ST

Karlsruher Institut fur Technologie

Country Activities GERMANY

Engler-Bunte-Institute, Fuel Technology

Institute for Technical Chemistry, Gasification Technology

Thomas Kolb / Mark Eberhard

IEA Bioenergy: Task 33 Thermal Gasification of Biomass

Task meeting, May 13t 2014, Isola d’Ischia, Italia

KIT — Universitét des Landes Baden-Wurttemberg und
nationales Forschungszentrum in der Helmholtz-Gemeinschaft



Ulm, 1. April 2014

SKIT

Holzgas-Heizkraftwerk Senden: SWU einigt Karlsruher nstitut far Technologie

sich mit dem fritheren Generalunternehmer SWU Stad twel‘ke U I m

Das Heizkraftwerk wird derzeit mit einer zusitzlichen

Abgasbehandlungsanlage nachgeriistet. C H P d em O p I ant

Die SWU und die Firma AGO AG Energie + Anlagen (Kulmbach) )
swood chips

haben sich aufiergerichtlich Uber bislang kontrovers diskutierte ge-

genseitige Anspriche in Bezug auf das errichtete Holzgas-

«thermal load 15.1 MW, (4.55 MW,)

Heizkraftwerk in Senden geeinigt. Das Vertragsverhaltnis mit AGO

war im Mai 2013 geklndigt worden. ,Beide Parteien haben jetzt

stechnology FICFB Gissing (repotec)

eine abschliefende Vereinbarung geschlossen”, sagt SWU-
Energie-Geschaftsfuhrer Jirgen Schaffner und fugt hinzu: ,Uber die

Inhalte ist mit AGO Stillschweigen vereinbart worden®. Der SWU-
HolzgasHeizKraftwerk Senden

Aufsichtsrat hat der Vereinbarung zugestimmt. Die SWU wird die Anlagendaten

Inbetriebnahme der Anlage ohne die AGO weiterfuhren. B 2 BHKW Motoren (je ca. 2 MW,,)

B 1 ORC (ca. 0,6 MW,,)
1 Thermodlkessel (ca. 11 MW,,)
FWL Vergaser 15,1 MW

Dabei sind die SWU-Techniker vorangekommen. Das im Februar B
I
B Elektrische Leistung Anlage 4,556 MW,
[
i
B

durchgefiihrte Messprogramm hat unter anderem ergeben, dass

beim Benzolgehalt im Abgas die Grenzwerte nun eingehalten werden
Fernwirmeabgabe 6.4 MW,

Ne 33%
Nges 80%
B Betriebsstundenziel: 7000 — 7200 Bh/a

kénnen. Um auch die Stickstoffoxide zu reduzieren, wird wie berichtet
mit einer Abgasbehandlungsanlage nachgeristet. Um die Nachris-
tungen vorzunehmen, steht das Heizkraftwerk derzeit still. Es wird
erst wieder angefahren, wenn die zusatzliche Abgashehandlungsan-
lage eingebaut sein wird. Die Inbetriebsetzung dieses neuen Anla-

2 genteils wird voraussichtlich Anfang Mai erfolgen. Engler-Bunte Institute, Fuel Technology
Institute for Technical Chemistry, Gasification Technology



Carbo-V® Biomass Gasification Technology
an Overview

Sven Petersen
12.05.2014
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THE LINDE GROUP

Carbo-V® - Process Description

The Carbo-V® Process is a three-stage gasification process for conversion of woody bio mass into tar
free synthesis gas.

» 1ststage: The Low Temperature Gasification is an auto thermal carbonisation of the biomass into
a gas containing tar and tar-free coke. This partial oxidation uses a gasification agent containing
oxygen, steam and C0O, and runs at temperatures between 400 and 500 °C.

« 2ndstage: In the High Temperature Gasification the gas containing tar and residual coke is post-
oxidized sub stoichiometrically using oxygen in a combustion chamber operating above the
melting point of the fuel’s ash at 1200 up to 1600 °C to turn it into a hot gasification medium.

« 3rdstage: In the Endothermic Fluidized bed Gasification the tar-free coke is injected into the hot
gasification medium. The coke builds up a fluidized bed and reacts endothermically in the
gasification reactor and is converted into a raw synthesis gas. Since no complete conversion of
the coke is possible a de-dusting unit is necessary. The separated residual coke is recycled to the

second stage.
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THE LINDE GROUP

Carbo-V® - Process Flow Sheet
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Carbo-V® - Process Flow Sheet

THE LINDE GRADLUPE
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Februar 2012
Januar 2013

Linde Engineering Dresden GmbH aquires Carbo-V® IP

Linde and Forest BtL (Finnland) sign agreement
Carbo-V for Biodiesel and Naphta | Kemi, Finnland

Update May 2014 | Sven Petersen

Feb 2014

project with ForestBtL / VAPO / NER300 canceled

Linde has elaborated numerous technical corrections of Carbo-V process design

logy
logy




THE LINDE GAOLP

Carbo-V® - Technology Features

= Highlights:
— (Cold gas efficiency more than 73% = well above competitors’ comparable technologies
— Tar-free and methane-lean raw syngas = unique feature of Carbo-V technology
— Syngas with a CO/H2 content of up to 75%
— Highest possible carbon conversion rate (> 99.5 % by mass)
— MNobiomass pretreatment necessary (except drying and chipping)

— Plants with high installed capacity possible (scale up)

