring them to meet ZEV sales targets. Now that the bill has been
adopted, the process of adopting the legislation has begun. Mandatory sales reporting by
manufacturers is expected to begin when the legislation is adopted, likely in 2018.

In February 2017, Environment and Climate Change Canada (ECCC), issued a discussion paper
explaining its intention to consult with provinces, territories, stakeholdergldsisvindigenous
Peoples on a national regul ation to reduce Cq
lower carbon fuels and alternative technologies.

At the federal levelthere are a number of programs that support research and development of
bioenergy. For example, the Agrilnnovation program of Agriculture and-Pgod Canada is
designed to accelerate the pace of innovation by supporting R&D activities and facilitating the
demonstration, commercialization and/or adoption of innovative produetdinologies,
processes, practices and services.

The Canadian Forest Service (CFS) of Natural Resources Canada has identified the emerging
bioeconomy as an important driver for transformation and change in the Canadian forest industry.
CFS scientists areoanducting research to determine biomass availability and sustainable
harvesting guidelines. Through programs such as the Transformative Technologies Program, CFS
supports the innovation of renewable energy and novetgrenercial products and processes.
Importantly, CFS conducts economic and market research on bioenergy, bioproducts, and
biochemicals to estimate the size and potential of the Canadian industry.

The Office of Energy Research and Development of Natural Resources Canada manages a suite
of progams to support the advancement of bioenergy such as the Program of Energy Research
and Development, the ecoENERGY Technology Initiative, the Clean Energy Fund and the
ecoENERGY Innovation In#tive. These programs fund bioenergy research and development
both within and outside the federal government, aleitly demonstration projects across Canada,

in order to support energy technology innovation that produces and uses energy in a cleaner and
more efficient way.

The Agricultural Bioproducts Innovation Program is £A4D 145 million grant that mobilizes
research networks that conduct scientific research projects with a specific focus on developing
effective and efficient technologies for agricultural biomass conversion; evolve beyond bio
fuels production to a sustainable, {nased economy. The program runs on a Ryeldir basis.

The Natural Sciences and Engineering Research Council of Canada (NSERC) supports research
and innovation undeaken by universities and companies. NSERC funds scholarships,
fellowships, research chairs, strategic projects and networks. Relevant networks include The
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BiofuelNet Network of Centres of Excellence (2012 to 2017), the recently completed NSERC
Bioconversim Network, the NSERC Biomaterials and Chemicals Strategic Network-2mi%)

and the NSERC Industrial Biocatalysis Network (2@D49). In 2015, NSERC undertook a

review of the research priorities for its Strategic Partnership Grants, the goal of viticitiease
research and training in targeted areas that
and/or environment within the next 10 years. Bioenergy and Bioproducts are one of four research
areas under the Natural Resources and Energy Targat A

5.4 Promotion of advanced biofuels

Though Canadad6s production of biofuels wusing
and provincial policy incentives favoring lower carbon intensity biofuels would provide additional
support to advanced biofisgoroduction in Canad&anada has developed significant expertise in
the development of technologies to convert-fmod based feedstocks to ethanol. Examples of
key players and current foci:
1 Carbon Engineengi direct air capture of C£and subsequent gasification to produce
Fischer Tropsch (FT) liquids
Enerkemi gasification (municipal residues) and catalysis
Ensyni pyrolysisbasedechnology for renewable heating fuel and refining coprocessing to
transport fuels
1 Greenfield Globai integration of grairbased and cellulositased ethanol production
1 logeni enzymatic hydrolysis (agricultural residues) and bidgzsed fuels
1 Forest Products Biotechnology and Bioenergy Research (Gumiyersity of British

Columbia (UBC)i pretreatment of softwoods

1
1

AlthoughCanad 6 s production of biofuels using advanc
and provincial policy incentives favoring lower carbon intensity biofuels provide additional
support to advanced biofuels production in Canada. Two Canadian firms hawedcbrewill

soon achieve, commerciatale production. Enerkem makes cellulosic methanol and ethanol
(which can be used as fuel or other industrial chemicals) from syngas by recycling carbon in non
recyclable municipal solid waste (MSW). In 2014, Enertkemu nc hed t he -scaler | d 6 s
MSW-to-bi of uel s and chemicals facility in Edmontc
producing only methanol, but with the addition of a methan@thanol converter unit, the plant

also began producing ett@iin 2017, with a current annual methaethanol production capacity

of 38 million liters. The Edmonton plant became the first ever M8\8&llulosic ethanol plant

certified to meet renewable fuel obligations under the U.S. RFS and to generate RINg, havi
received U.S. EPA pathway approval in 2017. Also in 2017, its ethanol scored the lowest carbon
intensity value ever issued by the British Cc
Renewable and Low Carbon Fuel Requirements Regulation (Sourckefnd/ebsite).

Ensyn Technologies Inc., established in 1991, began its focus on renewable fuels in 2005 with the
commissioning of its 70 dry tons/day plant in Renfrew, Ontario, which was initially designed to
produce renewable fuels and chemicals and te®oled in 2014 to focus on heating oil and fuel.
Ensyn transforms woody biomass into pyrolysis oil that can be used as a biocrude feedstock and
co-processed at refineries to produce lower carbon fuels and chemical feedstocks, used as a
renewable fuel ib for heating and cooling, or to produce specialty chemicals. In 2014, Ensyn
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Corporation converted its production plant in Renfrew, Ontario to a dedicated fuels facility with a
12 million litre/year production capacity. Using Ensyn's patented RTP® pigodghnology, this

plant has been supplying renewable heating fuel to clients in the Northeast US since 2014.
Production capacity is also being used to develop and demonstrate refipeogessing, and the

use of Ensyn's pyrolysis oil as a renewableihide feedstock for petroleum refineries. In 2016,
construction began on the Cote Nord Project at Port Cartier, Quebe, a 50/50 joint venture between
Ensyn and Arbec Forest Products. This plant will have a capacity to transform forest residues using
rapid hermochemical liquefaction into 40 million liters/year of biocrude. Project commissioning
was scheduled to begin at the end of 2017, with product offtake focusing initially on heating
markets in the northeastern U.S. and eastern Canada as well as alesfemgigbock for petroleum
refinery coprocessing to produce lower carbon transport fuels (Source: Ensyn Website).

In its recent joint project, Ensyn, Arbec Forest Products and Groupe Rémabec started the
development of 40 million litres/year biocrugleduction facility, located in Peartier, Quebec.

The project will convert approximately 65,000 dry metric tons per year of slash and other forest
residues from local sources to biocrude. The biocrude will be sold to customers in the U.S.
Northeast anth Eastern Canada for heating purposes and as a renewable feedstock. Preject start
up is scheduled for mi@d018.

In 2016, Canfor Pulp Products Inc. (CPPI), a global producer of premium pulp and paper, and
Licella Fibre Fuels Pty Ltd. (Licella), an Australian biofuels production-siarformed a joint
venturet o use Li cel | ecdnemicdlle cohvarbldiomasy intdomude. Using

Li c el I-d-ldnsl Cdtaiytic siydrothermal Reactor (GdTR) technology that converts lew

value biomass from wood waste and pulp mill wastéoteer carbonsustainable biofuel, the
companiesntend toconvertresidualwoodand byproduct stream$&rom the CPPIKraft pulp mills

in Prince George, BGZanadainto biocrude oil which can beo-processedby existing refineries

into nextgeneration biofuels and biochemicals. Tjbent venturefollows preliminary trials
conducted in Australizhere Licella successfully convertegsidual sawmilivoodand pulp mill
by-productstreams originating from CPRIraft processsinto a stable biocrude oiln 2019, the

joint venture project team plans to continue to advance this technical developrdetitean
engineering phases of the project have commenced. The goal is to commission a commercial
demonstration scale plant in 2022 that would produce between 100,000 and 400,000 barrels/year
of biocrude.

5.5 Market development and policy effectiveness

Figure5-2 shows the consumption of transportation fuels in Canada from 2010 to 2016. As this
figure shows, there was a steady increase in the consumption of ethanol over this period. The
volume of ethanol consumed annually increased from about 1,700 millionnit2Zg40 to 2,800

million liters in 2015. The volume of biodiesel consumed annually also increased over the same
period from about 110 million liters in 2010 to 470 million liters in 2015. Hydrogenation derived
renewable diesel (HDRD) is also blended iniesd} though in smaller volumes. The amount of
HDRD being blended is estimated to have increased from 37 million liters in 2010 to 300 million
liters in 2016 (Navius Research, 2018).

Since 2012, the United States (FAME biodiesel and, in recent yeaRDHBNd Singapore
(HDRD) have supplied between®%and 100bof Canadads t ot al i mports
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diesel blending, with the European Union making up the differdfigere 5-3 and Figure 5-4

show Canadaéd6és consumption of et hanol and bi o
feedstock used and their associated avoided greenhouse gas (GHG) emissions. Biofuels
consumption has avoided 24.9 million tonnes (Mt) of CO2e between 2010 and 2016. Annual
avoided GHG emissions have grown from 1.8 Mt in 2010 to 4.1 Mt in 2016. Trends in biofuel
cabon intensities in British Columbia indicate that biofuel production is becoming less emissions
intensive (Navius Research, 2018).
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Figure5-2. Fuel consumption in Canada, 262016 (Navius Research018)
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Figure 5-4. Consumption of biodiesel and HDRD in Canada by fuel type and feedstock, 2010
2016 (Navius Research, 2018).

In 2016, Canadian fuel ethanol utilization exceeded the federal use mandate (2,346 million liters

of ethanol), at 2,843 million liters (6% ethamolgasoline pool). However, for the purposes of the
mandate, compliance units can be carried forward into a future compliance period, carried back
for use in a previous compliance period, or cancelled if required to do so. Given the availability of
suitabk agricultural feedstocks and an interest to support rural development, a large portion of
Canadads ethanol demand is met through domest
ethanol plants il€anada with an estimated 1.7 billion liters of anmuratuction capacity, which
represents about 60% of total ethanol demand (Renewable Industries Canada and NRCan, 2018).
On average, the United States supplie%@Bf Canadads et hanol i mport
ethanol to meet the federal blend mandategethes generally no ethanol exports (USDA Foreign
Agricultural Service, 2018).

Ethanol production has been nearly constant since 2011, with plants operating at or near full
capacity. It is expected that fuel ethanol production will grow to 1,880 millierslin 2018 on

limited capacity expansion projects and facilities continuing to operate at or near capacity (USDA
Foreign Agricultural Service, 2018). Feedstock choice for ethanol plants has largely been driven
by differences in geography and agronomyaiGrcorn is the dominant feedstock, grown
predominantly in Ontario, Quebec and Manitoba. Low protein, high starch wheat varieties are used
in Alberta and Saskatchewan, and Manitoba uses both wheat and corn. There has been an
increasing interest in develoyg corn varieties that can be grown in Western Canada. As more
corn varieties are developed with lower heat unit requirements, it is expected that corn use for
ethanol production will increase in Saskatchewan and perhaps Alberta (USDA Foreign
Agricultural Service, 2018).

In 2016, 4.225 million metric tonnes of feedstocks were purchased by the ethanol industry.
Between 2014 to 2016, two facilities switched feedstocks from wheat to corn in order to increase
throughputs (the higher starch content in cornvigies a greater ethanol yield) and improve
production economics. It is estimated that in 201248 Canadian ethanol production was
derived from corn and 22 from wheat. By 2016, corn contributed%®Xof ethanol production,

with wheat falling to 1%. It is anticipated that this corn/wheat split was similar in 2017 and will
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remain so in 2018 due to the location of plants in/faround major corn producing regions (USDA
Foreign Agricultural Service, 2018).

Canadian biodiesel production capacity has remainedbsiw domestic demand since 2011,

and in 2017 there was no commercial production of renewable diesel in Canada. In 2017, there
were nine commercial FAME biodiesel production facilities in operation with total national
biodiesel production capacityof58ti | [ i on | i ters per year. Most o
from used cooking oil and animal fats, with the remainder being derived mainly from canola oil.

The national market for biodiesel/renewable diesel will evolve further as provincial markets
develop and implement clean fuel standards, a process already underway in some provinces. Based
on the current federal mandate of 2% blending in diesel, about 600 million litres is required
annually (USDA Foreign Agricultural Service, 2018).

Inrecenty e ar s, much of Canadads biodiesel product
response to U.S. biomabased diesel tax support, Renewable Identification Number (RIN)
support, and US Environmental Protection Agency (EPA)-ma&ing for obligatedvolumes

under the U.S. Renewable Fuels Standard (RFS), which continues to grow U.S. demand for
biodiesel. Canada imports sufficient volumes of FAME biodiesel and renewable diesel to meet
Canadian blending requirements. In 2016, Canadian biodiesel expaeased A4, reaching

464 million liters. In 2017, biodiesel exports fell from the record high 464 million liters to 350
million liters in response to reduced U.S. consumption. New US legislation excluding foreign
sourced biomaskased diesel from the taxedit would severely reduce, if not completely halt,
Canadian exports of biodiesel to the United States. Such a policy shift would be expected to push
more Canadian biodiesel into Canadian distribution channels and reduce Canadian imports of
biodiesel (LBDA Foreign Agricultural Service, 2018).

The economic impact of the construction phase of renewable fuels plants, at 2013 replacement
cost prices, was assessed to include a total direct investment of $ 2.69 billion CAD and total net
economic activity of $ 4.38 billion CAD. The employment impadhie creation of 22,874 direct

and indirect jobs during the respective construction periods (CRFA, 2013). A map of ethanol and

biodiesel plants in Canada can be fohede

5.6 Sources

Canadian Bioerrgy Statistics
http://www.nrcan.gc.ca/energy/renewablectricity/7295#bio

Canadian Energy Statistics
http://www.statcan.gc.ca/pub/#D2-x/2012000/chap/ener/eneng.htmhttp://www.statcan.gc.ca/daily
quotidien/151210/dg15121@mg.htm

Canadian Renewable Fuels Association (BRR2013. Total Economic Impact Assessment of Biofuels
Plants in Canada. Prepared by Doyletech Corporation.

Energy fact Book 2012016 (Natural Resources Canada)
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/energy/files/pdf/EnergyFactBockE2@l 3 eb.pdf

Environment and Climate Change Canada (ECCC), 2017. Federal Renewable Fuels Regulations:
Overview,https://www.ec.gc.ca/energenergy/default.asp?lang=En&n=828C9342
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implementation
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6. Denmark

Claus FelbyUniversity of Copenhagen

Summary Box

1

= = =

Since 2010, 5% blending mandatg€solumebasig for both ethanol and biodiesélave
beenin place in Denmark.

The use of ethanahnd biodiesel wad.2% and 4.6% of total road transporh 2016
respectively

There is no domestic production of ethanol. There are two biodiesel production plant
rapeseed and waste fat/afl feedstok.

In 2015, a 0.9% mandate for adead fuels by 2020 was introduced. There imwent
use of advancebliofuelsin Denmark.

There are no incentives for use of liquid biofuels only exenptfrom CG; tax. Biogas|
used for road transporéceiveseconomical suppariThere is a C@tax ofu  0O/lite® &
gasoline or diesel. Biofuels do not pay £2éx and biogas receives a suppori of 0/k\W.6
There is adrge support for bioggzroduction and use in Denmarkhe hogas sectors
expanding by éactor of 48. Manure and household wasteethemain feedstockbut straw
is increasingly being used and reseasdctiveon how to better include straw

There are funding programs folean energy technologies R&Mitthere are no separa
programs fo biofuels.
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6.1 Introduction

Denmark has a muifaceted energy supply based on a variety of energy sources, a high degree of
efficiency in energy consumption and a significdontmesticproduction of oil, natural gas and
renewable energy. Accordingo t he Government 6s national Ener
the goal is to improve the use of market mechanisms and to promote mesHexiste initiatives.

The Danish electricity and natural gas markets have been completely liberalised. With the
implementation of the C£allowance system in the European Union, a step has been taken towards
flexibility in climate protection. It reduces energy costs and increases freedom of choice. Finally,
developments in the energy system are to a large extdet based on Danish knowledge and
technology.

Denmar kds national binding target for renewab
Directive (2009/28/EC) is 30% of gross final energy consumption in 2020. The targeted shares of
the three sectors hi@ag/cooling, electricity and transport are show able6-1.

Table6-1. Denmar kos energyfargetenewabl e

Sector Share in gross final consumption per secto
Overall target 30%
Heating and cooling 40%
Electricity 52%
Transport 10%

The main vehicle to foster renewable energy is the Promotion of the Renewable Energy Act of
2009. The acprovides detailed feeim tariffs/premium for wind, biomass, biogas and other
renewable energy sourced electricity production. In terms of bgthel blending quota accounts

for 5.75% in diesel as well as gasolifily energy content)The Danish energy sector recently
implemented its own set of sustainability criteria for biomass that go beyond the binding rules of
the Renewable Energy Directive, which only apply for liquid biofuels. The principles in the Danish
rules are close to tHéK legislation on a sustainable biomass supply.

By 2050, Denmark wants to become independent from fossil fuels. To this end, the Danish
gover nment adopted the AEnergy St,raabstagtigl 2050
district heating networked by renewable heat from biomass, will be the main motor of the energy
transition. In the electricity sector, the Danish government focuses on wind ewigl, is

expected to provide for 40% of total electricity neeatsd also onsolid biomass and bgas.

Transport will be based on electricity and biofuels.

A detailed description of all fiscal and nfiacal supports for bioenergy development is available
at: http://www.iea.org/policiesandmeasures/renewableenergy/?country=Denmark

Most of the bioenergy consumed in Denmark comes from solid biomsssare accounts for

three quarters of the total use of bioenergy or 117 PJ. Around one third biodnergy42 PJ)

is used directly in the residential sector. The second largest item is renewable municipal waste (22
PJ) followed by biodiesel (10 PJ) and biogas (9 Bthanolconsumption is not significant.
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6.2 Main drivers for biofuels policy

The national biofuel production is currently at a low level with no immediate expansion in sight.
The main driver for expanded production of biofuels would be climate change mitigation and to
some degree rural development.

6.3 Biofuels policy
6.3.1 Biofuelsobligaions

Biofuels on a larger scale were introduced in Denmark in 2006 when Statoil began selling E5
ethanol. Since 201®%.75% blends of ethanol and biodieablume basishave been mandatory.

In 2015 a 09% mandate for advanced fuels by 20&&issued. The current use of advanced fuels

is zero.

The law mandating a blend of 5.75% biofuels in both diesel and gasoline can be fouhdwere:
om beeredygtige biobraendstoff&n addendum was made in 2016 stating that by 2020, 0.9% of
the biofuels should b&dvanced biofuels i.e. 2G fuelkhe Danisloil industry has stated a goal of
2.5% by 2020; howevethis does not appear to be a realistic gbafthermore, there is an order
on fuel quality for use in vehicleBekendtggrelse om kvaliteten af benzin, dieselolie og gasolie
til anvendelse i motorkgretgjéith regard to assessing sustainabilibere is a specific set of
guidelinesfor sustainability assessment.

If other renewablduelstypes ofenergy (e.g.electric vehiclespreused in transporthe 5.75%
mandate for biofuels can be correspondingly lowered. With regard to liquid bidghesis is still

a lot of debatavhetherthe technology is the most effective way to use biomakigh creates
uncertaintyin funding, political direction and legislation. However, this discussion is being shaped
in the context of Denmark followinipe EU directive on sustainability criteria.

According to arenergy plan in 2012, a focus has been placed on biomass for combined heat and
power (CHP) with no support for traditional biofuels. Denmark considers that the use of biomass
for CHP production is a more cesftfective way to use the biomasssources than the present
technology (first generation) for the production of biofuels. However, fossil fuel consumption in
transporicontinues to increase and this needs to be addressed

Denmark submitted a national action plan toEueopearCommission in June 2010, setting out

how it plans to achieve the target of 10% renewable energy in transport by 2020. According to the
action plan, biofuels are expected to make by far the biggest contribution to using renewable
energy in the transport gec in the period to 2020.

6.3.2 Excise duty reductions

There is a C@tax ofu  0/lite® & gasoline or diesel. Biofuels do not pay £4@x andbiogas
receives a support af  0/k\Wh.6
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6.3.3 Fiscal incentives

Not available.

6.3.4 Investment subsidies

Not available.

6.3.5 Other measures stimulating the implementation of biofuels

Danish research activities within bioenergy cover a large range of topicpreét&eatment of
lignocellulosic biomasses for biogas production, integration of bioenergy in energy systems,
optimalutilisation of solid biofuels, safety in handling and storage, and production of biofuels. An
overview of all finalised and ongoing projects within research, development and demonstration
can be found dtttps:/energiforskning.dkThis is a website for all Danish research, development
and demonstration funding programmes within energy and climate.

There is an allocation afl4 million as deficit guarantee for new fuel biorefineries. i.e. a yearly
maximum ofa2 million during the first 7 years. The guarantee is yet to be used.

There ardunding programs for Research and Developrbehthere are no separate programs for
biofuels. Energy research funding has been cut 50% since 281art of a new program to
stimulate the economic growth was decided in November 2017 to allocate funds to promote
production of advanced biofuels. Specific conditions have not been negotiated yet, but tmnding
be madeavailableis anticipated td0 e a r 2.&mmllebn ainnualy for years 2012025.

The Danish energy agency is responsible for the energy technology development programme
(EUDP). The program focus on energy technologies in general @ridthe only current research
programmehatincludesbiofuels in itsstrategy

6.4 Promotion of advanced biofuels

|l ncentives for advanced biofuels include fAdout
in the EU. However, it is argued by many in theustry that this has not worked and that targets

for advanced biofuels should be set. There is a 0.9% blend mandate for advanced biofuels by 2020

in Denmark.

Inbicon's ethanol plant in Kalundborg laseatment capacity of 100 dry tonnes feedstockiger
yielding 10 million liters of cellulosic ethanol pgear The conversion technology uses enzymatic
hydrolysis to break down lignocellulosic material into C5 and C6 sugars which are then fermented
to cellulosic ethanolThe plant was inaugurated in Wember 2009, produced the first straw
derivedcellulosicethanol in December 2009 and sagesold 5 million litres to Statoil. The plant
receivedd10.2million in public support, with a total investment around miillion. In 2015, the

plant ceased pradtion andt currentlyremains idle. It is speculated thhis cessation is due to
thegreaterresource allocationgquired fordarger scale development.
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Maabjerg Energy Center (MEC) is a joint venture between multiple stakeholders companies,
among tem Dong Energy and Novozymes. The concept of MEC is a large scale ethanol
production facility coupled with a CHP plant and biogas plant. Annual production of ethanol and
biogas isprojecedto yield 80 million liter and 50 million /) respectively. The first two legs of
MEC, a biogas plant ariCHP-plant have been established and #&tganol plant is scheduled to

be finished in 2018.

There arewo pilot scale facilities for HTL (hydrothermal liquefaction) of biomassdvanced

biofuels including:

1 Aarhus University: Current focus is on treatment of sludge eventually mixed with biomass
fibers used as filter aid

1 Aalborg University in collaboration with Steeper Energy (Hydrofaction technology). In
November 2017, t btelanHryAhlboogDenmarkisurpagsedptis0 hours of
hot operationwith a total ofover 1750 hours of oil production. In December 2017, Steeper
Energy partnered with Silva Green Fuel, a Norwe@aredish joint venture, to construct a
$59M industrial sca demonstration plant in Norway

There is adrge support for biogagoduction and use in Denmaiike bogas sectois expanding
by a factor of 48. Manure and household wasteethe main feedstockbut straw is increasingly
being used anthere isresearclgoing onon how to better include straw

6.5 Market development and policy effectiveness

There is noproduction ofethanol in DenmarkTwo biodiesel producers exist in Denmark.
Emmelev Mglleprocesses rapeseed oil and cors/grto biodiesel with anannual capacity of
150,000tons (170.4 million liters) DAKA Denmark produces biodiesel from animal fats and
slaughterhouse waste. Thannual production of biodiesel 190,000 ton113.6 million liters)
Figure6-1 showsthe locatioms of pilot, demonstration and commercial biofuel plants in Denmark.

1 "https://steepenergy.com/2017/12/15/steegmergyannounceur-50-6-m-dkk-377-m-advanceebiofuel
projectwith-norwegianswedishjoint-venturesilva-greenfuel-in-licensingdeal/
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Figure6-1. Pilot, demonstration and commerdmfuel plants in Denmark

Table6-2. Biofuel blendingmandates (% by volume

Year Ethanol Biodiesel
2010 5.75 5.75
2011 5.75 5.75
2012 5.75 5.75
2013 5.75 5.75
2014 5.75 5.75
2015 5.75 5.75
2016 5.75 5.75
2017 5.75 5.75
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Table6-3. Biofuel production and market sharénstalled production capacitiil/yea)

Year Biodiesel Ethanol Cellulosic Bioga; as Renewat_)k_adiesel
(FAME) ethanol transportation fuel (from lipids)

2006 114 0 0 0 0
2007 114 0 0 0 0
2008 114 0 0 0 0
2009 114 0 0 0 0
2010 114 0 0 0 0
2011 114 0 0 0 0
2012 171 0 0 0 123
2013 171 0 0 0 123
2014 171 0 0 0 123
2015 171 0 0 0 123
2016 171 0 0 0 123
2017 171 0 0 0 123

Exactmarket shares cannot be indicated as there is a significant but unknown level of export.

Table6-4. Summary of transport fuel consumptionDenmark(ML /yeal)

Year Gasoline Diesel fuels | Aviation Biodiesel Ethanol
fuel
2006 2,594 2,393 547 NA NA
2007 2,547 2,583 587 NA NA
2008 2,423 2,593 562 NA NA
2009 2,332 2,454 505 NA NA
2.563 fixed blend | fixed blend
2010 2,172 597 5.75% 5 75%
fixed blend | fixed blend
2011 2,048 2,531 594 5.75% 5.75%
fixed blend | fixed blend
2012 1,940 2,420 563 5.75% 5 75%
fixed blend | fixed blend
2013 1,873 2,419 562 5.75% 5 75%
fixed blend | fixed blend
2014 1,883 2,487 584 5.75% 5.75%
2574 fixed blend | fixed blend
2015 1,867 622 5.75% 5 75%
fixed blend | fixed blend
2016 1,831 2,620 720 5 75% 5 75%
fixed blend | fixed blend
2017 1,821 2,548 776 5.75% 5.75%
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6.6 Sources
Funding organizations at national level related to environment or energy

Danish Energy AgencyEnergy Technology Development and Demonstration Program
(https://ens.dk/en/otnesponsibilities/researatevelopment/eudp

Ministry of Environment and FoodThe Danish Ecdnnovation Program
(https://eng.ecoinnovation.dk/tianishecoinnovatiorprogramj

Innovationsfondeiii a range of different programs
(https://innovationsfonden.dk/en/prograegn

IEA Bioenergy Country reports, 2018Denmark’i 2018 update Bioenergy policies and status of
implementation

Norden, 2016. Sustainable feel for aviation: Nordic perspectives on the use of advanced sustainable jet
fuel for aviation. Available at
https://books.google.ca/books?id=8BAAQBAJ&printsec=frontcover#v=onepage&g&f=false

Global Renewable Energipenmark
https://www.iea.org/policiesandmeasures/renewableenerqy/?coueinprdk&country=Denmark

Steeper Energynttps://steeperengy.com/2017/12/15/steepenergyannounceeur50-6-m-dkk-377-m-
advanceebiofuelprojectwith-norwegiarswedishjoint-venturesilva-greenfuel-in-licensingdeal/
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7. European Union
Laura Lonza and Adrian O'Connell, Joint Research Centre, Eur@usamission

Summary Box

1 The EU is the third largest producer of biofuels in the world. In 2017, North America,
& Central America and Europe had world shares of 45.5%, 26.9% and 16.8%, respe

1 In 2018, the production of FAME biodiesel, HVO/HEFA fuels and conventional
cellulosic ethanol inhe EU were estimated to be 12.2 million tonnes (14 billion liters),
million tonnes (2.84 billion liters), 4.3 million tonnes (5.48 billion liters) &r@D8 million
tonneg(0.01 billion liters) respectively.

1 The policy mechanisms stimulating increased production and use of biofuels with
Me mber States are t h&EDE20GALS/EE ane ryely Quditl
Directive 009/30/EQ.

1 InRED II, the overall EU target for Renewable Energy Sources consumption has bee
t0 32% by 2030, up from 20% by 2020 previously. The transportazgiet requires Membe
Statesd6 fuel suppliers to supply a n
consumed in road and rail transport by 2030.

1 Within the 14% transport stiiarget, theres a dedicated target for advanced biofuels.
advanced biofuels must supply a minimum of 0.2% of transport energy by 2022,
2025, and at least 3.5% by 2030.

f Fuels wused in aviation and mariti me s
transport target but are not obligated. The contribution of-food feedstockbased
renewable fuels to these sectors will count 1.2 times their energy content.
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7.1 Status of the biofuels industry in the EU

The EU is the third largegtroducer of biofuels in the world. In 2017, North America, South &
Central America and Europe had world shares of
biofuels production in 2018 is estimated to be about 18.8 million taf22e281 billion liters)(.

The main biofuels being produced aFAME biodiese] renewable diesel produced by
HVO/HEFA, as well ethanol and a small but growing amount of biomethane in some countries
(e.g., Germany an&wedel. As shown inFigure 1-7, the production of FAME biodiesel,
HVO/HEFA renewable diesel and conventional (first generation) and cellulosic (second
generation) ethanol were estimated to be h#llllon tonnes(14 billion liters) 2.2million tonnes

(2.84 billion liters) 4.3 million tonnes(5.48 billion liters)and 0.0080.01 billion liters)million

tonnes, respectively. FAME biodiesel has the highest share of biofuels production in the EU (65%)
due to the sing demand in EU Member States to meet blending mandates.

Figure7-2 shows the estimated shares of different feedstocks in the production of FAME biodiesel
in 2018.

2,215,200

® Ethanol - 1st gen
7.940 m Ethanol - 2nd gen est
12,219,700 Biodiesel FAME

= HVO

Figure7-1. Estimated production of biofuels in the EU (tonnes), 2018 (USDA, 2018)
6%, 1% °% = Rapeseed oil
=UCO

= Palm oil

6%

m Animal fats
® Soybean oil
m Sunflower oil

Other (pine, tall oils, fatty acids)
Figure7-2. Estimated 2018 FAME biodiesel feedstock shares in the EU (USDA,"2018)

A considerable percentagéFAME biodiesel production can be considered advanced, at least not
coming from food or feed sources, due to the significant availability of used cooking oil (UCO)
and waste animal fats (tallow) in the EU. The absolute figure for usage dbodror fee
feedstocks used to make biodiesel is difficult to estimate, however, as the translation of EU

1 8The data in Figures 1 and 2 are taken from the 2018 USDA Gain Report on biofueltiprouSDA, 2018).
While giving a good indication of the production status of the EU biofuels industry, it includes informatimst
notably for biodiesel feedstocksiot often publicised by industry.
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legislation into national law allows for margins of flexibility resulting in different consideration
being given to certain feedstocks, with palm fatty acidslpced during the refining of palm oil
being the most notable example. Ethanol production, in contrast, remains almost entirely
conventional, i.e., from food crops, mainly sugar beet, corn and wheat. The small portion of
cellulosic ethanol being producesialso from notfood feedstocks such as crop residues, however
actual production figures for advanced (or second generation) ethanol remain difficult to find.

