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Disclaimer

This report has been prepared for the Sub Group Advanced Biofuels (SGAB) based on the
information received from its members as background material and as such has been accepted
and used as working material by the Editorial Team to give the status of existing technologies
without the ambition of describing all developments in the area in detail. However, the view
and opinions in this report are of the SGAB and do not necessarily state or reflect those of the
Commission or the organization that are members of, or observers to the SGAB group.
References to products, processes, or services by trade name, trademark, manufacturer or
the like does not constitute or imply an endorsement or recommendation of these by the
Commission or the Organizations represented by the SGAB Members' and Observers Neither
t he Commi ssi on nor any person acting on
represented by the SGAB Members' and Observers' behalf make any warranty, or assumes
any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information contained herein.
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Key Messages

A lack of long term stable legislation hinders the development of promising routes to reach
demonstration and commercial deployment stage. This is in particular the case for capital
intensive technologies.

The level of innovation and belief in technology progress among industrial parties is high
and has led into significant progress in technology development. A wide range of different
value chains are being demonstrated at industrial scale. These value chains differ in
conversion technology, the feedstocks used, the process employed and the resulting liquid
and gaseous fuels.

1 Hydrogenated Vegetable Oil (HVO) is already commercial today at a scale of millions
of tonnes. The EU oil industry is retrofitting existing refineries to produce HVO. Future
production capacity growth is limited by availability of sustainable oils but could double.
However, when used oils and process residues from industrial operations are taken
into consideration on a global scale the capacity can increase significantly. The
expansion can be based on proprietary technologies from several licensors
representing both own-operate entities but also at least two world-scale contractors
that can provide technology to any third party.

9 Lignocellulosic or second generation (2G) ethanol is on the verge of being commercial
with several industrial scale first-of-a-kind plants using a variety of integrated
technologies in early operation. The technology developers are competing in licensing
their technology to locations with strong support policies. All of them are based on
agricultural residues while technologies based on forestry residues still have to reach
the level of industrial scale demonstration.

I Gasification technologies lag relative to 2G ethanol, with a small number of plants in
early operation and in pilots. Technically it could provide quantities in 2030 if the move
to scale can be accomplished by 2020. Due to high investment intensity for large demo
scale plants, larger scale installed plant capacities are needed for this value chain
which makes it more complex to realize the first-of-a-kind industrial scale plant even
though their total fuel production costs are comparably attractive. Several projects were
approved for NER300 funding but so far none is in an active stage.

1 Two relatively small trials of co-processing pyrolysis oil (PO) in refineries in Brazil and
the USA are known to have taken place. If successful, a large number of relatively small
pyrolysis plants will have to be built to come to sizable total volume within the decade
to come. Upgrading capacity for pyrolysis oil will at first instance largely use existing
refinery infrastructure.

9 Biological base methane is already commercially available for use as transport fuel in
captive fleets or injecting in the natural gas grid. The further development with respect
to the scale that bio-based methane is used in transport depends on the competitive
demand for biomethane for use in Combined Heat and Power (CHP)-plants.
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1 Power to Gas or Liquids (PtG/L) is being developed at demonstration scale currently
given the expected availability of excess renewable power. However, Carbon Capture
and Utilization (CCU) is not a widely used technology at large scale yet and the
technology at present can only access smaller carbon dioxide sources. Thus it may
have a limited impact by 2030 unless close coupled integration with large sources
providing cheap renewable electricity will be demonstrated.

1 Algae technology is at the early demonstration scale and still in the process of
optimising energy efficiency as is required for the harvesting, drying and processing of
algal products to fuels. Opportunities in fuel markets are still limited with the exception
of biomethane. This development may therefore make an indent in the biofuels market
post 2025.

1 Low Carbon Fossil Fuels from waste industrial streams for the production of liquid or
gaseous fuels are close to reaching the first-of-a-kind plant status. They may possibly
offer significant quantities by 2030.

