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Still, these solutions are not sufficient to address the climate impact of transport and to
achieve the substantial impact required immediately. We also need to continue to use low
carbon liquid and gaseous fuels to decarbonize existing fleets as well as for those transport
modes that cannot (yet) or are difficult to electrify like heavy duty transport such as long-
distance trucks and buses, shipping and aviation.

he transport sector is complex given the different modalities and the way we

use transport in our daily lives. This complexity makes it impossible to find a

one-size-fits-all solution to curb emissions. Fleet renewal takes time and not all

transport segments can be electrified in the short and medium term. Yet, there
is general agreement among policymakers that it is a top priority to reduce GHG emissions
in transport. The EU should explore all (existing and new) low-impact options to provide
environmentally sustainable mobility so that the impact of the measures deployed can be
maximized.

The challenge is to combine all measures at hand in the most effective way; that serves
soclety and customers best to achieve mobility that is the lowest CO2-intensive over the
entire lifecycle at low/affordable costs and without dispute sustainable. The EU is globally
leading the way when it comes to setting sustainability standards for the use of bioenergy
and biofuels. These standards have a positive impact on sustainability practice in agriculture,
provide prospects for rural development for reducing land abandonment, improving soil
quality and reactivating degraded land all over the world. And, let's not forget the knock-on
effect of these standards in other sectors like food/feed production or forestry.

he biofuel industry, globally but also at EU level, has already undertaken a

major effort to innovate and develop low carbon renewable liquid and gaseous

transportation fuels. At the same time, we see that major players in the oil industry

are shifting towards the use of more sustainable biofuel also in the production
of conventional fuels. Several sustainable technologies have been developed and are now
steadily being scaled up® There are very promising technologies but building production
capacity up to the level that these fuels create the necessary impact and are affordable is
challenging as the environmental costs linked to the use of fossil are still not reflected in the
price paid by consumers/customers. Moreover, as long as the use of fossil fuel keeps being
subsidized there cannot develop a level playing field. Achieving an economy of scale of ART
fuels requires a fundamental change in government policy on subsidizing and taxing energy
products.

SThese are sustainable liquid or gaseous fuels from a broad range of renewable and/or waste-based feedstock.
¢ See the annexes on the various technologies and the state of the development thereof.
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Ambitious and consistent implementation of REDII but technologically neutral

- To avoid internal market distortion for alternative transport fuels a consistent and
coherent transposition into national law of Directive 2018/2001 is essential.

- Targets should be technologically neutral: all options are needed to achieve the
goal of the Paris Agreement.

- All sustainable biofuels should be accepted for achieving targets.

Value for sustainability/ GHG saving and performance

- A fair excise (taxation) scheme on fuel in which taxation will be based on CO2-
performance and energy content; the volume-based system is outdated and is
advantageous for fossil fuel only.

- Emissions of every energy source should be measured on a well-to-wheel basis to
ensure GHG savings are calculated with objective and non-discriminatory criteria
across all technology options.

- A complete -phase out of subsidies for fossil fuel

Financing and funding

- Within the relevant financial instruments, like the Innovation Fund, priority should
be given to the development of the still capital-intensive industry of alternative
transportation fuels.

Higher blends are needed

- Sometimes blending-in higher levels of alternative fuels are not possible due to
lacking standards. EU legislation should be adapted to allow for higher ethanol
(E20) and bio-diesel (B10) blends.

Post 2030

- The EU should set ambitious targets for the use of advanced renewable fuels post
2030. Ideally a bi-annual trajectory to be adopted. There should be no backtracking
from the 2030 target.

Below are listed policy recommendations related to particular sectors and fuels

Heavy Duty vehicles
Proper recognition of biofuels and other low-C0O2’ fuels in the Heavy-Duty CO2 directive.
The test fuel regulation and VECTO simulation tool should be updated by adding
alternative fuels listed in AFID/DAFTI to the list of Teference fuels’. Where paraffinic fuels
(HVO100, GTL) and high-octane gasoline the most urgent to be added in order to give
OEMs incentive to optimise engines for these climate-friendly fuel options
Adequate quality requirements for fuels and fuel-blends that are put on the EU market.
This can be handled through legislation (for instance FQD 2009/30/EC) and/or via the
European standardization process (CEN)
The economic conditions must be acceptable for the transport companies. Buying
alternatively powered vehicles has to be “low risk” projects and the running costs have
to be predictable over their full useful life, as well as their expected second-hand value
after 3-4 years.

http:/artfuelsforum.eu/
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Aviation fuels

A separate, tailor made policy approach for the aviation sector in light of international
competition, existing international agreements on carbon reduction and more stringent
fuel quality needs than in other transport sectors.

