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Future Energy Technology

»Biomass gasification
and gas cleaning

» Synthetic biofuels —
BioFiT, BioSNG

»CO, separation
processes — Chemical
Looping Combustion

Reaction Engineering &
Combustion

»Recovery of minerals,
metals and plant
nutrients from

incineration residues

»High temperature
process engineering

>Fluidized bed
conversion - IEA

Fluidized Bed Systems
and Refinery Technology

%

»Operation of FCC pilot
plant

» Catalyst testing

»Bio fuels from cracking
of bio oils

»Adsorber optimization
of vapour recovery
units




Gasification zone

Combustion zone

= no more limit in scaling-up, as there is no
stationary fluidized bed anymore

= excellent gas-solids contact between
catalytic bed material and product gas, so
lower tar content

= increases of residence times for fuel
particles as well as gases with regard to
gas-solids interaction

= solids residence time distribution
resembles a cascade of stirred vessels
(dispersed downward movement of solids)

= 100 kW pilot plant at Vienna, University of
Technology is in operation
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f BE2020: 3 locations + 2 research sites
iy 15 years of experience
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Biomass Gasification Systems

Increase of resource basis
Including biogeneous residues

m Biomass for industrial
applications, e.g. substitution
of natural gas

m Syngas-platform for
bio-refineries

m Plants with poly-generation
(heat, electricity, fuel)

m Hybrid systems with other RE

1 Competence Centers for
Sllde 8 Excellent Technologies
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TU|E= The basic concept —
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Over 80,000 hours _
Biomass Hydrogen
Producer Gas —_——————
(gas engine, gas turbine, l
fuel cell) P

/‘ Mixed alkohols |

Biomass

Synthesis gas
H, + CO

Synthetic Natural | Gasification
Gas (SNG) [~ Oxosynthesis
l for aldehydes
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Methanol / DME /

Ammonia
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TU[E™ Aviation fuels bioenergyzo20+

UNIVERSITY OF
WIEN TeoHNOLOEY

According to ASTM D7566 — 16 “Standard Specification for
Aviation Turbine Fuel Containing Synthesized
Hydrocarbons the following hydrocarbons can be blended
iInto kerosene:

+ A1. FISCHER-TROPSCH HYDROPROCESSED SYNTHESIZED
PARAFFINIC KEROSINE

« A2. SYNTHESIZED PARAFFINIC KEROSINE FROM
HYDROPROCESSED ESTERS AND FATTY ACIDS

+ A3. SYNTHESIZED ISO-PARAFFINS FROM HYDROPROCESSED
FERMENTED SUGARS

« A4. SYNTHESIZED KEROSINE WITH AROMATICS DERIVED BY
ALKYLATION OF LIGHT AROMATICS FROM NONPETROLEUM

« SOURCES

* AS5. ALCOHOL-TO-JET SYNTHETIC PARAFFINIC KEROSENE (ATJ-SPK)
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R&D project on kerosene from biomass,
with focus on usage in Wankel engine

IFAD

Institut flir Fahrzeugantriebe i ' i
& Alitormebilteehnik Institute of Chemical Engineering
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Synthetic Biofuels (FT- Route)
s

CeIIquse

Hemicellulose i/n- paraffins

Lignin Fossil Products (hydrocarbons)
(e.g. LGO, HGO, VGO)
Wood Pure Syngas
RaWS ngas
Chips--~-~~= ynd H,/CO=2 FT- wax Purgs Gas
Cleaning/ FT- Hydro-

‘Gasmcatlon Condmonmg SyntheSIS = ) (CO) Processmg IR TN

" FT- fuels ' HPFT-

. (diesel) 1 Fuels
Steam el -Hydrogen (diesel+

(pure/ recycled) kerosene)
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{} flue
Prg(;léct J |gas
b8l == > Steam gasification, so
) k"” % ) product gas with high
5 (5 quality (low nitrogen,
Q { m optimal H,:CO ratio)
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n HE oxygen
5 3 ﬁg 0 > Synthesis gas
z \__iLie“;?rd ¢ applications can be
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al (10-100 MW,,)
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Experimental work

Dioenergy2020+

Biomass CHP Gussing
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Unyensimar
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TeoHNOLOGY
: Usage / Fuel / Product :
Location Product MW, MW Start up Supplier Status
o : AE&E, ,
Gussing, AT Gas engine 8.0, / 2.0 2002 Repotec Operational
Gas engine / Ortner :
Oberwart, AT ORC / H, 8.5¢,61 1 2.8 2008 Anlagenbau Maintenance
, , Ortner
Villach, AT Gas engine 154461/ 3-7¢ 2010 Anlagenbau On hold
Senden/Ulm, Gas engine / .
DE ORgC 1461/ Del 2011 Repotec Operational
: , Repotec,
Burgeis, IT Gas engine 2611 0.5 2012 Re\?oGas On hold
Goteborg, : Repotec/ :
Sweden BioSNG 32,6120 BiosnG 2013 Metso Operational
California R&D 1MW 2013 GREG Operational
Gaya, France  BioSNG R&D 0,5 MW ; 2016 Repotec Under.
) construction
, : Under
Thailand Gas engine 4eier! 1 2016 GREG construction
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Synthetic Biofuels (FT- Route)

Cellulose

Hemicellulose i/n- paraffins
Lignin Fossil Products (hydrocarbons)
(e.g. LGO, HGO, VGO)
Wood ~ =~ " " Pure Syngas~ _
Raw Syn
Chips y p95 H,/CO= 2 FT— wax PUrgs Gas
Cleaning/ FT- Hydro- Wax
- Gasification » Synthe5|s ? (Co)-Processing
' ________ - -7 FT- fuels ' HPFET-
(diesel) Fuels
Steam Hydrogen (diesel+

(pure/ recycled) kerosene)



FT lab scale plant

In operation since 2005

5-10kg/day of FT raw product

Slurry reactor, because of excellent heat transfer and easy scaling up
Gas treatment removes Sulphur to below 10ppb
Cobalt and Iron- based catalyst were tested

Fully automatic
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 \Waxes can be converted to kerosene with a
conversion efficiency of about 20-50% (boiling
range 150-300°C)

« Cold flow behaviour in the range of -30 to -60°C
freezing point (-40°C is the limit of ASTM)

* Most samples of kerosene fulfils ASTM D7566,
Annex A1 for F-T SPK* (F-T SPK have been

approved as maximum 50% blend stock in jet
fuel)

* On Hydroprocessing more catalysts with different
Isomerisation behaviour should be tested
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BIOMASS-TO-FISCHER-TROPSCH

nCO + 2nH, = nCH, + nH,0
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TUI™™ Work planed 1 barrel/day bioenergyzoeo-

UNIVERSITY OF
WIEN TeoHNOLOEY

« Economic optimisation of gas
treatment

Scaling up of Slurry FT reactor

Long term tests fo FT synthesis
with wood based synthesis gas

Upgrading of the raw FT products ol
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« Testing of FT products
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Scientific partners Industrial partners
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« The actual reactor setup in
the pilot plant

L1

E

« What is our aim?

One through flow without
recycling of offgas.

Ratio height diameter
H/D = 20.

Coupled heating devices.

Conical gas distributor
geometry.

Project of different flow
configurations:

o One Through Flow

o With Recycling of Offgas

o0 Recycling + Steam
Reforming

Height/Diameter = 7.

Integration of a heating
exchanger system.

Flat gas distributor
geometry.
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