The technologies, described in this report, are all striving to increase their respective
Technology Readiness Level (TRL) and to reach industrial deployment. However, the low
energy prices and other uncertainties on the market situation and political risks is a common
barrier that for the last years has been a common obstacle to overcome.
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1. Introduction

1.1 Background

The SCAB decided that it was necessary to establish the actual state of the art of advanced
and renewable fuels technologies addressing all value chains as well as their current status of
development beyond any doubt. Furthermore, it was aimed to collect directly information from
the various organisations developing the technologies in order to avoid ambiguity and establish
the status based on their direct input. The following information was requested by all contacted
organisations:

Plant Type Start-up Feedstock Product By-product Hours in
P/DIC year capacity MW operation

Especially the "Type of Plant" (Pilot, Demonstration, and Commercial) and the "Hours in
operation" provided for the reliability on the actual state of the various technologies sought by
the SCAB. Only in few cases, where organisations didn't respond and their technology was
considered of importance for the report, the information was collected from published data.

The SGAB Vice Chair, Ingvar Landalv from Luled University of Technology, was asked to
manage and coordinate this work since he has also been involved in the European Industrial
Bioenergy Initiative (EIBI) and the European Biofuels Platform, EBTP (since June 2016
combined into ETIP Bioenergy?'). Most of the figures delineating the general conversion
pathways with its corresponding text were taken with permission from the EBTP. Text and
figures have however been updated and improved under direct collaboration with the EBTP
Secretariat.

1.2 Structure

As the title of this report expresses the following information is intended to give STATUS
and RELIABILTY information for various conversion pathways of biomass feedstocks to
advanced biofuels. These conversion pathways have been grouped under four sections.
1. Thermochemical conversion
2. Biological conversion
3. Power to Gas or Liquid conversion
4. Algae development

Three of these pathways (Section number 1, 2, and 4) coincide with six identified
conversion chains from feedstock to products developed as part of the work carried out by
European Industrial Bioenergy Initiative (EIBI) and European Biofuels Technology Platform
(EBTP). Section 3 (Power to Gas or Liquid) is currently not within those conversion pathways

1 European Technology and Innovation Platform Bioenergy
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identified by EIBI but for the purpose of this report it is elaborated in a corresponding way as
the other pathways.

The thermochemical conversion pathway has a number of distinct different conversion
routes depending on end product and therefore part 1 has four sub-sections. The biological
conversion pathway is, based on the same reasoning, divided also into four sub-sections.

This report addresses the status and reliability of the advanced biofuels sector by referring
to plants in operation, or in some cases close to being in operation. A large number of plant
owners, plant operators and technology developers have been asked to give their input and
address at least the following:

A short description with name, location and background and list of key technologies utilized
in the plant. The information provider was asked also to classify the plant as a Pilot plant (P),
a Demonstration plant (D) or a Commercial plant (C). Finally, the following additional points
were also addressed:

1. Start-up year i plus current status

2. Plant size expressed as feedstock consumption e.g. as ton dry biomass/day or MW
Lower Heating Value (LHV) including other important feeds/utilities such as electric
power.

3. Plant product capacity expressed as ton/day, m3/day, Nms3/h of product or similar 1
status including important by-products

4. Efficiency number, e.g. tons of product per ton of dry biomass or MWouw/MWi,. should
be able to be calculated from item 2 and 3 - status

5. Number of hours of operation since start-up (comment length of continuous operation
or similar) 7 reliability description

6. Next step (e.g. first full sized plant planned for start-up in year 20xx) i status
7. Comment potential technology barriers or potential show-stoppers

As a consequence of the above approach what is described in this report (with a few
exceptions mentioned in the text where information has been obtained from the internet) can
be summarized as based on information provided by plant owners, plant operators and
technology developers who are members of the Sub-Group Advanced Biofuels (SGAB) or from
companies who have provided information to members of SGAB. As a general conclusion it
can therefore be said that presented data is up to date and has a high level of certainty.

This report does not have the intention of being complete. This means that the report gives
examples where information has been validated but does not imply that all and every developer
is included, and there were technologies in a variety of development stages for which the
information was not sufficient and which therefore was omitted.

1.3 Contributors

The work in this SGAB Report was directed and coordinated by Professor Ingvar Landalv
of Lulea University of Technology (LTU), Co-Chair of the SGAB. The Chair and the
Rapporteurs contributed to revising and commenting on the text. However, the majority of the
information, data and photographs were received from the Members of the SGAB. Considering
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that these are leading experts in their individual fields, this is therefore a state of the art report
on the Technology Status and Reliability of the Value Chains for advanced biofuels.