7.2 Policies driving the production angseof biofuels

The policy mechanisms stimulating increaseadpiction and use of biofuels within EU Member

St at es a Renewnlidenerdy Ditestive RED, 2009/28/Eand Fuel Quality Directive
(2009/30/EQ, as amended in 2015 by establishingmong other§ a 7% cap for food/feed
competing feedstocks to comply with the mandatory 10% renewables transptatgaibn the

RED (socalled ILUC Directive (EU) 2015/151R These EU directives are binding for all EU
Member States and need to be implemented in their respective national laws. In November 2016,

theEuropean Commission publisheddt<€C| ean Ener gy initiative. As partofthisr o p e a°

package, the Commissigmoposed a recast of the Renewable Energy DireciiveRED Il was
adopted by the Council on 4ePemberandwaspublishedn December 2018.

7.2.1 REDII

In RED II, the overall EU target for Renewable Energy Sources consumption has been raised to
32% by 2030, up from 20% by 2020 previously. A transporitse@br get wasno6t i ncl
but has been introduced in the final agreement. This requires Memis®t at es 6 f uel
supply a minimum of 14% renewable energy in the energy consumed in road and rail transport by
2030. Each Member State will define and design its detailed trajectory to reach these targets in
their respective Integrated Natiortahergy and Climate Plans following the guidelines set out in

the Energy Union Governance Regulation

7.2.2 Sustainability criteria in RED Il

The RED II defines a series of sustainability and greenhouse gas (GHG) emission criteria that
transport biofuels must comply with to count towards the 14% target and to be eligible for financial
support by public authorities. Some of these criteria arsdh®e as in the original RED, while
others are new or reformulated. In particular, the RED II introduces sustainability for forestry
feedstocks as well as GHG criteria for solid and gaseous biomass fuels.

The RED Il provides default GHG emission valuesd &alculation rules in Annex V (for liquid
biofuels) and Annex VI (for solid and gaseous biomass for power and heat production). The
Commission can revise and update the default values when technological developments make it
necessary. Producers have dp#ion to either use default GHG intensity values provided in RED

Il or to calculate actual values for their respective production pathways.
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Table7-1.Greenhouse gas emissions savings thresholds in RED Il

Plant operation start date| Transport Transport renewable fuels Electricity, heating
biofuels of non-biological origin and cooling

Before October 2015 50% - -

After October 2015 60% - -

After January 2021 65% 70% 70%

After January 2026 65% 70% 80%

Biofuels, bioliquids and biomass fuels from agricultural biomass must not be produced from raw
materials originating from specific land categories, as summariaiele 7-2.

Table7-2. Non-eligible land categories for the production of biofuel feedstocks in RED Il

biodiverse grasslands

High biodiversity land (as of January 2008), including: primary forests; areas designat
nature protection or for the protection of rare and endangered ecosystems or species; g

and 30%

High carbon stock landthat changed use after 2008 from wetlanastinuously foreste
land or other forested areas with trees higher than five meters and canopy cover betw

Land that was peatlandin January 2008

The RED Il sustainability criteria apply to production plants above a minimum size, aitbial

rated thermal input above 20MW for installations producing power, heating, cooling or fuels from
solid biomass fuels, or a total rated thermal input capacity equal to or exceeding 2MW for
installations using gaseous biomass fuels.

The RED Il dso introduces new sustainability criteria for forestry feedstocks. Harvesting must be
legally permitted, the harvesting level must not exceed the growth rate of the forest, and forest

regeneration must take place. In addition, biofuels and bioenergy fénast materials must

comply with requirements which mirror the principles contained in the EU Land Use, Land Use
Forestry (LULUCF)

Change and

end ofJanuary 2021.

7.3 Advanced biofuels

Regul ati on.
level or the forest sourcing area level; thar@assion will define implementation guidelines by

Thes

Within the 14% transport sttlarget, there is a dedicated target for advanced biofuels produced

from feedstocks listed in Part A of Annex IX (Sesble7-3). These advanced biofuels must supply
a minimum of 0.2% of transport energy by 2022, 1% by 2025, and at least 3.5% by 2030.
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Table7-3. Advanced feedstocks for biofuels in RED Il

Part A (i .e. Aadvan

Part B

Algae, if cultivated on land, either in ponds
photobioreactors

Biomass fraction of MSW from unsorte
household waste

Bio-wastes collected frg

households

separately

Biomass fraction of agrmdustrial waste no
fit for food or feed

Straw
Animal manure
Sewage sludge

Palm oil mill effluent and empty palm fru
bunches

Tall oil pitch

Crude glycerine

Bagasse

Grape marcs and wine lees

Nut shells

Husks

Corn cobs (cleared of corn kernels)

Waste and residues from forestry and fol
products industries: bark, branches, -
commercial thinnings, leaves, needles, i
tops, saw dust, cutter shavings, black ligu
brown liquor, fibre sludge, lignin, and tall oi

Other nonrfood cellulosic mateal, including
for instance perennial grasses, but also-1
starchy cover crops before and after m
crops as well as ley crops. This category ¢
includes industrial residues after the extraci
of vegetable oils, sugars, starches and prots

Otherligno-cellulosic materials, including fg
instance woody short rotation crops, pulp I¢
and other foresbased biomass, but excludi

veneer logs and saw logs.

Used cooking oil

Animal fats with high risk for human heal
(Category 1) and animal fats table for soil
enhancement and chemical industry (Categ
2)
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7.4 Caps and multipliers

The maximum contribution of biofuels produced from food and feed crops will be capped at 2020
consumption levels plus an additional 1%, with a maximum cap of 7% forarahrail transport

fuels in each Member State. For comparison, the EU average is just above 5% today, with the 2018
EU Biofuels Barometer indicating that the current share of biofuels from food and feed crops is
just over 4%. If the total share of contienal biofuels in any Member State is less than 1% by

2020, the cap for that country will still be 2% in 2030. Furthermore, if the cap on food and feed
crops in a Member State is less than 7%, that country may reduce its transport target by the same
amoun (for example, a country with a food and feed crop cap of 5% could set its transport target

as |l ow as 12%). Notably, Aintermediate crops?o
cap.

Biofuels and bioenergy produced from wastes and residited In Annex IX only need to comply
with the GHG minimum emission threshold sustainability criteric@ab(e7-4). Advanced biofuels
listed in Part A of Annex IX will be doubleounted towards both the 3.5% target and the 14%
target. Biofuels produced from feedstocks listed in Part B of Annex IX witblpped at 1.7% in
2030 and will also be double counted towards the 14% target.

Table7-4. Implementation of RED II provisions towards 2030

The Commission will review the overall 32% target by 2023, as well as the 14¢dargabfor
transport, and could propose to increase, but not decrease the targets.

The Commission must review the feedstocks included in Annex IX every two years ar
add feedstocks to the list, but cannot remove any.

The Commi ssion must set out criteri a-uge
changer i sko and OI-usechangedii sskeéct f d eachsdt oc k s .
reviewed by 2023.

The Commission must set a GHG reduction threshold for recycled carbon fuels by J
2021, and by December 2021 must specify the methodology for GHG accounting fo
fuels and for renewable fuels of rbivlogical origin.

By January 2021, the Commissianust define the operational guidance requireg
demonstrate compliance with the sustainable forest management criteria and the L
requirements.

In 2026, the Commission must propose a regulatory framework for the promotion of ren
energy for thgpost2030 period.

Fuels produced from f eeeésetclaoge $ swiot wi ihi dfR il na
more restrictive cap at the 2019 consumption level, and will then be phased out to 0% by 2030
unl ess specific baihdodetdapdusechangeieshk i d i Eedle dst Gid losv
indirectlandusechange i sko i nclude those that are produc:
production.

Renewable electricity will count 4 times its energy content towards the 14% renewabhliane
transport target when used in road vehicles, and 1.5 times when used in rail transport. The
renewable electricity used in road vehicles and rail can be calculated on the basis of either the
average share of renewable electricity in the EU or irvtember State where the electricity is
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supplied. The Commission will also develop a framework to guarantee that the renewable
electricity used in transport is in addition to the baseline of renewable electricity generation in each
Member State.

Fuelsused n aviation and mariti me sectors can opt
target but are not obligated. The contribution of-fard feedstockased renewable fuels to these
sectors will count 1.2 times their energy content.

7.5 Flexibility

RED Il grants individual EU Member States (MS) broader margins of flexibility compared to the
original RED when translating this EU Directive into their national legislation, as summarized in
Table7-5.

Table 7-5. Flexibility clauses foreseen ithe RED Il with respect to the implementation of the
Directive by EU Member States

EU MS can exempt or distinguisgietween different fuel suppliers and energy carriers w
defining their trajectory to achieve the 14% minimum-ganget for the transport sector.
EU MS are free to choose the most suitable form of support for renewables in transg
example volumenandates, energy mandates or GHG emission savings targets.

EU MS can distinguish between different types of conventional biofuels and set differen
for each category (for example, setting a lower cap on oil seed crops than other types
andfeed crops).

EU MS can set lower limits on food and felealsed biofuels than prescribed in the RED I
may also reduce the 14% renewable energy in transport target by the same.

EU MS can set a different cap for biofuels produced by feedstockstiB RarAnnex IX if
justified by the local availability of such feedstocks, and can define additional sustain
criteria for bioenergy but not for biofuels.

7.6 Translation and implementation

EU Member States must translate RED Il provisions into tlespective national legislation by
June 2021, with several technicalities and revision clauses being defined via delegated and
implementing acts.

7.7 Advances and challenges in biofuels technologies

Consistent with EUOG6s r egul marketrrgsearfch ia Bueopeoarek , t e
| argely focussed on d&fedaor feaddemdbtdcksha situfatior wheh is r o m
expected to contintieor even consolidate upon the formal adoption of RED 1.

Technological advances are therefore sought acgss technologies for converting feedstocks
having no or only low indirect landse change (ILUC) impacts. The RED Il is also quite
demanding on biofuel producers to achieve high minimum GHG emission reduction thresholds
towards 2030Table7-4) compared to the baseline.
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Industry in the EU is focussed on three broad categories of feedstocksceityiosic residues

from agriculture and forestry; anal manures and the biogenic fraction of wastes and residues
like municipal solid wastes; and biomass types not competing with production of food and feed,
such as grass feedstocks, perennial and cover crops, and algae.

Two | mper at i v e selsindustry drehaecess td gustainableofdedstocks in sufficient
volumes and conversion processes able to perform well and at scale on such feedstocks. Three
categories of conversion technologies are rel
biochemical, thermochemical, and oleochemical production routes. Oleochemical is the most
proven and the use of waste and residues as feedstocks is expanding, and is expected to continue
to do so as a result of regulation. Each one of these broad convertsigares includes a number

of subtechnologies. The remainder of this section highlights the main identified challenges for
each.

7.7.1 Biochemical conversion routes

A lot of research continues in this area ($8gure 7-3), however more and clearer public
information on performance would be beneficial, particularly regarding cellulosic ethanol
production systems. For anaerobic digestion, work continuesike production more profitable,

in particular while using more challenging feedstocks.

A large part of EU research in this area aims to show or improve the robustness and efficiency of
cellulosic ethanol production routes, with butanol production atsacéing increasing attention.

The increasing scale (and number) of production plants worldwide indicates some progress and a
high degree of continued interest in this technological area exists both in the EU and in other world
regions. However, the enemmental and economic performance of the processes remain critical
areas for improvement. While detailed information on production costs is limited, the low level of
deployment and market success of these technologies at commercial scale suggests¢hiahprod
costs remain higher than previously forecast, likely because of high feedstock and enzyme costs
among other factors.
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Figure7-3. Biochemical conversion routes

For the anaerobic digestion (AD) sector, availability of sustainable feedstocks in sufficient
volumes is among the key priorities for the-Baked biofuel industry, with specific attention being
given to agricultural residues and other complex waste stréarg., wastewater sludges). AD
processes are currently not economically viable and improvements in technology are paramount
to demonstrate economic feasibility. Current research priorities include work to valorise AD
digestate by recovering nutrientsdoproduce marketeady products, or to embed the AD step

as one of the processes in a biorefinery. Biogas upgrading to biomethane is another large goal of
much new investment in AD. Public awareness about the potentials of AD is still limiting technical
efforts in scaling down the technologies, so interesting possibilities to enlarge feedstock choices,
for example by improving the recovery of waste streams at urban andripani levels, remain

under exploited.

7.7.2 Thermochemical conversion routes

This area omprises several sttechnology areas (seEigure 7-4). Overall, research on
thermochemicalibased biomass to liquid (BtL) technologies is attempting to achieve lower
operating and capital costs to improve economic feasiblity. Again, it weultbbeficial to have
more and clearer information on performance and costs in the public domain.

Processes making various types of-biode oils are attempting to take advantage of possible
opportunities to cgrocess their bi@rudes in existing petralen refineries, and some of large oil
refiners are engaged in this work.

There are no largscale gasification plants in the EU producing BtL biofuels today. Improving

gasification, syngas cleaning, and Fisfieopsch (FT) synthesis are all research angdk
potential to enhance process efficiencies and in turn decrease production costs.
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Smaller scales of operation requiring lower capital and operational costs to establish and run
conversion plants have been identified as a promising way forward fggzroptimization. The
energy balance of thermochemical production plants would especially benefit from enhanced
integration of sukprocesses to reduce external energy import requirements. Improving biomass
handling to enable more flexibility towards a &der variety of feedstocks is another important
research area. Others include novel cleprsystemdor produced raw syngas that reduce the
energy required to purify syngas, and also new catalysts that are more tolerant to impurities in
syngas. Generallgpeaking, however, and with the exception of the AMBIGO initiative (Ambigo,
2018), this sector is not showing high confidence in the-tegar possibility to profitably produce
synthetic natural gas (SNG) via biomass gasification.

Lignocellulosic Biogenic residues and
[ material wastes Algae

Oxygen / Steam

Possibility for CCS

Liquid Liquid
biofuels biofuels

FT
products

Figure7-4. Thermochemical conversion routes

SNG Alcohols DME

Considerable interest exists in the Eldnd other world regions to coprocess FT products at
existing crude oil refineries in order to achieve greater economies of scaddfiarmhcies than
standalone production would permit. This approach would also provide a better opportunity to
tailor fuels/products portfolios according to market needs.

For fast pyrolysis, there are opportunities to improve processes to maximisié \pedds and to

use catalysts to promote higher selectivity and yield of desirable products. Catalyst improvements
also provide opportunities for the subsequent upgrading step. Several technical developments are
being researched in the EU to improve cdtalyast pyrolysis and ugrading via refining
processes but these are not yet at commercial scale. Reducing hydrogen consumption during
hydrotreatment is another important technical challenge being researched.
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Co-feeding pyrolysis oils in petroleum reéry units using existing infrastructure and commercial
technologies is another promising opportunity being investigated. Obtaining pyrolysis liquids from
cheaper residual resource feedstocks while maintaining product quality that mekdsiithio
specifiations is another important area of investigation.

Hydrothermal liquefaction (HTL) approaches for wet feedstocks are technologically proven at
laboratory and/or pilot scales and appear promising with additional development for producing
bio-crude oils that cah as for the previous technologiebe blendd with traditional fossil crude

for upgrading at existing petroleum refineries.

Scaling up production to cloge-market maturity remains a challenge but is critical for ongoing
projects, such as the one led by Steeper Energy Aps (SEA) in Denmarkiditeva@irocess
performance at largecale and over realistic yeayund operation. The potential for more eost
optimised routes that integrate HTL processing into other existing production facilities, such as
with a paper mill in the case of Licella Pty LitdAustralia, have not yet been explored in the EU.

Interesting developments brought forward by EU operators to progress upgradingits bi@

the initiatives of NesteOil (Neste &I, 2018) and Repsol (REPSOL, 2016) which are testing at
the scale oftheir production sites eprocessing HTL with crude oil, albeit so far at very low blend
levels.

7.7.3 Oleochemical conversion routes

For oleochemical routes (séggure 7-5), the main issue for the EU (and worldwide) biofuel
industry is the need to find increasing volurheand varietyi of sustainable feedstocks, and this

is exacerbated by the move away from fd@$ed feedstocks for biofuels. Unlike otheutes
discussed in this section, FAME and HVO pathways have proven reliable at industrial scale for
many years.

In the EU, the need for FAME and HVO routes to be more flexible in terms of input feedstocks is
currently dri vi ng develepment Atanandididual predaction @antdegel, c a |
this translates into the need to include more complexrpatment units for the process. In parallel

to input flexibility, HVO plants in particular are required to be increasingly flexible with respec

to outputs. With a more diversified demand for final products to fuel road and other transport
modes, namely aviation and marine, the product slate including diesel, kerosene and naphtha from
HVO production needs to be able to swiftly adapt to matchrdimenarket demand.
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Figure7-5. Oleochemical conversion routes

7.8 Broad indicator of funding by technology routes

Figure 7-6 shows an overview of the number of Hlthded advanced biofuels and biorefineries
projects and how this funding is distributed across the different technical approaches for projects
above 250KEUR in value and that are starting at greater thassdalle Technology Readiness
Levels (TRLS). It should be noted that some of the biorefinery projects incorporate biofuels within
their prodwet slate. Nonetheless, as thigire shows, the majority ofiél focussed projects are in

the anaerobic digestion area, followed by fermentation, while the latter has received the largest
proportion of funding compared to the other approaches.
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Figure7-6. Distribution of EU funded advanced biofuel technologies projects above 250k EUR

7.9 Conclusions

The existing and forthcoming regulatory framework in the EU requires certain areas or aspects
within each biofuel technology pathway to be further developed ovaepnents in these areas will

yield the greatest benefits towards making these biofuel pathways commercially successful in
pursuit of the EU6s established mandatory bio
operation demonstrating steady amdliable production will be key to derisk further
commercialization of the technology. Detailed and verifiable results from an operating facility will

be highly beneficial to all parties; it is understood that results can be commercially sensitive, but
without such clarity it is unlikely that future R&D investments will be targeted as efficiently as
possible. For anaerobic digestion, further developments in the successful use of lignocellulosic
feedstocks and other complex waste streams will help res@waithently constraining issues of
feedstock availability and sustainability; improving digestate valorisation and biogas upgrading to
biomethane are other key elements that will enable this technology to be more widely
implemented. For BtL, smaller scatperations and enhanced process integration may help to
make these approaches more financially appealing. In genefaipcessing of bi@rudes and

bio-oils in existing refining infrastructure is an area of increasing focus, with obvious economic
benefis to be realized by taking advantage of existing facilities and technologies. The fine tuning

of the systems that produce such-biades is also likely to reap considerable rewards, especially

if this can produce materials that can be more easily upgr&dedrAME and HVO pathways, a
onrgoing search for sustainable feedstocks remains the key issue, although there are some benefits
to be gained by further improving the basic processes themselves.
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8. Germany

Franziska MulleiLangetDBFZ; Nicolaus Dahmen, KIT

Summary Box

1

From 2010 until the end of 2014, Germany had an overall biofuel target which mandg
use of at least 6.25% biofuel (in energy content) in all transport fuel. During this p
differentiated biofuel targets were also in place of at least 2.8% binfgasoline and 4.49
biofuels in diesel.

As the first European Member State, Germany shifted from energetic related quota to
related quota starting in January 2015. TG#G reductiortargets e 3.5%, 4% and 6%

the fuel mixfor the entire fuesector from 2015, 2017 and 2020 onwards, respectively
Accordingto Germay 6 Energy Tax Law, there is no tax relief for FAME biodieg
HVO/HEFA fuels, vegetable oils and ethanol. FAME biodiesel, HVO/HEFA fuels

vegetable oils have the samuel tax asd i e s e | 0.41.04/ktdr). Ethanol has the sar
fuelt ax as g as 0.6545fiter). The &él taX for CNG and biomethane
40.0139/ kWh wuntil 2023.

Germanyis evaluating specific policigs promot advanced biofuels. Theegeno specific
policies promoting aviation biofuels.

No financial incentivesre availabléor advanced/new biofuels, making it quite difficult
penetrate into the fuel market, even with the GHG quota.

There arevariousfunding programs for R&D&D with emphast theuse of diversified
raw materials, decentralizede nt r al i zed concepts al ong
role as technology developer, and integration of renewable fuels based on biom
electricity intothe energy transitian
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8.1 Introduction

In Germany, about 30% of total energy demand (~8R&¥ih 2015) relates to the transport sector,
of which just approximately 4% are renewable fUBBIUB, 2016) This shardasdecrease in
thepastfew years, but is still mainly covered by biofuels thiag used for road transport. However,
the share of greenhouse gas (GHG) emisdiams transport has slightly increas&om 1990 to
2014 by 1% taeach164 million tonnes (about 18% of all sectors in Germany; for compatisen
transport share wak3% in 1990) (BMWi, 2015) In the light of the Paris agreement, £&
emission reduction of the transport sector is now a high priority in Germany. According to the
German climate protection plan, the GHG reduction target for transport@s42o until 2030
(compared to 1990 BMUB, 2016) Overthe same time period, an increase in freight transport of
about 38% and in personal transport of about 13% is forechgt2@30 (compared to 2010)
(BMVI, 2014) This has to be accompanied by the given challengdslfiling emissions
standards ithe context of energy and transport mode.

In this light and pushed by debates ejgn bans f or combustion engin
scandal 60) in Germany, t h eaboat making pavaigg chamggto ser i o
establish renewable based electro mobility and renewable fuels like hydrogen and power based
synfuels (secalledpowerto-X (PtX) fuels, e.gpowerto-gasous fuel{PtG) or poweito-liquid

fuels (PtL)) in addition toor instead of biofuelsEspeciallyfor transport sectors like aviation,

heavy dutyroad transporand cargoshipping, there areenormous challenge® implementing

powertrains driven by electrical energyectrical powers not an option or only to a minor extent

for these trasport sectorgMueller-Langeret al., 2016)

8.2 Main drivers for biofuels policy

Following the Paris Agreement, the primary driver is to fight climate change by focusing en low

carbon technologies, G@Qse and efficient renewable products from biomass and eleciGeit.

savings are the primary driver for implementing German biofuel policies, and for that reason,
Germany will be subject to Article 17 of the European Renewable Energy Directive (RED)
200/ 28/ EC APromotion of the Use of Energy fro
savings from biofuels, compared to fossil fuels, must exceed 35% as of 2009, 50% as of 2017, and
60% as of 2018 (if the production line started in or after 2017).

8.3 Biofuels policy

The main instruments for decarbonizing the transport sector in the EU along the whole value chain
(or wellto-wheel, WTW or weltto-tank, WTT) are (i) related to the fuel side, a target of 10%
sustainable renewables in transportation accordinghé¢ renewable energy directive (RED,
Directive 2009/28/EL and 6% GHG emission reduction from road fuel suppliers by 2020
according to the fuel quality directive (FQDirective 2009/30/EY; and(ii) related to the vehicle

side (or tankto-wheel, TTW), @©> emission standards for cars and vans and legislation for a broad
market introduction of clean and energfficient vehicles(Regulation (EC) No 443/2009;
Regulation (EU) No 333/2014; Regulation (EU) No 510/2011; Regulation (EU) No 253/2014)

(i) related tg e.g, the aviation side (or tanko-wake, TTW) with targetsfor biofuels and low
carbon fuels. However, in the current policies, there is no direct link or harmonization between
WTT and TTW emissions; the first considers GHG emissioasiticluding all CQ equivalents
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such as methane and nitrous oxiad)ereaghe later considers just Cemissions related to fuel
combustion for driving vehicles.
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Figure8-1. Climate protection planf German Federal Government (©DBFZ, 2016)

Moreover, with the Directive on the deployment of alternative fuels infrastructure (AFID,

Directive 2014/94/EY)) member states are required to develop national policy frameworks for
market development of alternative fuels (mainly electricity, CNG, LNG and hydrogen) with regard
to infrastructure requirements. In additidhe Energy Taxation Directive (ETD) is bindjrand

sets minimal taxation rates for energy carriers.

For the WTFrelated part, RED and FQD have been implemented at the EU Member State (MS)
level. Up to nowmember statediffer significantly in setting policy instruments and measures.
Most of them have shifted away from financial instruments towards quota systems for fuel
suppliers.

For the time frame pog020, only general, not sectoral related, binding targets208D are set
which are (i) about 40% GHG emission reduction compared to 109®7% share of renewable
energies related to energy consumption at EU Jeaedl (iii)27% improvementn energy
efficiency*

1 ®*Communication from the Commission to the EuropRarliament, the Council, the European economic and social
committee and the committee of the regions (2014) A policy framework for climate and energy in the period from
2020 to 2030 COM(2014) 15 final
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In 2016, the EU set an overall frame with itg&ean strategy for lowmission mobility © More

recently the EUapproveda revisedRenewable Energy iiective (REDII) which includes a
biomass and biofuel sustainability policy that addresses also quotas for advanced biofuels and
criteria for electridy-basecdheating and coolindRED Il includes for instance targets such as 14%
renewable energies in transport by 2030, limits for conventional bioarelsjinimum shares for
advanced biofuels.

Starting in 201@nduntil 2020, the GHG quota is the binding regulation for promotion of biofuels
in Germanymaking the EU FQD (fuel quality directive) leading instead ofoitiginal RED

In Germany, the European directives and regulations are implemented adequately by
837 BImSchG (Federal Immission Protection Act) including BiokraftNachV (relateatiginal

RED) and 36BImSchV (related to FQD) and the EnergieStG (related to ETD). In 2014, the
Federal Ministry for the Environment, Natu@onservation Building and Nuclea Safety
published the draft of the twelfth law amending the BImSchG, which includes a dha@gks
reduction targets (3.5% from 2015 / 4% from 2017/ 6% from 2020). In addition, it contains
numerous enabling provisions which will simplify the implementatf future European law into
national law.

As the first and probably only European member dtatl so Germany shifted froranenergy-
related quota to a GH&elated quota starting in January 20dfaking the FQRheleadingpolicy
instead of theoriginal RED. This means that fossil fuel supplier companies will be obligated to
sell ther respective biofuel or renewable fuel with its fossil counterpart gasoline or diesel (which
is usually done through blending), in order to produce a fueltun@xwhich achieves a
3.5%/4%/6% GHG mitigation (compared to fossil gasoline and diesel mix) for the entire fuel
sector from 2015/2017/2020 onwardseTarget continues after 2020 atfixed level of 6%.
Biofuels are currently the only way to fulfithe targethoweverother policy instrumentsare
anticipated tdollow. Because only actual emission savings count towards the dgu@otdduble
counting is not allowedGHG emissions of biofuelmustbe calculated om life cycle basis
according tothe GHG methodadgy describedin RED/FQD), the exact increase biofuels
depends on its specific GHG intensity: the higher the specific GHG mitigation potential, the lower
the renewable fuel consumptioequiredto fulfill the quota.

The quota target has to be achielmdcompanies placing fossil fuels on the market over the
calendar year (i.e.with possible variatios throughout the year and in different regions).
Additional GHG quota shares above the annual target magdmio meetthe following yead s
target. Morewer, obligated entities can delegate their quota requirements to a third party through
bilateral contracts. lthe case of noffulfillment of obligations penalties of about 42UR ct/kg

CO; equivalent are binding.

2 %Communication from the Commission to the EuropRarliament, the Council, the European economic and social
Committee and the committee of the regions (2016) A European Strategy feEm@asgion Mobility COM(2016)
501 final
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8.3.1 Biofuelsobligations

From 2010 until the end of 2014, Germany had an overall biofuel target which mandated the use
of at least 6.25% biofuel (in energy content) in all transport fuel. During this period, differentiated
biofuel targets were also in place of at least 2.8% biafugasoline and 4.4% biofuel in diesel,
introduced by BImSchG 837a.

Mandates or biofuel volume obligat®havebeen shifted fromanenergy related quota to a GHG
basedquota in 2015. Germany is the first EU member diaienplementa GHG related quat
from 2015 3.5%GHG mitigation from 2017 4%; andfrom 2020onwards6% (GHG mitigation
compared to fossil gasoline and diesel mix) for the entire fuel sector.

The 38. BImSchMegislation regulatedrhits on themaximum energetic share of conventibna
biofuels such aBAME biodiese] ethanol, and HVO/HEFAuelsproduced fronfood-competing
feedstocks as well a&stablishesnandates for advanced fuels according to EU RED.

The @arbon intensies of biofuels are considered indirectly via the national application of the
binding methodology of EU RED within the BioKraftNachwith minimum GHG reduction
potentials of 35%and50% for all facilities from 2018and for newfacilities from 10/2015and
60% for new facilities from 201 &l{eaverage GHG mitigation potential 2016was about 73%).

In addition,acarbon taxs indirectly applied via C@tax for passenger cars (KraftStG).

Germany is evaluating specific policiés promoe advanced biofuelsThere are no specific
policies promoting aviation biofueldi@wever theycan qualify for incentives)Thereare no
financial incentives for advanced/new biofgjeinaking it quite difficultfor new biofuelsto
penetrate into the fuel market, even with thd@quota; maybe an appropriate advanced fuel
guota willbe established that witlelp contributeto the commerciamplementation of such fuels.

The Federagovernmenthasaut hori zed t he ABundesanstalt f ¢r
(BLE - Federal Institute of Agriculture and Nutrition) to guide and supehbicfeelscertification.

The BLE is responsible focontrolling thesustainabilitycertification systemgo be usedin

accor@ance withRED certification bodies and the wddased documentation system called
ANabi syo.

8.3.2 [Excise duty reductions

According to the German Energy Tax Law, there is no tax relief for FAME biodiesel, HYO/HEFA

fuels, vegetable oilor ethanol. FAMEbiodiesel, HVYO/HEFA fuels and vegetable oils have the
samefuelt ax as diOetH4&liter). fEthandl haé the safuelt ax as gasoline
0.6545/ 1 iter). The f uel0.0139%kwWhtintil2023THé¢<e regutationsb i 0 me t
are also in forcdor E85 and advanced biofuels from 2016 onwards. Midyuels used for

agricultue or forestry remain fully tax exempteth addition, carbon taesare indirectly applied

via aCOp tax on passenger cars.

8.3.3 Fiscal incentives

Not available
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8.3.4 Investment subsidies

Not relevant for biofuels but for electro mobility, there isr@afcial supportip to 4000EUR for
plug-in battery electric vehicles (BEVshd for loading stations up to®O0EUR (@nd forsome
municipalitiesup t05,000EUR).

8.4 Promotion of advanced biofuels

In Germany, he termfadvanced biofuetsfollows the definition given in the EU RED. Following

this, there are recognizable projects on advanced transport biofuels at different technology
readiness levels (TRL) duel readiness levels (FRLEXxisting commerciaFAME biodiese)

ethanol and biomethane plaggsnerally alsae@an be used to produce advanced biofuels based on
residus  or fiwas t.€apacities éodlignoaeltulsge fuetemainquite low, however

This is also true for electricitpased fuels such &X fuels(e.g, hydrogen, synthetic natural gas

or liquid biofuels).

There were and are different funding programs for R&D&D with diffeegnphass (e.g, use of
diversified raw materials, decenlizezd-centralized concepts along value chains, promoting
Ger ma n y 0atechnaldgyedevalsper, and integration of renewable fuels based on biomass
and electricity into the energy transition).

Table8-1 shows a overview of ongoingtransport biofuelsRD&D projects at pilot and
demamstrationlevels.

