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How can Europe develop a market
for advanced renewable fuels?

Policy Briefing

Moderator: Simon Hunkin
Greenovate! Europe
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Introduction to ADVANCEFUEL

Kristin Sternberg
Fachagentur Nachwachsende Rohstoffe (FNR)
Project Co-ordinator
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a GHG emissions in the transport sector continue to increase creating major

challenges to the efforts of reducing the emissions according to the Paris Agreement
goals

a Increasing efficiency & moving to zero emission vehicles

a Use of (liquid) advanced renewable fuels : key (short-/ medium term) solution especially
for HDV, ships & planes

- Currently: 5% of total fuels are biofuels; 0.2% from lignocellulosic feedstock

- Further development depends largely on policy and shaping of technology,
sustainable supply chains & markets

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,
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Project Scope

Full Value Chain Approach

RESfuels refer to liguid Y gq

advanced biofuels

produced from C ansport R

lignocellulosic feedstock
C /1/1/1/-\

and liquid renewable : aaall
' 2F = T

alternative fuels produced

from renewable hydrogen

and CO, streams ;
oo [ 38
| Enduse

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,
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Approach

Alnnovative approaches to improve biomass
availability, with a special focus on new cropping
schemes and use of marginal lands

A Techno-economic assessment

A Analysis of integration in to existing
infrastructures

ADeliver a set of harmonised sustainability criteria
and indicators

ARecommend measures to increase market
acceptance and end use of RESfuels

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799.

Decision Support for Stakeholders
Policy Reccomendations
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Stakeholder Engagement

Investigating the identified gaps/deficiencies/ hurdles T always in

close collaboration with the market players and the Advisory Board

A Dedicated stakeholder workshops
JOIN THE ADVANCEFUEL

A Consultations on different topics STAKEHOLDER

PLATFORM
A The ADVANCEFUEL Stakeholder Platform, i Moldepans A et SR
transport fuels? Join our
. . . . akeholder Platform to discuss
to disseminate information and engage SIS ok vy bt

their commercialisation

dialogue with targeted stakeholders

SUBSCRIBE

A Close cooperation with other EU-projects & ETIP Bioenergy

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,
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Market status, future pathways
and 1dentified barriers to
advanced fuels

Ayla Uslu
TNO



RESfuel Status

REDII

ADVANCEFUEL

CONSUMPTION

EU28 Renewable fuel consumption transport

14% RES in road and rail

[PJ] EU28 Renewable fuels in transporfranSport
12% _-other RES
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10% (Annex IX5 -
600 Part B) /
8%
400 ~0,2% ’ Bioflels 2
from s (Anriex IX, W
Part A ’ Prt A) 50
200 : =35 |
4% \ 53
\\ .!_\ g‘: 'l
\‘ N — ,’
’ 2% A 3
2015 2016 2017 2018 2
H Renewable electricitw Biofuels (Annex 1X) 0o o
0 ~ //
m Biofuels rest 2019 ™.,2030

*Eurostat, SHARE

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,
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Advanced biofuel capacity & 2030 target (REDII)

Advanced biofuel total capacity in Europe [T/Y] A Total installed capacity of operational

moperational ~ munder construction  wplanned plants is around 300 kt/y
800,000 A Including constructions and planned
capacity it can reach to 2 Mt
600,000 A Less than 0,5% of transport
400,000 | demand .
’ A E-fuels installed capacity 6 kt/y (0,1 PJ)
200,000 |
o | g - U REDII ~200 PJ biofuels based on Annex
Gasification Pyrolysis  Ligninto  Cellulosic HVO (tall oil) IX, Part A
biooil ethanol

*D1.5 Monitoring framework; ETIP Bioenergy, 2020

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799, 11



Future Prospects

Paris Agreement

A Transport sector is the only major EU sector
where GHG emissions are continuously
increasing. Contributing to Paris Agreement:

I 85% CO, reduction in transport sector
(including aviation with international extra-

EU flights, excluding international
maritime) in Europe by 2050 compared to
1990

I 50% CO, emission reduction target for the
international maritime sector by 2050
compared to 2008

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,
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RESfueDemand

Renewable fuel mix [PJ]

@ Biofuels w®Electricity ®E-Fuels ®&aH2

12,000
10,000
8,000 I 7 ’
6,000
4,000
2,000 ' :
0 jpp—
Road ZERO Transport BIO
2019 2050

12



Future Prospects
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Advanced Biofuel Demand 2050

Biofuels comprise around 6-14% and and 20%-
55% of the road and rail final energy demand
in 2030 and 2050, respectively