The structure of the work was based on 4 topical groups and the following organisations
volunteered to assist in gathering information for the report:

Proposed topical groups in Partners who have indicated
the report interest to participate

LTU
Thermochemical conversion Enerkem

VTT

Lanzatech

Biological conversion

Clariant

Methanol Institute

Power to G-or-L conversion GERG
LTU
Algae development LNEG

Companies, operators and developers within and outside the SGAB group have been
approached and in this provided information to this report. Members of SGAB also provided
information during SGAB meetings.

The SGAB and the Core Team (Chair, Vice-Chair and Rapporteurs) acknowledge the high
quality contributions of persons and organizations that have made this Report an updated
overview of the status in the technology area of advanced fuels.
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1.4 Abbreviations
Abbr. Full name Abbr. Full name
2G Second Generation LCA Life Cycle Analysis
AD Anaerobic Digestion LEAR Low Energy Algae Reactor
APR Agueous Phase Reforming LHV Lower Heating Value
APP Advanced Plasma Power LNG Liguified Natural Gas
ASTM American Society for Testing and | LNEG Portugal National Laboratory of Energy and Geology
Materials
ATJ Alcohol to Jet LPG Liguified Petroleum Gas
bbl barrels LTFT Low Temperature Fischer-Tropsch
BL Black Liguor LTU Lulea University of Technology
bpd barel per day M&G Mossi Ghisolfi
BTG Biomass Technology Group BV MHF Multiple Hearth Furnace
BtL Biomass to Liquid MHPSE | Mitsubishi Hitachi Power Systems Europe
C Commercial Plant Ml Methanol Institute
CAPEX Capital Expenditures MSW Municipal Solid Waste
CBM Compressed Bio-Methane Mt Mega tons
CCS Carbon Capture and Sequestration NER New Entrants' Reserve
CCU Carbon Capture and Utilisation NGV Natural Gas Vehicles
CEN European Committee for Standardization | OPEX Operational Expenditures
CERTH Center for Research & Technology Hellas | P Pilot Plant
CFB Circulating Fluidized Bed PBR Photo Bio Reactor
CHP Combined Heat & Power PDQ Pressurized Direct Quench
CNG Compressed Natural Gas PDU Pressurized Development Unit
CP Catalytic Pyrolysis PNNL US Department of Energy - Pacific Northwest National
Laboratory
CRI CRI Catalyst Company PO Pyrolysis Oil
CRW Cascade Raceways ppm parts per million
D Demonstartion Plant PSA Pressure Swing Absorption
DEMA Direct Ethanol from MicroAlgae PtG Power to Gas
DG Directorate General PtL Power to Liguid
DME Dimethyl Ether R&D Research & Development
DW Dry Weight RDF Refuse Derived Fuel
EBTP European Biofuels Technology Platform REACH Registration, Evaluation, Authorisation and Restriction
of Chemicals
EIBI European Industrial Bioenergy Initiative RED Renewable Energy Directive
ERA-NET | European Research Agency - Network RFO Renewable Fuel Oil
ETS Emissions Trading System RON Research Octane Number
EU European Union RTP Rapid Thermal Processing
FAME Fatty Acid Methyl Esters RW Raceway
FCC Fluid Catalytic Cracking SGAB Sub Group on Advanced Biofuels
FGS Fordonsgas Sverige AB SHF Separate Hydrolysis and Fermentation
FT Fischer-Tropsch SIP Synthesized Iso-Paraffinic
GERG European Gas Research Group SNG Synthetic Natural Gas
GET Gussing Energy Technologies SRC Short Rotation Coppice
GMO Genetically modified SSF Simultaneous Saccharification and Fermentation
GTI Gas Technology Institute STP Standard Temprature and Pressure
GWP Greenwall Panels tons metric tons
HFO Heavy Fuel Oil TPBR Tubular Photo Bio Reactor
HMF Hydroxy-methyl-furfural TRL Technology Readiness Level
HP Hydropyrolysis UK United Kingdom
HTFT High Temperature Fischer-Tropsch USA United States of America
HTL Hydrothermal liguefaction USDA United States Department of Agriculture
HVO Hydrotreated Vegetable Oils VC Value Chain
IMPCA International Methanol Producers & | VSA Vacuum Swing Adsorption
Consumers Association
IRW Improved Raceways VTT VTT Technical Research Centre of Finland
ISCC International Sustainability & Carbon | WWTP Wastewater Treatment Plant
Certification
KIT Karlsruhe Institute of Technology XtL Anything to Llquid
LBM Liguefied Bio-Methane
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2. Thermochemical conversion