Table8-1. Overview on ongoingransport biofuelsesearctprojects being carried oat pilot
and demo levslin Germany (with no claim to completeness)

Type of biofuel / Process TRL/FRL; S Funding programs
. o o takeholders
conversion route characteristics Capacities (examples)
Biomasdreatment to intermediate products
Pyrolysis Flash pyrolysis of biolig® demo plant,| KIT BMEL/FNR,
different biomasses, | 2 MW pyrolysis, federal funding
slurry production TRL 5
Direct Low pressure TRL 4 Hochschule fir BMEL/FNR,
liquefaction liquefaction by fluid Angewandte federal funding
cracking (e.g.of Wissenschaften
vegetable oils) and Hamburg
reactive destillation
Hydrothermal Organosolv process | Fraunhofer CBP Fraunhofer CBP Eranet,
processes pilot plant in Leuna, BMEL/FNR,
operational since BMBF/PTJ, federal
2013, TRL 45 funding
lignocellulose pe-
treatment: 1t
wood/week
Hydrothermal Several demo SunCoal, BMUB/BMWi,
carbonization plants, TRL 67 TerraNova, DBFZ, | BMBF/PTJ
KIT/Uni
Hohenheim, TU
Braunschweig, ATB
Potsdam
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Type of biofuel /

Process

TRL/FRL;

Funding programs

. o, o Stakeholders
conversion route characteristics Capacities (examples)
Hydrothermal Lab / technical DBFZ, KIT, Uni Eranet, BMBF/PTJ,
liquefaction plants, Hohenheim, TI BMEL/FNR
TRL 3
Hydrothermal Pilot plant Verena, | KIT EU FP6,
liquefaction & TRL 5-6 BMBF/PTJ
gasification
Biofuels for end use
Ethanol Cellulosic ethanol Demo plant Clariant BMBF/PTJ, EU
(fermentation) from agricultural Sunliquid® in Horizon2020
residues like wheat | Straubing,
and maize straw operational since
2014, TRL 7, FRL
6, 1,000 t/a (from
4,500 t/a straw)
Ethanol &chenicals | Fraunhofer CBP With link to BMBF/PTJ, 2012
from wood; Pilot plant in biofuels, e.g. 2017
lignocellulose pre Leuna, fermentatior] Fraunhofer (FhG)
treatment (organosol\ + enzyme CBP, DBFZ,
method), production: 10 to | Thyssen, Linde
fermentation, enzymeg 10.000 I, TRL 5, Engineering
production, FRL 5
organosolv lignin,
sugars (for ethanol
and various platform
chemicals)
Isobutene Fermentation Demonstration Global Bioenergies,| BMBF/PTJ
(fermentation) plant TRL 6, Fraunhofer CBP
staredoperation in
2017
Isobutene Oligomerisation and | Miniplant, Fraunhofer CBP / | -
oligomers hydrogenation TRL 4 Global Bioenergies
HVO/HEFA Hydrotreating Technical units, TU Bergakademie | BMWi/AiF
processes, different | TRL 2-3 Freiberg (TU BAF)
feedstocks

HEFA out of micro
algae

Pilot project, 2016
(AUFWIND
project)

FZJ (Coord.), Nova
green, Phytolutions,
HS Lausitz, OMV,
RWTH Aachen, TU
Munich, FhG,
VERBIO, VT
Schwedt, Airbus,
DBFZ

BMEL/FNR, 2013
2016

BTL | Methanol /
DME /gasoline

Entrained flow
gasification, hot gas
cleaning synthesis

5 MW gasification
40-80 bar TRL 6-7,
2 MW gasoline
synthesisTRL 7

KIT, CAC, Air
Liquide, DBI

EU FP6 & FP7,
BMEL/FNR,
federal funding

BTL | Fischer Micro-structured 2-50 bpd container | KIT/INERATEC BMBF, federal
Tropsch reactor module plant, TRL 5 funding
Fluid bed gasifier, Modular process CUTEC EU FP6, &deral
ABSART gas development units funding

cleaning (40 bar), FT

and SNG synthesis
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Type of biofuel /

Process

TRL/FRL;

Funding programs

. oo o Stakeholders

conversion route characteristics Capacities (examples)
XTL | Methanol, | HP-POX gasifier 5 MW (gasfier), 2 | TUBA Freiberg, Air | several
gasoline (100 bar for liquid MW (synthesis) Liquide, CAC

and gaseous fuels), | TRL 6-7

synthesis
XTL | Different catalytical | TRL 3 with KIT and project BMEL/FNR;
Oxymethylen routes investigated | opportunity for partners; RWTH, BMBF
ether (OME) scaling up FZJ
HTL | 2-stage hydrothermal| Technical plant, DBFZ, TU Dresden, BMBF/PTJ
Hydrothermal liquefaction, refining | TRL 3 Uni Leipzig, amtech
liquid biofuels
Biomethane via | straw fermentation, | Commercial plant, | VERBIO AG EU NER300
biogas fertilizer production; | 16,5 MW (136
(fermentation) (additional: ethanol | GWh/a) from 40

plants(grain, sugar | kt/a straw, TRL 8,

beet) and biogas FRL 8 (260 kt/a

ethanol + 480 GWh
biomethane)

Biomethane via | Gasification, gas Plant units at KIT/EBI, Uni BMUB/BMWi |

SNG

conditioning,
methanation

technical labs

Erlangen, DBFZ,
ZSW, CUTEC, DBI

Energetic biomass
use, federal funding

Biohydrogen

AER process (dual
fluid bed with active
bed material)

Process
development unit

ZSW

EU, federal funding

Different fuels

Tailor-made fuels
from biomass
(TMBF) Biomass
fractionation /
pretreatment;
enzymatic + catalytic
biomass processing;
process optimization;
synthesis and
conversion of
biomassbased
streams to platform
molecules and fuels;

Lab units

RWTH Aachen,
Fraunhofer IME,
Max-PlanckInstitut

DFG, BMBF

In addition, the topicfoso-calledPtX (ie., PtG orPtL fuels orchemicals) is gaining an increasing
interest, especially in context of the German energy transition and increasing shares of renewable
electricity. PtL is viewedas carbon neutral and clean fogldifferent OEMs. There are different

projects orPtL ongoingin Germanywith examplesncluding

1 PtL demo plant (160 l/day) of Sunfire in Dresdenfic@nced by BMBF

1 PlannedPtL demo plant in Linen using G@xhaust gaess fromthe lignite power plant of

Steag Lunen, together with Mitsubishi Hitachi Power Systems Europe (MHPSE), Carbon

Recycling International (CRI), ebnanced by EC Horizo2020
1 PtX integrated into the Helmholtz EnergyLab2.0, a platform compidifferent energy
conversion and storage technologies with overall process control and simuatsieat

KIT with KIT, DLR and FZJ as partners. All relevant issues identified by dEAconsidered
such as microreaction and other reaction techimesoigtG, renewable carbon from biomass,

anddevelopment of catalysts and catalytic processes from lab to pilot.
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1 Hydrogen cluster HYPOS pushing the productibelectrolytical hydrogen and methanation
to synthetic natural gas

Currently,there aremportant funding programs for RD&D that are addressing advanced fuels and

T to a minorextent- also biofuels. In generahere has beea decrease in funded projects related

to biofuels.Funding programs include:

1 Ministry of Education and Research (BMBE i K o [j projectifokthesnergytras i t i on o
with one project ofPtX

1 Federal Ministry of Food and Agriculture (BMEL): Renewable Resources Funding Scheme
with projects related to ethanol, biodiesel, vegetable oils, biomethane, and advanced biofuels
(e.g, hydrocarbos from biochemical pathwayduelsfrom other renewable resources like
algae, andenewable oxygenates (OME) as gasoline and diesel blending components).

T Feder al Mi nistry for Economic Aff aiemegy and E
transition in the transport seconPtXp whi ch al

1 Federal Ministry of Transport and Digital Infrastructure (BMVI1), within the frame of mobility
and fuel strategy projects like, ergsearch and demonstration projctthe use of renewable
jet fuel at Airport Leipzig/Halle (DEMG&PK) which deals with the supply and use of
multiblend jet fuel

Considering biofuels as one important renewable alternative for the transport sector is part of

different ongoing strategiesd initiatives:

1 Federal governmed nmobility and fuels strategy under the lead responsibility oBtkk/|
(cf. http://www.bmvi.de/SharedDocs/EN/Artikel/GIBKS/mfs-context.html?nn=86868

1 Biorefineries Roadmap as part of the German Federadrnmend action plans for the
material and energetic utilisation of renewable raw materials (cf.
https://www.bmbf.de/pub/BMBF_Roadmdioraffinerien_en_bf.pdf

1 National policy strategy on bioeconomy, renewabkpurces and biotechnological processes
as a basis for food, indtry and energy, BMEL 2013 (cf.
http://www.bmel.de/SharedDocs/Downloads/EN/Publications/NatPolicyStrategyBioeconomy
.pdf?___blob=pblicationFilg

1 ProcessNet initiative of Dechema and VBYC: Sustainable Production, Energy and
Resources (SUPER) Expert group on alternative fuels (cf. position paper
https://processnet.org/ep/1000035EGOTEC
844bca00fdee30c50e537961d6f4c071/ /PP_Alt.Brennstoffe 2018 engl Jezl.pdf

Table8-2 lists advanced fuelpilot and demonstration plants in Germany.

Table8-2. AdvancedBiofuels Pilot andDemonstratiorProjects in Germany

Nameof company | Status Technology Production capacity

Clariant Operational | Cellulosic ethanol | Demo plant sunliquid® in Straubing,
operational since 2014, TRL 7, FRL 6
1,000 t/a (from 4,500 t/a straw)

Global Operational Isobutene Demonstration planTRL 6, stared
Bioenergies, operation in 2017
Fraunhofer CBP
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KIT, CAC, Air Operational BTL
Liquide

biolig® demo plant, 2 MW pyrolysis,
TRL 6

5 MW gasification 4€B0 bar TRL 6,
2 MW gasoline synthesis

Thyssen, Linde

Fraunhofer CBP, | Operational Cellulosicethanol

pilot plant in Leuna, operational since
2013, TRL 45 lignocellulose pre
treatment: 1 t wood/week fermentatio
+ enzyme production: 10 to 10.000 I,
TRL 5, FRL 5

Verbio AG Operational Biomethane, ethang

Commercial plant, 16,5 MW (136
GWh/a) from40 kt/a ¢raw, TRL 8,
FRL 8 (260 kt/zethanol + 480 GWh
biomethane)

8.5 Market development and policy effectiveness

Currently the market is mainly based on conventiorabwablefuels whichare expected to

remaindominant at least until 2020. For advanced biofuels, there are many R&D&D activities
however only gew production plantsThe development of production and use of conventional
biofuels suchas FAME biodiesel, ethanol, HVO/HEFAfuels and biomethane is shown in

Figure 8-2. Thereis no production capagitfor HVO/HEFA fuels in Germany. Biomethane is

produced in significant capacitibsit for different markets; just a share of roughly 4% is used for

transport applications. Pure vegetable aits fuels(PVO) (annual volume inthe range of

4.9 million t/a (5.6 billion liters/yearjn 2016(OVID, 2017) are not presented separately due to

these alsdeingused aseedstock for FAME biodieseland several other uses.

180
[ Biomethane o L
. . GHG duct MicCQ-eq/

L160 | = Bioethanol (incl. ETBE) emission reduction in MicC§-eqg/a
E 1 Vegetable oils P
§140 1 mHVO/HEFA P 18 53
,g D [ Biodiesel (FAME) o = _ 37 0 52 53
S B = =N BN ] =
100 | —_fo " = *_*:f:‘i_i; | I B
5 L -
c
o MR RER
c
K]
Sse0H 4 H H H H H H H = = = = = = m == == E
©
o
&2 4 4 HHH — = = H H H H H M H
L
a

204H H H H A 14+ =

0

Production

2007‘ 2008‘ 2009‘ 2010‘ 2011‘ 20121 2013‘ 2014‘ 201§ 2016‘ : ‘ 2007‘ 2008‘ 2009‘ 201d 2011J 2012‘ 201% 2014 2014 2016

Use

© DBFZ, 10/2017, data base: Production: VDB, BDBe, BNetzA, dena; use: BAFA-BLE/P014
afor 2016 preliminary estimation DBFPZIVO / HEFA: no production in DE.; Biomethane: Production esp. for KWK and heat sectol
GHG reduction: 2009 + 2010: 35% acoording min. requirements of REER@IA:Icalculation based on BLE data
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Figure8-2. Development of conventional biofisah Germany (©DBF2017 (Naumann et al.,
2016; VDB, 2017; BDBE, 2017; Lenz &k, 2017; OVID, 2017; BAFA, 2017; BLE, 2016; BLE,
2014; BLE, 2014; BMVI, 2016; Arbeitsgemeinschaft Energiebilanzen e.V., 2017)

Table8-3. Biofuel production Naumanret al., 2016; VDB, 2017; BDBE, 201kenz et al.,
2017} (no production capacities for HYO/HERAels PPO(Pure Plant Oil)/PV(roduction
volume 2016 about.@ million t/a (5.6 billion liters/year) cellulosic ethanol capacity
1,262000literg/a)

Year Biodiesel / FAME Ethanol + ETBE Biomethane / Biogas
(ML/year) (ML/year) (PJlyear)

2007 3,783 398 -

2008 3,067 581 1

2009 2,772 750 4

2010 2,880 762 6

2011 2,760 721 10
2012 2,817 774 15
2013 2,965 848 19
2014 3,408 917 23
2015 3,351 934 25
2016 3,465 932 31

Unit conversion: dImetric ton of biodiesel=1,136 liters and 1 metric ton of ethanol=1&68.

In 2015, about 4.0% or 11J/a of théransport fuelsisedwere biofuelspf which about 73J/a
were biodiesel (FAME, about 70% based on rape oil, of which about 2/3foammé&ermany),
with 7 PJ/aof HVO/HEFA fuels (mainly based on palm oil and used cooking, @bout 31PJ/a
of ethanol (mainly based on wheat and sugar beet) and alitlit biomethane from biogas
(mainly based on residues).

Autogas / Gasoline
LPG 27%
1% Jet fuel
14% . .
Natural gas / CN ectrigfty Biodiesel (FAME)
0,3% % 2,8%
Transport fuels total Biofuels
2016 (excl. electricity) 4%
2696 PJ
HVO/HEFA 0,3%
Bioethanol
(incl. ETBE)B omethane
1.2% 0,1%
© DBFZ, 10/2017 vegetableoils < 0,1%

Figure8-3. Biofuel use in Germany in 2016 (preliminary values; DBFZ basebiaite 8-4)

The size of the biofuel market is indicatedlamble8-4.
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Table 8-4. Biofuel consumption and markehare Naumann et al., 2016; VDB, 2017; BDBE,
2017; Lenz et al., 2017; OVID, 2017; BAFA, 2017; BLE, 2016; BLE, 2014; BLE, 2014; BMVI,
2016; Arbeitsgemeinschaft Energiebilanzen e.V., 2@i7also country report iIHEA AMF

(2017) 2 assumption® incl. electricity, cellulosic ethanol not relevant

Year | FAME Pure Plant | HVO/HEFA | Ethanol + | Biomethane | Total Market
Biodiesel Oil (PPO)/ | (ML/year) | ETBE / Biogas energy share of
(ML/year) | Vegetable (ML/year) | (PJlyear) demand biofuels

oils transport ® | (%, energy
(M L/year) (PJ/a) related)

2007 | 3,089 911 - 581 - 2,601 6.35

2008 | 2,584 436 - 790 - 2,571 5.05

2009 | 2,855 108 - 1,134 - 2541 473

2010| 3,786 66 - 1,291 - 2,559 491

2011 | 2,702 21 320 1563 - 2,568 5.20

2012 | 2,550 10 502 1583 1,06 2,559 528

2013 | 2,098 1 599 1519 1,75 2,612 483

2014 | 2,326 6 427 1,479 1,63 2,616 477

2015 2,172 2 399 1481 1,25 2621 435

2016| 2,102 4 3852 1483 1,40 2,696 430

Unit conversion: 1 metric ton of biodiesel=1,136 litdrsnetric ton of ethanol=1,28®ers; 1 metric ton oPPCG=1,087
liters; and1 metric ton oHVO/HEFA fuek1,282 liters.

Related to the increagethe GHGemissiongjuotg from 3.5% GHG reduction from 2015 to 4%
from 2017 and 6% from 202@irect or indirect effectare expectewith regard to the amount of
biofuels or renewable fuelssed The major driver for competiveness between fuels within the
guota remains the fugbscific GHGemissionseductionpotential Despite the target for advanced
biofuels and the ongoing debate about EU REr Germany at least until 2021 is likely that
due to the higher GH@&ductionquotaof 70% fuel specific GHG mitigatiopotental on average,
the amount of biofuels could slightly increase it be limited by blenahg levelswith fossil
fuels (e.g.B7, E10 etc.)Theframeworkfor increasing use dfiomethane as transport fuel remains
uncertain. This is also true fot®fuels(Lenz et al., 201)¢

The 6%reductiontargetfor the German GH@missiongjuota continues after 2020. Despite this,
the EU regulaton is binding until 2030i(e., to achieve40% GHGemissions reduction and
incorporate27% renewable energi@sto the energy mixhowevernot sectoirelated. Especially
with regard to increasg capacitie®r buildingup markets for advanced biofuels, it is very difficult
to create scenarios that could be likely as the biofuel and renewable energy marketasector
constantly undergoing changes depending on global and regiona&(@ig, targets pos2020,
market interventions such as subsidies and support schetopss well as fluctuating market
conditions (e.g.prices for raw materials, auxiliaries and mineral oil).

Moreover, there is also the challenge of societal acceptance, which leads invariably to further
market variability. However, there is ever increasing attention being given to biorefinery concepts,
to maximize biomast-products ratis and realizdiorefineries are multiproduct facilities (e.g.
producingan array ofbiofuels, bulk chemicals, feechnd food, and energyproduct3. The
diversification of biomasbased productwill make such plantsesssusceptible to market shifts.
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About 30 facilities with a overallcombinedcapacity of about 4 million t/5.54 billion litersper
yeal) are still producing biodiesghis reflects some consolidation,in®012there wereabout 51
production facilities) (Naumannet al., 2016) The most importantproducercompanies are
VERBIO AG, ADM, Cargill, ecoMotion GmbH, German Biofuels GmbH, Natural Energy West
GmbH, REG Germany A@ndMannheim Bio Fuel GmbH (BungélNaumanret al., 2016)

The first modern erglants producing ethanol in Germany started operation in Z8088nol is

now produced in seven plants, of which one is producing ethanol out of dairy residues
(Sachsenmilch) and one is a demonstration [itatignocellulosic ethanol (ClariantThe overall
ethanolproductioncapacity is about 70800 t/a(805 million litersper yea), mainlyprovided by
producers VERBIO AG, CropEnergies AG, Suiker Unie GmbH & Co. KG and Nordzucker AG
(BDBE, 2017)

Biomethandrom upgradediogaswvas producetly about 196 plants in 2018he naincompanies
producing biomethane for transport are VERBIO AG (biomethane from ethanol stillage and
straw), E.ON Bioerdgas GmbldndBerliner Stadtreinigungsbetriebe.

8.6 Sources

BMWi, 2015. Die Energie der Zukunft. ViertBtonitoring-Bericht zur Energiewende.
Bundesministerium fur Wirtschaft und Energie (Hrsg.).

BMUB, 2016. Klimaschutzplan 205limaschutzpolitische Grundsatze und Ziele der Bundesregierung.
Kabinettsbeschluss vom 14.11.2016

BMVI, 2014. Verkehrsprognos#030. URL:
https://www.bmvi.de/SharedDocs/DE/Anlage/VerkehrUndMobilitaet/verkehrsprogtiie
praesentation.pdf? __ blob=publicationFile

Mueller-Langer F, Dietrich RJ, Arnold K, van de Krol R, Harnisch F, 2016. Erneuerbare Kraftstoffe fur
Mobilitat undIndustrie- Wie decken wir die Bedarfe von morgen? In: Forschung fiir die Energiewende
Die Gestaltung des Energiesystems, Beitrage zur FldtiEestagung 2016, ISSN 093582

Directive 2009/28/EC of the European Parliament and of the Council of 232808l on the promotion
of the use of energy from renewable sources and amending and subsequently repealing Directives
2001/77/EC and 2003/30/EC

Directive 2009/30/EC of the European Parliament and of the Council of 23 April 2009 amending
Directive 98/70/EGas regards the specification of gasoline, diesel andigasd introducing a
mechanism to monitor and reduce greenhouse gas emissions and amending Council Directive
1999/32/EC as regards the specification of fuel used by inland waterway vessels diyrBpeative
93/12/EEC

Regulation (EC) No 443/2009 of the European Parliament and of the Council of 23 April 2009 setting
emission performance standards for new passenger cars as part of the Community's integrated approach to
reduce CO2 emissions fromght-duty vehicles

Regulation (EU) No 333/2014 of the European Parliament and of the Council of 11 March 2014
amending Regulation (EC) No 443/2009 to define the modalities for reaching the 2020 target to reduce
CO2 emissions from new passenger cars

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update 100



Reguhtion (EU) No 510/2011 of the European Parliament and of the Council of 11 May 2011 setting
emission performance standards for new light commercial vehicles as part of the Union's integrated
approach to reduce CO2 emissions from hdjnty vehicles

Reguhtion (EU) No 253/2014 of the European Parliament and of the Council of 26 February 2014
amending Regulation (EU) No 510/2011 to define the modalities for reaching the 2020 target to reduce
CO2 emissions from new light commercial vehicles

Directive 2014/4/EU of the European Parliament and of the Council of 22 October 2014 on the
deployment of alternative fuels infrastructure

Communication from the Commission to the European Parliament, the Council, the European economic
and social committee and the cortte® of the regions (2014) A policy framework for climate and energy
in the period from 2020 to 2030 COM(2014) 15 final

Communication from the Commission to the European Parliament, the Council, the European economic
and social Committee and the commitbé¢he regions (2016) A European Strategy for Hemission
Mobility COM(2016) 501 final

Naumann, K.; Oehmichen, K.; Remmele, E.; Thuneke, K.; Schréder, J.; Zeymer, M.; Zech, Kz Mller
Langer, F. (2016): Monitoring Biokraftstoffsektor. 3. Uberarbeitet: erweiterte Auflage. Leipzig:
DBFZ (DBFZ-Report Nr. 11). ISBN 973-94662904-7

VDB (Association of the German Biofuel Industry) URL:
http://www.biokraftstoffverbandefindex.php/datenndfakten148.html

BDBE (Association of the German Bioethanol Industry) URitps://www.bdbe.de/biokraftstoff
bioethanol/zellulosethanol

OVID (Associatim of the German Oil Crop Processing Industry) URttp://www.ovid
verband.de/index.php?id=307

Bundesamt fur Wirtschaft und Ausfuhrkontrolle (BAFA), Amtliche Mineraldldaten, URL.:
http://www.bafa.de/bafa/de/energie/mineraloel rohoel/lamtliche mineraloeldaten/

Bundesanstalt fir Landwirtschaft und Ernahrung (BLE): Evaluatiomd Erfahrungsbericht fiir das Jahr
2015, 30.09.20156ttp://www.ble.de/SharedDocs/Downloads/DE/KIuBaergie/Nachhaltige
Biomasseherstellung/Evaluationsbericht 2015.pdf?  blob=publicationFile&v=1

Bundesanstalt fir Landwirtschaft und Erndhrung (BLE): Evaluatiomd Erfahrungsbericlitir das Jahr

2014, 27.11.2018JRL:

http://www.ble.@&/SharedDocs/Downloads/02 Kontrolle/05 NachhaltigeBiomasseerzeugung/Evaluations
bericht 2014.pdf;jsessionid=D57B3AD11EBB78B3E839E47679569DBB.1 cid335? blob=publication
File

Bundesanstalt fir Landwirtschaft und Ernahrung (BLE): Evaluatiomd Erfahrungsbécht fir das Jahr
2013, 31.10.2014JRL:

http://www.ble.de/SharedDocs/Downloads/02_Kontrolle/05 Nadhe&iomasseerzeugung/Evaluations
bericht 2013.pdf?__ blob=publicationFile

BMVI (2016): Verkehr in Zahlen 2016/2017, 45. Jahrgang, ISBN3®88154591-7.

Arbeitsgemeinschaft Energiebilanzen e.V. (2017) Auswertungstabellen zur Energiebilanz Deutschland
19902016; URL:http://www.ag
energiebilanzen.de/index.php?article id=29&fileName=ausw_24juli2017_ov.pdf

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update 101


http://www.biokraftstoffverband.de/index.php/daten-und-fakten-148.html
https://www.bdbe.de/biokraftstoff-bioethanol/zellulose-ethanol
https://www.bdbe.de/biokraftstoff-bioethanol/zellulose-ethanol
http://www.ovid-verband.de/index.php?id=307
http://www.ovid-verband.de/index.php?id=307
http://www.bafa.de/bafa/de/energie/mineraloel_rohoel/amtliche_mineraloeldaten/
http://www.ble.de/SharedDocs/Downloads/DE/Klima-Energie/Nachhaltige-Biomasseherstellung/Evaluationsbericht_2015.pdf?__blob=publicationFile&v=1
http://www.ble.de/SharedDocs/Downloads/DE/Klima-Energie/Nachhaltige-Biomasseherstellung/Evaluationsbericht_2015.pdf?__blob=publicationFile&v=1
http://www.ble.de/SharedDocs/Downloads/02_Kontrolle/05_NachhaltigeBiomasseerzeugung/Evaluationsbericht_2014.pdf;jsessionid=D57B3AD11EBB78B3E839E47679569DBB.1_cid335?__blob=publicationFile
http://www.ble.de/SharedDocs/Downloads/02_Kontrolle/05_NachhaltigeBiomasseerzeugung/Evaluationsbericht_2014.pdf;jsessionid=D57B3AD11EBB78B3E839E47679569DBB.1_cid335?__blob=publicationFile
http://www.ble.de/SharedDocs/Downloads/02_Kontrolle/05_NachhaltigeBiomasseerzeugung/Evaluationsbericht_2014.pdf;jsessionid=D57B3AD11EBB78B3E839E47679569DBB.1_cid335?__blob=publicationFile
http://www.ble.de/SharedDocs/Downloads/02_Kontrolle/05_NachhaltigeBiomasseerzeugung/Evaluationsbericht_2013.pdf?__blob=publicationFile
http://www.ble.de/SharedDocs/Downloads/02_Kontrolle/05_NachhaltigeBiomasseerzeugung/Evaluationsbericht_2013.pdf?__blob=publicationFile
http://www.ag-energiebilanzen.de/index.php?article_id=29&fileName=ausw_24juli2017_ov.pdf
http://www.ag-energiebilanzen.de/index.php?article_id=29&fileName=ausw_24juli2017_ov.pdf

Lenz V, MullerLanger F, Denysenko \DanietGromke, J; Rensberg N, Ronsch C, Janczik S,
Kaltschmitt, M (2017) Erneuerbare Energien BWK 69, Nr. 5, S{’b4

IEA AMF (2017) IEA Technology Collaboration Programme on Advanced Motor Féglaual Report
2016http://www.ieaamf.org/app/webroot/files/file/Annual%20Reports/Annual%20Report%202016.pdf

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update 102


http://www.iea-amf.org/app/webroot/files/file/Annual%20Reports/Annual%20Report%202016.pdf

9. Japan

Shiro SakaKyoto University Satoshi Aramaki, NEDO (New Energy and Industrial Technology
Development Organization)

Summary Box
1 There is a biofuels blending mandate of 854 million liters (500 million liters, crug
equivalent) until at least 2022.

1 Although the governmetiasmandated the utilization of biofuels, it left the decision of |
to meet the requirement to industry, whichs chosen tase bio-ETBE (.e., leaving
biodiesel out of the picturels the demand for biodiesel in Japan is very limited, biod
plays vitually no role in meeting thieiofuels usegoal.

1 Consumption of ethanalas encouraged through a special tax incentive effective
March 2018. Diesel oil delivery tax is not charged for B100 (100% biodiasdlinany
local governmentare investigatinghe use of B100 fofueling municipalvehicles such a
garbage trucks.

1 The governmentplars to introduce 10 million liters (crude oil equivalent) of secq
generation biofuels and an-akyet undetermined quantity of biojet fuetarthe market.

1 The gpvernment maintainseveraincentiveprogramgo promote the use of biofuels
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9.1 Introduction

Japan is the world's largest liquefied natural gas importer, séaagast coal importer, and third

largest net importer of crude oil and oil products. Jdyzanimited domestic energy resources that
have met less than 9% of the country's total primary energy use since 2012, compared with about
20% before the removal of nuclear power following the Fukushima plant accident. Domestic
production of renewable ergy has therefore become importantludingincreased utilisation of

wood wastes and increased import of wood pellets for bioenergy productibreftwith coal).
Bioenergypowerproduction is promoted through a feledtariff system. Japan hasmmitted to

redue its 2030GHG emissions by 26% from 2013 levels and strives to meet energy security and
climate mitigation goals.

Japan published its nestBasic Energy Plan for the next five years in 2014. Renewable energies
form a key focus basedtheir potential to fostegnergy security, climate change mitigation and
revitalisation of regional economieifter the Fukushima disaster, all nuclear reactors in Japan
were shut down with the result that energy imports increased dramatimlgver some reactors

are now restarting.

Japands current renewabl e energy policy focus
and geothermal sourceand biofuelsare alsopart of this renewable energylpy. Japan is

targeting 2224% of its energyto come from renewable sources by 2030. For biofuels, the
governmentplans to maintain its 500 million lite(crude oil equivalent) mandate until at least

2022. Additionally, the government continues to assess alternative sources for fuel ethanol, and

the futureU.S. corn ethanol may balsodesi gnated as an eligible
sustainability policy.

Biofuels continue to be supported, but with a focus on next generation technologies based on
feedstocks that daot compete with food, with del@pment of algabased biofuels featuring
prominently in addition to biofuels based on lignocellulosic feedstocks. A major reason for
focusing research efforts on cellulosic ethanol is the fact that it does not compete with food, as
debate continuesbouthow muchfood prices are affectehen food/feed feedstocks are alsad

for biofuel production.

From 2009 to 2013] a p aNew Energy and Industrial Technology Development Organization
(NEDO)focussedoi Devel opment of an I nnovative and Col
Cel l ul osi ¢ Biupledtulvation df deedstdtiathat deemot compete with food

resources to a ethanol production procéss2014 NEDO startedthe i De monstr ati on
Devd opment Project of Production System for Ce
out a comprehensive production process and establish-goakchnologyConsstent with the

gover nimetnamadar ds for Judgment f tation @NdaFossie f i ner
Energy Sources Useo0o, demonstration and devel o]
which satisfy 50%eduction inCO, emissionsand fossil energysewill be carried outo verify

suitable combinations okey process technogies[Figures 91 and 92]. In addition, new

technoloy developments in Japaand abroad will be researched and investiga@ahcrete

themes are as follows:

1 Investigae and studysuperior technolags developedomestially or internationaly
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1 Determire thebest combinations of elemental process technologieparidrm feasibility
studes
1 Developtechnologies for integrated productiohcellulosic ethandirom woody biomass that
meets the Japanesarstiard for sustainability arabnductfeasibility sudies
1 Develop andealuak the use ofsteamexplosionpretreatmendf pulp for ethanol poduction

Large scale demonstratewill be scheduled based esasearch and investigatioesults.

(kL)

505

(Crude oil equivalent)

215

Introduction amount of bioethanol

The next judgment standard

3 »
Cost reduction
é\o"" of procurement Full-scale
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Based on governmental request | (next generation)
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Figure 9-1. Pathwayof biofuels production. The next judgment standard period is recognizéike as
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w h iaasteffective ds well ascaanvironmenfdlo r t an t

effective systenfmeetingfi 3 Ea@pnomic, energy and enviroental objectivesior full-scale introduction

of Dbi

of uel s

(domestic
(draft), Agency for Natural Resources and Energy, January 20i#® 50 KL = 500ML

9.2 Main drivers forbiofuels policy

and

advanced)

( S9tuamaear dcau t |

One of the key drivers for biofuepolicy in Japan is environmenthenefits focusing on the
reduction of CQ emissions as a countermeasure against global warminugthermore, he
government has targeted reductions in oil dependenaynasans of increasing national energy
security. The production and utilization of biofuels can support this goal.