A European mandate for SAF, with strong sustainability safequards and alignment
on carbon accounting methodology with international agreements (e.g. the carbon
reduction program of the United Nation’s International Civil Aviation Organization).

Power-t-X / e-fuels

A fair competition between technologies requires a level playing field on sourcing and
sharing of renewable electricity, subsidies and multipliers. For more details go to https:/
bit.ly/2XP9AMi

Recognise Power-to-X as an advanced renewable fuel.

Biomethane

International transport of biomethane should be free of hurdles, i.e. guarantees of origin
have to be introduced.

The European LNG strategy (2016) should be revised to incentivize the deployment of
liquified biomethane to gradually replace fossil LNG. A blending target of 10% for LNG
suppliers should be introduced EU-wide.

Lipid and Algae based biofuels

A blend of 10% biodiesel (B10) should be rolled-out across Europe as normal diesel grade
under EN 590 diesel standard.

New revision of Fuel Quality Directive should take into account high blend biofuels
(such as fuels listed in Alternative Fuels Infrastructure Directive).

Sectorial mandates should be set for higher biofuel blends (e.g. B30, B100 and HVO100)
in transport modes where electrification is less feasible such as captive fleets, public
transport, Heavy-Duty Vehicles, Aviation and the Maritime sectors; increasing the share
of renewables in the heating sector should also be looked at due to high potential for
GHG emissions savings.

The test fuel regulation and VECTO simulation tool should be updated by adding
alternative fuels listed in AFID/DAFT to the list of “reference fuels”. Where paraffinic fuels
(HVO100, GTL) and high octane gasoline the most urgent to be added in order to give
OEMs incentive to optimise engines for these climate-friendly fuel options.

The overall EU biofuel production accounted for 15,300 ktoe in 20177, to which advanced
biofuels (Annex IX part A) contributed at least by some 203 ktoe. Based on estimations, it
is noted that the overall EU biofuel production corresponds to approximately 29 million
passenger cars.

http:/artfuelsforum.eu/
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The 2018 global HVO Renewable Diesel estimated production capacity (both conventional
and advanced) corresponded to ~4,700 ktoe. The majority of the product is sold in the EU.
The global production capacity is expected to increase to around 11.4 million tonnes, by 2022,
from the announced projects including both new dedicated refineries as well as retrofits not
initially designed for renewable feedstock. In the EU, HVO production was approximately
2,028 kton in 2017.

As regards ethanol, in 2017 the production of EU ethanol from lignocellulosic feedstock/
other REDII-Annex IX/other feedstock accounted for 198.5 kton, according to ePURE data
collected among its members®. It is estimated that in the same year, at EU level, 39.7 kton of
advanced lignocellulosic ethanol had been produced by a number of small-sized demo and
commercial scale plants, located in several EU countries®®.

In 2017, approx. 198 kton of advanced biodiesel/renewable hydrocarbons (mostly supplied by
two commercial plants based in Finland and Sweden)" were produced, out of approximately
11.6 Mton of total biodiesel and hydrotreated vegetable oils and lipids (HVO) production
(which includes double counted Annex IX-B feedstocks)™.

In 2017, ~240 Mm?® of biomethane were used in transport in EU, which included both
conventional and advanced feedstocks.”® Germany is responsible for 75% of the total EU
production, with an average of 90% of it based on waste and residues; Sweden is the second
largest producer of biomethane in the EU, and by far the largest national gas-powered
transport market, since more than 75% of its biomethane is used in the transport sector™.
There were just above 500 operating plants in 2017, where biogas is upgraded to biomethane;
200 of them are placed in Germany, almost 100 in the UK and 65 are based in Sweden."

’ Eurostat, SHARES tool 2017. Available at: https./ec.europa.eu/eurostat/web/energy/data/shares

8ePURE, European renewable ethanol - key figures 2017, 2018. Available at: https:/www.epure.org
media/1763/180905-def-data-epure-statistics-2017-designed-version.pdf

?Biofuture Platform, Creating the Biofuture: A Report on the State of the Low Carbon Bioeconomy, (2018)
2018. Available at: http./biofutureplatform.org/resources

10USDA, EU-28: Biofuels Annual GAIN Report 2018 - NL8027, 2018. Available at: https.//www.fas.usda.gov,
data/eu-28-biofuels-annual-0

M| Landalv, L. Waldheim, K. Maniatis, Continuing the work of the Sub Group on Advanced Biofuels -
Technology status and reliability of the value chains: 2018 Update, 2018.