This chapter explores the following three conversion routes:

1 Production of syngas (hydrogen plus carbon monoxide) by means of gasification meant
for further synthesis to liquid products. Methane can be either such a large component in
the raw gas that it needs to be converted to syngas to avoid too big losses of gas energy
or so little that it can be let though the system (later bled out) and be finally used as a fuel.

1 Production of syngas and methane by means of gasification where the process is designed
to convert all syngas to methane (bio-methane)

1 Production and upgrading of energy intermediates, such as pyrolysis oil, torrified biomass
and various lignin rich fraction from e.g. the wood pulping process or from cellulosic
ethanol plants. Pyrolysis and lignin fractions may be further processed to produce fuels
such as diesel or upgraded and further processed within a conventional refinery.
Alternatively, these and other similar energy intermediates can be utilized as gasifier
feedstocks.

1 Conversion of a wide variety of triglyceride or fatty acid wastes and residues to
Hydrotreated Vegetable Oil (HVO) via Hydrotreatment.

2.1 Feedstocks

For gasification, pyrolysis and torrefaction, any lignocellulosic material is suitable as
feedstock. The term lignocellulosic covers a range of plant molecules/biomass containing
cellulose, with varying amounts of lignin, chain length, and degrees of polymerization. This
includes wood from forestry and associated residues, Short Rotation Coppice (SRC), and
lignocellulosic energy crops, such as energy grasses and reeds. It also includes more specific
feedstocks such as by-products from e.g. forest industry such as black liquor and lignin
extracted from black liquor.

Sorted Municipal Solid Waste (MSW) is also a potentially suitable feedstock for
thermochemical conversion processes. For further details regarding definitions and
descriptions see SGAB working document Terminology and Glossary.

HVO is within its range of liquid feeds, after suitable pre-processing, flexible in its feedstock
requirements allowing the use of a wide range of fatty acid containing materials originating
from waste and residue streams for example vegetable oils, tallow and other biogenic industrial
waste and residue fats and oils.
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2.2 Synthetic fuels via gasification

2.2.1 Gasification

Gasification is an endothermic, thermochemical process run at 800°C-1500 C and at sub-
stoichiometric conditions (typically | = 0.2-0.52). After feedstock preparation of the raw
material, it is fed into the gasifier. Typical gasification agents are oxygen and water/steam. The
raw gas mainly consists of hydrogen (H-), carbon monoxide (CO), methane (CH.) and tar and
char components where the desired syngas components are H, and CO. The non-combustible
components are inert gases and ash.

Entrained-flow gasifiers operate at high temperatures (1000°C-1500 C), normally above
the melting point of the inorganic material of the feedstock. The feedstock is either in liquid
form or, if dry, transformed into
fine particles with typical size
<lmm.

Lignocellulosic Materials

I

Pretreatment

Bubbling and circulating bed l l
gasifiers, in contrast, can use jecsiacion Doy
chip size feed material and are : e ,,l,m,ia,
operated at lower temperatures \ l
(700 C-950 C) below the Ash/Slag e Gasification
softening temperature of the l

inorganics in the feedstock. The
lower temperature also results in

l

more methane and hydrocarbons Follctants .
) Gas deaning &
in the gas. s==——=p conditioning
The energy needed to carry c.ea,.!,,,gas
out the gasification reactions ]
normally comes from partial (aiped uthasts
combustion of the feedstock. The I :
gasification pressure is typically ]
0.1MPa-3.0MPa. l l l l /

L GASOLINE DME ALCOHOLS  FTPRODUCTS
2.2.2 Gas conditioning

and clean up

Impurities of the raw gas
depend on the gasification Figyre 2.1 Synthetic Fuels via Gasification
condition, biomass used and type
of gasifier. They can cause corrosion, erosion, deposits and poisoning of catalysts. It is
therefore necessary to clean the raw gas. Depending on technology, impurities such as dust,
ashes, bed material, tars, alkali, sulphur and chloride compounds are removed through various
cleaning steps. Components having mainly poisonous effects for downstream catalysts are

2| denotes the actual oxygen to fuel ratio relative to the oxygen to fuel ratio required for complete
combustion of the fuel without excess oxygen.
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sulphur and chloride compounds and some other trace components. When a high H»+CO vyield
is the goal with the gasification process, in the case of fluidized beds, CH4 needs to be reformed
to CO+H; in an additional process step to increase the syngas yield.