9.3

9.3.1

Biofuels Policy

Biofuels targets

In April 2014, Japan published iBasic Energy Plapwhich is reviewed and revised every three
to four years. For biofuels, the Basic Energy Plan statesitioatcerning biofuels, whh are
mostly imported, Japan will continue to introduce the fuels in light of international trends and

techni

c al deve

| o

pments in

t he

next

generati on

statement reflects the policy that biofuels should hecgal from norfood crops (e.qg., cellulosic

ethanol)
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In 2017, Japarnevealed itgreliminary biofuel policy ér 2018 to 2022, and it plans to maintain

the 500 million lites mandate. It is also considering allowing the use of U.S.-based ethanol

in imported bieEthyl TertButyl Ether (ETBE), in addition to Brazilisagarcane ethanol. Another
change,inthe2020 022 period, is Japanos crpdeailequivatent nt r o c
of second generation biofuels (potentially reducing the demand fogénsration ethanoBs

well asan asof-yet undetermined quantity of biojet fueltanthe marketJ apandéds Mi ni st
Economy, Trade and Industry (METi) E x pGomrhittee to Discuss the Future of Biofuel

Il ntroducti on i n Japan, o whi ch i s Cc oprghitr i s ed
organizations, and industrwill continue discussions until late 2017 in order to finalize these
changes. After a public commeperiod in early 2018, the new policy is expected to be

i mpl emented in Japands new fiscal year (which
in Japan is very limited, biodiesel plays virtually no role in meeting the 2017[Gable 91]

Introduction of Biofuels — Future Direction 2018-2022 (Plan)

First Generation
Bioethanol (Brazil
and U.S.)

First Generation
Bioethanol (Brazil
and U.S.)

First Generation
Bioethanol (Brazil)

(Second Generation

Bioethanol - Business (Second Generation Second Generation

Feasibility Evaluation Bioethanol - Bioethanol (10

by NEDO, etc.) Preparation for million liters/year)
Facilities, etc.)

2018-2019
2020-2022

Bio Jet Fuel, etc.

—
—
=
Q
-
-
>

—
™~
i
o
o
i
i
o
o

Target volume of introducing biofuels: 500 million liters/year (Crude Oil Equivalent)

Figure 92. Phased plan for introducing biofuels, 21002
Source: METL.http://www.meti.go.jp/meti_lib/report/H28FY/000069.pNbte: FAS Tokyo created this
tabl e bas anformation. METI 6 s
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Table9-1. Biofuel obligations/mandates (target volumes)

Year Ethanol * Biodiesel
2010 |- -

2011 | 359ML (210 ML) -
2012 | 359ML (210 ML) -
2013 | 444ML (260 ML) -
2014 | 546ML (320 ML) -
2015 | 649ML (380 ML) -
2016 | 751ML (440 ML) -

2017 | 854ML (500 ML) -

*Ethanol target volumes, the values in parenth&sisvs the amount of displacedide oil
Ref. http://www.meti.go.jp/committee/materials2/downloadfiles/g100913aj02.pdf
http://www.jari.or.jp/portals/O/jhfc/data/report/2005/pdf/result_ref 1.pdf

Bio-ETBE blendd gasoline is far more prevalent than E3 gasoline and is widely distributed. In
2012, the Government began to permit sales of E10 and ETBE22 gasoline, and vehicles designed
to use these biofuels. However, this change has had little effect on the manlees#sply of E3

and E10 remains small compared to that offBIBE gasoline, and the Japanese petroleum
industry does not have plans to supply ETBE22 gasoline.

Most of the ethanol for fuel is used in ETBE. The distribution channel for ethanol blended gasoline
(E3) is limited compared to that of ETBE blended gasofmesently E3 gasoline is available at

only six gas stations in Niigata Prefecture, while ETB&nded gasoline is available throughout

the nation.

The blendevelfor biodiesel i$%(B5), and i s applied to cars, bus:c
billion liters of diesel used in 2015, approximatel\?&@5.7 billion liters) was for omoad use.

METI provides special approvals for operators to use biodiesel at alelehtdigher tharb% for

trucks and buses. Tr ade Hadiesel in®2016 gvesv by 19.&%r J ap an
210,000 liters) from the previous year. According to industuyaes, this trend may be attributed

to increased use by smaltale power plants and largeale oifired power plants.

The foodvs-fuel debate is a significant issue in Japan. Japan has del@l of food self
sufficiencyi imports comprise the majority of the food it consumes. As a result, Japanese people
are highly sensitive to rising food prices, leading some in Japan to question the use of food crops
to produce biofuels.

9.3.2 Exciseduty reductions

Diesel oil delivery tax is not charged for B100 (100% biodiesel). Therefore, in many local
governments, the use of B100 as fuel is investigaten@micipalvehicles such as garbage trucks.
Consumption of ethanol is encouraged through a special taxiweeffective until March 2018.

If gasoline contains 3% ethan@olume basis)the gaslinetax is lowered by 1.6/L (= 1.5¢/L,
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under a currency exchange rate of US$1 410). The tax for unblended gasoline i$3.8/L.
Import of bicETBE is encouraged tbugh a zero tariff in place until March 2018

9.3.3 Incentives, subsidies and other measures to promote biofuels

Al t hough a number of ministries collaborate o
play major roles in developing and implementingaieggse biofuels policies are the Ministry of
Economy, Trade and Industry (METI) and the Ministry Bfivironment (MOE).MOE is
concerned with preventing gl obal war ming and
greenhouse gas (GHG) emissions. In May 20a4pan committed teeduce its GHG emissions

to 26%0f its 2013 levels biiscal year (FY) 2030 (April 2030 to March 2031).

METI 6s interest i n bi edffuesiorslapansandirsanayrning thé costse nt a |
and benefits of shifting to renewable fuefs;ludingimpacs on automobiles and infrastructure.

METI collaborates with the oil industign determinehow and when tintrodue biofuels irto the

Japanese market.

The Ministry of Agriculture, Forestry and Fisheries (MAFF) previously played a leading role in
devel oping and i mplementing biofuels policies
potential to revitalize rural communities through the production ofubls from domestic

resources (e.g., rice for ndood purpose). However, its focus has shifted from biofuels to the
production of renewable energia(, heat and power) from wastgenerated by the livestock

and forestry sectors

The governmenbf Jgpan maintainshefollowing programs and incentives to promote the use of
biofuels:

T I'n 2008, the fAQuality Cont rwadamenfletb@®@awerthé i ne a
gasoline tax (¥53.8/liter) by ¥1.6 per liter (ab80t02/liter) ifthe fuel cantains 3%ethanol.
This incentive is effective until March 2018. METI has petitioned the Ministry of Finance to
extend this incentive and is currently developangroposal to extend the incentive through
Japan FY 2018

T I'n 2008, theAdCasaondctsthariifTeEmpor aty mBle@&Aste :
were amendetb eliminate the 3.1%mport tariff on biecETBE. Moreover, in 2018hese acts
were furtheramended to eliminate tH&®%import tariff on bicethanol for the production of
bio-ETBE. As wth the gasoline tax, the Customs Tariff Act must be renewed annually and is
currently approved through March 2018. METI is developmgroposal to extend ih
incentive through March 2019.

T I'n 2008, MAFF proposed and the Brontioedf Bignasss ed t
Resources as Raw Materials for Biofuels. o
assistance to newly built biofieebroductionfacilities that MAFF deermines qualify for
benefits. Although initially available only to ethangroducers, benefiteow have been
extended to producers of alternative forms of-démergy (such abiodiesel, wood pellets,
methane gas, or hydrogen gas). Under the scheme, newly built biofuel facilities that are

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update 108



approved for the program by 2018 will haweir fixed property tax reduced by half for three
years. The legislation authorizes MAFF to extend the repayment period of Hiteeckstans

in two-year increments for a maximum of 12 years. MAFF records show that j2ttprave
gualified for the beefits since the program began in 2008, though some s$iageceased
operations.

T I'n 2011, MET I i ntroduced the nAGreen I nvestm
and mediunrsized businesseare eligible for a special 308&preciation on the accgiion of
renewable energy assets (such as facilities and vehiclesj%realuction in corporate taxes.
In 2015 (the latest data available), 11,889 operators received a total value of ¥558 billion
(approximately $4.6 billion) in tax breaks.

9.3.4 Othermeasues stimulating the implementation of biofuels

Under the ABasic Law for Promoting Biomass Ut |
establish biofuel manufacturing technology gidvidedtax breaks and financial assistance to
biofuel producerand farmers producing feedstock.

9.4 Promotion of advanced biofuels

The government established sustainability standards in 2010 with the Ministry of Energy (MOE)
releasing the ALife Cycle Assessment Guy del i ni
use ethanoénablinga 50% reduction in GHG emissions compared with gasadine biofuels

may not compete with the food supply. Only sugarcane ethanol from Bradiicedon existing

farmland qualifies under the sustainability standaaidd thus mostthanol is imported from this

country. It is not clear whether BIBTBE has to qualify under the sustainability standards.

It is unclear whether any specific incentives are available to promote advanced biodwedser
significantresearch and developmegocugson advanced biofuels. Japanese private companies
and Japané6s scientific community, i ncluding
institutions, continusubstantiabasic and applied research related to biofuelsajorfocus of

researh projects ison cellulosic and algal feedstogland conversiontechnologies to produce

biofuels at commercial scale in a sustainable way. Several joint research projects aimde produ
commercialscale biget fuel from algae, with the goal of commercialg these fuels by 2030.

Table 92 lists some of the industtgd advanced biofuels projects active in Jagan.utilize

domestic biomass feedstockitst maximumpotential not only cellulosic biomass but also food

waste will be investigated &sedstocksot competing with food.
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Table9-2. Partial list of compamyed advanced biofuel projects in Japan

. . Output
Company City Startup Raw Material Technology Capacity
woody blo_mass saccharification
(construction o
with diluted
wastes) sulphuric acid ang
DINS Sakai | Sakai, Osakg Jan 2007 | (since Sep 2012 f b . . 11.4 MLlyear
) ermentation using
adding of sugar :
solution such as recombinant.
: . Coli, KO11
abolished juice)
.. simultaneous
QIIIXTG Hiroshima O.Ct 2016 woody biomass | saccharification 100 kL/year
NEDO Pilot plant .
and cofermentatio
Biomaterial . simultaneous
in Tokyo Ez\r,]v:s:vlf/lé éﬁgf%ﬁt cellulosic waste | saccharification 100 kL/year
NEDO 9 P and cofermentatio

Ref. http://www.dinsgr.co.jp/dins_sakai/business/baio _business/index.html
http://www.nedo.go.jp/content/100862614f.pd

As shown inTable 9-, future estimatedyasolinedemanddecrease because of EV shift and
structural reasons such as population reduction. Howeleenand for fuels to suppllarge
vehicles and airplansthatrely onhigh energy densitfuelsis expected teemainsteady.In the
medium and longr-term, the possiblentroduction of biojet and biodiesel fuekslikely to be
further investigatedo better assess or estimate nego@day(ies), biomassesourcesupply and
investment.

Table9-3. Demand change of fuels in Japaf062021(ML)

Fuel 2006 | 2021 (estimatedl | Decrease rate
Gasoline| 60,550 47,050 -22%
Jet Fuel | 5,390 5,340 -1%
Diesel | 36,610 33,360 -9%

Source: Statistics of Agency fd¥atural Resource and Energy, Petroleum products demand and supply calculation
20172021

The Government wants to introduce biojet fuel for commercial flights in 2020, the year that the
Summer Olympic Games and Paralympic Games will be held in Tokyo. In 2015, the Ministry of

Land, Infrastructure, Transport and Tourism (MLIT) and METI jointly @sb | i shed a @ Con
for the Introduction oBiojet Fuel for the 2020 Summer Olympic Games and Paralympic Games

in Tokyo. 0 The committ e studlestlse supphyochaim ofripdd fuel, g gr o u
and the other examines fuel production. The cdtesmmay consider importing biojet fuel if the
guantity of domestic production proves insuff
in 2020 is ambitiously estimated to be 100,000 to 1 million liteestpiofuel basis).
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A venture firm in Ti&kyo whose official serves as a member of the Bio Jet Fuel Committee is
building a facility in Yokohama City to produce and commercialize biojet fuel by 2020. The fuel
will be made fronEuglenaspecieslgae that it will grow on Ishigaki Island in Okinawaefecture.

The facility will be operational in the first half of 2019, and will have an annual production capacity
goal of 125,000 liters of biojet fuel.

9.5 Market development and policy effectiveness

Japanods total f uiaR0l7ewahestimatito beB60nnslliwnmipets induding

both the pure ethanol equivalent of ETBE consumed plus a small amount of ethanol consumed in
direct blendingn gasoline. This translates &n effective national average blend rate of4&.7

J a p astinmasedyasolineconsumption in 2017 was 51.5 billion litef$ie government mandated

the utilization of biofuelsleavingthe decision of how to meet the requirement to industiych

is using bieETBE (leaving biodiesel out of the picture).

Japans number @bnventionakthanol plants anttheir combined production capacity, which was
as high as 6 plants with 35 million litemeinualcapacity, has diminished. Today, Japan has one
refinery thatannually produces approximately 0.2 million liters ethanol for @iel use from
domestic rice. Tis refinery is located in Niigata Prefecture and is operated by JAngbnthe
federation of agricultural cooperatives. It uses high vyield rice grown specifically for biofuel
production. The ethanol is used as part of anlEBdy and the E3 gasoline is sold at six affiliated
gas stations around Niigata Prefecture. Two projac8@kinawa Prefecturthat wereproducing
ethanol for fuel from mokses wergerminatedin recentyeas. Until 2015, the two facilities
produced a cofyined 1.9 million liters of ethanol annually from molasses obtained from the
processing of sugarcaneith the ethanol sold in E3 and E10 blends at gas stations on the two
islands.

In 2010, Japan Biofuels Supply LLP started to produce ETBE domesticalth ¥#ear, the
company produces 140 million liters of ETBE, using 59 million liters of ethdh@viously,

mostly imported ethanol with some domestically produced ethanol added were used to make
ETBE, but following the closure of two ethanol refineriesHakkaido in 2014, the company
became fully reliant on imported ethanol.

In 2016, Japan imported 757 million liters of ethanol for transportation, consisting of 696 million

liters of ethanol imported as ETBE and 61 million liters of ethémbleusedfor domestic ETBE

production. Due to sustainability requirements, all imported ethanol used in domestic ETBE
production hagome from Brazil, and all imported ETBiEom the United Statesmadeusng

Brazilian ethanol. The government of Japan is assessimgadite sources for fuel ethanol, and

U.S. corn ethanol may be designated as el igibl
Programs section for mor e i duceoGH@antissianhyableastJ ap ar
50%). The use of ETBE is expected to increase further, aPé¢h®leum Association of Japan

(PAJ) aims tostartsupplyng 1.94 billion liters of ETBEannuallyby 2017. Accordingly, the PAJ

is forecasted to continue to supply the same amount of ETBE in 2B&&AJ expects to import

most of its supply (annuall¥.8 billion litersof the 1.94 billion litersof ETBE) from the United

States. Thee are namport tariffs o0 ETBE derived from biomassr on ethanolusedto make

ETBE untilat leastMarch 2018. Japatioes not export either ETBE or ethanol.
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Japanos bi odi esel mar ket I s %eof tnatienaleokrgad | i mi t
transportation demand for diesel fuel, and thsrao renewable diesel markéts cited in the
USDAG6s 2017 GA I NnndabrgpartiPostBestimétase@ rhilkon Ikersof biodiesel
wasproduedin 2016 based on National Biodiesel Fuel Utilization Council (NBd&ta

The most common feedstock for biodiesel production in Japan is used cooking oil (UCO). It is
reported that the annual supply of UCO is about 450,000 MT, from which about 410 million liters

of biodiesel (or renewable diesel) could be produced. Some 18,0a8f MCO is currently used

to produce biodiesel. There are currently 116 projects being administered by municipal
governments and regional npnofit organizations across Japan that are taking part in-sceé

biodiesel projectshrought he A RapeseedoPmThe projects invol
produce cooking oil, collecting the used oil, and recycling it as biodie$eél regionabarbage

and cargo trucks.

There is another project by the City of Kyoto to collect UCO from restaurants andduadiv
households. The oil is processed iapgrogimdielyodi e s ¢
5,000 liters per dagr annuallyl.3 million liters of biodiesel fughatis usednt he ci t y6s ga
trucks (B100) and municipal buses (B20).tRarmore, in Kyoto, there is also a private company
producing UCGbased biodiesel. T&f i rm st arted from a citizenos
collecting UCO for the purpose of environmental protection. To date, the firm has established its

own network to collect feedstock from individual households, restaurants, and any public or
private organization nationwide. Its refinery in Kyoto can produce 11 million liters of biodiesel
annually. According to the company, it is the largest capacity biodiefseéry in Japan. Since

2011, the company has been exporting biodiesel fuel theteerlands

Post forecasts that 2017 biodieseproduction will increase to 17 million liters due to a minor
increase in exports, primarily to thidetherlandswith little to no change in consumption and
imports. However, néurtherchangen supply and demand expected in 2018omestic demand

for biodiesel remains small mainly because no established distribution channels exist for the fuel,
few established largescak collection systems for feedstock exist, and its use is largely limited to
small fleets of municipal vehicles in local and regional programs.

Biodiesel has no role in meeting the government target to introduce 500 million liters of biofuels
(crude oil egivalent) in the market, even though there is considerable unrealized potential since
Japan is the 4th largest diesel market following the EU, United States and Brazil. The Japanese oil
industry selected bi& TBE and ethanol to meet the renewable fueldatgecause this solution
requires no significant oil industry investment in new delivery infrastructure. That said, renewable
diesel (hydrogenated vegetable oil is one type which is produced on a commercial scale in Europe,
Singapore and the United Statesjully substitutable with fossil diesel and thus requires no new
investments in infrastructurelCO s the only abundant feedstock locally available and fewdarge
scale collection systems exist to exploit this resource in a cost effective manner.

According to an industry source, consumption of biodiesel in the transportation sector is not
expected to increase beyond small changes because distribution channels are not established and
fuel standards limit blending due to concern that the fuel blendedtraigher rates may damage
engines.
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Since 2011, a private company in Kyoto has been exporting biodiesel Metherlandgsee

Production section above). Exports have risen over the years but remain very limited, reaching 5.5
million liters in 2016 andorecasted to total 6 million liters in 2017 and 2018.

Whi | e

Japanods

inavgnoreasedn rexdntyelhs, theg rersagm &nhited. According
to some industry sources, biodiesel may be imported for generating powsdiratigpbower plants.
In 2016, Japan imported 1.27 milliateks of biodiesel98%from Malaysia[Table 34]; there is

noimport tariff on biodiesel from Malaysiandera bilateral economic partnership agreement.

Table9-2. Key suppliers of biodiesel to Japakl) (The World Trade Atlas)

Supplier 2012 2013 2014 2015 2016
World 0.08 0.49 0.61 1.06 1.27
Malaysia - 0.42 0.44 1.02 1.24
Philippines - - - - 0.2

United Kingdom| - - - - 0.01
Germany 0.03 0.03 0.04 0.04 0.01

TheBioethanol Division of a private company in Sakai City, Odalefectureoperates recycling
facilities to process waste products and materaidg,began produag ethanol from wood and
cellulosiclumber waste in 200[Table 92]. Its annuakthanolprodiction capacity is 1.4 million
liters. For the first several years, the company supjitseethanol to a couple of oil distributors
butor so
[ it t fud ethdireolmiderncomphny is

makng E 3

did not come into wide s e ,

Biofuels production capacity andarket share trends since 2006 for are shown in Tableafid

gasoline

t o

s el

t her e
currently using most of the ethanol it produces to generate power for its facility, and it sells the
rest to an industrial alcohol distributor

I
i s

at

transport fuel consumption trends are shown in Talfle 9

t he
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Table9-3. Biofuel production and market sharenstalled production capacityl/yean

Year FAME Ethanol | Cellulosic ethanol Biogas as Renewable diesel
Biodiesel transportation fuel (from lipids)
2006 - - 0 - -
2007 - - 1.4* - -
2008 - - 14 - -
2009 - - 1.4 - -
2010 - 31.75 1.4 - -
2011 - 31.75 14 - -
2012 - 32.75 1.4 - -
2013 - 32.75 14 - -
2014 - 32.75 1.4 - -
2015 - 32.75 14 - -
2016 - 2.0 14 - -
2017 - 2.0 1.6 - -

* http://www.env.go.jp/press/7859.htnfCommercial plant started at SakaiJanuary 2007)

Table9-4. Summary of transport fuel consumption (ML)

Year Gasoline | Diesel | Aviation | Biodiesel* | Ethanol** Market share (%)
fuels fuel of biofuels***

2006 - - - 5.0 0.03

2007 - - - 5.0 0.09

2008 - - - 10.0 0.2

2009 - - - 8.6 14.7

2010 52,964 | 27,186 | 7,925 8.7 386 0.7

2011 53,266 | 25,990 7,623 8.6 359 0.7

2012 54,439 | 25,904 | 8,040 8.4 365 0.7

2013 53,689 | 25,681 | 8,572 9.7 440 0.8

2014 52,192 | 25,685 9,150 14.9 539 1.0

2015 51,502 | 25,679 9,494 154 700 1.4

2016 51,354 | 25,455 9,909 - 786 1.5

*Based on survey replgit could be 225 ML/year

**Based on 1G bioethanol

*** Market share of biofuels in total transport fuel consump@ioethanol inGasoline (Biodiesel in Diesel: <0.1%)
Ref: http://www.mlit.go.jp/ktoukei/22/annual/22a0excel.html

http://www.mlit.gajp/k-toukei/cgibin/search.cgi
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http://www.env.go.jp/press/7859.html
http://www.mlit.go.jp/k-toukei/22/annual/22a0excel.html
http://www.mlit.go.jp/k-toukei/cgi-bin/search.cgi

9.6 Sources

USDA (2017) Japan Biofuels Annual. GAIN Report Number JA7100.
The Strategic Energy Plan of Japan:
http:/Mmww.enecho.meti.go.jp/en/category/others/basic_plan/pdf/4th_strategic_energy plan.pdf

Japandés New Nat i btip:Aenekdn.iee.or.gphen/data/pd@350epdfy ;
iStandards for Judgment for Oil-FRediilneEmergyaSaum
http://www.nedo.go.jp/content/100862614.pdf

Ethanol (ETBE, E3, E10):
http://www.jbsl.jp/biogasoline/
http://www.env.go.jp/earth/ondanka/biofuel/okinawabio/bio _hokokusyo.pdf

Biodiesel (B5, B100)
http://www.svctokyo.co.jp/japanese/bio/ldiesel.html

B100 (pure diesel) and ETBE for gasoline-exempted.
http://www.tax.metro.toko.jp/shitsumon/tozei/index_n.htm
http://www.matff.go.jp/j/aid/zeisei/bio/pdf/250401 23.pdf
http://www.nedo.go.jp/content/100776053.pdf
http://v4.eirparts.net/v4Contents/View.aspx?cat=tdnet&sid=1199361
https://www.nikkei.com/article/DGXLASDZ28HZ6 Y5A520C1TJCO000/

Registered biodiesel production facilitiédtp://www?2.jarus.or.jp/biomassdb/instinfolist03.html
http://www.mlit.go.jp/report/press/jidoshal0 _hh_000044.html

NEDO (New Energy and Industrial Technology Development Organization) under METI (Ministry of
Economy, Trade and Industry)
http://www.nedo.go.jp/activities/introduction8_01 03.html

JST/ALCA (Japan Science & Technology Agency/Advanced Low Carbon Technology Research and
Development Program) under MEXMinistry of Education, Culture, Sports, Science and Technology)
http://www.jst.go.jp/alca/kadai/bnk_07.html

MAFF (Ministry of Agriculture, Forestry and Fisheries)
http://www.maff.go.jp/j/shokusan/bio/nenryoho/

MOE (Ministry of the Environment)
http://www.env.go.jp/earth/ondanka/biofuel/index.html

NEDO (New Energyand Industrial Technology Development Organization) under MBiiistry of
Economy, Trade and Industry), Development of Production Technologies for Biojetfuels
http://www.nedo.go.jp/actities/ZZJP_100127.html

JST/ALCA (Japan Science & Technology Agency/Advanced Low Carbon Technology Research and
Development Program) under MEXT (Ministry of Education, Culture, Sports, Science and Technology),
Advanced Ethanol Production with Acetic Acidrfentation from Lignocellulosics

Ref; http://www.jst.go.jp/alca/kadai/prj 07.html#h22 02

The Strategic Energy Plan d&pan
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http://www.enecho.meti.go.jp/en/category/others/basic_plan/pdf/4th_strategic_energy_plan.pdf
http://eneken.ieej.or.jp/en/data/pdf/350.pdf
http://www.nedo.go.jp/content/100862614.pdf
http://www.jbsl.jp/biogasoline/
http://www.env.go.jp/earth/ondanka/biofuel/okinawabio/bio_hokokusyo.pdf
http://www.svctokyo.co.jp/japanese/bio/1diesel.html
http://www.tax.metro.tokyo.jp/shitsumon/tozei/index_n.htm
http://www.maff.go.jp/j/aid/zeisei/bio/pdf/250401_23.pdf
http://www.nedo.go.jp/content/100776053.pdf
http://v4.eir-parts.net/v4Contents/View.aspx?cat=tdnet&sid=1199361
https://www.nikkei.com/article/DGXLASDZ28HZ6_Y5A520C1TJC000/
http://www2.jarus.or.jp/biomassdb/instinfolist03.html
http://www.mlit.go.jp/report/press/jidosha10_hh_000044.html
http://www.nedo.go.jp/activities/introduction8_01_03.html
http://www.jst.go.jp/alca/kadai/bnk_07.html
http://www.maff.go.jp/j/shokusan/bio/nenryoho/
http://www.env.go.jp/earth/ondanka/biofuel/index.html
http://www.nedo.go.jp/activities/ZZJP_100127.html
http://www.jst.go.jp/alca/kadai/prj_07.html#h22_02

http://www.enecho.meti.go.jp/en/category/others/basic_plan/pdf/4th_strategic_energy_plan.pdf

Japandés New Nat i,htip:Aehekdn.ree.or.gphen/dSta/pd@350epdf v
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10. The Netherlands

Timo GerlaghNetherland€nterprise Agency (RVO.nl)

’o—-*""

Summary Box
1 There is 16.4% biofuels manddtmth ethanol and biodiesel) in energy content for 202

The Dutch regulation included a stdrget for the use of advanced biofuels at 1.0% lev

2020 (including double counting).

There are production capacities of ethanol, biodiesel, HVO laadhethaol in the

Netherlands.

There is not markdbasedmechanisms such as carbon tax and emissions tradinguida

trade) in the Netherlasd

Aviation industry has no obligation to consume a certain percentage of biofuel, but ¢

an optin system, where bfuels for aviation can be used for the generation of tradable

No financial incentives (e.g. subsidies, credits, incentives) are provided for biofuel

blending of biofuels is encouraged with the quota obligation for fuel suppliers.

= =4 =4 =
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10.1 Introduction

The total primary energy supp{y PES)of the Netherlandsn 2016 amounted to 3,115 Petajoule

(PJ) and is still overwhelmingly dominated by fossil fuels (9f8tgure 101]: 1,257 PJ natural

gas, 1,181 PJ oil products, 427 PJ coal productaamall fraction of neanenewable waste of 36

PJ. 18 PJ of electricity is imported, which represents 0.6% of Dutch TPES. Renewable energy
sources have a share of 5.1% or 158 B.B8% bioenergy and 1.3% other renewable energy forms.

Compared to 5 yeaesarlier (2011)the share of natural gas has gone down from 44.2% to 40.3%.
In the same periqdhe share of coal increased from 9.5% to 13.7%, while the share of oil products,
nuclear energy and waste remained stable, and the share of renewable ereaggdrfoom 4.2%

to 5.1%.

1.390-6%

1.2% S

m Coal and coal products

i

1.4%
\\\ ® Crude oil, NGL & oil products
N Natural gas
Total ® Nuclear

3115PJ

20.3% Waste (non-renewable)
& Renewable energy - bioenergy
Renewable energy - other

m Electricity (imported)

Figure 10-1: Total primary energy supply in thdetherlandsn 2016 (Source: World Energy
Balances © OECD/IEA 2018)

The TPESof renewable energy sourcesthe Netherlandss three quarters covered by energy
from biomasswith bioenergies supplying19 PJof the total 158 P{Figure 162]. Wind energy
contributes almost 20%t 29 PJ and solar energimost 5% a¥ PJ. Geothermal energy accounts
for 3 PJ The role of hydropoer isinsignificant.

0.294-8%

0.7%
3.6%
m Hydropower - 0.2%

18.6% m Geothermal

Solar PV
Solar thermal
Wind

H Bioenergy

Figure10-2: Total primary energy supply oénewablesnergysources in thé\etherlandsn
2016 (Source: World Energy Balances © OECD/IEA 2018)
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The share of renewables in the tqggamary energy consumption has continually inceedsom

2.4% in 2005 to 3.5% in 2008, 4.4% in 2012, 5.8% in 2015 and 6.6% in 2016. The share of
renewable energy is expected to continue to grow in coming.yEhesRenewable Energy
Directive (RED) targets are 14% renewable energy overall and 10% share of renewable energy in
final consumption of energy in transport by 2020.

Energy policies in théletherland$ocus on developing a mix of resources that will assure reliable,
affordable supply while ecognizing the need to reduce reliance on carb@msive
resourcesThere arewo recent developmentbhat canhave major impact on the energy policy

the decision to reduce the extraction of natural gas out of the Grorfialge(the main source of

naural gasn recentdecenniapnd the targets of the Rutte Il administration to reduce greenhouse

gas emissions49%y2 030. The | atter will be i mpl emented

Thegovernmensupports deployment of renewables, energy efficiencyeaugower, and relies

on biomass cdiring and carbon capture and sequestration (CCS) to curb carbon emissions from
coal and ga$ired generators. The Dutogovernment has in place a number of policies and
programs to support decarbonization.

The Netherlandss implementing the EU Directive by gradually raising its share of energy from
renewable sources such as biofuels, biogasgehaudricity for road transporf.he 10% target of
renewable energy in the final consumption of energy in transptstdentribute 36 PJ to final
renewable energy use in 2020.

10.2 Main drivers for biofuels policy

The main driver for biofuel consumption in tNetherlandss the target for renewable energy in
transport as defined in the European Renewable Energy Dirémti®820 and the national energy
agreement for 2023 he policy for reducing greenhouse gas emissions from transport as part of
the climate policys a second driver that will be formulized in a Climate agreement between the
government and stakeholders

10.3 Biofuels policy

The biofuel policy in thé&letherlandss closelylinked to European policgnd the Paris agreement

The Ministry of Infrastructure an@/ater managemens responsible for biofuels policy. Since

2007, a quota obligation for fuel suppliers wastroduced, which became later part of
implementation of the RE2009/28/EC). For this directive, it provides a contribution to an
overall target for renewable energy and the specific target for 10% renewable energy in transport
in 2020. The implementatn of theoriginal RED andthe Fuel Quality Directive (2009/30/EC)

was completed in 2011. In the same year, the Dutch Emissions Authority (NEa) was appointed as
the authority in charge of monitoring compliance with national legislation. In 2015, the RED wa
changed, partly because of the discussion on the land use change impact of biofuels. Renewable
Energy Directive (2009/28) and Fuel Quality Directive (2009/30) (both revised in ditéCtive
(2015/1513) implemented in Besluit hernieuwbare energie ven&E5 @ndunder revision as

part of implementatiotheiLUC directive). The new REERED II) includes a cap on crojpased

fuels (7%) andassbar get f or advanced biofuels (0. 5%).
vervoer o, published June 2018.
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In the coalition agreement (November 2017)haf Rutte Il administratigmew targetsvereset
for emission reduction in 2030 (49%). Implementation of this agreement will be the basis of new
regulation.