A Advanced biofuels ~ 15% and 40% of
biofuels in 2030, and

A ~70% and 90% of biofuels in 2050
according to Road ZERO and Transport
BIO, respectively

By 2050, 25 to 75 times increase compared to the
existing and planned installations

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,
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Advanced biofuels in EU28 [PJ]

i Advanced biofuels (biochemical routes) ;

u Advanced biofuels (pyrolysis and HTL ’ &
routes)
®# Advanced biofuels (gasification routes)

-

Road ZERO

Operat+planned Transport BIO

Installed capacity 2050
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Barriers to market uptake >
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This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799, 14
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Barriers to market uptake

90 8

L _
A High costs of feedstocks
Feedstock
""""I anor A Lack of clarity about environmental
constraint and land availability

8|

ALY
YooY

A Lack of harmonised regulations mainly for
biomass residues

AN

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799, 15
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Barriers to market uptake

.ﬂz—-’g”mmm = A High upfront CAPEX costs

i A Absence of dedicated policy support and

access to project finance

A Concerns on stability/security of the industry

y
{ e
N

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799. 16



Barriers to market uptake
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This project has received funding from the European Union’s Horizon 2020 research and innovation

programme under grant agreement No. 764799.
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A High production costs compared to fossil
fuels

A Absence of structural mechanism to bridge
the price gap between renewable and fossil-

based fuels

17
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Barriers to market uptake

27N\
(S¢)
~
—: os A Clarity for sustainability requirements
i A Sustainability criteria & certification for
T lignocellulosic biorefineries
| ‘ | A Lack of harmonised regulations

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799, 18



Strategies to overcome the barriers? >
ADVANCEFUEL

Keep following!

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799, 19
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Supply of lignocellulosic
feedstock within the EU

Sonja Germer
ATB Potsdam
lvan Vera Concha
Utrecht University
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Background / Objective

ADVANCEUEL

Removing barriers to renewable transport fuels

Feedstock cost: Sustainability

Poplarmiscanthusblack locust
eucalyptuslupine switchgrass
sorghumwillow lucernegiant reed
hemp black pinepaulowniasunn
hemptriticale wheatgrass




Today 0.1 Mha") are used for
dedicated energy crops

This project has re

0\ BIOENERCY EUROPE
STATISTICAL
REPORT

REPORT
BIOMASS
SUPPLY

Bienergy

1) Bioenergy Europe (2019) Statistical Report

ceived funding from the European Union’s Horizon 2020 res
programme under grant agreement No. 764799,
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Dedicated Energy Cropping
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2050 According to scenarios dedicated energy
cropping require® to 29 Mha) in 2050

I
LTI

Baseline Baseline ELEC CIRC COMBO 1S5TECH 1SLIFE 15LIFE
2020 2050
W Productive agriculture land B 1st generation biofuel
Energy crops Non-productive grasstand and shrub
M Forest

2) EC COM (2018) 773, GLOBIOM data



Innovation fields of lignocellulosic >

Waste water: . )
t 25.30% blomass cropping ADVANCEFUEL

More yield

2
s
@ & % % % Miscanthus seed:
X | l 7-16%
W ET Less costs

Agricultural Cro;? Multi-purpose Breeding
management selection cropping

Cro Cropping on Harvestin
P PPINg Intercropping $
rotation marginal land technology
This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,




Marginal land:

Lignocellulosic biomass cropping

on marginal land

P
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Land on which costffective food and feed production is
not possible under given site conditions and cultivation

techniques.

* Wicke(2011)

programme under grant agreement No. 764799,

This project has received funding from the European Union

s Horizon 2020 research an
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OPEN ' Data Descriptor: A global yield
dataset for major lignocellulosic
bioenergy crops based on field
measurements

Boce mnbet 017
b g6 | W0 LT, Philippe Ciais”, David Makowsk? & Shushi Pang
shed 71 August N1 5
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d innovation
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Lignocellulosic biomass cropping on
marginal land (authors definition)

Average Vield for rootstock ages >2 years

Sample size: 84 5 23 6 8 29

307 ‘

20" . _
= g . Marginal
S =
2 no
> E3 yes

101 |

N . . |
Miscanthus Willow Poplar
CropType

ed funding from the European Union’s Horizon 2020 research and innovation
t agreement No. 764799,
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Lignocellulosic biomass cropping
on marginal land (Magic definition)

Average Vield for rootstock ages >2 years

Sample size : 75 13 15 14 8 29
301 .
‘®  20] _
< ‘ : Marginal
ge B2 no
L _ B2 yes
> 10
‘ : |
O- T T T
Miscanthus Willow Poplar
CropType