2 European Biodiesel Board Statistical data. Available at: http://www.ebb-eu.org/stats.php
BEBA and NGVA data

"*EBA, Biomethane in Transport, Brussels, 2016. Available at: http://european-biogas.eu

8| Landalv, L. Waldheim, K. Maniatis, Continuing the work of the Sub Group on Advanced Biofuels -
Technology status and reliability of the value chains : 2018 Update, 2018.
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® JRENA technology brief: Biogas for road vehicles
® EBA: Biomethane in transport, Statistical Report 2018
® NGVA: Statistical report 2017

B Gas for Climate study 2019
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3l HVO AND FAM.

L]

hecommonacronymHVOcomesfrom‘Hydrotreated Vegetable Oil'or ' Hydrogenated
Vegetable Oil'. The terminology originates from last decade when only vegetable
oils were used as feedstock. Today more and more of HVO is produced from waste
and residue fat fractions coming from food, fish and slaughterhouse industries, as
well as from non-food grade vegetable oil fractions. Thus, HVO and ‘Hydrotreated Vegetable
Oil" are no longer accurate terms describing the origin of the fuel. However, those terms
cannot be changed easily since they are common in the European regulation, fuel standards,
and biofuel quality recommendations set by automotive companies. According to several
chemistry experts ‘Hydrotreated’ referring to fuel processing should be preferred instead of
‘Hydrogenated’ as the latter is commonly linked to manufacturing of margarine.

‘Renewable Paraffinic Diesel’ has also been commonly used as it is chemically a proper
definition for product quality. However, this term covers also pilot scale Biomass-to-Liquid
(BTL) fuels made by Fischer-Tropsch synthesis and, therefore, does not define feedstock and
process used to produce ‘HVO'. Also, terms ‘HDRD' i.e. ‘Hydrogenation Derived Renewable
Diesel’, 'Non-Ester Renewable Diesel’, 'Renewable Hydrocarbon Diesel’, and ‘HBD' i.e. ‘Hydro-
generated Biodiesel have been used especially in North America and Far East. The European
EN 15940 standard uses as definition ‘Paraffinic Diesel Fuel from Hydrotreatment’.

The hydrotreating of vegetable oils as well as suitable waste and residue fat fractions to
produce HVO is a quite new but already mature commercial scale manufacturing process.
It is based on oil refining know-how and is used for the production of biofuels for diesel
engines. In the process, hydrogen is used to remove oxygen from the triglyceride vegetable oil
molecules and to split the triglyceride into three separate chains, thus creating hydrocarbons
which are similar to existing diesel fuel components. This allows blending in any desired
ratio without any concerns regarding fuel quality.

Traditionally, diesel components produced from vegetable oils are made by an esterification
process. The products are called ‘Fatty Acid Methyl Esters’ i.e. FAME' or ‘biodiesel’. Other
acronyms are also used, such as Rape Seed Methyl Ester’ i.e. ' RME’, ‘Soybean Methyl Ester’
l.e. 'SME', Palm Oil Methyl Ester’ i.e. PME’, or ‘Used Cooking Oils Methyl Ester’ i.e. UCOME'.



D References

h ://www.iea.or ransport/biofuel

!Based on company announcements.
2https://gain.fas.usda.gov/Recent%20GAIN%20Publications/Biofuels%20Annual_The%20Hague_EU-

28_7-3-2018.pdf
3Global 2030 estimation: IMCD, Oil World, Ecofys, Neste; Neste's current estimation published in Capital

Markets Day 15.9.2015 https:/www.neste.com/en/corporate-info/investors/materials
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4l POWER-TO-X

TECHNOLOGY PATHWAYS

GASEOUS FUELS:
hydrogen

methane

ammonia

LIQUID FUELS:

elecricity electrolysis hydrogen

methanol
FT diesel
storage chemical

formic acid

hydrocarbons
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hroughout Europe there is an increasing awareness around the potential of PtX,
resulting in an increasing number of initiatives (some examples):

|| et | Opertional

Gaseous Hydrogen ITM (UK)

Ammonia Vattenfall (NL)

Methane Helmeth (GER) Audi e-gas (GER)

Liquid Methanol Liquid wind (SE) CRI (ICE)
FT Diesel Sunfire (GER)
Formic Acid Coval Energy (NL)
Hydrocracking BP (NL)
Shell (NL)

Provided the policy challenges listed below are resolved, it is highly likely that many more
initiatives will be started in the coming decade, which would enable hundreds of millions
— if not billions - of investments in the European economy, creating new jobs and allowing
Europe to become less dependent on (fossil) energy imports. It is important to keep in mind
that these developments are closely linked to further investments in dedicated renewable
electricity production and grid improvements!