Besluit energie vervoer (in Dutch)
http://wetten.overheid.nl/BWBR0040922/2008-01

The paragraph on climate and energy (in Dutch).
https://www.rijksoverheid.nl/regering/reqgeerakkomettrouwenin-de-toekomst/3nederland
wordtduurzaam/3.Kklimaatenenergie

10.3.1 Biofuels obligations

Mandatory targets to blend at least 3.5% biofuels in both petrol and diesglemoved by the
legislation that came into force in 2015. However, Nie¢herlandsstill has a mandatory national
biofuels target that requires fuel suppliers to ensure a minimum level of blending of biofuels into
transport fuels. In 2015, fuel suppliers were obliged to blend fossil fuels with at least 6.25%
biofuels in energy content. A fuel quipr that fails to fulfill the quota obligation is liable to pay a
penalty. The enforcement of the annual obligation has a legal basis.

Currently a 5% cap for first generation biofuels and a 0.5% subtarget (both 2020 targets) for
advanced biofuels are ingmented as part aihplemening theEU iLUC directive. Emissions of
biofuels are also taken into account based on the European Fuel Quality Directive (2009/30/EC)
that requires well to wheel emission reduction W¥)Tof 6% in 2020 compared to 2005. For
transportin the Netherlands thereare no marketbasedmechanisms such ascarbon taxor
emissions trading (capndtrade).

Since 2011, fuels from wasleesidues and lignocellulosic materials count double in the
Netherlands As part of implemeimg the EU iLUC directive (2015/1513/EC), a specific sub
target stimulateadvanced fuels. In tigetherlandsdouble counting remains part of the regulation
up to 2020In RED, sustainability criteria for biofuels are definedarticle 17, mass balance and
governance demands in igte 18, and @vanced fuels in Annex IX A.

The aviation industry has no obligation to consume a certain percentage of bimfwelyer itcan
do so viaan optin system wher@viation biofuels can be useb generag tradablerenewable
energyunits (HBEs). In 2018, 3 types of tradable unireintroduced, HBEC (conventional),
HBE-A (advanced) and HBPE (others)to facilitate meeting theubtarget for advanced biofuels
and limiting conventional biofuels.

Table10-1 provides information on current obligations for biofuels in hetherlandsObliged

parties are oil companies that bring petrol and diesel from exciseouaento the Dutch fuel
market. Only biofuels that are proveéo be sustainable are eligibleo meetthe obligation.

Sustainability can be proven by using one of the EU accepted voluntary schemisk(see
European Commissionebsite).
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https://www.rijksoverheid.nl/regering/regeerakkoord-vertrouwen-in-de-toekomst/3.-nederland-wordt-duurzaam/3.1-klimaat-en-energie
https://ec.europa.eu/energy/en/topics/renewable-energy/biofuels/voluntary-schemes

For this obligation, biofuels produced from wa#tesidus as well asionfood cellulosic and

hemicellulosic materialcount double. A list of materials counting double is part of RED Annex
IX(AandB).The category Aindustri al
Verification of double courtd material isobliged A protocolfor verifying doublecountingof

eligible biofuelsis made available by the governme@bmpanies wishing to enter a claim for a
biofuelto beeligible fordoublecounting must have a doubteunting declaration for this biofuel.
This declaration proves that the double couptias been confirmed by anthorizedndependent

verifier to meet legal conditions.

Table10-1. Biofuel obligations/mandates (% by energy content)

wasteo i

S

Year Total Biofuels (% renewable energy in the Subtarget Limit

transport market, obligation to market parties advanced conventional
Target Achieved (Annex IX A)

2010 4% Unknown

2011 4.25% 4.31%

2012 4.5% 4.54%

2013 5% 5.05%

2014 5.5% 5.54%

2015 6.25%

2016 7%

2017 7.75%

2018 8.5% 0.3% 3.0%

2019 125% 0.4% 4.0%

2020 164% 0.5% 5.0%

From January 2015, administratiohobligations has been through automated digital register
managed by NEa. Companigsnoncompliancewith their obligation are subject to a financial

penalty.

spec

Companies that supply renewable energy to the Dutch transport sector can claim the delivered
renewable energy in their account in the Energy for Transport Registry (REV), and receive
RenewableEnergy Units (HBES) in returnRenewable energy encompassesiitigbiofuels,

gaseous biofuels, renewable liquid fuels and electriEiligibility conditions apply to both the

claiming operators and the renewable energy to be claimed.

In addition, obligited companies can comply with themanda¢d greenhouse gas intensity

reductiondby purchasing HBEs. The legislation sets a maximum to the administrative transfer of

biofuels supplied in a previous yearth the objective of sellingiBEsto othersfor the purpose
of using thento meet their obligabn in a subsequent year ("camwyer"). This restriction does

not apply to physical biofuel stocks. Physical and administrative biofuel stocks transferred to a
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subsequent year must still comply with sustainability requirements in force in that year. To
demonstrate the sustainability of biofuels, companies musbsafthe voluntary schemes that
has been recognised by the European Commission.

10.3.2 Excise duty reductions
Not available
10.3.3 Fiscal incentives

No financial incentives (e.gsubsidiesor credits) are provided for biofuels. The blending of
biofuels is encouraged withthe quota obligation for fuel suppliers.

10.3.4 Investment subsidies

The Energy Investment Deduction scheme (Ele Environmental Investment Deduction
scheme MIA) and theRandm Depreciation Environmental Investmestheme(VAMIL ) all
providetax incentives for investment in renewable energy projébisse schemesipportvarious
renewable energy technologies, including biomass processing equipment, pyrolysis installations
for recycling of residues, production facilities for algae, etc.

10.3.5 Other measures stimulating the implementation of biofuels

Since 2017, th®emonstration Scheme for Climate Technologies and Innovations in Transport
(DKTI Transport)has providedsubsidies farl) technology and innovation developmeanpre-
commercial phase) reduction of CQ NOX, fine dust emissions and nojssnd3) transport 6
alternative fuelsincludingacceleratdroll-out or use of infrastructurfer alternative fuels.

Both theMIA and VAMIL schemesare applicable to natural gas cars, hydrogen cars, fully electric
and plugin hybrid cars. Cars with diesel engines are excludsd MIA and VAMIL .

Through the programm®&efuelling Pumps for Alternative Fuels (Tankstations Alternagive
Brandstoffen, TAB), the Dutch government as well as other governmental bodies have invested
togetheito expard the refueling pump infrastructure for alternative fuels including biofuels. In the
first tender in 2008, @ranted toailtl and instalfd ethgnoltwél G 1. 8
pumps and 31 natural gas refueling pumps, of which 24 andedlalternativefuel pumps,
respectively, were realized. The second tender started at the end ¢fagf08 2010 a total

subsidy oft 3. 6 mi brantedfar 53wefusling pumps for natural gas, 3 for E85 and 4 for

B30 that are currently being built.

Il n 2010, there was also a tender of the subs
chainso, whi ch al so i ncl ectdodrenpwabledas produttiond e mo n
including associatethfrastructure and supply. A total amount@wf7 mi | | i on of sub

granted. In 2011, a subsidy programme started aiming to promote the purchase and the use of
vehicles using biogas and high bidfbéends.
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10.4 Promotion of advanced biofuels

The new Dutch regulatioimcludes a subtarget for the use of advanced biofuels at 0.5% level in
2020.ForimplementingRED II, an increae of advanced biofuels up td%% (35% with double
counting) is needed.

10.5 Market development and policy effectiveness

There are two ethanol plants in tNetherlandsthe former Abengoaplant of 384 kton(484.6
million liters) annual capacityrecentlytaken over by Alcogroup. The second plardgperated by
Cargillard hasanannual capacity d32 kton(40.4 million literg. Table10-2 shows the biodiesel
plants.Table 103 lists installed production capacities of biofuels plants.

Tablel10-2. Biodiesel plantapacities (ML)n the Netherlands

Biodiesel Kampen BV 120
Biopetrol AG Industries 400
Ecoson/Vion 5
Greenmills/ Biodiesel Amsterdam

(now Simadan) 100
Sunoil Biodiesel B.V. 72
EcoFuelsNetherlands 50
Totalannualkapacity 747 kton(848.6 million liters

There is als@mnerenewable dies€¢HVO) plantoperated byNestewith an annuaktapacity around
1 Mton (1.2 billion liters)andoneBioMCN plantproducing 200 kton biomethanol.

Table 104 shows the steady increase in biofuels consumption for transport since 2006.
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Table10-3. Biofuel productiofi installed production capacitiil/yea

Year Biodiesel Ethanol Cellulosic Biogas as transport | Renewable diese
(FAME/HVO) | (conventional) | ethanol*** fuel (Mm?3) ** (from lipids)
2006 18 11 - - -
2007 85 10 - - -
2008 83 7 - - -
2009 274 0 - - -
2010 382 - - - -
2011 491 - - 9 -
2012 1,177 - - 12 -
2013 1,375 414 - 11 -
2014 1,720 - - 6 -
2015 1,629 420 * - 5 -
2016 1,462 420 * - 5 -
2017 1,932 420 * - 5 -

* RVO, market data, no official statistics

** Amount of biogas used for the transport obligation. The fieeof sustainable biogastimthe grid and delivery of
gas from the grid to transpateproven

*** ynknown
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Table10-4. Summary of transport fuel consumption (Meai)

. . . - CNG Market
Year Gasoline Diesel fuels | Aviation fuel | Biodiesel | Ethanol 3 share of
(Mm®) biofuels (%)
2006 5,793 9,252 - 22 28 2
2007 5,811 9,350 - 271 132 3
2008 5,797 9420 - 287 163 4
2009 5,793 8,813 - 328 213 8
2010 5,789 8,830 - 109 208 12
2011 5,882 8,929 - 220 231 23 4,8
2012 5,610 8,658 - 273 193 31 4.9
2013 5,464 8,055 - 274 194 35 5,1
2014 5,318 7,550 - 322 199 45 6,2
2015 5,408 7,551 - 251 220 48 5,3
2016 5,540 7,463 - 182 187 48 4,7
2017 5,680 7,500 - 260 267 5,7

* Ethanol and biodiesel are the amounts blendexniarmal gasoline and diesahd are also includdd the gasoline

and diesel fuehmountdn this table.

** Market share is the percentage renewable energy in transport as calculated according to the renewable energy
directive, including double counting and use of electricity fansport.

10.6 Sources

First draft of a Climate agreement:
https://www.klimaatakkoord.nl/documenten/publicaties/2018/12/21/ontklenaatakkoord

IEA Bioerergy, country reporiNetherland2018.
https://www.ieabioenergy.com/wp
content/uploads/2018/10/CountryReport2(0d8therlandsfinal. pdf

A platform for sustainable biofuels in thietherlandshttp://platformduurzamebiobrandstoffen.nl/

Website EC with background of EU policyhitps://ec.europa.eu/energy/en/topics/renewable
energy/biofuels/

Background policy in th&életherlandshttps://www.rijksoverheid.nl/ondeerpen/milieuvriendelijke
brandstoffervoor-vervoer/biobrandstoffen

Project databasenttp://www.sngave.nl/voorbeeld all.asp

Subsidie DKT#ransporthttps://www.rvo.nl/subsidiesegelingen/DKTiTransport

statistics on energy, fuels and biofuelgtp://statline.cbs.nl/statweb/

Reports regarding the obligation results:
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https://www.klimaatakkoord.nl/documenten/publicaties/2018/12/21/ontwerp-klimaatakkoord
https://www.ieabioenergy.com/wp-
http://platformduurzamebiobrandstoffen.nl/
https://ec.europa.eu/energy/en/topics/renewable-energy/biofuels/
https://ec.europa.eu/energy/en/topics/renewable-energy/biofuels/
https://www.rijksoverheid.nl/onderwerpen/milieuvriendelijke-brandstoffen-voor-vervoer/biobrandstoffen
https://www.rijksoverheid.nl/onderwerpen/milieuvriendelijke-brandstoffen-voor-vervoer/biobrandstoffen
http://www.sn-gave.nl/voorbeeld_all.asp
https://www.rvo.nl/subsidies-regelingen/DKTI-Transport
http://statline.cbs.nl/statweb/

https://www.emissieautoriteit.nl/onderwerpen/rapportames

2018/documenten/publicatie/2018/07/fadportageenergievoor-vervoerin-nederlane?017

Biofuel policies in theNetherland$ttp://saee.gov.ua/sites/default/files/Kvant_0.pdf

NetherlandsEnergy System Overviehttps://www.iea.org/media/countriégtherlandgpdf

NetherlandsEnergyhttps://www.export.gv/article?id-NetherlandsEnergy

> > > >

>

A

A

Tax | aw, article 72a on biofuels (AWet op de
Policy letter on biofuels of Government to parliamektarch 2006.
www.biofuelcities.eu
National Renewable Energy Action Plaifhe Netherlands
http://ec.europa.eu/energy/renewables/transparency platform/doc/national_renewable _energy_act
ion_plan Netherlandsen.zip
GAVE website (English):

O  http://www.agentschapnl.nl/en/programnrragelingen/dutctbiofuelspolicy-20062010

uk

O  http://www.agentschapnl.nl/en/programnrragelingen/dutctbiofuelspolicy-uk
http://www.erec.org/fileadmin/erec_docs/Projcet Documents/RESREIMERLANDS RES
Policy Review 09 Final.pdf
https://www.emissieautoriteit.nl/biobrandstofféwebsite of the Dutch Emissions Authority
(NEa))

https://www.emissionsaubhity.nl/topics/themes/enereggr-transport

A

A

National reports on the implementation of the EU Biofuels Directive (2003/30/EC),
http://ec.europa.eu/energy/renewaliiéofuels/ms_reports_dir 2003 30 _en.htm
NEa reports on biofuel implementation in tdetherlandgor
o 2011:2012:
https://www.emissieautoriteit.nl/mediatheek/biobrandstoffen/publicaties/20130807%20Bi
obrandstoffen%20verplichtingen%202012.pdf
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https://www.emissieautoriteit.nl/onderwerpen/rapportages-ev-2018/documenten/publicatie/2018/07/04/rapportage-energie-voor-vervoer-in-nederland-2017
https://www.emissieautoriteit.nl/onderwerpen/rapportages-ev-2018/documenten/publicatie/2018/07/04/rapportage-energie-voor-vervoer-in-nederland-2017
http://saee.gov.ua/sites/default/files/Kvant_0.pdf
https://www.iea.org/media/countries/Netherlands.pdf
https://www.export.gov/article?id=Netherlands-Energy
http://www.biofuel-cities.eu/
http://ec.europa.eu/energy/renewables/transparency_platform/doc/national_renewable_energy_action_plan_netherlands_en.zip
http://ec.europa.eu/energy/renewables/transparency_platform/doc/national_renewable_energy_action_plan_netherlands_en.zip
http://www.agentschapnl.nl/en/programmas-regelingen/dutch-biofuels-policy-2006-2010-uk
http://www.agentschapnl.nl/en/programmas-regelingen/dutch-biofuels-policy-2006-2010-uk
http://www.agentschapnl.nl/en/programmas-regelingen/dutch-biofuels-policy-uk
http://www.erec.org/fileadmin/erec_docs/Projcet_Documents/RES2020/NETHERLANDS_RES_Policy_Review__09_Final.pdf
http://www.erec.org/fileadmin/erec_docs/Projcet_Documents/RES2020/NETHERLANDS_RES_Policy_Review__09_Final.pdf
https://www.emissieautoriteit.nl/biobrandstoffen/
https://www.emissionsauthority.nl/topics/themes/energy-for-transport
http://ec.europa.eu/energy/renewables/biofuels/ms_reports_dir_2003_30_en.htm
https://www.emissieautoriteit.nl/mediatheek/biobrandstoffen/publicaties/20130807%20Biobrandstoffen%20verplichtingen%202012.pdf
https://www.emissieautoriteit.nl/mediatheek/biobrandstoffen/publicaties/20130807%20Biobrandstoffen%20verplichtingen%202012.pdf

11. New Zealand

lan Suckling Scion

s

Summary Box

1

= =24 =4 =9

=a =9

The government aims to reduce national GHG emissions to net zero by 2050. It p
implement new Zero Carbdegislationto meetthe 2050 goal.

Work isalsounderway to define best options to meet Paris GHG reduction targets s
buying international credits, emissions reductions and forest plantations.

An emissions tradingscheme (ET8) he countrydés key tool

It is basedbn tradable units and includes most sectors of the economy, including tran
There is currently no manddia biofuel use ofor anytype ofbiofuel volume obligations
Ethanol including imported ethanpis exempt from excise duty (NZD 0.58&r vs retail

petrol price of NZD 2.3/liter This exemption does not apply to biodiesel or other bioft
A biodiesel grants scheme ran from July 2009 to June 2012. This was designed to
the growth of a biodiesel manufacturing industry by providirggaat of up to 42.5 cent
per litre for biodiesel production, subject to certain conditions. 3theme resulted ia
steady increase idomesticbiodiesel productiorhoweversince the scheme ended in Jy
2012biodieselproduction has plummeted.

Thereare no specific policies promoting advanced biofuels deployment.

There are no investment subsidies supporting biofuel deployment.
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11.1 Introduction

New Zealand is a geographicalgolated country with a long skinny geography, a land area of
268,000 km, and a comparatively small population (4.8 M). It has a temperate climate, with an
exportfocussed economy which is highly dependent on agriculture, particularly dairy products,
meat, forestry and horticulture. Peapita use of transport fuels is also tiekly high due to the

countryobés |l ow popul ation density and the natu
Al most all New Zealandds | iquid fuel needs ar
for use in the countryo6s tr artedrpamly as credeoitfasr . T h
refining at New Zealandds only oil refinery.

around 35% of domestic demamdweveralmost alldomestic production iexported as it is light
and sweet, wereaghe refineryis configured to process sour crude.

New Zealand has committed to reduce its GHG emissionsdbadw 2005 levels by 2030 and
also has a further longéerm target to reduce emissions byobelow 1990 levels by 205The
new government is developing Zero Carbon bill which looks likely to set a net zero target by
2050.Work is also underway to defirtbe bestavailableoptions to meet Paris GHG reduction
targets such as buying international crededucingemissionsr expandindorest plantations.

GHG emissions from liquid fuel consumption, driven by transport, aceddiot over 58% of

energy sector emissiois 2015 or around 23.5% of total gross emissions. Liquid fuel emissions
doubled between 1990 and the early 200006s and
Zeal andbébs energy sector emissions. Redfori ng el
transport, represent one of the few options t
country already has a high proportion of renewable electricity (85% in 2016), a growing population
and al most half t he c gricultire whéresways tosignsidardlynreduce o me |
emissions without reducing production are challenging.

New Zealand gmissions trading scheme (ETiS)consideredo bet he countryés Kkey
reducing carbon emissions. Itiased on tradable units andludes most sectors of the economy,

including transport. Howeveagriculture whichisr e sponsi bl e for 49% of N
emissions, currently remains outside the schebaebon emissions from international aviation

and shippingre alsmutside he scopeoNew Ze &ElfSand 6 s

11.2 Main drivers for biofuels policy

While all the main drivers for global growth of biofuélenvironmental benefits, rural economic
development and security of fuel supply exist in New Zealand, to date only limited
encouragment has been given to largeale deployment and use of biofuels, with biofstilé
makinguplessthan®do f t he c ount rThéeNew Zealand EnergyStiaedy 2015 e .
2021 sets the strategic direction for the energy sector and the raigyen#dl play in the New
Zealand economy. This strateggisbeendeveloping renewable energy resources, as one of its
two key focus areasand biomass is recognised as a resource having considerable potential
However,biofuels do not feature prominently in this or thererecentlyreleased New Zealand
Energy Efficiency and Conservation Strategy 22022.
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However, the newovernment, which came into power in October 2017, sees taking decisive
action on climate changes one ofts priorities, and has initiated a comprehensivook at

how New Zealand can transition to a loarbon economy. This will include introducing Zero
Carbonlegislationto provide a longerm and stable policy environment, with a clear emission
reductiontarget and atrategyto reachthis target, as well agquirechanges to the ETS and
other policies. A programme of work is underway to develop this new policy and make the
necessary legislative changes, which may influence future policychlnofuels.

Scionbs recent New Zeal an dwHilargksoate lpredudian ardil ma p
use of biofuels in New Zealand could look like addntifies key issues, decisions and actions
needed for large scale biofuel deployment.

11.3 Biofuels policy

The ETS zergates the biofuel component of any transport fuel, so should provide an incentive
for biofuel production if the carbon prices are sufficiently high. However, the impact on consumers
to date has been comparatively modest, up to éhautents per litre for petrol and 3.3 cents per
litre for diesel; well within the normal range of variation in fuel prices seen at the pump as a result
of fluctuations in oil price and exchange rates.

Fuel quality standards allow retail sale of blenfiethanol in fossil petrol of 10% and up to 7%
blends of biodiesel in fossil diesellthoughhigher blends can be sold as long as there is a
commercial contract or agreement in place with the customer.

Carbon emissions from international aviation (~7@0he aviation fuel offtake in New Zealand)
andinternational use of marine fuels are not currently covered by the ETS, poltbjgprovides
no incentive for biofuel substitution into these sectors.

11.3.1 Biofuelsobligations

There is currently (Sept 2018) no mandate on biofuel use or any biofuel volume obligations.

A Biofuel bill, enacted in September 2008, introduced a mandated Biofuel Sales Obligation from
October 2008. This required all oil companies to include liquid biofuels as a fixed percentage of
their total sales. Under tlobligation, liquid biofuels were to have made 0.5% of oil companies'

sales in 2008, with obligation levels rising by 0.5% increments to 2.5% in 2012. However, as a
result of a change igovernment, the Biofuel Sales Obligation and associated regulations were
repealedin December 2008, and since then there have been no biofuel blending targets or
mandates.

11.3.2 Excise duty reductions
Ethanol (including imported ethanol) is exempt from excise duty (NZD 0.595/L vs cuetaiit r

petrol price of NZD 2.3/ L). This exemption does not apply to biodiesel or other biofuels. Biofuels
are zererated under the ETS.
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http://www.bioenergy.org.nz/documents/publications/Liquid%20Biofuels/About/Biofuels%20Legislation-Regulation/Biofuel%20Bill%5B1%5D.pdf
http://www.beehive.govt.nz/release/biofuel+obligation+law+repealed

11.3.3 Fiscal incentives

A biodiesel grants scheme ran from July 2009 to June 2012. This was designed to support the
growth ofa biodiesel manufacturing industry within New Zealand by providing a grant of up to
42.5 cents per litre for biodiesel production, subject to certain conditions. This did lead to a steady
increase in biodiesel production in New Zealdmalyeversince thescheme ended in June 2012
domestic biodiesgdroduction has plummeted.

11.3.4 Investment subsidies
There are currently no investment subsidies supporting biofuel deployment.
11.3.5 Other measures stimulating the implementation of biofuels

In spite of a limited amoundf government support, a number of potential-asdrs remain
interested in using biofuels. These include Air New Zealand, the national airline, and New Zealand
Rail, the operator of the main ferry service between the two islands. While not a policyeaneasur
such eneluser interest may well stimulate biofuel productamd usevithin New Zealand.

11.4 Promotion of advanced biofuels

There are currently no specific policies promoting advanced biofuels deploythosreyver other
Government funding mechanisms.d, Primary Growth Partnerships) can be used to support
biofuel research and developmeR&D) if other criteria for that fund are satisfied. For example,
the Ministry of Primary Industriepreviouslyhas provided substantial financial suppfort an
industry partnership to investigate the commercial feasibility of producing liquid biofuels from
forestry residues.

The government, via its Ministry of Business Innovation and Technology, supports a number of
Crown Research Institutes, particularly Scion and N|WbAundertake BD projects aimed at the
production of advanced biofuels. The Universities of Auckland and Canterbury alsor Heave

had research programmes in this area. LanzaTech, a NZ startup company, previously received over
$10 M in government grasto fund process development and scgi®f their proprietary process

to ferment CQrich industrial waste gases into ethanol and other products. The company has
subsequently Hocated to the US.

11.5 Market development and policy effectiveness

The bulk of he ethanol produced in New Zealand is produced at 3 plants, all owned by Anchor
Ethanol Ltd, by fermentation of whey, a-pyoductof cheesenaking DB Breweries and Gull (an
independent fuel distributor) have entered into a partnership to produce simaésof ethanol

from a byproductof beerproduction

Domestic lodiesel production was 0.6 million litres in 2015. The largest current domestic
producer of biodiesel is Green Fuels, which produces biodiesel from recycled vegetable oil.
Biodieselproduction is set to rise in 2018, with fuel distributor Z Energy currently commissioning
a 20 million litre per year plant to produce biodiesel from tallow.
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Table 111 summarizes domestic biofuel production since 2007.

Table11-1. Biofuel production K1L/year)

Year Biodiesel Ethanol Cellulosic Biogas as Renewable diesel
(FAME) | (conventional) ethanol transportation fuel (from lipids)
2007 1.20 0.30 - - -
2008 1.20 0.11 - - -
2009 1.15 3.70 - - -
2010 1.61 3.10 - - -
2011 2.35 4.81 - - -
2012 1.27 5.67 - - -
2013 0.24 4.97 - - -
2014 0.90 3.25 - - -
2015 0.56 2.87 - - -
2016 0.47 4.84 - - -

http://www.mfe.govt.nz/climatehange/whagovernmendoing/climatechangeprogramme
https://www.scionresearch.com/science/bioenerghinfuelsroadmap

Ministry of Business, Innovation and Employment (2017) Duties, taxes and levies on motor fuels in New Zealand
http://www.mbie.govt.nz/infeservices/sectormdustries/energy/liquiduel-market/dutiedaxesanddirectlevies
onrmotorfuelsin-newzealand

Ministry of Business, I nnovation and Empl oeyment (2017)
specificationhttp://www.mbie.govt.nz/infeservices/sectormdustries/energy/liquiduel-market/enginduel-
quality/201617%20updates

Norske Skog, Z Energy (2014) Norske Skog Tasman/Z Energy stump to pump.project

These are all domestic production figures.

2017 data is not yet available.

Some ethanol is also imported.

Some biogas is produced (2.3.3 PJ/yr), buvery little of this is used for road transport.

Table 112 summarizes domestic fuel consumption for transport since 2007.
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http://www.mfe.govt.nz/climate-change/what-government-doing/climate-change-programme
https://www.scionresearch.com/science/bioenergy/nz-biofuels-roadmap
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/duties-taxes-and-direct-levies-on-motor-fuels-in-new-zealand
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/duties-taxes-and-direct-levies-on-motor-fuels-in-new-zealand
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/engine-fuel-quality/2016-17%20updates
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/engine-fuel-quality/2016-17%20updates

Table11-2. Transport Fuel consumpti¢ivL/year)

Year Gasoline Diesel Aviation | Biodiesel | Ethanol Market share of
fuels fuel biofuels (6)
2006 3,121 1,853 478 - - -
2007 3,177 1,915 394 - - -
2008 3,126 1,952 425 - - -
2009 3,082 1,934 404 - - -
2010 3,101 2,000 396 - - -
2011 3,051 2,059 378 - - -
2012 2,985 2,077 322 - - -
2013 2,974 2,143 335 - - -
2014 2,972 2,180 335 - - -
2015 3,061 2,274 335 - - -
2016 3,124 2,350 368 - - -

http://www.mfe.govt.nz/climatehange/whatovernmenidoing/climatechangeprogramme

https://www.scionresearch.com/science/bioenerghinfuelsroadmap

Ministry of Busiress, Innovation and Employment (2017) Duties, taxes and levies on motor fuels in New Zealand
http://www.mbie.govt.nz/infeservices/sectormdustries/energy/liquiduel-market/dutiedaxesanddirectlevies

on-motorfuelsin-newzealand

Ministry of

specificationghttp://www.mbie.govt.nz/infeservices/sectormdustries/energy/liquiduel-market/enginduel-

Busi ness,

l nnovat

i on

and

Empl oyment

quality/201617%20updats

Norske Skog, Z Energy (2014) Norske Skog Tasman/Z Energy stump to pump.project

(2017)

It should be emphasized that tmembersn Table 112 are for total domestic transport use only.
Most aviation fuel is used for international travel, vétiotal aviation fuel offtake in 2015 of 1,418
million litres. Consumption of biofuels is not monitored in New Zealand, but is likely to total
<0.1% of total transport fuels.

11.6 Sources

Ministry of Business,

Innovation and Employment
http://www.mbie.govt.nz/infeservices/sectommdustries/energy/eneredata

(2017) Energy

modelling/publications/enereym-newzealand/#data

in New Zealand. 2017

Ministry for the Environment (2017) About New Zealand's greenhouse gas emissions reduction targets.
http://www.mfe.govinz/climatechange/reducingreenhousgasemissions/emissioargductiontargets

Ministry for the Environment (2017) New Zealand's Greenhouse Gas Inventory2Da%0 Snapshot.

http://www.mfe.govt.nz/sites/default/files/media/Climate%20Change/FINAL%20GHG%20inventory%20

-%2025%20May. pdf

Ministry of Business, Inovation and Employment (2017) New Zealand Energy Sector Greenhouse Gas

Emissions

industries/energy/eneregdatamodelling/publications/energgreenhousgasemissions/documernts

2015

Calendar

Year

Edition. http://www.mbie.govt.nz/infeservices/sectots

imagelibrary/NZ%20Enerqgy%20Greenhouse%268&20Emissions.pdf
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http://www.mfe.govt.nz/climate-change/what-government-doing/climate-change-programme
https://www.scionresearch.com/science/bioenergy/nz-biofuels-roadmap
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/duties-taxes-and-direct-levies-on-motor-fuels-in-new-zealand
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/duties-taxes-and-direct-levies-on-motor-fuels-in-new-zealand
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/engine-fuel-quality/2016-17%20updates
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/engine-fuel-quality/2016-17%20updates
http://www.mbie.govt.nz/info-services/sectors-industries/energy/energy-data-modelling/publications/energy-in-new-zealand/#data
http://www.mbie.govt.nz/info-services/sectors-industries/energy/energy-data-modelling/publications/energy-in-new-zealand/#data
http://www.mfe.govt.nz/climate-change/reducing-greenhouse-gas-emissions/emissions-reduction-targets
http://www.mfe.govt.nz/sites/default/files/media/Climate%20Change/FINAL%20GHG%20inventory%20-%2025%20May.pdf
http://www.mfe.govt.nz/sites/default/files/media/Climate%20Change/FINAL%20GHG%20inventory%20-%2025%20May.pdf
http://www.mbie.govt.nz/info-services/sectors-industries/energy/energy-data-modelling/publications/energy-greenhouse-gas-emissions/documents-image-library/NZ%20Energy%20Greenhouse%20Gas%20Emissions.pdf
http://www.mbie.govt.nz/info-services/sectors-industries/energy/energy-data-modelling/publications/energy-greenhouse-gas-emissions/documents-image-library/NZ%20Energy%20Greenhouse%20Gas%20Emissions.pdf
http://www.mbie.govt.nz/info-services/sectors-industries/energy/energy-data-modelling/publications/energy-greenhouse-gas-emissions/documents-image-library/NZ%20Energy%20Greenhouse%20Gas%20Emissions.pdf

Ministry for the Environment (2017) About the New Zealand Emissions Trading Scheme
http://www.mfe.govt.nz/climatehange/reducingreenhousgasemissions/aboutz-emissiongrading
scheme

Ministry of Business, Innovation and Employment (2011) NZ Energy Strategy -ZIA1
http://www.mbie.govt.nz/infeservices/sectommdustries/energy/documentsagelibrary/nzenergy

strategylr.pdf

Ministry of Business, Innovation and Employment (2017) Unlocking our energy productivity and
renewable energypotential. NZ Energy Efficiency and Conservation Strateqy 222
http://www.mbie.govt.nz/infeservices/sectormdustries/energgocumentsmagelibrary/NZEECS

20172022.pdf
http://www.mfe.govt.nz/climatehange/whagovernmendoing/climatechangeprogramme

https://www.scionresearch.com/science/bioenergiinfuelsroadmap

Ministry of Business, Innovation and Employment (2017) Duties, taxes and levies on motor fuels in New
Zealand http://www.mbie.govt.nz/infeservices/sectotmdustries/energy/liguiduel-market/dutiedaxes
and-directlevieson-motorfuelsin-newzealand

Mi nistry of Business, l nnovation and Empl oyment
specificationshttp://www.mbie.govt.nz/infeservices/sectormdustries/energy/liquiduel-market/engine
fuel-quality/201617%20updates

Norske Skog, Z Energy (2014) Norske Skog Tasman/Z Energy stump to pump project. Final report
http://www.mpi.govt.nz/documentault/4975

IEA (2017) Energy policies of IEA countries. New Zealand 2017 Review
https://www.iea.org/publications/freepublications/publication/EnergyPoliciesofIEACountriesNewZealand

2017.pdf
Energy Efficiency and Conservation Authonityvw.eeca.govt.nz/

Bioenergy Association of New Zealahtps://www.bioenergy.org.nz/
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http://www.mfe.govt.nz/climate-change/reducing-greenhouse-gas-emissions/about-nz-emissions-trading-scheme
http://www.mfe.govt.nz/climate-change/reducing-greenhouse-gas-emissions/about-nz-emissions-trading-scheme
http://www.mbie.govt.nz/info-services/sectors-industries/energy/documents-image-library/nz-energy-strategy-lr.pdf
http://www.mbie.govt.nz/info-services/sectors-industries/energy/documents-image-library/nz-energy-strategy-lr.pdf
http://www.mbie.govt.nz/info-services/sectors-industries/energy/documents-image-library/NZEECS-2017-2022.pdf
http://www.mbie.govt.nz/info-services/sectors-industries/energy/documents-image-library/NZEECS-2017-2022.pdf
http://www.mfe.govt.nz/climate-change/what-government-doing/climate-change-programme
https://www.scionresearch.com/science/bioenergy/nz-biofuels-roadmap
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/duties-taxes-and-direct-levies-on-motor-fuels-in-new-zealand
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/duties-taxes-and-direct-levies-on-motor-fuels-in-new-zealand
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/engine-fuel-quality/2016-17%20updates
http://www.mbie.govt.nz/info-services/sectors-industries/energy/liquid-fuel-market/engine-fuel-quality/2016-17%20updates
http://www.mpi.govt.nz/document-vault/4975
https://www.iea.org/publications/freepublications/publication/EnergyPoliciesofIEACountriesNewZealand2017.pdf
https://www.iea.org/publications/freepublications/publication/EnergyPoliciesofIEACountriesNewZealand2017.pdf
http://www.eeca.govt.nz/
https://www.bioenergy.org.nz/

12. South Africa

Emile van Zy| Stellenbosch University

Botswana

Summary Box

1
1

There is no mandatffer biofuel usenor any biofuel volume obligation3here is notyet a

market for biofuels.