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,
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The importance of location for
feedstock supply

Crop characteristics

Land use

Focus on biomass @

’~
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Soll and terrain conditions

L Scope

Site specific
conditions

production in
marginal lands

Legislation (REDII
Land related

sustainability
criteria of the RED I

This project has received funding from the European Union’s Horizon 2020 research and inne

programme urn

der

grant agreement No. 764799,



The importance of location for

feedstock supply

Legend

Abandoned land
Established dedicated crops
Shrubland

Open space suitable

>

-EFUEL

Available potential land for the
production of lignocellulosicenergy
crops reduces considerable when
the suitability of the crops is
accounted




Biomass potentials for each lignocellulosic energy crop and yield
efficient biomass potential in Europe.

P
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1.800
1.600
1.400
1.200
o’ 1.000
800 — — — 0
600
400 [ For each
_ location the
All avallab_le 200 crop with
land is | | L] || L highest

0
allocated '[O\ 2020 2030 2040 2050 potential
one cro @ Miscanthus O Switchgrass O Giant Ree . .
P O Reed canary grass @ Cardoon O Wi biomass yleld
@ Poplar @ Eucalyptus | mYield efficient biomass potentiz IS selected
- This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,




Feedstock supply: Conclusions >
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Site specificinnovations and the learning effect have the potential to further increase
yieldsof lignocellulosicropping

Avalilability of data on croppingareain EUand on achievableyieldson marginalland need
to be enabledfor decisionmakingthat is basedon quantitativedata.

Feedstockspecificyields and biomasspotential are largely driven by crop phenological
characteristicsaandlocal biophysicalconditions

Theimportance of consideringlocation-specificcharacteristicsdbecomesapparentfor the
potential productionof lignocellulosie@nergycropsin orderto meet bioenergydemand

Theuseof marginallandsfor lignocellulosieenergycrop productionis a valuablestrategy
to coverto someextent biomassdemandthat alsorequiresefforts in the developmentof
Infrastructure,farmingexperienceyegulatorycomplianceand support,aswell asenabling
sustainablebiomassproduction in the EUunderREDI.

inding fron ¢ European
agreement No, 764799
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Bringing down the cost of
conversion processes

Stavros Papadokonstantakis
Chalmers University of Technology



Conversion Pathways at a Glance
ADVANCEFUEL

Fermentation

Ethanol
Butanol

Fractionation & Upgrading

Fischer- Diesel
Tropsch Gasolene

Synthesis Kerosene

Lignocellulosic

Biomass Gasification

Chemical Methanol
Synthesis DME

Cracking& Liquefied
Refining Gas

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,



Current Status for Production Costs

200 :
IEA BioenergiReport, 2020Task 41
180 ——————
160
140
[ ]
5 120 *
'8 . L ]
— ‘ . [ ]
Q.
~ 100
; L2 -
2 go *
w -
60
40 Compare with prices of:
All fuel (avg.), unlead. petrol equiv. (EU (accord. to EEA), excl. taxes):
20 0.45 €/lit or 50 €/MWh
Oil (US, last 5 years): 25-70 USD/bbl or 15-43 €/MWh
0
CH,/MeOH/DME FT liquids Ethanol Gasoline-Diesel Ethanol
(Gasific.) (Gasific.) (Gasific.) (Pyrol.) (Ferm.)
This project has received funding from the European Union’s Horizon 2020 research and innovation

programme under grant agreement No. 764799.

Pant Size Rangd.00-300 MW product
Feedstock Cost Rang&5-20 /MWh
Plant (economic) life time15-20 years

Discount Rate5-10%

Cost breakdown (%):
Feedstock: 29-44
Other OPEX: 15-21

CAPEX: 35-44

Butanol
(Ferm.)

Jet fuels
(via Ethanol (Ferm.))

ADVANCEFUEL



>

Scope for CAPEX Reduction

ADVANCEFUEL
3000
+ 2500
-
=3
©
g 2000 Ethanol (Gasific.)
g‘ FT-liquids (Gasific.)
", let fuels (via Ethanol)
m 1500 Butanol {Ferm.)
Methanol (Gasific.)
Ethanol (Ferm.)
1000 Lig. Methane (Gasific.)

