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Reasons for this study |[EA-RETD Q

Production capacity of 1G biofuels boomed last decade in the
USA, EU and some emergioguntries

A But demanddid not grow at same pace

AHowever, longierm trajectory for decarbonising transport unlikely to change (i.e.
more 2G biofuelsp COP21 outcome!

Development of biodiesel in the EU Development of bioethanol in the EU
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Objectives and scope IEA-RETD J

Get a better understanding of the scale of the opportunity for
adapting existing sites to produce advancédfuels

AThe study analysdse potential role of government policy incentiviseintegration

A Based on factual evidence from recently published work and from written and oral
interviewsto 21 relevant stakeholders, including representatives from producers,
industry associations, government and public institutions, research and knowledge
institutions, and global users and traders

A Scope of the report:
A dentification of integration options for 1G and 2G processes
A Technical feasibility and analysis of costs and benefits associated
A Overview of supporting policies

A Recommendations on next steps for sitetegration

A Study supports members of IRETD: Canada, Denmark, France, Germany, Ireland,
Japan, Norway, UK, and the EC
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Biofuels classification in the study I[EA-RETD J

Biofuels classified on basis of the feedstock used

AConventional (1&iofuels are produced from food crops

A Biodiesel (FAME) from edible vegetable oils (palm, rapeseed, soybean, and
sunflower olls, etc.)

A Bioethanol from sugars (sugarcane, sugar beets, etc.) or from deasat
starches (corn, wheat, etc.)

AAdvanced (2@iofuels are produced from lignocellulosic feedstock, non
food crops, or industrial waste and residue streams

A Cellulosic bioethanol produced by hydrolysis and fermentation

A Alcohotto-Jet Fuel (ATJ) when alcohol is produced from 2G feedstock

A Hydrogenation processes: HVO or HEFA when produced from 2G feedstock
A FischefTropsch(FT) or Biomas®-Liquid BtL)
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Biofuels pathways considered

IEA-RETD ()

Conversion pathways linked to feedstock and 1G/2G products
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Projected costs: 1G vs. 2G IEA-RETD( )

Important reduction costs of conversion by 2020. Feedstock
cost keeps being crucial for competitiveness
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Integration options IEA-RETD J

2G plants can be implemented as statadbne units or
Integrated with 1G plants

Alntegrationstrategies can refer to
A Colocation: Sitingnew separate 2G plant adjacent to existingfa@lity

A Retrofitting: Alteringexisting 1G production line for producing 2G biofuels
alongside 1iofuels

A Repurposing Adjustingproduction process of existingmothballed- facility to
produce 2@iofuels

AG9YSNHE AYISANI GA2YyE 2F St SOUONRKROA
Alntegration also possible in nelG plants (e.goulp&papermill)

ATypically, cdocating is easiest, retrofitting more challenging, repurposing
seldomused
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Integration options IEA-RETD Q

Schematic example for different degrees of sites integration.
Storage, offsites and utilities can be shared in all options

Old site constellation
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Co-locating: installing a separate entity which uses part of the feedstock, feedstock infrastructure and/or utilities of
the existing facility

Retro-fitting: adding a ‘bolt-on’ or ‘add-on” unit which uses by-products or unutilized components of the feedstock
for alternate purposes

Repurposing: adjusting the existing production process to produce a different output

SourceDe Jong et a(2015
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Feasibility of integration |[EA-RETD J

Significant synergies for bioethangites exist, less for
biodiesel

ABioethanolis technically and economically more suitable for integration
compared to biodiesel

AEventually, 2G bioethanol integration will becomainstream increasing
resource efficiency in the production of bioethanol

AColocation is the most used strategyRetrofitting more challenging and
more sensitive to economics, repurposing seldom used.

Alntegration strategies are a basic approach for 2G plant implementation at
pilot stage to minimize cost and investor risks

Alntegration of 2G ethanol in pulp & paper industry and 2G renewable diesel
Into fossil refineries are interesting options
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Cost savings IEA-RETD J

Costsavings from cdocation for all 2G conversion pathways
are in the order of 510%

ASitespecificoptimization can yield to much higher cost reductions,
especially for investment costs

AExampleof sugarcane ethanol in Brazil: investment of &apacity for
standalone 2G plant gets reduced to kA for a colocated plant.

AForcorn bioethanol, production costs in 4ocated mills can be reduced by
34% with respect to 2G mills due to sharing electricity and steam

ARetrofittingand celocation of bioethanol plants could generate 40% CAPEX
savings, which represents roughly a 20% total cost reduction
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Other benefits IEA-RETD J

Increased resource efficiency, small land use savings,
employment is positive. No extra GHG reductions

Almprove resource efficiency with less wast@/hole plant becomes
feedstock for producing larger amount of biofuel (bagasse and sugarcane,
stoverand corn.etc)

AOnlyfew sources identified GHG emission reduars, and those were
mainly due to 2G operation, i.e. not relateditdegration

Alntegration can deliver (small) direct land use saving®mpared to
greenfield stanealoneplants

