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This report is part of a synthesis project trying to identify knowledge gaps and research needs
in the area of renewable transportation fuels with focus on the overall system from well to
wheel. The focus of this report is to present the state of the art for systems aspects during fuel
production (well-to-tank), highlighting the questions that still need further investigation in
order to allow for a better holistic approach when planning for the future alternatives among
renewable transportation fuel solutions.

Research topics within the biofuel value chain from a systems perspective are presented and
discussed, and a number of international studies addressing the whole chain from well to
wheel are outlined and compared.

Based on that analysis the authors attempt to identify research needs within the different areas
of biofuel systems analysis for four different categories of biofuels:
- currently available biofuel options
such as ethanol, FAME, HVO, biogas etc.
- conventional (large-scale) biofuel options under development
such as FT-Diesel, methanol, DME, SNG etc.
- non-conventional biofuel options under development
such as butanol, furans, etc.
- future biofuel options that are not yet discussed at large scale or even not yet
identified
such as algae-based fuels or electrofuels (e.g., power-to-gas).

An attempt to qualitatively represent the research needs (indicated by the number of question
marks) as well as research already performed (darker shading of green indicating a higher
level of research efforts to date) is made using the following matrix:
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Considering for example the feedstock potential for current biofuels, a lot of research has
been conducted to date. However, there still resides considerable uncertainty in the estimates
and research efforts are needed to address and reduce this uncertainty. Even for emerging
biofuels the feedstock situation is quite well investigated while for future biofuels — e.g. based
on algae — the feedstock potential is less well defined. For all biofuel categories however, a
certain level of research is still needed to improve estimates of the biomass potential.

More specifically, the authors identified research needs in the following key areas:

- multi-objective optimization accounting for parameter uncertainties to identify robust
pathways for the future.

- studies accounting for regional differences and opportunities/risks for both feedstock
growth and harvest as well as production processes (e.g. integration to existing
industry infrastructure).

- interactions between biofuel production processes and the stationary energy sector,
again including regional differences; in particular electrofuels are of interest in this
regard.

- continuous update of systems studies with most recent developments in production
process development.

- better understanding of land use change effects and feedback loops to facilitate
decision making for avoiding pathways with negative effects with respect to
greenhouse gas emissions and environmental performance from a systems perspective.

- social factors — even though not being quantifiable at the same level as economic and
environmental ones — need to be included for both fossil and renewable fuels as an
additional measure for decision making; work is even needed for developing methods
better taking into account social factors.

Finally, the systems analysis of biofuel production processes could be extended to a higher
level tackling question on how to realize the theoretical potentials of biofuels without
interfering with other interests. In particular interference with food production needs to be
studied in more detail to avoid negative lock-in situations. There is room for increasing
bioenergy and biofuel production and at the same time reducing impact on agricultural
markets and food production by prioritizing a diversification of production technologies as
well as types of biofuels and identifying different future options. This in turn requires regional
optimization of land use and adapted sustainability policies that are supported by
intergovernmental rules and policies. Possible measures for avoiding competition with the
food sector could be the intensification of food production, using fallow land for biofuel
production, or reducing losses in food chain. All these options are interlinked and their effects
need to be studied with a holistic approach.



Denna rapport ar en del av en forstudie som syftar pa att identifiera kunskapsluckor och
forskningsbehov inom omradet foérnyelsebara drivmedel med fokus pa hela systemet fran
kélla till hjul. Fokus i denna rapport ligger pa att presentera och diskutera forskningslaget
inom bransleproduktion fran kalla till tank (well-to-tank), samt att identifiera de omraden med
fortsatt forskningsbehov. Syfte med hela forstudien &r att formedla en battre helhetssyn vid
planering av forskning for framtida fornyelsebara drivmedel.

I denna rapport presenteras och analyseras de olika aspekter inom systemforskning for
biodrivmedelsproduktion, och ett antal internationella studier som behandlar hela kedjan fran
kalla till hjul sammanstalls och analyseras mot varandra.

Utifran denna analys forsoker forfattarna av denna rapport identifiera forskningsbehov inom
de olika omradena for systemforskning for biodrivmedelsproduktion, grovt indelade i foljande
fyra branslekategorier:
- dagens storskaliga biodrivmedel
sasom etanol, FAME, HVO, biogas osv.
- konventionella (storskaliga) biodrivmedel under utveckling
sasom FT-Diesel, metanol, DME, SNG osv.
- icke-konventionella biodrivmedel under utveckling
sasom butanol, furaner, osv.
- framtida biodrivmedel som inte diskuteras (for storskalig produktion) eller som
inte ens identifierats
sasom t.ex. algbaserade drivmedel eller elektrobranslen (tex power-to-gas).

