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Background — Fuels for Aviation

* Since airplanes are characterized by a service life of
at least 20 to 30 years, liquid fuels for aviation will
most likely be used for the next three decades

« Such energy carrier for aviation have to fulfill specific
criteria, such as a high energy density, good
combustion properties and various safety
requirements

« Today, Jet A-1 fulfills all these criteria and therefore is
one of the most widely used fuels for aviation

 However, this has the consequence that alternative
fuels, such as e.g. biokerosene, have to meet the
relevant specifications.
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General Methodological Approach
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* Analyzed parameter for the
base year 2017:

— Mass and energy balances
— Process efficiency
— Biokerosene production costs

— GHG emissions
« Extrapolation to 2030 / 2045:

— Process efficiency

— Biokerosene production costs



Conversion routes
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Assessed Process Routes
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Bio-GtL Reference Concept
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Bio-GtL Process Modelling
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Result: Energy Balance Bio-GtL (2017)

Calculation of the energy flows for the complete

conversion process
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Process Efficiency Definition

Parameter that aggregates the energy efficiency of a
process
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Process Efficiency (2017) %’ UE
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Methodology Cost Calculation

Calculation of the biokerosene production costs
following annuity method (VDI 6025 and VDI 2067)
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Kerosene Production Costs (2017)
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Methodology Lifecycle Analysis

Assessment of the
environmental
Impact of a process
or product by means
of a lifecycle analysis
(LCA) according to
DIN EN 14040 and
14044
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Goal and scope definition

Definition of goals, width/depth of the
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LCA System Boundary
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Environmental Assessment (2017)
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Classification of the Results (Economics)
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Classification of the Results (LCA)
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Preliminary Conclusion 2017 Concepts

* Vegetable oil-based processes show the highest of
technical efficiencies, as they make the most efficient
use of nature's pre-synthesis

* The biokerosene production costs show a broad
variety between 980 and 2850 €/t

* Depending on the raw material, a large fluctuation of
the production costs can occur for the same process

« Having current prices for fossil jet A-1 of just over
600€/t in mind, none of the processes would be
economically competitive

 GHG emission reductions also show a large variety
between 10 to 82 % compared to fossil jet fuel
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Extrapolaion Methodology

Process efficiency extrapolation via saturation approach
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Technical Extrapolation (Example Bio-GtL)
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Results Technical Extrapolation

100
O Electricity 90 92 f 91 92 93
90 + ODiesel — 11 =11
O Kerosene 0 O = T R = I
80 | mNaphtha e i
B Butane
70 Lttt
60 64
S 58 £7 || A I O I
d 60 55 >0 57
O = L L ] T 48 Tl
= 50 24 i 23 B
w — - - 35 2P — L
30 —_—_———————_—_—_———————————
SRR nne IIIII
RIEIIEIaniiniiniin
O ]
N~ o Lo N~ o L0 N~ o Lo N~ o Lo N~ o Kg] N~ o Lo N~ o Lo
— (90) <t — o < — ™ < — (90) <t — o < — ™ < — (90) <
o o o o o o o o o o o o o o o o o o o o
AN (q\ (qV] (q\] AN [\ (q\ (qV] (q\| AN (q\ (q\ (q\] AN [\ (q\ (q\] (q\| AN (q\ (q\
At.1-WS At1-WG@G Rin-Gtl Rtl -WS Rtl -Wi HFFA-10 HFFA-PO

Online/Bergen, 07.10.2020



Results Economic Extrapolation
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Conclusion and Outlook

« The kerosene production costs can most likely be reduced
significantly by an efficient fuel production at industrial
scales

« If capacity buildup and efficiency improvements occur
accordingly, biokerosene could become marketable and
also price competitive in the future

* For a future cost competitive production of biokerosene,
especially processes based on solid biomass (i.e.,
lignocellulose) appear to be most suitable

« For all processes, the selected feedstock determines the
outcome, therefore sustainable and efficient biomass
provision is essential for a cost-effective and
environmental sound production of biokerosene
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