Thereareno largeindustrialethanolproductionfacilities. There are somarsller biofuels
productionfacilities, primarilyto convert used vegetable oils and fats to FAME bicdge
for local consumption.

The challenges hindering biofuel developmentthie country sparenergy security to
economic and social concerns, such as impacts on food security, commodity

biodiversityand environmental degradation due to land usegdsan

Ethanol falls outside the fuel tax net and is 100% exempt from fudiadieselfalls within

the fuel tax net and biodiesel manufacturers receive a rebate of 50% on the general f
Researclprojects are underway at a number of South Afrigaimersities on the productio
of biofuels, including biodiesel from algae and ethanol from lignocellulosic biomass.
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12.1 Introduction

South Africa is the |l argest consumer of energ
31% of totalprimary energy consumption in Africa in 2012h€l tansport sector is a large
consumer of energgnd accounts foabout one quarter of South African energy consumption
According tathe BP Statistical Review of World Energy 2Q5buth Africa consumed amergy

equivalent of 124 Mtoe in 2012, of which coal accounted for 72.5%, followed by oil (21.7%),
natural gas (2.8%), nuclear (2.6%), and renewables (0.4%, rpyimfaom hydropower).

According tothe US Energy Information AdministratiofUS EIA), South Afica contributed
approximately 1.4% of globalG@ mi ssi ons and was responsible f
in 2011, thus making South Africa the leading :C@nitter in Africa and the 1% largest

worldwide. South African consumption of energy has ineedaCQ emissiors by 18% from 2001

to 2011

South Africa has | imited oil reserves and i mp
oil requirements. South African proven oil reserves are about 2.4 billion litres (15 million barrels)

and the ttal South African oil production was 28.8 million litres (181 000 bbl) per day at the end

of 2012.

South Africa needs alternative sources to cope with energy security and emission issehscand

foreign exchange spent on imported oil. Renewable faatd) as biofuels, have the potential to
extend and diversify South Africads energy s
dependence on imported fuels and redtsoearbon footprint. Biofuels can also help South Africa

to achievets renewable energy goals, increase local energy access,itsmidiricultural sector

and markets well adoost economic and rural developmesithin the country. Biomass energy

(including liquid biofuels) along with wind, solar and srrathle hydropoweare considered in

the South African Policy on Renewable Energhgo known asthe White Paper on Renewable

Energy The country targets exploitimgnewable sources to produce® GWhof renewable

energy by 2013.

Nearly all of the total primary energupply of renewable energy sources is covered by energy
from biofuels and was$598.6%),with the remaining 1.4% is splidetweenhydropowey solar
and wind enerigs

. Hydropower (0,65%)
. Geothermal (0%)
Solar / wind / other (0,75%)

M Biofuels & Waste

Figure12-1. Total primary energy supply of renewable energy sources in South Africa in 2013
(Source: World Energy Balanc@OECD/IEA 2015)
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All of the bioenergy consumed in South Africa comes from solid biofuels (651 PJ), mostly being
used in traditional ways.¢€., cooking, heating, open fire); modern boilers are not comioere
are also annually approximatel® PJof charcoal exports

12.2 Main drivers for biofuels policy

In South Africa, the primaryrivers for biofuels productiorare job creation, supporting the
agricultural industry and rural development (Department of Energy, State of Renewable Energy in
South Africa: http://www.erergy.gov.za/files/media/Pub/Staté RenewableEnergyin-South

Africa.pdf).

South Africa had record corn harvests in ¢lagly 2000s and with deregulation of the corn price,
farmers faced hardship. A group of farmers eihe USand after examiningsbiofuels industry
wanted to initiate several biofuel projeatsSouth Africa Thegovernmentinitiated the Biofuels
Industrial Strategyin 2008 initially suggesing a target o#.5% biofuels penetratiorHowever,
during the publishing of the fin@IS document in Dec 2007, igtarget was reduced to 2&fter
corngrain wasexcludedas a feedstock for biofuel productibacause iis considered food. This
stalled the farmer iniitive South Africa still d@snothave a biofuels industry duettus situation
in addition tomany interferenceby government, whiclwvantsto tightly regulate the industry to
exclude established businesses, such as the sugar industry, and to use biofueld@achves
job creation and uplift rural developmentitino mandatory blendingequirementindon-going
delay publishindhe final position paper on the Biofuels Regulatory Frameworldekelopment
of a domestic biofuelsndustry remainsstalled and many woulébe investors have moved
elsewhere.

12.3 Biofuels pdicy

The Biofuels Industrial Strategy(BIS) started in 2006proposinga draft strateig targetof 4.5%
biofuels sharehoweverthis targetvas reduced to 2% in the final strategy published in Dec 2007
because maizg.e., corn grainjvas excludedHowever, the Department of Energy stalled so long
on creating initiatives and making biofuels blending compulsory that most parties lost jnterest
especially after major existing industies such as the sugar industryens not allowed to
participate. Withrelativelylow oil price and no incentives from government, the biofuels strategy
for the country remains stalled

The mainlegislationrelated to biofueltncludes

1. DME, 2007. Biofuels Industrial Strategy of the Republic of South Africa.
http://www.energy.gov.zalfiles/esources/renewables/biofuels_indus_strat.pdf(2).pdf

2. DoE. 2012. Regulations regarding the Mandatory Blending of Biofuels with Petrol and Diesel.
Department of Energwttp://www.energygov.za/files/policies/Mandatory%20Blending
%20Requlations%2024%20 August%202012.pdf

3.DoE. 2014. Draft Position Paper on the South African Biofuels Regulatory Framework.
Department of Energyttp://www.gov.za/documents/natiorathergyactregulationsposition
papersouthafricanbiofuelsregulatoryframework The final positions paper has not been
published there araliscussions to presemtfor approval to the Cabinet in March 2019.
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http://www.energy.gov.za/files/media/Pub/State-of-Renewable-Energy-in-South-Africa.pdf
http://www.energy.gov.za/files/media/Pub/State-of-Renewable-Energy-in-South-Africa.pdf
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In summary, biofuel development has stalled legislgtiaad biofuel is yet to be commercially
producedat a large scale. The challenges hindering biofuel development in South Afrigdencl
energysecurity to economic and social concerns, such as impacts on food security, commodity
prices, biodiversity and environmental degradation due to land use changes.

12.3.1 Biofuelstargets

The development of th8outh African Biofuels Regulatory Framewoslas postponedn 2014,
howeverthere isrenewed interedior it to be finalizedin March 2019 Still, no production of
advanced biofuels on the horizon yet

12.3.2 Excise duty reductions

Ethanolfalls outside the fuel tax net and is therefore 100% exempt from fuel tax. Biodiesel falls
within the fuel tax net, and biodiesel manufacturers receive a rebate of 50% on the general fuel
levy. The South African Biofuels Association and ottstakeholdershave requested further
incentives to stimulate the industry and rapid implementation of biofuels padicly.of incentives
continues tdhamperthe development of the biofuels industry in South Africa.

12.3.3 Fiscal incentives

This is the mairthallenge area, since tgevernment is hesitant to commit to financial incentives,
without which the industryemains stalledFailure to publish the fingbosition paperon the
Regulatory Frameworkasstalled all developments in biofuels because withiocgntives, the
industry will not developThe proposed incentive in tldeaft position papehadsuggested a 15%
guaranteed return on assktsbiofuels producers.

12.3.4 Investment subsidies
Not available.
12.4 Promotion of advanced biofuels

Research projects atmderway at a number of South African universities on the production of
biofuels, including biodiesel from algae (University of the Western Cape, Durban University of
Technology, University of the North West and University of Cape Town) and ethanol from
biomass (Stellenbosch, Rhodes, Free State Universities). Significant progress has been made in
the conversion of cellulosic feedstocks, such as agricultural residues, to biofuels at Stellenbosch
University.

When advanced biofuel technologmsch as celluksic ethanokome to fruition and 50% of the
residual lignocellulosic biomass (almost 50 Mt on an annual basis) is used, biofuels could play a
significant role in Sout h A fiomassa-ligsid fuels(Bth)s por t
technologies(using biochemical ardr thermochemicalconversionprocesseshre used, the
contribution from biofuels could represent 25% from agricultural residues, 8.2% from forestry
residues, 26% from burned grasses, and 10.8% from invasive plants. The produliofueds

from 50% ofavailablelignocellulosic biomass could potentially replace 70% of current fossil fuel
usage, which would far exceed the expectations of IBafBadvanced technologiese realized
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In South Africathe Boeing Company is workinghadentifying biofuel feedstockat could be
usedto producesustainable aviation fuéSAF). Boeing is collaborating with the South African
government, South African Airways (SAA), the Roundtable on Sustainable Biomaterials (RSB),
the World Wide Fundor Nature (WWF), and SKYNRG onihinitiative. The feedstock of clae

is tobacco plants grown in the Marble Hall region in Limpopo, South Afiicduly 2016, South
African Airways (SAA)andlowc o st carri er Mango cel ebwfueht ed
flight. The SAA and Mango flights from Johannesburg to Cape Town, operated by a Boeing 737
800, uselSAFpr oduced fr om Sheetabaceonplarg Sofaiiapdostibsequently
refined by AltAir Fuels and supplied by SkyNRG.

12.5 Market developmerand policy effectiveness

Currently, there is namarket for biofuels If previously proposedjovernment policiesare
finalized, the market share will beme2%, representing market demand ef00 million liters
biofuels per annum

Mandatorybiofuelsblending wagproposedy the Department of Energy on 23 Aisj2012: As

of 1 Ocbber2015, the minimum concentration for biodiesel blending would have been 5%; for
bio-ethano] there would be a minimurblendinglevel of 2% anda maximum of 10% The
Departnent ofEnergyp sraft@ositionpaper on the South African Biofuels Regulatory Framework
proposedin January 2014an incentive of a guaranteed return on assets of 15% for biofuels
manufacturers. Thdepartmenundertook to publish thignal position paperlater the same year,
howeveras of early2016 ths paper has not been published. In the meantaght licenses for
major biofuel manufacturers have been granted or issuedotietherwould already cover the
proposed mandatory target for 1 Glmér 2015. However, with tlis position paper notyet
published, none of the manufacturers have committed to build commercial plessuswetdatory
blending cannot commence&hus, the biofuels industry in South Africa remaimgleveloped
Thereareno industrialethanolproductionfacilities yet. ®me snall facilitiesexist primarily to
convert used vegetable oils and fats to FAME biodiesels for local consumption.

Table 121 summarizes biofuel mandates since 2010.
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Table12-1. Biofuels mandates

Year

Ethanol

Biodiesel

Other advanced fuels)

2010

2011

2012

2013

2014

2015

Mandatory blending should have

been initiated Oct 2015, but with no
incentives, industrys stalled

2016

2017

Table 122 summarizes domestic fuel consumption for transport since 2006.

Table12-2. Summary of transport fuel consumption (Weai)

Year Gasoline Diesel | Aviation | Biodiesel Ethanol Market share
fuels fuel of biofuels (%)

2006 11279 8,708 2,260 - - -

2007 11558 9,755 2,402 - - -

2008 11069 9,762 2,376 - - -

2009 11321 9,437 2,349 - - -

2010 11455 10170 2,308 - - -

2011 11963 11225 2434 - - -

2012 11,714 11262 2,367 - - -

2013 11153 11890 2,223 - - -

2014 11344 13,169 2,197 - - -

2015 12072 14178 2441 - - -

2016 10,160 10846 2,121 - - -

12.6 Sources

Pradhan, A., Mbohwa, C.M. (2014) Development of biofuels in South Africa: Challenges and opportunities.
Renew. SustEnerg. Rev. 39: 1089100. [DOI: 10.1016/j.rser.2014.027.131]
IEA Bioenergy Country reports, 2018South Africa 2018 update Bioenergy policiesd status of

implementation

SkyNRG, 2016SkyNRG supplies South Africaki r way s

to operate

Africads
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http://skynrg.com/wp-content/uploads/2016/07/20160715_Press_Release_SkyNRG-supplies-South-African-Airways-to-operate-Africas-first-sustainable-biofuel-flight-1.pdf

BiofuelsDigest, 2018Boeing looks to South Africa for sustainablgation fuels

IEA Bioenergy Task 39, 201Rewsletter Issue 47: Perspectives on Biofuels in SubSaharan.Africa

DME, 2007. Biofuels Industrial Strategy of the Republic of South Africa.
https://www.gov.za/documents/biofueiglustriatstrategyrepublicsouthafrica
http://www.energy.gov.za/files/esources/renewables/biofuels_indus_strat.pdf(2).pdf

DoE. 2012. Regulations regarding the Mandatory Blending of Biofuels witblRed Diesel.
Department of Energinttp://www.energy.gov.zalfiles/policies/Mandatory%20Blending
%20Regulations%2024%20 August%202(odf

DoE. 2014. Draft Position Paper on the South African Biofuels Regulatory Framework.

Department of Energyttp//www.gov.za/documents/natiorahergyactregulationspositionpaper
southafricanbiofuelsregulatoryframework The final positions paper has not been publisheshewed
discussions to present the position paper for approval to the Cabinet in Magch 20

Biofuels Industrial Strategy of the Republic of South Africa, 2017.
http://www.energy.gov.za/files/esources/renewables/biofuels_indus_strat.pdf(2).pdf

South Africa Government, Biofuels Industrial Strategy of the Republic of South Africa.
https://www.gov.za/documents/biofuetselustriatstrategyrepublicsouthafrica

South Africa Government, State of Renewable Energy in South Africa, 2015.
http://www.energy.gov.za/files/media/Pub/StateRenewableEnergyin-South-Africa.pdf

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update 140


https://www.biofuelsdigest.com/bdigest/2018/03/23/boeing-looks-to-south-africa-for-sustainable-aviation-fuels/
http://task39.sites.olt.ubc.ca/files/2017/12/IEA-Bioenergy-Task-39-Newsletter-Issue-47-December-2017-Final.pdf
https://www.gov.za/documents/biofuels-industrial-strategy-republic-south-africa
http://www.energy.gov.za/files/esources/renewables/biofuels_indus_strat.pdf(2).pdf
http://www.energy.gov.za/files/policies/Mandatory%20Blending%20%20Regulations%2024%20%20August%202012.pdf
http://www.energy.gov.za/files/policies/Mandatory%20Blending%20%20Regulations%2024%20%20August%202012.pdf
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13. South Korea

Jin-Suk Lee Clean Fuel Department, Korea Institute of Energy Research
Kyu-Young Kang Department of Biological and Environmental &aie, Dongguk University
Seoul

Summary Box

1 The main drives for biofuel productionare the National GHG Reduction Targeindthe
Renewable Fuel Standard (RES
The hodieselblending leveinto conventional diesewhich had been 298@), snce July
2015 hasncreased t@.5% andwill increase to 3.0% from 2018 2020.

Ethanol blending is being evaluated B8 and E5 levels for compatibility with curre
Korean infrastructure. Biomethane is also under evaluation.
The share of biofuels for transport is modest at 1.4%.

Funding programs are availalitesupportR&D for projectssuch asthanoland biodiese
from algaehoweverthere is no financial assistanoethe form ofloan guaranteesr grants
Significant efforts are dedicated to commercializinglgal biofues. Due to limited
availability of land, algal biofuslare regarded as a promising option to meet theu n t
implementation targdor transport biofuels.

= =2 =4 =9

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update 141



13.1 Introduction

South Korea is théfth largest petroleum importer in the world and teeth larges€CO, emitter

in the world,emitting550 million tons in 2007. The National GHG Reduction Target$®as

set to reduce emissions by%8 from businessasusual(BAU) levels by 230 (861 MTon down

to 536 MTon). In 2010 the government introded an emission trading scherteestart in 2013.

The new governmentds energy pol tod¥ofipnnatyudes i
energy consumptioby 205, andthis policy includeshe Renewable Fuel Standarf@kS being
introduedin 2013and becomingffectivestarting in2015 Figure13-1 graphicallyshows thee

two main policieghatpromot the production and use of biofuels in South Korea.

9 T
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Figure 13-1. Main driversfor biofuels production and use in South Koré#ational GHG
Reduction Targefleft) and Renewable Fuel Standards (R&g)ht)

The share of renewable energy in South Korea was about 4.7% inT2@l&tal primary energy
suppled by renewable energy sourcesgms dominatedy energy from biomaswhich alone
accounted fo75% (135 PJ of combined renewable energy producti@olar energgontributed

11% (19 PJ)with the balancepread between hydropower (10 PJ), geothermal energy (7 PJ), wind
energy (6 PJlusa small fraction of tide, wave and ocean energy (2BR&r half of the bioenergy
comes from solid biomass (77 PJ), of which around 6 PJ is consumed in the residential sector.
Biodiesel accounts fa21 PJ(15%), other liquid biofuels fol5 PJ(11%), renewablemunicipal

solid waste MSW) for 16 PJ(12%), and biogas fof PJ(5%), as shown irFigure13-2.
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= Solid biofuels
= Biogas
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Biodiesel

0.0% = Other liquid biofuels

5.1% = MSW- renewable

Figurel3-2. Total primary energy supply from bioenergysiouthKorea in 201135 PJ (Source:
World Energy Balances © OECS/IEA 2018)

Approximately 19% of energy consumptionfa transportation. The share of renewables in
primary energys expected to increaseur-fold from 2012to 2035, with thetotal bioenergy share
increasg by a factor o#.8 over ths same period.

In terms of feedstock, over 50% needs to be sourced domestiBafigd on current biomass
supplies significantsouréng from other countries/ould still be neededn response, research and
development efforts have focused on options including algadoth ethanol and biodiesel
production. As the strategy for securing a stable biomass supply, the South Korean government is
investigating three options

1) Utilize domestically ®ailable biomass ie., aganic wastesagricultural and foresty

residues),
2) ldentify new biomassfeedstockgi.e., ajuatic biomasss energy crops),
3) Source breignbiomass €.g., pantation residues).

13.2 Main drivers for biofuels policy

I n 2008, the Governmentds Energy Policy empha
green technology development as the new growth engine to improve the quality of life and to
contribute to globalprogress Core green technologies of tls Green New [Ral include
photovoltaics wind, fuel cellsjntegrated gasification combined cycl&CC) and nuclear, while

Acl ean f os si lincldde tedsestiiat canfbe usedtieanrfuelscellor enable carbon

capture and sequestraticGS. Energyefficiency, smartgrid, LED, energystorage combined

heat and poweidHP), and feat pumps were also identified as important technologies.

13.3 Biofuels policy
13.3.1 Biofuelstargets

The main driver for biofuel production the Renewable Fuel Standard (RF®y biodiesel
Table13-1 shows the biodiesel mandates since 2@dice July 2015, biodiesel has bédended
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at a level 0f2.5% irto conventional diesekhe bialieselblending levelincreass to 3.0% from
2018 to 2020. Oil refinery companiage responsible for meetingquiredfuel mixture targets and
try to findthe moseconomical way oincludingbio-based (non fossil) components in their fuels.

While biodiesel is currently applied aB, it is expected that biodiesel blends will re&$hby

2020 Ethanol blending islsobeing evaluated at E3 and E5 levels for compatibility with current
South Korean infrastructure (at 4 gas stations over 1 ydargddition, homethane is under
evaluation An option under consideration is whether local residues can be used as fesaistock
whether feedstocks will be imported. Another option is whether ethanol will be directly blended
or usedas ETBE.The share of biafelswithin transportremairs modest at 1.4%.

Table13-1. Targets and mandates for biofuels

Year Biodiesel (%) Ethanol (%)

2005 - -

2006 - -

2007 0.5% (target) -

2008 1.0% (target) -

2009 1.5% (target) -

2010 2.0% (target) -

2012 Mandateeffective for | -
biodiesel

2013 Mandatefor other -
biofuelsunder review

2020 5.0% (target) 5.0% (target)

13.3.2 Excise duty reductions

Supportive biofuel policies in South Korea have relied on a tax exemption scheme. Bwedesel
initially exempéedfrom taxation however since 201biodiesel blending mandatbavereplacel
tax exemptions.

13.3.3 Fiscal Incentives

Not available

13.3.4 Investmensubsidies

Not available

13.3.5 Other measures stimulating the implementation of biofuels

Funding programs are available ®&D such asthanol from algae at $16 milliand bodiesel
from algae at 320 million but there is no financial assistarninghe formsof eitherloan guarantees
or grants.Themainfunding agencies atbeKorealnstitute ofEnergyTechnologyEvaluation and
Planning (KETEP)andthe Korea Naional Science Foundation (KNSMlajor research projects
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focusing on biofuel production acarriedout at the Alvanced Biomass R&D center (202019)
andalsoonjet engine testig with bio-jet fuel (20172021).

13.4 Promotion of advanced biofuels

South Korea is dedicating significant efforts toward algal biofuel commercialization. Due to
limited availabilty of land, algal biofuels are regarded as a promising optiontoSneet t h Kor e a o
implementation targdor transport biofuels. Uncertainty about the availability of algal biomass is

the major barrier for commercialization s@ich biofuels. To improvethe economics of algal
biofuelsproduction a biorefinerybased approach based on mdlsciplinary collaboration may

be required. Active R&D isbeing performedremlucesome of théechnicaluncertainties.

South Korea halsadtwo major projects involvig algae. The ethanol from macroalg@el{dium

amansi) project anfrom 2010 to the end of 2012 with a budget of $16 million. pheoj ect 6 s
objectivewasto establish methanolproductionpilot plant produmg atlevels of 400L/day and

to evaluate theostof producingethanolfrom macroalgaeThis project developed a continuous
saccharification processd achieveé@thanol yieldsand concentrationsf 0.2 (w/w biomassand

3.5% (w/v). After developing andperathg thepilot process (capacity: 0.4kL/daythe project
washalteddue to poor economic feasibility

The longer-term project onbiodiesel production from microalgae has been undesiwae2010

and is expected to conclude in120 This $150 million project seels to identify suitable algal
strains (freshwater and marine), investigate the feasibility of low cost photobioreactors (PBR) for
mass cultivationandto demonstraga pilotscale production system. S#aating photobioreactor
systems for marine microalgzulture have beendeveloped and a pilot system is under
constructionwith thevarious unit processes.{.,open pond, vinyl bag, harvesting, dewatering,
extraction, biodiesel/green diesel conversion, utilization of residual biomass) proposed and under
on-goingoptimization.Oil yields are currentlgpproximatelyd L/m?/yr (for landbased systems).

13.5 Market development and policy effectiveness

Table13-2, Table13-3 and Table 13-4 respectivelysu mmar i z e S dviofuehbledding e a 6 s
mandates, biofuel productiocapacity,and overall transport fuel consumptioa nd bi of uel s
market sharever the past decade
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Table13-2. Biofuel obligations/mandates (% by volume

Year Ethanol Biodiesel
2010 0 2.0
2011 0 2.0
2012 0 2.0
2013 0 2.0
2014 0 2.0
2015 0 2.5
2016 0 25
2017 0 25

Table13-3. Biofuels productioni installed production capacitiilL/year)

Year Biodiesel Ethan_ol Cellulosic ethanol Biogas as Renewak_)k_a diesel
(FAME)* | (conventional) transportation fuel (from lipids)
2006 300 - - - -
2007 300 - - - -
2008 600 - - - -
2009 600 - - - -
2010 600 - - - -
2011 800 - - - -
2012 800 - - - -
2013 789 - - - -
2014 789 - - - -
2015 789 - - - -
2016 869 - - - -
2017 1,162 - - - -

*Installed production capacity of the operating plants.
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Table13-4. Transport fuel consumption (Myeai)

Year Gasoline Diesel Aviation | Biodiesel | Ethanol | Market share of
fuels fuel biofuels (%)
2006 9,520 17,800 31,900 40 0 0.13
2007 9,930 18,100 33,100 100 0 0.32
2008 10,000 17,000 31,700 200 0 0.66
2009 10,400 16,500 33,300 300 0 0.99
2010 10,900 16,700 35,700 400 0 1.28
2011 11,000 16,600 36,000 400 0 1.28
2012 11,400 17,000 38,200 400 0 1.24
2013 11,600 17,900 38,600 400 0 1.19
2014 11,700 18,300 40,700 400 0 1.17
2015 12,200 19,800 43,500 500 0 1.38
2016 12,600 21,100 46,500 500 0 1.30

Source: KEEIhttp://www.keei.re.kr/main.nsf/index.html

Currently, there are 15 biodiesel produaosith a combined production capacity of 1,084 /y,
with primary feedstocks being palm 0il8%), used cooking 0il28%), soybean 0ilZ3%), and
rapeseed oil (1%)rable 13-5 shows liss thebiodiesel producers iBouthKorea. Thereareno
ethano] renewable dieselr otheradvanced biofugbroductionfacilitiesin the country.

Table13-5. List of biodiesel producers fBouthKorea

Biodiesel Plant | Location Installed capacity | Feedstock Status
(ML/year)
M Energy Pyongtaek 148 Used cooking oil | Mothballed
Danseok Industry Siheung 113 Vegetable oll, In production
Pyongtaek 180 used cooking oll
Emac Bio Soonchun 50 Used cooking oil | In production
Jeongeup 32
SK Chemcial. Ulsan 227 Palm fatty acid | In production
distillate (PFAD)
JC Chemical Ulsan 120 Used cooking oil | In production
Aekyung Ulsan 200 Used cooking oil | In production
Petrochem
GS Bio Yeosu 120 Vegetable oll, In production
used cooking oil
Eco solution Jeongeup 120 Used cooking oil,| In production
tallow
Bioenergy Yeoju 60 Used cooking oil,| Mothballed
Holdings tallow
Total 1,370

Source: Korea Bioenergy AssociatiiftBEA), 2016.

SouthKor eads | i mit e dcoupledomirehe elatively kigh uwcost apsoducing

biofuels are major barriers to achievinch e ¢ 02035 implgntestation targets. To solve this
dilemma, a systematic approach for idemti§ and mass produwy or aggregatingovel biomass

residues such as algae and plantation residues is now being undertaken. Research activities are
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also targeting the commercialization of advanced biofuels. With all these efforts, biofuels are
expected to beost competitive by 2020 and as a result, South Koredmayccessfudchievwng
its 2035 bioenergy implementation target.

13.6 Sources

IEA Bioenergy Country reports, 2018&Republican of Korea2018 update Bioenergy policies and status
of implementation.

http://www.egnret.ewg.apec.org/meetings/egnret36/E2OEGNRET Korea%20Presentation. pdf

http://www.4thintegrationconference.com/downloads/Session%28bnkuk%20University Park.pdf
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14. Sweden

Tomas EkbomSwedish Bioenergy Association
Leif JonssonUmea University

Summary Box

1 The main legislation impacting biofuels astax exemption on biofuels distributed
transport fuelsandi pump | awo on distribution of
from full to reduced tax exemptidmwever starting idaruary 2018 all biofuels & fully
exempted fronthefuel tax.

1 A guota mandate systelmas beein placesince July 2018This policymandategmissions
reductiors for petrol and diesedectors, targeting reductions 26% for petrol and 19.39
for diesel by Deember2018.In 2020, hesereductiontargets willincreaseo 4.26 for petrol
and 21.06 for diesel.

1 Biofuels for transport has expanded quicklythe market in recent years and in 2(
biofuels accounted for 188 of all transport fuelsold compared to 5.1% in 2011. T
largest sharbiofuel was HVO fuel, which accounted for two thirds of all biofuetold,
equvalent to25% of all diesel sold.
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14.1 Introduction

In 2012 the share of renewable energy in Sweden surpassed the EU Renewable Energy Directive
(2009/28EC}Xargetof 49%, as well as the Swedish parliament national overall renewable energy
target of 50%. In additigrit should be noted that by 2011 Sweden had direaet itsbinding

10% national target forenewable energy ittansport (all EU Member States have this transport
target). Swedehasopted not to dividéts renewable energy target indaliargetsby sector.

Apart from the targets set by the RED, Sweden has no specific targets for bioenergy. However,
general policy airafor a fossilfreesociety by 2050, and the new government in 2014 declared

that Sweden shall btemea Af ossi | free wkelffineewoek agrdementeon . I n
energy statedi At t he | atest i n the year 2045, Sweden
gases to the atmosphere, and wil |l the®wedishf t er

parliament decided in 2009 that Sweder v e h ishallbefosdiluetiedependenby 2030.

As shown in Figure 14, hoenergyproduction at 485 P&presents 63% of total primary energy
supply from renewable energy sources, followed by hydropower (2229Pg and wind energy
(56 PJ 7%); the role of solar energy is mangi.