For entrained flow gasifiers, the higher operating temperatures in the gasifier causes this
reaction to proceed to a satisfactory conversion already in the gasifier.

The partly cleaned raw gas will thereafter be conditioned to obtain the desired H,/CO ratio.

Finally, the acidic CO, and sulphur components in the gas are removed. This is normally
done by a physical or chemical liquid absorption process. There are cases where the sulphur
removal needs to take place before the water-gas shift but CO, removal will always be needed
downstream in order to remove the CO; formed by the shift reaction. In many cases the
synthesis gas is also compressed from the gasification pressure to the required synthesis
pressure which can be over 10MPa.

If external hydrogen is available the water gas shift reaction can be omitted and by also
reversing the reaction, even CO, removal can be dispensed with. This scenario would be
possible if renewable electricity becomes available at sufficient prices and quantities to allow
their use, and would result in a very significant increase in the carbon conversion from biomass
feed to advanced biofuels and a corresponding reduction in CO, emission (See section 4).

2.2.3 Product formation

2.2.3.1 Fischer-Tropsch (FT)-Liquids

In the Fischer-Tropsch (FT) process, the clean syngas is converted into alkanes, alkenes
and oxygenates using mostly iron and cobalt as catalysts. The conversion is very exothermic
and not selective. A mix of hydrocarbons ranging from methane to C100+ components is
obtained. The Low Temperature Fischer-Tropsch (LTFT) technology (200°C-220 C and less
than 3MPa) provides outputs primarily for diesel production. In the high temperature case
(HTFT 300°C-350 C), a product fraction more compatible with gasoline and chemicals is
produced. The raw product cannot be directly used as fuel but needs to be upgraded via a
number of product upgrading (hydro-treatment, hydrocracking) and separation processes
commonly used in the oil refining industry.

2.2.3.2 Methanol and Dimethyl Ether (DME)

Methanol is industrially formed from syngas in the presence of a copper catalyst at 6.0MPa-
10.0MPa pressure and about 260 C. The conversion is exothermic and very selective and
about 80% of the syngas energy is transferred to energy in the methanol (+95% carbon
conversion). The synthesis is followed by a distillation section where the water by-product is
separated and the pure methanol is obtained.

DME is formed by methanol dehydration in the presence of a different catalyst (e.g. silica-
alumina). The reaction is slightly exothermic. DME is stored in the liquid state at 0.5MPa
pressure and ambient temperature, like Liquefied Petroleum Gas (LPG).

Alternatively, DME can be produced through direct synthesis using a dual-catalyst system
which permits both methanol synthesis and dehydration in the same process unit, with no
intermediate methanol separation.
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2.2.3.3 Synthetic Gasoline

Syngas can be converted to methanol and then further via DME to synthetic gasoline or

directly via methanol to gasoline. The gasoline
commercial gasoline grades.

2.2.34 Product formation through biological gas fermentation

Gas fermentation is carried out by acetogenic microbes that are able to use a wide variety
of carbon rich gases as a substrate. The biological fermentation process can be applied to a
wide variety of gases, including gases obtained from the gasification of biomass as well as
other societal or industrial residues, such as gasified MSW or the direct use of waste gases
from industrial processes. Description of technology and on-going activities are found in
chapter 3.5.

2.2.4 Pilots, Demonstration and Commercial plants

2.2.4.1 The Bioliq pilot plant at Karlsruhe Institute of Technology (KIT), Germany

The key technologies in the Biolig plant are:

1 Lurgi/Ruhrgas, fast pyrolysis reactor for production of slurry from lignocellulosic biomass
1 Entrained Flow Gasifier with cooling screen
1 DME / gasoline synthesis

The major issue of the Bioliq process is the de-centralized collection and pre-processing
of biomass resources in a number of smaller units to increase the energy density for
economical transport to a central, large gasification and synthesis plant.