AEmploymentand regional economy impacts of sites integration are
positive, but addressed only qualitatively in literature
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Business considerations IEA-RETD J

Decisions do not only depend on technical feasibility or costs.
Business considerations are as important, even the key factor

Ada . t Sy Restddtidng litnits the possibilities for larger production of diiop
bioethanol. Bioethandior dedicatedbiofuel fleets (not blended) dior JetFuels
from integrated sites are an interesting market option for the extra production
capacity in the market

A Colocation of 1G biodiesel and HVO may be interestiegause of the business
gl £dzS 2F mMD aAdSaQ 7Tdz acecdss\(iBdasfoikiagdd G 2
product distribution)

A Evolution ofHVOsites(renewable diesel) intddVO sites using 2G feedstock is not
consideredby market players as good businessdea. This becauseurrentHVO
plantsare profitableusing 1G feedstock ari®l 2 Y Q (teciinSI&yiR changes to keep
being profitable
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Available policy instruments |[EA-RETD J

A variety of policy instruments to support technology
development, infrastructure and market introduction exist

Alnstruments for technology development
A Economic Public and private funding for R&D

ACollaborative Agreementfor R&D cooperation

Alnstrumentsto support new infrastructure

A Economic Direct investment and incentives for the integration of 2@s
Financingschemes, taxxemptions/lowinterest loans
Emissiongrading schemes

Alnstruments for market integration
A Command Blending mandates, quotas, emissions obligations

A Economic Tax exemptions per unit of biofuel produced
Tradecertificates, tariffsand duties

A Collaborative  Own production or consumptioargets, voluntary procurement
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Policy strategy for integration of biofuel sites |[EA-RETD J

Instruments have different effectiveness to reduce price gap,
but order and strategy of implementation are crucial

A2G bioethanol needsiarket introduction supportdue to low fossil fuel
prices, and ndHGcerediting

ATheorder of implementationof policy instruments isrucial though.
Quotas or bendingmandateswould cause more harm than benefits if
applied in an immaturenarket. They are validnly after learningtook
placegvolatile revenue imposes high risk for investments

ATechnologicdll S Ny Ay 3 NBIljdzA NSa Ay dSajiéSy.
securingpioneer marketsis needed

ARTDbudget with targetsare helpful butnot enough e.g 10yr specifictax
reduction and/or credits needed

AStakeholders agree thatability and predictabilityare most important
aspects. Policy must make clear conditions aa@t much money will be
available
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Conclusions and recommendations IEA-RETD J

Transition has started, but further research is required to make
Integration a mainstream trend

AColocation and retrofitting is already used by the industry as strategy to
integrate 1G and 2G bioethanol sites, but more analysis is heedeavel
full potential

U Itis recommended t@onduct analytical studies on the economic feasibility
and other benefits of specific ctbcation and retrofitting strategies for 1G
bioethanol sites, including ATJ for the aviation sector

Alntegration of 2G bioethanah pulp & paper industrysites and 2G
biodiesel into existindpssil refineriesalso options already being
Implemented in the market

U Includethese integration options in followup work, especially in relation to
their impact on current 1G biofuel sites.
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Conclusions and recommendations I[EA-RETD J

Business and market options may favour the integration of
biodiesel sites

ATechnicafeasibility of the integration of 1G and 2G biodiesel sites is rather
limited. Yet, further analysisn businessand marketoriented options
may exist that favour this transition, mainly welocation

U Carryout market research for determining conditions for which 1G biodiesel
sitescould be of interest to 2G biodiesel plants investoespecially regarding

access to market nichegroduct distribution strategies and feedstock supply
possibilities.
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Conclusions and recommendations IEA-RETD J

Limited information in the public domain is a bottleneck for
the dissemination of benefits of integration

AThereis limited information on 2G integration in th@ublic domain
(conference proceedings, journal articles, PhD theses etc.)

U Itis recommended thafurther analytical work should include panel of key
iIndustry stakeholderdo discuss what approach and incerltive§ will allow access
02 -K2Adpa S¢é RIEGEF YR 6KIG £t S@St 2F | OC
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Conclusions and recommendations I[EA-RETD J

Policy strategieghat deliverinternational coherence and
policy parity between differentsectors using biofuels is needed

AConsidemnin-depth policy study for proposing a specific mix of policy
Instruments for relevant countries or supranational regions.g. the EU.
This study should respond to questions such as

U  How mucheconomic support is needed for R&Enr what specific technology
pathways, fohow long and with which indicative resultas targets?

U  What have been thenost effective economic instrumentand incentives for
realising new infrastructure”low much money should be budgetddr those
iInstruments and when should they be stopped?

U  What are theright signals before volumetric or blending mandatean be
implemented safely? Do they need to be accompanied with economic
iIncentives such amx credit for production, certificates or feeah-tariffs?

U Howpolicy instruments should be designedawoid crosssubsidies in co
location and retrofitting setup®
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Study download

The study Is freely available online

AFrom IEARETD

http :// iea-retd.org/publications

AFromSQ Consult

http ://www.sqconsult.com/news

AFrom IINAS

http://www.linas.org/downloads

-en.html
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