Gasoline-Diesel (Pyrol.)
‘ Cumulative Installed CEIPEICil"r'] [Cumulative Installed Capacity
100-200 MW 100-700 GW
500

2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
Timeline

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,



Scope for Integration to Existing

Infrastructures ADVANCEFUEL
‘_?',,7".
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Black dots existing coal power plant sites that are assumed suitable for construction -@ilhiaits and/or biomass cbiring as steppig-stone
for development of biomass market and infrastructures

Purple dots oil refineries identified as suitable for biobased feedstock (i.eproeessing of bimil)
Coloured areasfeedstock used to cover the demand (200 km transport limitation)

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 764799,



Conclusions >
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Thereis a significant gap betweenthe production cost of advancedbiofuelsand the
price of conventionalfossilfuelsof at least20to 40 e/MWh -product.

Feedstock cost is a large share of production cost, which can have important
implicationson policy measureg(i.e., use of biomassin severalsectorsmay drive up
biomass prices), so that biofuels may need to be sourced to sectors where
substitution awayfrom carbonbasedfuelsis difficult or costly

In long-term, technicalefficienciesand operating costscan be significantlyimproved
by advancedutilisation of lignin fraction from biochemicalpathwaysand efficient

utilisation of biogenicCQ sourcesvia power-to-fuelsapproaches

Highcapital costfor the required large-scaleproduction implieshighfinancialrisk

q fron + Eurog
jreement No. 764799



Conclusions >
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In short- to mid-term (e.g., by 2030 the gap between advancedbiofuel production costsand
fossilfuelscannotbe fully bridgedby technicalimprovements

At an initial phase,this canbe achievedvia subsidiesput in the long run the costto use fossil
fuels must be (become)higher than the costto use biofuels (e.g., via additional CQ taxesfor

fossilfuels)

After installations of hundredsto thousandsof plants and efficient use of the existingbiomass
handlingandfuel productioninfrastructure,investmentreductionsof 40%to 50%

inding from th of
jreement No. 764799
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Ensuring the sustainability of
advanced biofuels along the value
chain

lvan Vera Concha
Utrecht University



Towards sustainable biomass production, >
harmonised sustainability standards and ADVANCEFUEL
certification

Main objectives:

1) Provide a set of sustainability criteria and indicators relevant to demonstrate the
sustainability performance of RESfuels.

2) Provide recommendations on the options for harmonization of national and
voluntary sustainability certification schemes at the EU level.

3) Provide spatially explicit and quantitative insights regarding environmental impacts
of lignocellulosic biomass feedstock production.

I [22] | [l

®
4

4) Assess GHG footprints and socio-economic performance of RESfuel supply chains
and further tailor and refine tools to harmonise GHG calculations of RESfuels for road,
marine and aviation.

B
T
o«

n This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreamant N,° 764799.




Prominent sustainability barriers to advanced >

Lack oharmonised
regulations on sustainable
farming practices for residual

biofuels ADVANCEFUEL
biomass and dedicated energy

crops. _é % v '?@:%
Lack oharmonised e —
regulations on sustainable Produci

forest management. Distortion of biomass trade

( - hjﬂ_gﬂ/_‘{@ .| due to diverging national
@—O—OO ol el sustainability schemes.
|

Poorharmonisationof g a0 ;
global rules foRESfuelm Lack oharmomsed
maritime and aviation criteria between
sectors different bioenergy
- This project has received funding from the European Union's Horizon 2020 research and Innovation programme under grant agresment .+ 764753, sectors/o utputs.




Main insights from the research and stakeholder >

consultation ADVANCEFUEL

% 14 stakeholders: 3 policymakers and 10 industry representatives
Se®
Fan Literature review, interviews, online survey, workshop
\/ Sustainability criteria in the RED Il are a major step forward, but not yet sufficiently

broad and stringent to address all concerns.

Additional sustainability criteria are needed to safeguard sustainable bioenergy supply.
They should address stakeholder concerns, and at the same time avoid becoming an

unnecessary burdear barrier to bioenergy development.

More transparency needed in market & sustainability reporting

Inclusive sustainability criteria (env., social & economic) desired; Harmonised criteria beyond RED
| & I, definition (e.qg. feedstocks), measurements (SFM, iLUC) at EU level preferred

General EU guidance sufficient but more improvements in national regulation and
accompanying measurements in MSs required still

- This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreamant N,° 764799.




A translation of RED Il sustainability criteriato bioenergy supply from >
lignocellulosic energy crops in the ADVANCEFUEL project

ADVANCEFUEL
RED |l Scenario: sustainabillit
criteria
Exclusions of Natura 2000/protected
areas

Exclusion of High Nature Value farmland
(HNVY)

Exclusion of high carbon stock areas
Exclusion of wetlands and peatlands

/]
— 1
I
I
Exclusion of natural grasslands
Only use of surplus/abandoned agricultu Iy
[

Marginal land: as established in MAGIC

- This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreamant N,® 764799. 42