The pilot plant is owned and operated by KIT in Germany. The pyrolysis plant has been in
operation since 2010, the entrained flow gasifier started operation in 2013. The complete
process chain was operated in 2014 for the first time. Feedstock for the process chain is
residual lignocellulosic biomass (i.e. straw). The pyrolysis char and bio-oil (see section 2.4.1)
produced from biomass are mixed to produce aslurryfiBi osyncr udeo0, a fuel wh
entrained flow gasifier via intermediate storage. The high viscosity slurry is gasified with
oxygen at 4.0 MPa-8.0 MPa. The syngas is converted to gasoline via a direct DME synthesis
route. The plant is operated in 2 to 3 week periods.

Type . By- Hours in
Plant PID/C Start-up year | Feedstock capacity Product product operation
MW
Pyrolysis P 2010 0.5 tonnes/h 0.45 tonnes/h -- 2,000
Gasification P 2013 1 tonnes/h 1,700 Nm3/h -- 3,000
Synthesis P 2014 700 mé/h (STP) 0.2 tonnes/h - 2,000

The whole process chain has been developed and built by a consortium with KIT and
industrial companies as partners (Air Liquide/Lurgi etc.). The individual process steps are
commercially proven for fossil feedstock and the whole process chain has been adapted for
operation with lignocellulosic biomass feedstock and intermediates. The commercialization is

10
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difficult due to low energy prizes. The planned next step is to carry out a commercial and
technical feasibility study for fuel production from residual biomass including the development
of a commercial feedstock supply concept together with potential suppliers for residues from
agriculture and forestry. This will be followed by engineering of a demo facility for Biomass to
Liquid (BtL) in Germany or Europe.

On-going optimization includes e.g. optimized energy and feedstock efficiency for the
production chai nto-Wheeled msProdofiFo fey] beelwpheritofc k f | e
processes for new fuel compounds.

K | TBokiq plant, Germany LTU Green F u e BisDME plant, Sweden

2242 The BioDME plant in Pited, Sweden
The key technologies in the BioDME plant are:

1 Chemrec Black Liquor (BL) gasification technology operating at close to 3.0 MPa.
I HaldorTopsoe syngas to methanol and DME technology.

Today the plant is owned and operation by LTU. The gasification plant was started in
September 2005 and the Bio-DME unit in November 2011. The feedstock is sulphate (Kraft)
BL from the neighbouring sulphate mill but also sulphite liquor has also been successfully
tested.

The synthesis plant downstream the gasifier has also been used for testing an innovative,
once-through syngas to methanol conversion technology.

Recently BL has been mixed and co-gasified with Pyrolysis Oil (PO) to augment syngas
generation capacity for a certain BL, i.e. pulp output, capacity. Syngas generation can increase
100% - 200% via pyrolysis oil addition. Pyrolysis oil is converted to syngas with about 85%
marginal efficiency when gasified in combination with BL which makes this type of co-
gasification a very efficient way to upgrade pyrolysis oil energy.

11
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Type Start-up , By-product | Hoursin

Plant PID/C year Feedstock capacity Product MW operation
Chemrec MW 27 000

e P 2005 (20 tonnes dry BL per 1.8MW -- >el,
gasifier

day)
i 4 tonnes _ ~11,000

BioDME P 2011 DME/d

The plant has been operated in periods of 2 to 3 weeks with a yearly uptime in the order
of 40%-60% of the calendar time.

In construction of a BL gasification to fuels plant the gasification technology is the only
innovative part of the facility. The downstream parts are already commercially proven. In the
BioDME plant however HaldorTopsoe decided to test their novel so called CONRAD methanol
technology upstream of the commercial methanol to DME conversion unit.

In 2010-2012 the Domsjo Mill in Ornskéldsvik planned to change out their old sulphite
recovery boilers to Chemrec gasification technology converting its liquor to methanol at a
capacity of 180 MW liquor to be gasified in two gasifiers plus one spare gasifier. The Swedish
government awarded a 55 million EUR ( dgrant for the investment and the project was
approved from the Directorate General Competition in Brussels, but Sweden lacked the long
term biofuel market policy which was necessary to make financing possible. The project was
therefore stopped and the grant received from the Swedish Government as investment support
was not used. The pulp mill is still in need of a new chemical recovery unit (have two more
than 50-year-old recovery boilers) and the project may thus be reopened.