® Hydropower

m Geothermal
Solar PV -0.1%
Solar thermal - 0.1%
Wind

m Bioenergy

Figure 14-1. Total primary energy supply fromenewable energin Sweden in 2016 (Source:
World Energy Balance® OECS/IEA 2018)

As shown in Figure 12, bioenergy in Sweden is predominampipducedfrom solid biomass,

with a share of 81% (394 RJhostly in forest based industriess{ng chips, barkand sawdust
feedstocky and pulp and paper industriassing black liquoras feedstock where it is usedo

produe process heat and electncitt should benotedthat black liquor (158 PJ) is counted in the
category of solid biofuels. #other38 PJ obioenergy fronsolid biomass is used in the residential
sector. Apart from solid biomass, the nxgest contributor to bioenergy productisrbiodiesel

(41 PJ), followed by renewable MSW (35 PJ) and smaller shares of biogas (7.3 PJ), biogasoline
(ethanol)(4.7 PJ) and other liquid biofuels (3.1 PJ).
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Figure 14-2. Total primary energy supply from bioenergy Swedenin 2016 (485 PJ (Source: World
Energy Balance® OECS/IEA 2018)

14.2 Main drivers for biofuels policy

The main driversfor biofuelsare climate change mitigatiaandreduction of carbon emissions.
Otherimportant drivers are energy security, technology development for a circular bioeconomy
and job cration Sustainability i©f utmost important in policies for energy at@ environment.
http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/

14.3 Biofuels policy
14.3.1 Biofuels obligations

Transport fuels are subjectedaioenergy tax and carbon taxas well as a valuadded taxV{AT).

The VAT (25%)is addedo the total sum which means that thegsarealso subject to VATThe
energy tax has been revised every yearemainabove the minimum tax on fuels set by the
European Union iits Energy Tax Directive. Under certain circumstances tax exengatambe
made andSweden has historically applied for staid approval for tax exemption of biofuels.
Biofuels were initiallyfull y tax exemptoweverthe tax exemption wagduced in 201because

of EU concern that this approactsked overcompensatig some fels e.g, ethanol E85 and
Rapeseed Methyl EstefRME) from 2015.Since January 2018, this policy has been reversed and
all biofuels are once again fultgx exempt.

Since July 2018a quota mandate systdms beerin place withemissiongeductiontarges for
petrol and dieselThis policymandates a reduction inrban dioxide emissionsf 2.6% for petrol

and 19.3% for diesel by Dember2018. Tlese targetsncreasein 2020 to 4.2%emissions
reductionfor petrol and 21.0% for diesel. Highconcentratediofuelssuch asio-CNG, E85,
HV0O100, B100 and others outside thetrol and diesel standard are not included and enjoy full
tax exemption, at leatirough2020.

In addition thereare longstandingpolicies on vehicledo incentivize effieency, i.e., such as
classfying cars based on the@nvironmentalperformance for elibibility taeceive bonuss or
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otherbenefits that have impacted biofuel consumption. Thereadinerinitiatives that havalso
hadimpacs but thethese aréghe mostinportant and relevant.
http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/

The reduction quota obligation for petrol and diesel and full tax exemptidngbrblend, highy
concentratedibfuels came intceffectin July 2018.The 2030 galis to achieve &0% reduction
in carbon emissions and approximate biofuels sha@ 50% onan energy basisassuming
continuingefficiencyimprovements&nd electrificabn in transportEmission reduction quatdor
2018 to 202@re shown inmrable14-1.

Table14-1. Reduction quota system with mandated reduced carbon emissions for eagpefuel

Reduction July 2018 January 2019 | January 2020 | January 2021
Petrol 2.6% 2.6% 4.2% ?
Diesel 19.3% 20.0% 21.0% ?

http://www.regeringen.se/artiklar/2017/09/bonusmadak-branslebytet/
http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/

It is notedthat astate investigation is egoing about proposing policy for increagewduction
anduse of biojefuels in Sweden

14.3.2 Excise duty reductions

The main legislation impacting bfuels arghetax exemption on biofuels distributed as transport
fuels andtheh pump | awd on distribution of biofuels.
reduced tax exemption but from Jany 2018 all biofuels are fully exempted fraitme tax (hote
that thistax is divided into energtgx and carbon dioxide tasomponents
http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/

The gasoline/diesalsageratio in Sweden is closer to the North American average than the
European average, largely due to tax differences. However, diesel is increasing its share rapidly
due to fiscal incentives for new cars and an increasing demand for transportation of goods.

14.3.3 Fiscal incentives

Theurip | awd man d athatsavefa fuddrnoverabiove1500ent per month to
offer at least one fuel with greater thaB0%biofuel blend, meaning at least opempdedicated
to biofuels. A number of government institutig, foundations and authoritiprovidefundingfor
biofuelsR&D.

14.3.4 Investment subsidies
Subsidies for investmesare available fopilot and demo plants, aridr climate action program

thatredue carbon emissions (also for commercial technologitisg Swedish Energy Agency
provides 25% investment suppodnd theSwedishEnvironmental Protection AgencRA)
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provides up to 45% investment suppo®upportis also provided for investments in electric
charging stationand biogas infrastructure.

There aresubsidies for consumsy most notably th&ull tax exemption on biofuelddw blends
until June 2018 and then taxadderreduction quota systemmith highly concentrated biofuels
fully exemptuntil 2020. The awrrentfuelt ax i s 00. 60orgesel. | i ter gasol

As of July 2018 car buyerscan receive anaximum SEK 60,000 bonusfor certainmore fuel
efficient vehicles or conversely be penalized feehicles emitting more than 95 g&@km. The
penality (nalug for each granof CO, above 95 COy/km is an additional cost SEK 77 pereach
additionalgram whichis chargedluring the first three yearsf vehicle uself the emissions are
above 140 gram penk the owner pay an additionaBEK100 per gram.

14.3.5 Other measures stimulating timeplementation of biofuels

Various fundingagencies angrogrammes are dedicatedgsimpportingresearch on hydropower,
wind power, solar cells, sustainable biomass production and conversion into district heating as
well as CHP plantdMajor funding agenas and sources in Swedeklude the following
Swedish Energy Agency

Swedish EPA

FORMAS

Vetenskapsradet

Mistra-stiftelsen

KK -stiftelsen

Vinnova

http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/

Bioenergy has high priority within S w e d &R&D portfolio. Over the years, Swedish energy

R&D hasinvestigatedmost ofthe mgor economically and environmentally relevant bioenergy
topiccThe three most ambitious projects up to 20
all focus ondevelopment of new bioenergy technologies and procesggasification of black

liquor; 2) saccharification anfermentation of woody cellulosend3) synthesis of liquid fuels

via gasification. These technologigsall considered centrab advancingS w e d eurrénsuse

of bioenergy. In 201,8he Swedish Energy Agency announéteslasc ont r i but i rog 050

a large project to set lgnd operata pilot plant to test hydrogebased steel productiphowever

the biomass componewithin this project is relatively small.

Within the Swedish Energy Agentys thermochemicaliTéi mbd ke iniss kpa
bi odri vmede),theeaargnoratham&dsearch projectocusedon biofuels.

ThelargestresearchdevelopmenanddemonstratiofRD&D) projectin the countryin terms of
production and budgeés the biomass gasification and biomethane synthesis pilot demonstration
plant in Gothenburg-owever, this project hasot beenfunded bythe Swedish Energy Agency

The other project funded on same terms is the RenFuel pilotfpfaotganic catalysis of lignin to
biocrude witha capacity oB000 tonnes per year. iBtbiocrude is intendetb be usedor HVO
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(renewable dieselproduction externallyAnother largeproject is the BieDME plant in Pitea
producing DME viablack liquor gasification.

The Swedish EPAlsohas aclimate program(ii K| i ma t) whiere pragect® are developed to
redue fossil fuelsuseandassociate@arbon emissions. In this prograthere are a few projects
involving biofuel productioni(e., pyrolysis of biomass and biogas plants) whichiatended to
commencelant construction in the next two years.
http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/

www.naturvardsverket.se

14.4 Promotion of advanced biofuels

Following EU policy, there is no special system other th@mweduction quota system favouring
biofuelsthatenabé high emission reduction¥he saméax exemptionncentives as other biofuels
are applied to advanced biofueland all biofuels must also comply witbustainability
measurement/verificatiorequiremert (i.e., EU sustainability criteria) and fuglality standards.
Table14-2 lists operational and planned advanced biofuels projects in Sweden.

Table14-2. Operational and planned advanced biofuels projects in Sweden

Name of Status Technology Production capacity
company
Gothenburg Closing Biomass gasification for | 20 MWth biomethane
Energy biomethane
Domsjo Fabriker Operational Cooking digester, ethanol 195 ML
SunPine Operational Tall oil separation to raw tal 100ML

diesel for HVO
Preem Operational Hydrogenation to HVO 200ML
SunPine Planned Tall oil separation to raw tal 50 ML

diesel for HVO
Preem Planned Hydrogenation HVO 500ML
Sodra Planned Separation to methanol 5ML
Setra Planned Wood pyrolysis tdiooil for 26,000 tonnes

HVO

SCA Planned Tall oil separation to raw tal 100ML

diesel for HVO
Stl Planned Hydrogenation to HVO 200ML
RenFuel Planned Organic catalysis to biocrud 50 ML

for HVO

Domsjo Fabriker Planned Biofuels 400ML

Note: St1 in Gothenburg and AgroetaimoNorrkdpinguse bakery wastesd grairto produce ethanol.
http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/
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The first biecSNG plant at industrial scale in the world, GoBiGas in Gothenstaged operating

in 2014. Ths plant provided 20 MW (160 GWh) of bimethane to the gas grid. The outcome from

the demonstration is that the technology is ready for largée sgeployment, applying
commercially mature components, for which the production cost will be in the rad @54 per
litre gasoline equivalent (feedstock 35% of costhatcurrenteedstock pricéor woody biomass
in the region. The demonstration wemalized in March 2018 and the plant is at preseaintained
to be able to be recommissioned if the right market condigmelop Forest biomass byroducts
such as tall oil and lignin are g@ocessed, or piloted to be-poocessed, respectively, in a fossil

refinery.Sunpine usestl oil to produce HVQGon a commercial sca(@00,000 tonnes/yeaat its
new factory in Pited. Praeand Vattenfall recently published plans to use electrolysis to produce
the hydrogen gas used for H{fdoduction Preem and RenFuel are assessing, in collaboration
construction of

wi t h

Rottneros,
Vallvik, Soderhamn. Tils plant is expected to produce an annual volume of 258300000 tonnes

t he

of lignin, and will be completed in 2021.

14.5 Market development and policy effectiveness

rilhire

Biofuels for transport has expanded quickly in recent yaarshavn in Table 143. In 2016

biofuels accounted for 1@&% of all transport fuelsold in Swedercompared t®.9% in 2011. The
largest share was HV@uel, which accounted for two thirds of all biofuelold an amount
equivalent toabout25% of all diesel dd. HVO fuel is based oroleaginous (lipid/fatty acid)
feedstocks like tall oil, animal fats, and recovered vegetable oils.

Table14-3. Transport fuetonsumption¥IL) and biofuels market share (%), 262617

Year Gasoline | Diesel fuels | Aviation fuel | Biodiesel | Ethanol markziogﬁzlrz (%)
2006 5128 3,654 251 66 324 31
2007 5,049 3,774 251 132 376 4.1
2008 4,691 3,794 231 165 427 5.0
2009 4,602 3,704 201 210 393 5.4
2010 4,322 4,055 191 232 393 5.8
2011 3,997 4,146 211 298 410 6.9
2012 3,661 4,025 211 408 393 8.4
2013 3,460 3,965 211 596 359 10.3
2014 3,325 3,865 211 894 324 13.4
2015 3,191 3,945 201 1,158 256 15.7
2016 3,236 4,577 221 1611 222 18.6
2017 3,101 4,608 - 1,854 205 20.8

"Diesel fuels excludbeatingoils.
http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/

Table14-4 showsS w e d diofiekmandatesThere isa ethanol mandate f&5. While E10 is
also technically possiblat is not pursued by gasoline companies. There is albmdiesel B5
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While B7 isallowed,because of problemssingbiodieselin certain cas B5 ismostlypursued by
refineries. Historically and until June 2Q1@ly volumes factad intothe use of biofuels in
SwedenFrom July 2019however carbon emission reductiohave become th@dominant factor.
There are both EU standar@N228 and EN590and Swedish standar@gK1 Petrol and MK1
Diese). With now improved EU standardgshe current differencesetween the EU and Swedish
standardsire smallThere arealsoother market mechanisms such asarbon taxjmposedsince
Jarnuary2018 that apply similarlyfor household and industry

Until 2010 bioethanol was the most important liquid biofirelSweden. Since theih has lost
market shareUse of diesel type biofuelgvertookuse ofethanolbiofuels in2011 anddiesel
biofuels use hasontinued to grow (from 7.4 PJ in 2010 to 42.7 PJ in 2006%pite growing
biofuels useSwedish consumption of liquid biofuels is primarily based on imports,omih10-

15% supplied ¥ domestic production. Biogasse in transport has also seamtinuous growtin

recent yearsfiom 1.2 PJ in 2005 to 7.3 PJ in 2016

Table14-4. Biofuel obligations/mandates (% by volume)

Year Ethanol Biodiesel Other (specify e.gadvanced fuels)
2010 5 vol.% 5 vol.% E10 is allowed but only E5 obligated.
B7 is allowed but not obligated, only B}
2011 5 vol.% 5 vol.% E10 is allowed but only E5 obligated.
B7 is allowed but not obligated, only B}
2012 5 vol.% 5 vol.% E10 is allowed but only E5 obligated.
B7 is allowed but not obligated, only B}
2013 5vol.% 5vol.% E10 is allowed but only E5 obligated.
B7 is allowed but not obligated, only B}
2014 5vol.% 5vol.% E10 is allowed but only E5 obligated.
B7 isallowed but not obligated, only Bf
2015 5 vol.% 5 vol.% E10 is allowed but only E5 obligated.
B7 is allowed but not obligated, only B}
2016 5 vol.% 5 vol.% E10 is allowed but only E5 obligated.
B7 is allowed but not obligated, only B}
2017 5vol.% 5vol.% E10 is allowed but only E5 obligated.
B7 is allowed but not obligated, only B}
2018 5 vol.% 5 vol.% E10 is allowed but only E5 obligated.
B7 is allowed but not obligated, only B}

http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/

There are two ethanol plants in SweddeSt1 Refinery in Gothenburg withs ML/ yearcapacity
(raw material isbakery wastepndthe Agroetanolplantin Norrképing witha capacity o230

ML /year, during some years orgroductionline was closed and the capacity was M0year
(initial startup production capacityPerstorp in Stenungsund have capacity todagréaluce
155ML RME (FAME biodiesel)per yearEcobransle in Karlshamn have capatityproduceb5

ML RME/year. There are also aumber of very small plants where farmers produce FAME for
theirown or local consumption.
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Sunpine in Pited produces 10 RawTall Diesel (RTD) per yeatn 202Q one more plant with
an additional 50ML RTD per yearcapacitywill come online RTD is theraw materialusedto
make HVOfuels at PreemThePreenrefineryin Gothenburg hathecapacity to produce 20dL
HVO fuels peryearincludingHVO petrol. Table 145 summarizes biofuels production capacities.

Table14-5. Biofuel productioni installed production capacitlL/yearn, 20062017

Year Biodiesel Ethan_ol Cellulosic Biogas_,as Ren_ewable Other
(FAME) | (conventional) ethanol transportation fuel diesel advanced
(consumption) (from lipids) biofuels
2006 55 230 195 0.2 TWh 0 1)
2007 55 230 19.5 0.3 TWh 0 1)
2008 203 230 19.5 0.3 TWh 0 1)
2009 203 230 19.5 0.4 TWh 0 1)
2010 203 230 19.5 0.6 TWh 100 1)
2011 203 230 19.5 0.7 TWh 100 1) 2)
2012 203 230 19.5 0.8 TWh 100 1) 2)
2013 203 230 19.5 0.9 TWh 100 1) 2)
2014 203 230 19.5 1.0 TWh 100 1) 2) 3)
2015 203 230 19.5 1.1 TWh 100 1) 2) 3)
2016 203 230 19.5 1.3 TWh 200 1)2)3)
2017 203 230 19.5 1.5TWh 200 1) 2) 3)

1. Since 2004the Biorefinery Demo Planta cellulosic ethanopilot plantwith acapacity of 80-400 litres per
day, has beewperated under the auspiadResearch Institutes of Sweden (RISH)@peratedat capacity for
300 dayger yearit has amannual ethangbroductioncapacity of 20,000 liters

2. Since 201]a pilot plantfor bio-DME productionfrom black liquorhas been operatingith a capacity of 4 ton
per day if operated 300 daygear, its annual capacitis 1200 tonnes.

3. Since 2014a pilot plantfor biomethane production visiomass gasificatiohas been operatingith a methane
synthesis capacity of 20 MWtliomethaneif operated 300 dayser yearits annual capacitis 11,200 tonnes.

There arealso approximatly 300 biogas plantin Sweden,nearly all of them very small in
comparison with other Swedish biofuels plants) @nd difficult to estimate total production
capacity as a varying share is further upghtb biomethanefor transport. The other plants
producebiogas used for power and heat production.
http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/

14.6 Sources

IEA Bioenergy - Country reports, 2018Swedeii 2018 update Bioenergy policies and status of
implementation

Websites sourak
http://www.energimyndigheten.se/fornybart/hallbarhetskriterier/
www.svebio.se

www.naturvardsverket.se

www.sch.se
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15. United States

JamesD. McMillan, National Renewable Energy Laboratory

Summary Box

1

The federal RFS2 is the primary policy encouraging biofuels use in the United S
Besides the RES another strong policy driving increased biofuels production and u
the US i s C-&abof Fuel Btandadd{LCES). w

Compared to the RFS2 program in which there are volumetric mandates for renewab
Californiad §CFS s fuels agnosti@andincens low carbon fuels, with credits or defici
generated based @f u echriBos intensity.

In addition to federal and state legislations supporting the production and use of bio
hel p decarbonize the US6s transporta
Economy (CAFE) standards have been contributingtii® decarbonization of th
transportation sector by reducing energy consumption thrioigiierfuel economy of light
duty vehicles (cars and trucks).

There are also blenders credits in force at times/in specific time periods for various b
The blenérs credit has been particularly important for expansion of biodiesel produc
recent years. Various incentives that vary by city or state also exist.

In 2017, a total of 15.8 billion gallons (59.8 billion liters) of fuel ethanol was prodare
diesel biofuels production reached about 2.5 billion gall¢®$ billion liters). Total
production of renewable diesel, cellulosic biofuels, and binj@D17was 453, 10, and 1.
million gallons(1715, 386.5 million liters) respectively
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15.1 Introduction

The United States (US) economy remains highly dependent on liquid transportation fuels, still
primarily derived from petroleum but increasingly including renewable content, to power various
transportation fleets. In 2016, the US had about 1% t he wor |l dés regi ster
million including passenger cars, motorcycles, trucks, buses, and other vehiclescaundted
forabout 20% of the worldbés oil consumption. Th
of energy in the US;omprising 29% of total US energy use, with 95% of this energy provided by

fossil fuels.

As shown inFigure 15-1, the majorityof total primary energy suppld by renewable energy

sources iprovidedby bioenergy (4,079 PJ), followed by hydropower (971 PJ), wind energy (826
PJ), geothermal energy (384 Rdd solar energy (282 PJ).

m Hydropower

é B Geothermal
Total 2.6%

Solar PV
6541p) % o

Solar thermal
Wind
m Bioenergy

Figurel5-1. Total primary energy supply frorenewable energy the USin 2016 (Source: World Energy
Balances© OECS/IEA 2018)

Figure15-2 shows otal primary energy supply from bioenergy in the US in 2@&i#id biomass
represents about half of bioenergy sup@¥.2% or2,090 PJ), of which 374 Radas used in the
residential sector. There is also a major roleettianol ingasoline 83% or1,348 PJ), followed
by biodiesel 7.8% or319 PJ). Biogas3(8% or155 PJ) and renewable MS\W8.8% or155 PJ)
reach somewhat lower shares. Liquid biofuels saw eertian 1€fold increase from 124 PJ in
2000 to 1,362 PJ in 201teaverage growth rateas therabout 45% per year upreachingl,679
PJin 2016.
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Figurel5-2. Distribution of ptal primary energy supply from bioenergytlie USin 2016 Total bioenergy
supply in the US in 2016 wa979 PJ(Source: World Energy Balanc@OECS/IEA 2018)

15.2 Main drivers for biofuels policy

The main drivers currently are job creation, rural develogna@d energy security, together
bundl ed as fAadvanci nhipséendrdy.gov/eerefvigendighhe strategic o my . 0
plan for the Bioenergy Technologies Office (BETO), the office within thetednStates
Department of Energy (DOHgading biofuels development, is available at:
https://www.energy.gov/sites/prod/files/2017/09/f36/beto_siratelan_december 2016.pdf

Climate change mitigation was previously a large driver but is no long@ja driver under the
current administrationHowever, it is likely to become a key driver again in the near future as
already mounting climate disruption worsens and the ability to dispute or disregard the growing
peril of global warming wanes.

15.3 Biofuels policy

Historically, in past administrations, espegidtiefore the tight oil fracking revolution over the

past decade, the main drivers for developing biofuels in the US have been energy security first and
foremost and then alsmdincreaingly climate change mitigatioBefore US domestic petroleum
producton increased due to fracking, petroleum imports into the US accounted for over 60% of
total consumption and the level of imports was continuing to grow. In recent years, due to the
fracking revolution, this trend has impressively been revere®017, USnet imports of
petroleum accounted for only 19% of @8&troleum consumption, the lowest level since 1967
(EIA, 2018). As shown irFigure 15-3, in 2017 total net energy imports into the US fell to 7.3
quadrillion British thermal units (quads), a 35% decrease from 2016 and the lowest level since
1982. In 2017, the US also substantially increased its fossil fuel exports over 2016 levels, with
larger expais ofcrude 0il(89% higher), petroleum products (11%tural ga$36%),
andcoal (61%). Petroleum products including gasoline, distillate fuel, propane, and other fuels
currently comprise the majority (54%) of US energy exports.
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Figurel5-3. US gross and net energy trade (1-2807)
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In addition to the significant increase in the domestic production of fossil fuels, continuing
relatively low petroleum priceand an unclear carbon policy landscape are hindering further
investment in conventional and especially adyv
change until the future of both the federal renewable fuel standard (RFS2) and the corporate
avera@ fuel economy (CAFE) vehicle efficiency standards are better understood. These policies
remain under discussion for revision, and policy changes are anticipated, however it remains
unclear what they will be.

15.3.1 Biofuel obligations

The Energy Independence aBécurity Act (EISA) was enacted in 2007 to enhance domestic
production of fuels and spur economic development while reducing reliance on imports and
improving the environment (through reducing both the absolute level of fossil fuel use (lowering
GHG emisfons), and fuel combustiarelated pollution such as groutelel ozone and smog).

This EISA contains a number of provisions to increase the energy efficiency and the availability
and use of renewable energy. One of these provisions amendadgthal Ranewable Fuels
Standard (RFS) created under the Energy Policy Act of 2005. The 2007 amended RFS (RFS2)
targets the ramping up of domestic biofuel production to 36 billion gallons per year (BGY) by
2022 (over 136 billion liters). As depictedkigure15-4, this comprises 15 BGY of conventional
corn starckbased ethandl 57 billion liters) and 21 BGY of advanced, cellulosic and biodiesel
biofuels(~ 80billion liters) (i.e., 16 BGY of cellulsic biofuels, 4 BGY of advanced biofuels, and

1 BGY of biomasshased biodiesel).

The Clean Air Act provides EPA authority to adjust cellulosic, advanced and total volumes set by
Congress as part of the annual rule process, and volume obligation targets for advanced biofuels
have been lowered in recent years owing to commercial produttivels lagging initial
expectations, e.g., tlae factostalling of commercial deployment of cellulosic ethanol following

the crash in oil prices in mid 2017%the EISA legislation also contains a general waiver authority
that allows the Administrator @A) to waive the RFS volumes, in whole or in part, based on a
determination that implementation of the program is causing severe economic or environmental
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harm, or based on inadequate domestic supplyle15-1 shows the four categories of renewable
fuels mandated under the RFS program.

40

35
Key
B Cellulosic (D-3)
Advanced (D-5)
B Biodiesel (D-4)
Renewable (D-6)
| ] | ]

Billion gallons
— — N N (V5
o v o (¥, ] o

2008 2012 2017 2022
Figurel5-4. Volume targets for renewable fuels under revised RFS2 as orginally enacted in 2007.

Table15-1. Renewable fuels categories under the RFS program
Category Code Minimum Description
GHG reduction
requir ementt
Cellulosic Biofuel | D3 60% Renewable fuels made from cellulps
includingethanolrenewable gasoline, bioga
derived CNG and LNG
Cellulosic Diesel D7 60% Cellulosic diesel, jet fuel and heating oll
Advanced Biofuel | D5 50% Renewable fuels other thasthanol derived
from corn starch (sugar cane ethanol), bio
from other waste digesters, etc.

Biomassderived D4 50% Renewable fuels that meet the definition
Diesel either biodiesel or neaster renewable diese
Renewable Fuel D6 20% Renewable fuelproduced from corn starch

any other qualifying renewable biomass

I compared to the petroleum baseline

In November 2018, EPA finalized volume requirements under the RFS program far 2019
Table 15-2 lists these volumes for four categories of biofuels. The volume requirements has
increased for all biofuels categories. The highest change is seen in cellulosic biofuels with over
100 milliongallons increase in 2019 compared to 2018.
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Table15-2. Biofuels volume requirement under EPA RFS program (Biofuels Digest, 2019)
Year 2018 | 2019 | Changein 2019 compared to 2018
Cellulosic biofuelqbillion gallons) | 0.311] 0.418| +35%

Biomassbased diesel (billion gallony 2.00 | 2.10 | +5%

Advanced biofuels (billion gallons) | 4.28 | 4.92 | +15%

Renewable biofuels (billion gallons)| 19.28| 19.92| +3%

Total biofuels 25.87| 27.36 | +5.8%

ThefederalRFS is theprimary policy encouraging biofuels use in the United States. The RFS is
implemented by the US Environmental Protection Agency (US EPA). EPA implements the revised
program (RFS2) in consultation with the USDA and US Department of Energy (USDOE). An
overviaen of the program and its history of development is provided at:
https://www.epa.gov/renewabfael-standareprogram/overviewenewableuel-standard

Obligatedparties under the RFS program are refiners or importers of gasoline or diesel fuel.
Compliance is achieved by blendirenewablduels into transportationu&l, or by obtaining
creditsc al | ed fhHIReéertwiatbil @a tRiINs)no nidai anlERApecitiedRenewable
Volume Obligation(RVO). RVO percentages are calculated by dividing the mandated quantity of
each renewable fuel type by the total estimated supply oferm@wable gasoline and diesel fuel

in each year. The RVOs are applied to eadlgated party's actual supply of gasoline and diesel
fuel to determine its specific renewable fuel obligation for that year.

To qualify as a renewable fuel under the RFS program, a fuel should be produced from an approved
feedstock through an approved Ipaay. For a given approved feedstock, there can be several
approved conversioraghwaysA RIN is generated when a producer makes a gallon of renewable
fuel by an approved pathwayd ths RIN is then attached to it. Obligated parties should blend the
renewable fuel into fuel derived from petroleum, or purchase RINs credits to meet their specified
annual volume obligationRl Ns ar e tr aded ssigned RiN®are fdiectlyns : 1)
associated wih a batch of fuel and purchasers obtain kb renewable fuel and the RINs
together; and 2 eparated RINBare separated from specificbatch of renewable fuel and are
traded separately. The renewable fuel producer generates these separated RiNskahd
participants can then trade these RINs with obligated parties that can obtain and retire them for
compliance with annual RVOEigure155 shows ashematic ofh R llifdaycde under the RFS
program.
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Figurel15-5. Lifecycle of a Renewable Identification Number (RIN) under RFS program (US EPA, 2017)

Besides the RFS, another strong policy drivimgyeased biofuels production and us¢éhe USis

Cal i f or «CarmdFuel tandard (LCFS). The main goal of this legislation is to decarbonize
the transportation sector by at least 10% by 2020 (from a 2010 baseline) by usicaybow
alternative fels such as ethanol, biojet and biodiesel as well as cleaner burning fossil fuels such
as CNG and LNG. Enacted in 2007, with specific eligibility criteria defined b hiéornia Air
Resources Board (CARB) in April 2009, and first taking effect in Jgn2@t 1, this legislation

was readopted in 201€ARB is the responsible organization in California to implement and
monitor LCFS.

Compared to the RFS program in which there are volumetric mandates for renewable fuels,
Californiad 4 CFS incentivzes production oflow carbon fuels.The LCFS program is fuels
agnostic, with credits or deficits generated based onf ucarbod mitensity (Cl)All fuels and

energy systems compete against each oth&uding natural gas, electitg\, biofuels, etc.
Figure15-6 shows the volumes of alternative fuels (low carbon fuels) consumed in California from
2011 to 2017. The total volunw alternative fuelsncreagd 60% in 2017 from 1,152 million
gasoline gallon equivalent (GGE) in 2011 to 1,930 GGE.

Californiads LCFS works with three other prog
its CapandTrade Program, Advanced Clean Car Program, and SB &jiSldtion). Other
jurisdictions following California include Oregon and Washington in the US and British Columbia

in Canada. Together, they have formed a regional initiative called the Pacific Coast Collaborative.
Each jurisdiction has its own LCFS in ptaand a regional lowarbon fuels market is being
considered for the future. An overview of C
development is provided afttps://www.arb.ca.gov/fuelsfie/lcfs.htm Beyond California and

structured to more broadly support #iased productignlowa has developed a bioased

chemicals production credit program:
https://tax.iowa.gov/legislativeummaries/renewablghemicalproductiontax-creditprogran).

A variety of fuels are being sold into California, dbé main product is ethanas shown in
Figure15-6. Ethanol is coming mostly frodS mdweststatessuch as Minnesota, lowa, Kansas,
Nebraska, lllinoisandindiana The lowesCl ethanol is the most likely product to be sold into the
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California market, as it has more credit value for the producer. The most efficient plants from a
production standpoint, and ones using alternative feedstocks or who hgvgoesl energy
profiles, are the producers servicing the California market. Geography matters asdietyw

and howfar fuelshave to travel to marketan also be an important fact@reditsareavailable for
qualifying production under botthe US fe@ral RFS andstate ofCalifornia LCFS. Standard
measurements and/or verification processes are not yet in force.sMstaynabilitymetrics and
measuremergchemesrebeing examined (e.g., GBEP indicatangvevemore workis needed

to develop consensusporting requirementnd certification procedures
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Figure 15-6. Alternative lowcarbon fuel volumes used in California (California Air Resources
Board, 2019)

California is pushing its GHG reduction gokksyond itoriginal 2020 goal. The original provision

in Californiad $&lobal Warming Solutions Act of 2006 required California to reduce its GHG
emissions to 1990 levels by 202fpdated legislatiomcreassthis goal toreduce emissiong086
below 1990 levels by ZBD. The LCFS is a keylement of the strategy to decarbonthe
transportation sector, requirind.8%reductionin the ClI oftransportation fuels between 2011 and
2020. CARB is poised to exteritd LCFS program to 2030 and require a%@eductionto be
achieved.

CARB continues towvork on refinng and updang its LCFS progranto makeit an evermore
effectivetool for reducing emissiondMost recently,Californiad &reenhouse Gases, Regulated
Emissions and Energy Use in Transportati@A GREET) modefor fuel ethanolwas updated to

refl ect i ndustryo6s pr odwhichtis espectedofcreatecriore oredg i mpr
generatiorby the program

CARB has alsadded additional crediting mechanisms.,new ways taenerateredits, one of

these being byusng alternative(lower CI) jet fuel Another new pathwaythat could be very
beneficial for the ethanol industry is recognize and rewarchrbon cpture and sequestration
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(CCS).If this moves forwardCCS could provide a new source of revenue, a lot of GHG reduction
and asignificantnew aredor credit generation.