The challenges facing PtX technology to become an important corner stone of a low carbon economy
can be divided into three categories:
1. Technology advancement
In terms of hydrogen production further improvements in production, efficiency and lifetime of
electrolysis units will enable higher yield and lower cost.
For technologies that require carbon as an important building block efficiency and operational
improvements in carbon capture (either from concentrated sources or from air) improve yield and
reduce cost.
And, for the synthesis of gaseous and liquid fuels the continued development of higher efficiency
catalysts further improve yield and reduce cost as well.

2. Economics
Part of the business case for PtX technologies is linked to the cost of renewable power as well as
the abovementioned technology improvements to reduce cost. At the same time a value-driven
demand for low carbon alternatives is required (rather than the traditional cost comparison with
non-sustainable fossil fuels).

3. Policy
Supply and demand for PtX technologies and fuels is strongly connected to policy.

Unfortunately current EU policy leaves a lot of room for interpretation.

https:/bit.ly/2XP9AMi https:/bit.ly/2NDMqEE https:/bit.ly/2JiRIGG
https:/bit.ly/32gciJN https:/bit.ly/2JteocOc
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respectively. The gas can also be converted by micro-organisms at ambient temperature
to ethanol. Hydrogen can also be extracted directly from the syngas. Methanol and DME
can be processed further to gasoline. Fischer-Tropsch hydrocarbon products are typically
hydrotreated and then fractionated by distillation to gasoline, diesel and jet fuel. Typical
energy conversion efficiency (biofuel output energy/biomass feedstock energy as received)
from feedstock to advanced biofuel products ranges from 40- 50 % for drop-in hydrocarbon
fuels and 60-70 % for gases and methanol. Gasification-based advanced biofuels are
economically competitive with other advanced biofuels have the highest default GHG
reduction factor in the RED and RED II of all pathways described.
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At present, only one advanced biofuel plant is in operation, the Enerkem plant in Edmonton,
Canada that produces methanol or ethanol from assorted wastes (RDF) at a nominal capacity
scale of 24,000 toe/year (toe, tonnes of oil equivalents). Up to 2018, also the GoBiGas plant in
Gothenburg Sweden was in operation, producing bio-methane from forest residue pellets up
to a nominal capacity of 14,000 toe/year, but was closed for economic reasons (lower than
expected energy prices).

There are also two plants in construction in the USA, Red Rock Biofuels and Fulcrum Sierra
Biofuels that will both use the Fischer Tropsch process to produce hydrocarbons and mainly
bio-jet, 45,000 toe from wood residues and 33,000 toe from RDF, respectively.

There are also two plants in planning using the Enerkem technology to produce methanol
from RDF, in Rotterdam, the Netherlands, at annual capacities of 102,000 toe and Tarragona,
Spain, at 123,000 toe, respectively.

hermal gasification is very fuel-flexible, it can in principle use any reasonably

dry combustible material as a feedstock. The feedstock potential for producing

advanced biofuels lies in forest and forest industry residues, agricultural and

agro-industrial residues as well as sorted municipal and industrial wastes (like
Refuse-Derived or Solid Recovered Fuels). Hence, the potential feedstock quantities are vast,
many million tonnes per year.

16/24 http:/artfuelsforum.eu/
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6l HEAVY-DUTY
RANSPORT

he heavy-duty transport sector — trucks and buses - is the” blood stream” of our

society, that is movement of goods and people. The diesel engine is the preferred

power source for these commercial transport vehicles and is likely to remain so

for quite some time to come, particularly for medium and long-haul applications.
The diesel engine has high energy efficiency (low fuel consumption), low exhaust emissions
(particularly from Euro VI) and outstanding durability. Modern trucks are expected to last for
up to 1.5 million kilometres, or even more.