2.2.4.3 The GTI gasification based pilot plant, Des Plaines, USA

The key technologies in the biomass to synthetic gasoline plant are:

1 U-Gas based Carbona steam/oxygen gasification technology already in place at GTI.
1 HaldorTopsoe catalytic syngas cleanup

9 HaldorTopsoe Tigas process to produce gasoline from generated syngas

Type Start-up Feedstock By-product | Hoursin
Plant P/DIC year capacity Product MW operation
Carbona/HTAS/GTI D 2012 19.2 tonnes/d | 3 tonnes/d -- 3,000

The plant has been operated in several test campaigns at elevated pressure, and some
30 tons of gasoline was produced for car fleet testing. The totally automatic process operation
was smooth and reliable. The product is 89-92 Research Octane Number (RON) gasoline. The
quality of the product has been approved by USA officials to be directly blended with
conventional gasoline in the USA. The process is claimed to be technically ready for scale-up
to commercial plant size.

12
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The GTI gasification plant , Des Plaines, USA Enerkem Demonstration Plant, Westbury, Quebec,
Canada
2244 Enerkem6 ®emonstration Plant, Westbury, Quebec, Canada

Enerkembs demonstration f,aecnmplliotyyd si nE nWgesktebmdrsy ,i
technology to convert waste wood (decommissioned telephone poles) and post-sorted
municipal solid waste to methanol and ethanol. The technology was scale-up from its pilot
facility which had accumulated 4,500 hours of operation. Key technologies are:

1 Gasification technology: Bubbling fluidized bed operating at low pressure (0.2MPa-
0.4MPa)

i Gas cleaning technology: wet scrubbing and absorber/stripper system developed by
Enerkem

1 Synthesis technology: Syngas to methanol and ethanol catalytic synthesis process
developed by Enerkem

Conditioned syngas production began in 2009, methanol production in 2011 and ethanol
production in 2012.

Type Start-up . By-product Hours in
Plant PID/C year Feedstock capacity Product MW operation
Enerkem D 2009 48 tonnes (dry basis 11 (ethanol) 12,800
bone)/d tonnes/day

The Westbury demonstration plant has been used by Enerkem to develop its commercial
plant design. Technical issues that needed optimisation were feedstock feeding, feedstock
gasification, syngas clean-up and catalytic synthesis and these have been overcome, tested
and demonstrated in this facility before designi

Successful demonstration of MSW-to-methanol and ethanol in this plant since 2009 was
foll owed by the deployment of Ener kembsnohechnol
plant.

13
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2.2.45 Enerkembés f i r st Plam MénrostonaCanada

The key technologies in the Enerkem Edmonton plant have been developed by Enerkem
Inc. and have been tested at demonstration scale as described above. The Edmonton plant
comprises the same process technology.

The plant converts post-sorted municipal solid waste (fraction remaining after separation
for recycling and composting) to methanol and ethanol. The plant is located on the site of the
City of Edmontondés i nt eapnmtes arddvill el she @ty inceeasa itse me n
waste recycling rate to 90%.

Type i Feedstock By-product | Hours in operation
Plant PID/C Start-up year capacity Product MW
Accumulated 2,594
300 88 (ethanol) hours during
Enerkem C 2015 tonnes/d tonnes/day a production ramp-up
(as of fall 2016)

The plant was commissioned for methanol production and completed a performance test
producing methanol in summer 2015 with an uptime of 60% over the last month of operation
before a planned shut-down to expand the production capacity. The plant has resumed
operations for methanol production in April 2016 and has produced about 240 tonnes as of the
first week of May. The methanol being produced since April 2016 meets IMPCA (International
Methanol Producers & Consumers Association) specifications. The facility has also received
the ISCC (International Sustainability & Carbon Certification) one of the approved EU
certification schemes for the production of its methanol to be also sold as a biofuel under the
2009/28/EC Renewable Energy Directive (RED). A methanol to ethanol conversion module is
being added in 2016 and will be ready for start-up in 2017. Ethanol is expected to be the
primary product. The plant is currently producing and selling increasing volumes of bio-
methanol and no technology barriers have been identified.