One of the othebigchangeb ei ng i mpl e me nt e dis thinpa@yavéificdtianr ni a 6 s
CARB will require facilities to contractnaindepenenthird party to verify the pathway
(application data)s indeed valid. Verification is one of the most important ameamdsnbeing

proposed by CARBas t will provide a way for CARB to beer understanchow thefuels
productionplants are operating. Traditionally, custom pathways were outlined for plants based on

a f a cdl dcaoret Madysfactorgo intodeterminng the ClI of a plant, such as how much energy

it is using, what kind of engy it is usingwhat productioryield it is achievingwhatcoproducts

it is producing,and more. The challenge for CARB is keeping track ofoélithe salient
information Thelargeamount of data that needs to be trackedichesCARB6 s c ap,adi | i t i
it has requested third partiégs becomeCARB-certified verifiers (after having satisfactorily
completed requisiteraining programpsto assist this efforfThird-party verification will become
mandatory for any LCFS participants in 2019. The go&brisnost of the amendments to take

effect January 2019, but some will be phased in overtime

Similar to the California LCFSOr e gon 6 s Cl e a was hitiagetl isn 20BAnsgne a m
respects, it dogsthave as manyregulatioass Ca |l i f @m doesmbesert plso@quires
aminimum of10% CI reductionover 10 years. In 2015, the Oregon legislapassed S.B. 324
which allowed for the full implementation of the Clean Fuels Program within the calendar year
2016. Currently there is a singleodiesel producer pathway approved for the program. Oregon
also has an existing renewable fuel standard which requires blending of 5% biodiesel into the
transportation diesel supply.

Other regionsn the US are consideringimilar legislation TheUS midwest has shown interest
several times in creating its own LCFS prograst would be a lot easier to transport and sell
fuel within themidwestwhere the majority of US biofuels are produckdMinnesota B20 will
be in effect durmonthgofApnlehroagh Septenthdne sodiesemeimum
blend levelwill remain at 5%0ctober through March

15.3.2 Excise duty reductions

There are also blenders credits that are in fatcémesin specific time periods for various
biofuels; the blendersredit has been particularly important for expansion of biodiesel production
in recent years. Various incentives that vary by city or state also Akigte end of 2015, the

bi odi esel bl e 8ldeear §atlon was rxtewdedettdough 2046 ¢ancktroactively
cover 2015)There have been tax credits for the purchase of alternative fueled vehicles, e.g., flex
fuel, in the past, but none at present except for electric or fuel cell vehicles.

15.3.3 Fiscal incentives and investment subsidies

Both USDA ard US DOE administer loan guarantee programs intended to buy down the risk of
constructing first of a kind scaled up commercial facilities. ThL@ DAG6s 9003 Bi or e
Assistance Programssists companies in the development, construction, and retrofitting of new

2 thttp//www.ethanolproducer.com/articles/15575/Aafigtures
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and emerging technologies fadvanced biofuelsenewable chemicakndbio-based productsy

providing loan guamstees of up to $250 million for first of a kind commercial facilities.

I nformati on on US DOEG6s L o aare @heragenaes ichasRheo gr a |
US EPA and the National Science Foundation (NSF) also provide funding, mostly for research,
some directed at biofuels.

There are many other laws and incentives depending upon the fuel type and jurisdiction. The
USDOEGs Al ternati ve dageddsingP aite fr filmgiseaechingphese vi d e
many laws and incentives at both federal and state lelagfss://www.afdc.energy.gov/laws

In addition to federal and state legislations supporting tbdyation and use of biofuels to help
decarbonize the US6s transportation sector, i
standards have been contributing to the decarbonization of the transportation sector by reducing
energy consumption throughcieasing the fuel economy of light duty vehicles (cars and
trucks).Increasing CAFE standards have been highly effective in reducing demand for transport
fuelsMor e i nformation on the USO6s CAFE standards
https://www.nhtsa.gov/lawesegulations/corporataveragefuel-economy

Carbon tarscontinue tabe lobbied folby various stakeholder groygsowevemo legislation is
yet under serious consideration. Emission trading schemes and state cargheiagused for
acid rainprecursors but not yet for GHGs.

15.3.4 Other measures stimulating the implementation of biofuels

The USDA and US DOE and some states also administer avardgty of programs aimed at
encouraging greater production and use of bi o]
Food and Agriculture (NIFA) through iBivision of Bioenergysugports research on sustainable
production of biomass, genomic improvement of bioenergy feedstocks, as well as other areas of
biomass conversion. NIFA has provided financial incentives for feedstock development such as in

the Advanced Hardwood Biofuels Northweasnd Northeast Woody/Warrmeason Biomass
Consortiuminitiatives. A listing of projects facilitating the development of regionatdzeed

industries prodcing advanced biofuels, industrial chemicals, and otheb&éed products can be

found here In additon,USDAGs Agricul tur al fdReesseon feedstockSe rr v i
development, feedstock production and biorefining.

The Food, Conservation, and Energy Act of 2008 (2008 Farm Ritdbéshed new energy
programs, including the Biorefinery Assistance Program, the Biobased Marketing Program and
the Biomass Crop Assistance Program (BCAP). The Agricultural Act of 2014 (2014 Farm Bill)
reauthorized and provide®880 million for energy prgrams established in the 2008 Farm BiIll;
expanded the Biorefinery Assistance Program to include biobased products and renewable
chemical manufacturing; and expanded the Biopreferred program to include forestry products. The
USDA Biomass Crop Assistance Bram (BCAP) was created to support the establishment and
production of eligible crops for conversion to bioenergy in selected BCAP project areas; and to
assist agricultural and forest land owners and operators with collection, harvest, storage, and
transpotation of eligible material for use in a biomass conversion facility. The 2014 Farm Bill
authorizedb3 million support for biomass research and development grants.
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US DOE has supported related feedstock supply chain development s8cim &rant/DOE

Regional Biomass Feedstock Partnershipd FeedstockConversion Interface Consortium

l nf ormati on about US DOEOGs feedstock dexevel opm
The US DOE provides research funding through both itsc®ftf Energy Efficiency and
Renewabl e Energydés (EERE) (pri mar i IBgTOyanaéa EERE:¢
its Office of Science (SC) (primayii vi a SCb6s Bi ol ogi cal and Envi
(BER)). Funding is directed at advancing biochemical, thermochemical and hybrid biofuels
production technologies. The primary focus is on-fumt/feedfeedstocks such as lignocellulosic

biomass, photosynthetic algae and carbonaceous waste streams such as municipal solid waste
(MSW) and CO/CQrich gases. Over the past 10 years (2Q017), three Bioenergy Research

Centers (BRCs) supported by the GenoBici ence program within DOEOGs:s
made significant advances toward the-based economy. These centers areGheat Lakes

Bioenergy Research CentéreJoint BioEhergy InstituteandtheBioEnergy Science Centérow

becoming theCenter for Bioenergy Innovatipnin February, a fourth DORinded center also

began operating, th€enter for Advanced Bioenergy and Bioproducts Innovafidrese BRCs

are producing multiple breakthroughs in the form of deepened understanding of sustainable
biomass production practices, targete@gmgineering of bionss feedstocks, development of new

methods for deconstructing feedstocks, and engineering of enzymes, microbes and inorganic
catalysts for more effective production of a diverse range of bichmeldicbased products

Another supporting initiative by DO theState Energy Progra(8EP) to help advantkeclean
energy economy while contributing to national energy goals.

15.4 Promotion of advanced biofuels

Despite the substantial presence of conventional biofueldb{odieselsandstarchbased ethanol)

in the US transportation fuel market, the production of advanced cellulosic feetagmk
biofuels remains relatively small. Advanced biofuels produactimlumes remain far below
original targets due to slower than expected progress in scale up and deployment of commercial
production of cellulosic ethanol and other advanced biofuels. In 2017, total production of
renewable diesel, cellulosic biofuels, andjet was 453, 10, and 1.7 million gallofis715, 38

6.5 million liters)respectively (based on EPA RIN data). Future production level increases depend
on the ability to export as well as on how fast cellulosic biofuels production can be ramped up.

It is anticipated that biofuels production for the aviation sector will continue to increase, in part
due to the anticipated global expansion of commercial aviation and limited alternative options
beyond low carbon biofuels to decarbonize this sector. Awtdiliy, the US military previously
committed to increase its use of domestically manufactured aviation fuel and biodiesel fuels as
part of a national security imperative. However, while the US Secretaries of Agriculture, Energy,
and the Navy in 2011 signed Memorandum of Understanding to commity$D 510 million

($170 million from each agency) to produce hydrocarbon jet and diesel biofuels, the future of this
initiative is currently unclear and under discussitable15-3 lists operational, under construction

and planned biojet and renewable diesel production facilities in the US.
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Table15-3. Operational and planned jet fuel and renewable diesel production facilities in the US.

Project Location Feedstock Technology Capacity | Operational - year
Name (ML /year) started or
anticipated
Fulcrum Storey MSW Gasification 38 2019
Sierra County, NV
Biofuels
Emerald Gulf Coast Fats, oils, HEFA 333 2017
Biofuels and greases
Red Rock Lakeview, Woody Gasification, 61 2017
Biofuels OR biomass micro-channel
FT
AltAir Fuels | Los Angeles,| Fats, oils, HEFA 152 2016
CA and greases
REG GeismarLA Fats, oils, HEFA 284 2014
Synthetic and greases
Fuels
Diamond Norco, LA Fats, oils, HEFA 568 2013
Green and greases
Diesel
SG Preston | South Point, Fats, oils, HEFA 455 2020
OH and greases
SG Preston | Logansport, Fats, oils, HEFA 455 2020
IN and greases

With thesupport from US federal and state agencies and many collaborations among universities,
national labs and companies, the science and technology for producing lower carbon renewable
biofuels keep marching forward with the efficiencies and technology readiess of many

routes to biofuels continuing to improve. Recent examples of such advances include:

1 Demonstration of commerciatscale cellulosic ethanol production improving:In 2017,
POEFDSM6s pioneer cellul osic et halowalrepgstedoduct i
beginning to routinely achieve corn stover conversion yields of 70 gallons ethanol per bone
dry ton of biomass, near this plantoésgp desig
phase for plant throughput. More recently, PAESM announced it is going to add -site
enzyme manufacturing to this facility.

1 Ethanol production from corn fiber being implemented in existing corn dry mills: Ethanol
production from corn fiber has become an area of activ® R& commercialization since
2014, when the EPA classified corn kernel fiber as a crop residue, with multiple routes now
being commercialized to convert some or most of the corn kernel fiber byproduct present in
dry mill ethanol facilities to ethanol. Tee technologies enable conventional corn ethanol dry
mill plants to generate%-10% additional ethanol (cellulosic ethanol) from their captive
fibrous residue stream(s). Technojodevelopment companies with patented corn fiber to
cellulosic ethanol pathwa include D3MAX, Edeniq, ICM and Quad County Corn Processors.

EPA has so far approved seveorn ethanol plantto produce cellulosic ethanol from corn
kernel fiber Table15-4).
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Table15-4. List of ethanol plants approved to generate RINsfomrn kernel fiber

Corn Ethanol Plant Location Data approved by EPA to
generate cellulosic ethanol

Quad CountyCorn Processors Galva, 1A October 2014

Pacific Ethanol Stockton, CA | September 2016

Flint Hills Resources Shell Rock, IA | December 2016

Little Sioux Corn Processor Marcus, IA January 2017

Siouxland Energy & Livestock Sioux Center| June2017

Cooperative 1A

Flint Hills Resources lowa Falls, IA | October 2017

Mid America Agri Madrid, NE December 2017

Products/Wheatland LLC

The increase in cellulosic ethanol production owing to increasing implementation of corn fiber
conversion technology as well asreasing production from the POEISM plant discussed
above is measurable. Cellulosic ethanol production was more than doubled from 3.8 million
gallons (14.3 million liters)in 2016 to 10 million gallong38 million liters) in 2017 ee
Figure15-7), as more corn stoveand corn kernebased ethanol production came online. EPA
RIN data indicate production volumes are continuing to increase duriiggy2@t to date

1 Drop-in fuels by ceprocessing in petroleum refineries advancingCo-processing refers to
the simultaneous processing of biogenic and fossil (petroleum) feedstocks, especially
combined processing in existing petroleum refineries of biomesged biocrudes or bioils
with intermediate petroleum distillates such as vacuum gas oil (VGO). Tipsocessing
approach is of interest because of its potential to use existing fuel refining, distribution and
storage infrastructure to produce lowearbon drogn fuels. Several national labs and
universities are active in garocessing R&D, and a few commercial refiners are exploring
production at pilot and larger scales. Current research is mostly examining the potential to do
such ceprocessing usg fluid catalytic cracking (FCC) or hydrocracking/hydrotreating units
in existing refineries. Research to date suggests thptomessing of up to 20% (by wt.)
biogenic oils (e.g., vegetable oils, animal fats) with VGO may be possible in FCC units. The
US DOE estimates that more than 8 billion gallons of renewable hydrocarbon fuels (over 30
billion liters) could potentially be produced via-pmocessing using the 110 FCC units that
already exist in the US.

IEA Bioenergy Task 39 Implementation Agendas: 2018019 Update 170



- 12,000,000~
S
S 10,000,000- 10,046,934
S
C
8 8,000,000
o)
Q
& 6,000,000
E
D
© 4,000,000 3,805,246
2,181,096
2,000,000- .
728,509
0l 20069 o NN , . .
2012 2013 2014 2015 2016 2017

Figure15-7. Production of cellulosic ethanol, 202217 (based on EPA RIN data)

1 Commercialization of ethanol from CO/syngas progressing.anzaTechoés gas f el
platform enables regional production from local wastes and residaksgling gases as varied
as industrial flue gas, gasified biomass wastes and residues, biogas, a@®hgjhanded
natural gas. Originally founded in 2005 in New Zealand, the company relocated its
headquarters to the US in 2014.

1 Co-optimization of fuels andengines The US DOEO&6s-Optomaodcouining:
tackles fuel and engine innovation from a systems perspective, with the goal of optimizing
overall performance and efficiency. This initiative seeks to improve transportation fuel
economy 5% 20% beyond business as usual targets for separate R&D on engines and fuels.
This is a large collaboration drawing on the expertise of two DOE research offices, nine
national laboratories, and numerous industry and academic partners. Results to catie indi
that increasing the efficiency of internal combustion engines through the use of renewable
blending components has great potential to increase the efficiency of both conventional and
hybrid vehicles. Higher octane gasoline allows for greater fudiefities, but engines must
be tuned to optimally run on higher octane blends. By matching high octane fuels to high
compression ratio engines, the auto industry can gain an additieh&a in vehicle
efficiency. More information on G@ptima can be foundt:
https://www.energy.gov/eere/bioenergwaptimizationfuels-engines

1 Algae-based biofuels:Algae have significant potential to support an advanced biofuels and
biorefi ni ng industry in the US, and the goal of
Program is to develop cesffective algal biofuels production and logistics systems. Since
reviving its algal biofuels program in 2009, BETO has invested in a variety of cesear
development, and demonstration projects tackling the barriers to economieuscale
commer ci al al gal b i Nationd é\lgas Biofudls Tedhrmlegy Reviewe por t
discusses the current status and remaining challenges to commercialize production of algal
based biofuels and bioproducts in the US.
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1 Feedstock developmentResearch is also underway to develop improved biomass/bioenergy
crops that exhibit more favorable chemical compositions and are easier to convert to targeted
biofuels. One example of alternative feedstock development is an effort to transform sugarcane
and Miscanthus into better feedstocks for producing biodieseliajed fuels by engineering
these plants to produce higher levels of oil (lipids) rather than sugar (carbohydrates). In
February 2018, the US DOE awarded $10.6 million grant to thealfed Renewable Oil
Generated with Ultrproductive Energycan®@QOGUE) project, a collaboration by researchers
from the University of lllinois, Brookhaven National Laboratory, University of Florida, and
Mississippi Sate University. USDA and US DOE also support a variety of projects to develop
costef fi cient and reliable feedstock Highgi st i c:¢
Tonnage Biomass Logistics Demonstration Projestye focused on developing five
improved harvesting technologies to reduce biomass logistics costs while maintaining or
improving harvested biomass quality.

15.5 Marketdevelopment and policy effectiveness

Over the past decade, the RFS2 has effectively propelled increased production and use of biofuels
in the US, primarily more conventional ethanol production from corn kernel starch but also
conventional fatty acidnethyl ester (FAME) biodiesel from oleaginous feedstocks. In recent
years, volumes of cellulosic ethanol and renewable diesel (also known as hydrotreated vegetable
oil (HVO) or hydroprocessed esters and fatty acids (HEFAYE laéso increasedrigure 15-8

shows how ethanol production has increased under RFS2. In 2017, a total of 15.8 billion gallons
(59.8 billion liters) of fuel ethanol was producedhie US. This production came from 199 plants
located across 29 states. Considering supply and distribution chains, this production alone accounts
for over 270,000 jobs. In 2015, about 0.1 billion gallons of ethanol was imported into the US and
the total exprted volume was about 0.8 billion gallons. US motor gasoline consumption has grown

in the past four years, increasing from 8.7 millmarrels per dagb/d) in 2012 to 9.3 million b/d

in 2016, resulting in an increase of 7% in additional ethanol demaiid bblending in gasoline

that has helped to support the consistent growth in ethanol production over this period. The US
remains the largest producer of ethanol in the world (58%), followed by Brazil (26%) and EU
(5%).
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Figure15-8. Historical production of ethanol in the US, 262017

Corn is the primary feedstock for ethanol production in the US, and large corn harvests in recent
years have contributed to increased production. The US Departmerdgriculfure (USDA)
estimates that the US produced a record 15.1 billion bushels of corn in tidl 20tE8vest year,

11% more than the 20156 harvest. Increased corn yields and relatively stable corn prices help
make increased conventional ethanol productiom corn kernel starch more profitable. In 2017,
about 30% of the total US corn cromver 4.2 billion bushels of coiinwas used to produce fuel
ethanol.

Similar to ethanol, the RFS has driven increased production and use of diesel biofuelash the

10 years, both FAME biodiesel and renewable diesel type. As shdwguire15-9, diesel biofuels
production reached about 2.5 billion gall¢8s5 billion liters)in 2017 as compared to 215 million
gallons(814 million liters)in 2010. This production level was achieved by 97 plants operating
across 37 states. FAME biodiesel and renewable diesel compete for the same oleaginous
feedstocks and éhrecent trend has been renewable diesel starting to outcompete for the limited
feedstock, meaning more renewable diesel (HVO/HERAS production and less FAME
biodiesel production.

Table15-5 shows transport fuel consumption in the US from 2R067.
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Figure15-9. Diesel biofuel production in the US, 202017 (based on EPA RIN data)

Production volumesf dieselsubstituting biofuels are limited by the availability of oleaginous
feedstocks. In 2016, 11.05 billion pounds (over 5 million metric tons) of such feedstocks were
used to produce diesel biofuels, 77% vegetable oils and 23% recycled/used vemkstaiid

animal fats. Soybean oil was the largest single feedstock for US production, using 6.1 billion
pounds of soybean oil in 2016, compared to 4.9 billion pounds in 2015, an increase of 24%, and
representing approximately 28% of total 2016 US soylmlaproduction (22.1 billion pounds

(over 10 million metric tons)).
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Table15-5. Summary of transport fuel consumpti@vL /yeai)

Year Gasolin€ | Diesel Av_iation fuel Biodiesel | Ethanol | Market share
fuels | (etonly)? of biofuels (%)
2006 523,976 | 175,075 94,749 988 20,749 2.67
2007 527,648 | 176,249 94,143 1,339 26,065 3.32
2008 512,658 | 158,874 89,298 1,149 36,656 4.73
2009 513,037 | 152,401 80,856 1,218 41,778 5.45
2010 512,090 | 160,388 83,090 985 48,675 6.17
2011 498,538 | 165,309 82,711 3,355 48,806 6.53
2012 494,715 | 157,776 81,121 3,403 48,763 6.64
2013 503,649 | 162,735 83,241 5,409 50,026 6.89
2014 509,403 | 169,889 85,285 5,364 50,891 6.85
2015 512,696 | 172,577 89,828 5,656 52,794 7.01
2016 520,721 | 170,798 93,689 7,894 54,344 7.34
2017 514,059 | 157,322 95,771 7,478 54,415 7.47

lBased on projecting 10 month Athrough October 20170 re
2 Aviation gasoline consumption also reported

SBased on projecting 11 month Athrough November 20170 r
4 https://www.eia.gov/energyexplained/?page=us_energy_transportation
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16. China

Mahmood Ebadian, University of British Columbia

by China

Summary Box

1 There is naofficial national mandate for urgy biofuelsin the transportation sector

1 Ethanol blendingAs of 2017, 11 provinces and citidgiown aspilot provinces and citigs
have beemselected as fuel ethanol pilot zones for mandatory E10 blending

i1 Biodiesel bleding: Asmall trial program using 2% and 5% biodiesel blemais been
carried out irsome regions of China such as Hainan and Shanghai.

1 The 2020 biofuels targets are to produce 12.67 billion liters of ethanol and 2.28 billig
liters of biodiesel (based dhe current consumption of gasoline and diesel fuels).

1 There is arexcise tax exemption for waste-bihsed biodiesel producti@md export but
notax exemptiorfor ethanol production and use. Thereiarport tariffson USorigin
ethanol

1 TheChinesgover nment is currently trying t(
at a national level. Four Chinesational biofuel research centres have recently been
established with each having differeasearctioci (e.g. biomass breeding, cultivation a
logistics research, liquid biofuels, technology implementation, development and
integration)

i Biofuels policy support in China distinguishes between conventional, 1.5 generation
second generation feedstocks. With policies that biofuel developmerd st compete
for arable land designated for food crops, China promotes ethanol prochesiechon the
use ofcassava, sweet sorghum, and otherfooa grain feedstocks.

1 China began producing commereggale cellulosic ethanol in 2013, but also fabes
same technological challengisthave limited expansion of cellulosic ethanol product
elsewhere in the world.
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16.1 Introduction

China is the worl doés | aUSgq®tketlargeshceudegoi conssnerin sur
2017.Chi n a 6 s magkatss mdwithe second largest in the wdtlexceeéd theE U @emand
a few years ago ambw s only exceeded by the US. However, unlike the U.S. market, which has

sl owing gasoline consumption, Chinabgarpasol in
year growth surpassing all/l ot her markets. Al t
| argest in the world, Chinab6s annual diesel u
EU, two much larger markets. In the mediwmlongte r m, ener gy anal ysts fo

rapid expansion of gasoline and diesel demand will slow due to flatter economic growth, and
saturated automotive markets in major cities (GAIN, 2018).

Il n 2000, Chinads nat i on a lpasfehgereahiddHovwewel, ®d | e s s
2005 to 2015, Chinads passenger car fleet 1inc
the US as the largest car market in the waattd nowtotals more than 322 million vehicles. China
recognizes the strategi@le of energy independence. Biofuels offer a means to stretch the
economic val ue and efficiency o f i mported f
transportation fuel demand depend on macroeconomic factors, the adoptiohNeate Energy
Vehicles(EVs) such as electric cars and advanced f
ambitious new drive to reach a national E10 fuel ethanol target (GAIN, 2018).

16.2 Main drivers for biofuels policy

Bi of uel s ar e ptarmstrategy to €ohservesadurees, lingprowge air quality, and

reduce its dependence on imported fossil fuélse increasing demand for fossil fuels has
contributed to the countryos increasing energ)
to secure energy supply thugh various strategies such as intensive domestic exploration,
investment in overseas oil companies, securing-teng contracts with suppliers of fossil fuels,

such as natural gas from Russia and investing heavily in renewable forms of &sergyChi na 6 s
economy hasrapidlygrownt has al so becomemiehaed fagesgrowdngs | ar
concerns over air pollution. Thus, climate change mitigation and pollution abatement, particularly

in its largecities, have also become important policy drévior the country. This is indicated by
Chinads signing of the recent UNBERvECear®@P21 ag
that was released in March 2016. This most reEeaY ear Plan described a large number of

binding commitments to aid ienvironmental reformvan Dyk et al., 2016

16.3 Biofuel Policy

Over the past two decades, through a series of fourYeae Plans (FYPs), China has transformed

itself from producing zero biofuels into the
this period, Chinabés policymakers have interna
wel fare, and food security. As a result, Chin

stocks situation, which fluctuate between long, slowiaadations of massive grain stocks, and
relatively rapid drawdowns. When stocks are building, China uses policy measures to restrict grain
processing into ethanol. When stocks are liquidated, Chinatisapolicy measures to promote

a rapid expansion ofational fuel ethanol pratttion capacity and throughp{@AIN, 2018).
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The key climate policy targets in China &mdower emissions per unit of GOFy 60%- 65% by

2030 below 2005 levels; to increase the share offassil fuels in primary energy comsiption

to around 20%ncluding 12.7 billion liters of ethanol use by 202Bi¢future platform, 2018

Although the Chinese government has set ambitious targets of producing 12.7 billion litres of
ethanol and 2.3 billion litres of biodiesel by 2020, highly unlikely that these production targets

wi || be met. As an exampl e, bi ofuels receive
13" Five-YearPlan.

The guidance documents on fuel ethanol and biodiesel development in China are summarized i
Table16-1.

16.3.1 Biofuels obligations

In 2007, the Chinese government established biofuels production targets for the first time under

the Medium and Long Term Development Plan for Renewable Energy (NEXRC; van Dyk et

al ., 2016). One goal was to produce 2 million
tons (& 0.23 billion liters) of biodiesel by
Plan for Renewable Energy also establistedimportant policy, applicable to both ethanol and
biodiesel, that domestic production of feedstocks for biofuels should not compete with land needed

for food or feed production and must not inflict harm to the environment ((NDRC, 2007; van Dyk

et al., 206). The 19 Five Year Plan covering the period of 264015 targeted production of 4
million tons (&4 5.1 billion liters) of ethanol
2011; van Dyk et al., 2016).

The recent targets are set for 220 pr oduce 10 million tons (a
(E10) and 2 million tons (a 2.28 billion |it
follow an incremental expansion by pilot provinces and cities until the program is inmpézne
nationwide. As of 2017, 11 provinces and cities were selected as fuel ethanol pilot zones for
mandatory E10 blending=igure 16-1). In Septembef017, a joint ministerial announcement
publicized a nationwide target for the adoption of E10 ethgasbline blend use by 2020 that
expands the mandatory use of E10 fuel from 11 trial provinces to the entire country by 2020.
Beyond environmental benefits a key moti vation for the E10 m:
corn stockpiles, which peaked in 2015/2016 at over four billion bu@hekst al., 2017).

e

Currently, China consumes 151.42 billion liters of gasoline and 3.78 biitens of ethanol

(~2.5% of total gasoline pool). Projections show that by 2020 gasoline consumption will reach 174
billion liters (GAIN, 2017a). Meeting the national E10 mandate would require an extra 13.62
billion liters of ethanol, putting China ahead of the EU to becorhee  w o r -lardeStsethandi i r d
consumer. Since details of the mandate have not been disclosed, it is not yet clear how China will
generate more than fotomld output growth within three years. Currently, production capaci
utilization rate is about 85%GAIN, 2017a), therefore a shedrm production spur can be
achieved with existing facilities. Beyond that, a dramatic increase in capacity is needed. Since it
takes one to two years to build a large scale generation 1 or 1.5 refinery in China sitke ploat

China will be able to construct the physical facilities in time (Li, et al., 2017).
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Table16-1. Guidance documents on fuel ethanol and biodiesel development in China (Hao et al.,

2018)

Year | Policy document Highlight contents

2002 | Dedicated plan on the 1 The scale of fuel ethanol use is planned to reachrillian tons (Mt)
development of fuel ethanol (.29 hillion liters)duringthe tenth fiveyear planning period
and ethanol gasoline during th
tenth fiveyear planning period

2002 | Planning on the pilot 1 The pilot cities are Zhengzhou, Luoyang, Nanyang in Henan prov
demonstration of ethanol and Harbin, Zhaodong in Heilongjiang province
gasoline use 1 The fuel ethanol for the demonstrationHenan province is provide

by Tianguan Group LLC; the fuel ethanol for the demonstratio
Heilongjiang province is provided by Jinyu Group LLC

1 The retail price of ethanol gasoline is the same with pure gasoline
the same grade

2004 | Planning on epanding the 1 The pilot regions were expanded to cover five provinces
demonstration of ethanol (Heilongjiang, Jilin, Liaoning, Henan, Anhui) and 27 cities in othe
gasoline use four provinces (Jiangsu, Shandong, Hubei, and Hebei)

9 Jilin fuel ethanol LLC, with the 300,000ns (368 million liters)of
fuel ethanol capacity eestablished by CNPC, will be responsible
providing fuel ethanol to Jilin and Liaoning; Huarun ethanol Ll
with the 100,00@0ons(126 million liters)of fuel ethanol capacity, wil
be responsible for providing fuel ethanol to Heilongjiang; Tiang
group LLC, with the 300,00(hs(368 million liters)of fuel ethanol
capacity ceestablished by Sinopec, will be responsible for provid
fuel ethanol to Henan, dibei and Hebei; Fengyuan LLC, with tf
320,000 ons (403 million liters) of fuel ethanol capacity eo
established by Sinopec, will be responsible for providing fuel eth
to Anhui, Shandong, Hebei and Jiangsu

9 The trade price between fuel ethanol produeers petroleum
companies is specified to be the price of 90# gasoline multiplied
coefficient of 0.9111

1 The retail price of ethanol gasoline is the same with pure gasoline
the same grade (same with previous document)

2006 | Urgent naotification on 9 No new corrbased fuel ethanol projects will be approved
strengthening the managemer| { All existing cornbased fuel ethanol projects should be thoroughly
of corn processing projects examined regarding their land use, environmental impacts and

financial condtions

2006 | Notification on strengthening | § Non-food crops are prioritized as the feedstock for fuel ethanol,
the management of fuel ethan| tuber crops, sugar sorghum, and celit crops as focuses
projects, and promoting the | { The establishment and expansion of fuel ethanol capacities are s
healthy development of fuel controlled
ethanol industry

2007 | Notification on promoting the | § The amount of corn used for deep processing should be cedt
healthy development of corn below 26% of total corn consumption
deep processing industry

2007 | Mid-long term planning on the| § By 2010, norAfood cropbased fuel ethanol consumption will react
development of renewable Mt (2.52 billion liters) biodiesel consumption will reach 0.2 #&52
energy million liters)

1By 2020, fuel ethanol consumption will reach 10 {@2.6 billion
liters), biodiesel consumption will reach 2 ¥R.52 billion liters)
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Figurele-1. Chi naés r egi o n areas &dl @hamobrefitedaes @nniakproduttion capacity is
under location namé).i, et al., 201

The government continues to emphasize that demand for feedstocks directed towards fuel ethanol
production should not compete with inventories for foodkstpand promotes ethanol production

using cassava, sweet sorghum and other-food grain feedstocks. Central government
production subsidies for gralmased ethanol were eliminated in 2016. Meanwhile, from October
2016 to June 2017, several provincial gowments in North East China offered subsidies to-state
owned ethanol processors who purchased and processepldorn inventories from the State

Grain Administration to produce corn starch, amino acids, industrial alcohol, and fuel ethanol
(GAIN, 20138.

The government has unofficially set a target to produ8ebBlion liters of cellulosic and noen

grain based ethanol by 2020. According to China's Ministry of Agriculture, the potential
collectable resource of crop residue is 687 million tons-t@me of this volume of feedstock will
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