Ett forsok att — pa ett kvalitativt satt — visualisera forskningsbehoven (antal fragetecken) samt

redan genomforda forskningsinsatser (mdrkare nyans av gron indikerar att storre
forskningsinsatser redan har gjorts i dagsléget) gors med foljande matris:
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Ravarupotentialen for dagens biodrivmedel, till exempel, har undersokts med ett flertal studier
i dagslaget, varav den morkgrona fyliningen. Det kvarstar dock en betydande osékerhet och
forfattarna anser att det fortfarande finns behov av forskning for att minska den. Detta géller
pa samma sétt for de nya drivmedlen samt de som ligger annu langre fram i tiden.

Mer specifikt, sa har forfattarna identifierat kunskapsluckor och forskningsbehov inom
foljande nyckelomraden:

- Flermalsoptimering som tar hansyn till osakerheterna i de olika modellparametrar med
huvudsyftet att identifiera robusta utvecklingsvagar infor en osaker framtid.

- Studier som fangar upp de regionala skillnader knutna till mojligheter / risker
angaende saval odling och skérd av ravaran sasom produktionsprocesser (t.ex.
integrering till befintlig industriell infrastruktur).

- Samspel mellan produktionsprocesser for biodrivmedel och den stationara
energisektorn, (aterigen inklusive aspekter av regionala skillnader); sarskilt
elektrobrénslen &r av intresse i detta avseende.

- Kontinuerlig uppdatering av systemstudier med den senaste utvecklingen inom
produktion processutveckling

- Battre forstaelse av effekterna fran forandrad markanvéandning och aterkopplingar for
att skapa béttre underlag for beslutsfattare och for att undvika inriktning mot lésningar
som bara ger marginella eller rentav negativa effekter med avseende pa
miljoprestandan ur ett systemperspektiv.

- Sociala aspekter - d&ven om de inte ar kvantifierbar pa samma niva som ekonomiska
och miljoméssiga — sa borde de vagas in i storre utstrackning i processen for
beslutsfattande och policyutvecklingen (galler bade for fornyelsebara och fossila
drivmedel); det behdvs &ven fortsatt utveckling av metoder for att ta hansyn till sociala
aspekter.

Slutligen, sa borde systemanalys av processer for biodrivmedlen aven lyftas till en hogre niva
dar man adresserar fragan om hur man kan férverkliga den teoretiska potentialen for
biobranslen utan konflikt med andra intressen. | synnerhet konkurrens med
livsmedelsproduktion behdver studeras mer i detalj for att undvika negativa lock-in
situationer. Det finns utrymme for att 6ka bioenergi- och biodrivmedelsproduktion utan
negativ paverkan pa jordbrukssektorn genom att prioritera en diversifiering av
produktionsteknik och av typer av biodrivmedlen som produceras. Detta kraver i sin tur en
regional optimering av markanvandning och en anpassad hallbarhetspolitik som stods av
internationella regler och styrmedel. Méjliga atgarder for att undvika konkurrens med
livsmedelssektorn kan t.ex. vara intensifieringen av livsmedelsproduktionen, minskning av
matsvinnet, eller anvandning av outnyttjad mark samt mark som anvands for foderproduktion.
Alla dessa atgarder paverkar dock varandra och deras effekter behéver studeras med
helhetssyn.
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This report is part of a synthesis project tryingdentify knowledge gaps and research needs
in the area of renewable transportation fuels wattus on the overall fuel system from well

to wheel. Focus in this report is to present théesdf the art for systems aspects during fuel
production (well-to-tank), highlighting the queststhat still need further investigation in
order to allow for a better holistic approach wiptamning for future alternatives among
renewable transportation fuel options. This refensarticular to so-called tailor-made fuels
that can explicitly be synthesized for specificiaegpplications and that have to be analyzed
taking into account their potential production pedlys in order to avoid sub-optimality from
an overall systems perspective.

Major input to the report originates from studiesmducted within the framework of the
Swedish Knowledge Centre for Renewable Transportdtuels f3. These studies in turn
cover a broad range of international research kedgé. Additionally, a literature search on
academic systems studies for biofuel value chaassbleen conducted and finally a number of
recent reports on biofuel well-to-wheel analysis resented and discussed.

Systems analysis of biofuel production basicallyers the whole chain from biomass
resource extraction via processing and distributioand-use. The latter aspect is not covered
in the scope of this report but only the so-calledl-to-tank aspects, as illustrated in Figure

1, are presented and discussed.

Figure 1: Major steps accounted for in biofuel puation systems analysis (adapted from Borjessah €2013)). Acronyms
used are dLUC = direct land use change and iLUC=1iadi land use change.



