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EU funded Projects research in Co-Processing

Gasification and Pyrolysis routes for Biofuels production
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Pyrolysis and HTL of Municipal Waste as feedstock toward co-processing in Refinery
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Integration to existing Refineries b4refinery
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4refinery - Scenarios FOR integration of bio-liquids in existing REFINERY processes
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The FASTCARD concept:
» Two independent catalyst-based pathways for conversion of biomass to
advanced
» LIQUID route (short term): Hydrotreating of pyrolysis oil 2 co-processing in FCC
» GAS route (long term): Hydrocarbon reforming = Fischer Tropsch synthesis

Diversified Biomass Sources Fast catalyst
industrialisation

for diverse

[Gasiﬁcation][ Pyrolysis ] biosources

g '.'- b High energy
Transportation biofuel efficiency

Low capital costs

EU project, FP7-NMP: FAST industrialisation by CAtalysts Research and Development
Coordinator: SINTEF




Biobased motor fuel: a helicopter view FAS%:ARD
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EC Sustainable Transport Forum: Sub Group on Advanced Biofuels. Final Report, 2017.

EU project, FP7-NMP: FAST industrialisation by CAtalysts Research and Development
Coordinator: SINTEF




Alternative routes of bio-liquids in refinery b4refinery

Representative Feedstocks

= Two primary conversion processes

= Pyrolysis
= HydroThermal Liquifaction (HTL) Empyro —— Steeper
Pyrolysis
= Four refining processes liquid Standard
; HTL liquid

Co-Fluidized Catalytic Cracking (Co-FCC)
Co-HydroTreating (Co-HT)

= Co-HydroDeOxygenation (HDO) Stzﬁj\;‘;
= HydroTreating (HT) liquid
Al B B N N N NN N W -7
®* Final products I Crude oil derivatives Renewgble oils

= Diesel
= |PG

. . l
" Gasoline Refinery.
l

Gasoline - Green Diesel - Diesel

4refinery - Scenarios FOR integration of bio-liquids in existing REFINERY processes
European Union's Horizon 2020 research and innovation program, GA No. 727531




Techno-Economic Evaluation building MODELS for

d4refinery

range of alternatives for Refinery integration

Pyrolysis Pyrolysis Pyrolysis Pyrolysis Pyrolysis Pyrolysis
FCC-1-P FCC-2-P FCC-3-P FCc-4-P FCC-5-P FCC-6-P
Forest residue Eucalyptus Straw Forest residue Eucalyptus Straw

Stabilization
model

Stabilization
FCC-6-S

Stabilization
FCC-5-S

Stabilization
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FCC-6-C
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Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

FCC models

Pyrolysis
FCC-7-P
Forest residue

!

Stabilization
FCC-7-S

Deoxygenation
FCC-7-D

!
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Pyrolysis
HT-1-P

Forest residue

}

Stabilization
HT-1-S

Deoxygenation

HT-1-D
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Gasoline/
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Deoxygenation

Pyrolysis HTL HTL HTL HTL
HT-4-P HTL-1-P HTL-3a-P HTL-3b-P HTL-4-P
Forest residue Forest residue Straw Straw Forest residue

}

Stabilization
HT-4-S

Deoxygenation
model

HT-4-D
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HT HT HT Lo
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Diesel Diesel Diesel Diesel Diesel

Pyrolysis
HDO-4-P
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Stabilization
HDO-4-S

Deoxygenation
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Feedstock/Location: Final selection of value chains ¢4refinery

= Northern Europe

= Baltics

STABILISATION STABILISATION STABILISATION STABILISATION STABILISATION STABILISATION

= Eucalyptus: l l l

= Southwestern Europe
(Spaln) DE- DE- DE-

OXYGENATION OXYGENATION OXYGENATION
= Straw:
= Central Europe - - - -
= | | -

4refinery - Scenarios FOR integration of bio-liquids in existing REFINERY processes
European Union's Horizon 2020 research and innovation program, GA No. 727531




Scenario analysis: &4refinery

Ranking of Technical and Economic feasibility
Treatment Post-treatment | Final refining Raw material Location Technical feasibility Economic feasibility
Forest residue Baltics ++ +++
) Northern
Forest residue ++ ++
Europe
Stabilisation co-FCC Eucalyptus Spain + ++
Central
Straw _— +++
Europe
Straw Denmark - +
Pyrolysis co-FCC Forest residue Baltics +++ --
_ Northern
co-FCC Forest residue +++ ---
Europe
0 co-HT Forest residue Baltics - -
Stabilsation
. . _ Northern
Deoxigenation | co-HT Forest residue - --
Europe
co-HDO Forest residue Baltics +++ --
_ Northern
co-HDO Forest residue +++ ---
Europe

: HTL HT Forest residue -— not defined



Focus of Business Case scenarios

d4refinery

Busin Raw De-centralised , ,
HINEss a , : Refinery Processing Product
Case Material | Pre-processing

FCC-1 Forest Fast Pyrolysis Gasoline
Residue N plant(s)