Today the transport companies are operating under strict
commercial and competitive conditions. Vehicle purchase
and running costs must therefore be optimized/minimized
to maintain adequate profitability. For a typical transport
company, the fuel cost can constitute up to 35-40% of the
total running costs. Therefore, to get long term acceptance
for biofuels and other alternative fuels in the commercial

transport sector, the fuel cost must be close to, or even on par
with, the cost of the fossil fuel counterpart, mainly the regular diesel fuel. The societal goal
is to drastically limit the CO2-increase in the atmosphere during the next couple of decades.
The transport sector represents a significant part of the CO2-emissions from road traffic and
it is essential that this sector steps up its efforts when it comes to using fuels with low net-
CO2, particularly advanced biofuels.

The newly adopted Heavy Duty CO2 directive requires truck manufacturers to reduce their
average “CO2-footprint” by 15% in 2025 and by 30% in 2030, compared to 2019-2020 baseline.
This is a major challenge and the 2030 target can probably only be met by maximizing the
electrification in those segments where this is at all possible.

There are basically two ways to increase the overall volume of biofuels and other renewable
fuels in the transport sector:



€

3 References

Heavy Duty CO2 regulation:

Clean Vehicle Directive 2009/33/EC (revised, OJ 12 July 2019):
https:/eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:320191.1161&from=EN

FEV Consulting (for Concawe): Low Carbon Pathways Until 2050 — Deep Dive on Heavy Duty
Transportation (July 2019)

https://www.concawe.eu/wp-content/uploads/Low-Carbon-Pathways-Until-2050-Deep-
Dive-on-Heavy-Duty-Transportation-Final-Report.pdf

Concawe report no 8/19: CO2 reduction technologies - opportunities within the EU refining
system (2030/2050), July 2019

https://www.concawe.eu/wp-content/uploads/Rpt_19-8.pdf
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7| SUSTAINABLE
AVIATION FUEL

he climate challenge for the aviation industry is massive. Currently CO2 emissions

for the sector are close to 1billion tons/year and with the expected growth this will

double by 2050, without counter measures. Around 95% of an airline’s emissions

comes from combustion of fuel. Although demand side reduction, increased
technical and operational efficiency and carbon off-sets are all key components of the
emission reduction strategy of the sector, there is (in all of the scenarios) need for significant
volumes of sustainable aviation fuel (SAF), with solid GHG performance. Current estimates
are that already in 2030 Europe alone would need 10 million tons of sustainable aviation fuel
to meet the sector’'s emission reduction targets

Since 2009, various new types of aviation fuel, based on renewable feedstock + novel
technology pathways, have been approved for use in commercial aircraft operations, and
multiple others are under development:

e Max
Technology Code Description Feedstock ., ASTM
blend %
. Converts any carbon-rich material into syngas s o o
L Bi=cuerlicnscy o0 which is then catalytically converted to jet IS LN 2l v
Hydroprocessed Esters Converts oils and fats to hydrocarbons via - "
2 and Fatty Acids EELS deoxygenation with hydrogen and cracking Oils/and fats Rl
3 _Synthesm_ed SIP Ferments plants sugars to hydrocarbon_s which are Sugars 10% 7
iso-paraffins thermocemically upgraded to jet
4 FT Synthesized Paraffinic SPK/A Converts any carbon-rich material into syngas Sugars, 50% 7
Kerosene plus Aromatics which is then catalytically converted to jet Biomass, MSW*
. ATJ- Sugars (from cellulosic materials or syngas) q " o
2 Al SPK converted to jet through an alcohol intermediate IS, LERSAY 2l v
Co-processing 5 Vegetable oil commingled with mineral oil to produce g 5%
& vegetable oil : hydrocarbons in conventional refining equipment ok el i (feedstock) v
Hydrotreated HFP- Converts oils and fats to hydrocarbons via -
2 2 (10% ?
: Renewable oil HEFA deoxygenation with hydrogen and cracking Quslansiats gaos) :
Catalytic Hydrothermolysis of oils and fats into a bio-crude
? yue CHJ which can be further refind with conventional oil refining Oils and fats ? ?
Hydrothermolysis Jet -
equipment
. Lignocellulogic material ang sugars are deoxygenated to .
2 2 ?
2 A R R R RYE) make intermediate chemicals. These can be converted to jet Blomess : :
Hydrotreated . A . . . ? ?
2 Depolymerized Cellulosic HDCJ Liquefication of biomass to an intermediate Biomass

Jet biocrude, followed by conventional refining to jet
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