Enerkem Plant in Edmonton, Canada lllustration of E n e r k ¥AN&RCO project, Canada

Enerkem is planning a plant, the VANERCO plant, in Varennes, Canada utilizing the same
technology as in previous plants. The plant will convert waste from the Industrial, Commercial

14
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and Institutional sector, urban waste as well as construction and demolition debris to methanol
and ethanol. Construction is expected to start in 2017.

By- Hours in
Type Start-up Feedstock i
Plant PID/C year capacity Product Drm’vd operation
99 tonnes/day Proiect i
300 tonnes/d (ethanol) or rojectin
Enerkem c 2019 (dry) 142 tonnes/day development
(methanol)

A major Dutch partnership including AkzoNobel, Enerkem and other partners aim to
develop a plant in the Netherlands using Enerkem's conversion technology to manufacture
synthesis gas from domestic and other waste and use it as a feedstock for making products
such as methanol and ammonia.

2.2.4.6
(Finland)

The FT diesel and naphta demonstration plant project is planned to be constructed by
Sunshine Kaidi (Finland) New Energy Co. Ltd, owned by Chinese company Sunshine Kaidi
New Energy Group. The group has in-house technology for the key processes. A pilot plant
has been operated since 2013 in Wuhan, China. The plant has an AlterNRG gasifier and a
fixed bed cobalt based FT process (technologies owned by Kaidi). Pilot plant data and
operations are confidential.

The Sunshine Kaidi New Energy Group pilot (China) and demonstration

By- Hours in
Type Start-up Feedstock i

Plant P/D/C year Capacity Product pr&%ct operation
Pllc_)t plant, Wuhan, = 2013 _ _ _ -
China

500 tonnes/d FT Proiect i
Reference plant, _ diesel roject in
Ajos, Kemi, Finland | P/¢ 2019 800 MW |1 67 tonnes/d bio- - development
naphtha

The next step is to implement a full-scale demonstration plant. The raw material will be
forest residues. The plant in Finland will include the following units:

1 Biomass receiving and drying to about 85% dryness

1 Plasma gasification technology (in-house technology and catalysts) at atmospheric
pressure to produce tar-free syngas

1 Cleaning and conditioning of syngas
1 Gas-to-liquid conversion by Fischer-Tropsch synthesis

1 Refining the FT- intermediate products to the final products

15
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 Utilities

The separate process units represent either proven technology in commercial scale or
demonstrated in pilot plant scale. Combination of the units using wood as raw material is new
in commercial scale. In the reference plant further optimizing and improvements will be made.
The main target is to still improve the greenhouse gas savings, although the basic
requirements of the RED will be met.

Ka i dNewbEmergy Group pilot, China

2.2.5 Project under construction

2251 The BioTfueL pilot plant, France

The key technologies used in the BioTfuelL plant are

1 ThyssenKrupp POLTORR double-zone-MHF (Multiple Hearth Furnace) torrefaction
system

1 ThyssenKrupp PRENFLO PDQ (Pressurized Direct Quench) Technology
1 Axens GASEL® Technology

Plant Type Start-up Fg:d:é?fk Product By-product Hours_in
P/D/IC year pacily MW operation
BioTfueL P 2016 15 MW - -

The aim of the project is to develop, built and operate two demonstration plants in order to
develop and market a complete BtL-XtL process for the conversion of biomass in high quality
Jet Fuel and Diesel. The BioTfuel plant will be able to gasify and convert 100% of biomass as
well as biomass/petroleum coke and biomass/coal mixtures to be fully independent of potential
seasonal feedstock restrictions and/or customer economical feedstock needs. The nameplate
capacity of the PRENFLO PDQ Gasifier operating under 3.0MPa-3.5MPa bar is 15MW,. The
commissioning of the two demonstration plants (Torrefaction unit in Venette and grinding,
gasification, gas treatment and a sub-pilot FT Test Unit in Dunkirk) will start end of 2016. The
test program will start in 2017 and will be executed for three years.

16



Technology status and reliability of value chains

| SGAB |

BioTfueL pilot plant (torrefaction unit), France

BioTfueL pilot plant (main unit), France

Final
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