HTL-1 Forest Diesel
Residue

HT-1 Forest Fast Pyrolysis UPGR Diesel
Residue N plant(s) 1 plant

4refinery - Scenarios FOR integration of bio-liquids in existing REFINERY processes
European Union's Horizon 2020 research and innovation program, GA No. 727531




Overall Conclusions b4refinery

Lignocellulosic biomass

o oo . F t resid
 There is significant potential to make use ores residues

- . - Straw
of existing EU refineries Eucalyptus
- . Primary conversion Upgrading Naohtha
* HTL less mature than FP — Still technical — \ PG
challenges to be tackled in the near- T Fast Pyrolysis LCO
Chz
future - Co-FCC Gasoline
Pyrolysis Oil (PO)
‘ (Gases
Gases Vacuum Gas Oil Coke
* Co-HT less mature than co-FCC - but there  coke - (VGO)
are significant mid-to-long-term ‘b"“'c"te"/' S ¥
" } Co-HT Diesel/let
opportunities for co-HT . ceabiliced >
o The aviation and shipping industries : Pyrolysis Oil (SPO) Straight Run Light T Gases

present a longer-term market for co- 4 BRI H, Coke
processed fuels

Gases Deoxygenation Co-HDO Diesel/let
Coke
Water Stabilised Vegetable Oil —] T I‘a.a::[wﬁa
Deoxygenated H, LPG
Pyrolysis Oil (SDPO)
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&4refinery

Supply chain & market assessment — Feedstock

&=

% * Supply chain structure g o Estimate feedstock costs and sensitivities
= * Supply chain security E o Define supply chain logistics (to identify potential .
8 * Supply chain costs g suppliers/partners, and infrastructure requirements) I“
= Biomass supply chains are relatively immature at present -
Va ry by feed StOCk and region. Sustainable technical potential of horvesting residues in the EU tn 2030 {dry mass)
= Common challenges: ik
§ = The large amounts of biomass needed lead to expensive
S transportation costs. .
l_
3 = |ntroducing variability (source location) into the process

1,400 kta

complicates supply chain logistics and affects the quality and l
yield of the conversion process

= Local assessment of feedstock availability needs to be
performed on case by case basis to determine true level of okta
feed Stoc k ava i Ia bi I ity sustainable technical potential of wood processing residues in the EU in 2030 (dry moss

.



WASTE2ROAD&®

WASTE2ROAD value chain

> Feedstock supply >> Primary conversion >> Upgrading >> Validation >
’ VIT ouv % Y

btg- )‘? oMV @ SINTEF

biomass-to-liquid

CENTRO
RICERCHE
FIAT

btg

Municipal waste Fast Pyrolysis/HTL co- HT & co-FCC

Process modelling, value chain integration, risk asessment, TEA & LCC

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 818120. 13




Waste sorting in the City of Oslo

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 818120.
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WASTE2ROAD&®

Waste materials — screening bio-conversion tests to pick the
best candidates for biofuel value chains

o RN :

ment reject from food waste (RE

i

Roadside grass! (Twence)

1. Brown, A.E., et al., An assessment of road-verge grass as a feedstock for farm-fed anaerobic digestion plants. Biomass and Bioenergy,
2020. 138: p. 105570.




WASTE2ROAD®®

Aspects of value chain integration and optimization

» Siting of the value chain (feedstock availability and existing infrastructure)

» Logistics (centralized or distributed value chain, transport distances and storage)

Distributed Value Chain Distributed Value Chain

Centralized Supply Chain (Linear type) (Hub-and-spoke type)

LEGEND

1‘ # Feedstock @ Upgrading and co-refining plant
Waste collection facility and =pre==" .
. . Bio-fuel storage
1t Liquefaction plant )

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 818120. 16
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Example of a block flow diagram for one complete value chain
showing the process streams and processing steps

New: Fast Pyrolysis plant New: Upgrading plant Existing: FCC at refinery

(Steam &) Electricity
_

Sold as by-product

Off-gas

(treated on-site)

Integrated CHP
Plant

Hydrogen

Off-gas ——y
(treated on-site)

Steam & Electricity Storage
. Upgrading;:
Drying Fast Pyrolysis Alkall metal Stabilization & CoFCC of Bio-fuel
A ‘ removal deoxygenation SIFED
Twence, Cont. wood & FPBO
roadside grass I Wact .
aste water
FP PLANT Catalyst | \\oseWater (treated on-site)
REFINERY

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 818120. 17




WASTE2ROAD®®

Main Results...so far

B REESRERIEEEE = Conversion of a number of different types of residues
S ' and waste

" Production of sufficient amounts of bio-liquids for
development of viable value chains via FP and HTL

= Suitable gasoline blending components can be produced
by FCC co-processing of 5% and 10% SPO/SDPO from
clean wood (reference)

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 818120. 18



Extension of the Value chain being developed

Biomass Pyrolysis Upgrading Steps * Co-Processing Steps * Marine

Feedstock * Processing Steps * Aviation
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Thank you for your attention!

Coordinator: Duncan Akporiaye

Tel: +47 930 59 166
Email: Duncan.Akporiaye@sintef.no
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