« Standard plant sizes:
—  40MWy = 9,1t/hdry” biomass = ~ 36 MW dry syngas (CO + H2**)(9.100 Nm3/h)
— 160 MWy, = 36,6 t/h dry* biomass = ~130 MW dry syngas (CO + H2"") (36.500 Nm3/h)
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Integrated Process Chain for the Production of Synthetic Biofuels

PROJECT

Feedstocks Pretreatment | Easmca!llon I Gas Treatment Synthesis
Wood >
Gasel™
Torrefaction | >~ CO-Shift Fischer-
> Tropsch
Straw, etc. Synthesis
I + and product
upgradin
Coal > e -
Milling M AGR Bio-diesel,
Bio-kerosene
Petcoke >
PRENFLO™
[ Liquid | PDQ
Residues
Uhde BXTL Project BioTfuelL, France

applying PRENFLO PDQ and Fischer-Tropsch Technologies

&

ThyssenKrupp




PRENFLO
with Direct Quench

1200 MW,,,, 42 bar

PRENFLO PDQ Features
dry powder feeding
4 horizontal co-annular burners
membrane wall
direct water quench

operation pressure flexible to
requirements (25 - 42 bar)

raw gas temperature outlet of
quench (200 - 250 °C)

slag lock-hopper system

ThyssenKrupp

. . . . . Engler-Bunte Institute, Fuel Technology
IEA Task 33: Spring Meeting, May 2014, Ischia, ltalia | Thomas Kolb Institute for Technical Chemistry, Gasification Technology



Overview BioTfuelL Project (B-XTL process chain)

B | OTFL% L Total

Target:
Development and commercialisation
of integrated process chain for the
production of 2nd generation biofuels

via thermochemical conversion ©
BioTFueL

Projectbudget and timeline:
€ 112.7 million over 7 years

Uhde contribution

Provider of PRENFLO PDQ
gasification process as well as
general know-how on CTL

Sofi-
proteol

and engineering capabilities

France

Uhde

ThyssenKrupp




Overview BioTfuelL Project (B-XTL process chain)
&

B | OTFU e L Total

Target:
Development and commercialisation Sofi-
of integrated process chain for the proteol

production of 2nd generation biofuels
via thermochemical conversion

BiDTFL(:%L

Projectbudget and timeline:
€ 112.7 million over 7 years

Uhde contribution Update May 2014 | Abraham UHDE

Provider of PRENFLO PDQ « detailed engineering finalized
gasification process as well as
general know-how on CTL
and engineering capabilities

multi floor furnace for torrefaction

multi fuel feed (coal, pet coke,...)

FT design for 1 I/h

Commisioning planed for 2017

4 years of operation planned in project
higher budget e.g. Dunkerque site

Uhde
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biolig pilot plant ﬂ(“.

' EF gasifier
5 MW, 1 t/h)
¥ = DME and gasoline

synthesis
(2 MW, 50 kg/h)

i
——

Biomass
grinding
BioSyncrude

&4 preparation

S S D SR — ot Hot gas cleaning k=
12 (2 MW1 700 Nm3/h) te, Fuel Technology

IEA Task 33: Spring Meeting, May 2014, Ischia, ltalia | Thomas Kolb fication Technology




State of the biolig - project ﬂ(".

Karlsruher Institut fur Technologie

Process Fast pyrolysis High pressure Gas cleaning | gynthesis i
entrained flow and Synthesis |
gasification
Product BioSyncrude Synthesis gas Dimethyl ether Gasoline
Capacity 2 MW (500 kg/h) 5 MW (1 t/h) 150 kg/h <100 I/h
Realization 2005 - 2008 2008 - 2013 2009 - 2011
State In operation In operation Performance test 2013

Partners:

AIR LIQUIDE MQA-GI,“- — (C K- C)®

GLOBAL E&C SOLUTIONS R .
Chemieanlagenbau Chemnitz GmbH

13 . . . . . Engler-Bunte Institute, Fuel Technology
IS VESS RS S (EEHTE, [NED AN, R, TRl Ml Institute for Technical Chemistry, Gasification Technology



biolig® process scheme AN {]]

bioSyncrude e O, (Steam)
¥ Gas cleaning and conditioning

—— ———

2 K] X] K]
%) :
g High pressure ) 1
IS entrained flow
m gasification
Filter Sorption Catalyst CO, and water
separation
@ Pre-treatment @
@ — —
—
.l —~f—
]
Fast pyrolysis
‘ Fuel DME
_ synthesis synthesis
bioSyncrude
De-central Centralized
Source: Presentation of Dr. Dahmen, IKFT
14 Engler-Bunte Institute, Fuel Technology

IS VESS RS S (EEHTE, [NED AN, R, TRl Ml Institute for Technical Chemistry, Gasification Technology



Pyrolysis flow scheme

Cycone Filter

—_l LSiIo
Biomass

Condenser|

Cutting

Condensrt II

Burner

Sand

;; .

In cooperation with:

i |
L u rg " 2 MW,,, /500 kg/h ﬂ ﬂ

HPE T ece : | Tar condensate | Aqueous
Sand Loop 10/1 condensate
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IEA Task 33: Spring Meeting, May 2014, Ischia, ltalia | Thomas Kolb ngier-bunte Insti’e, FUel rechnology

Institute for Technical Chemistry, Gasification Technology



Fast Pyrolysis — pilot plant results ST

Karlsruher Institut fur Technologie
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IEA Task 33: Spring Meeting, May 2014, Ischia, ltalia | Thomas Kolb

[5] KIT, earlier results
[6] Bridgwater et al.

13%
8%
o) 2% © B
Char * Product Gases | Deficit |

* including char for internal combustion

Engler-Bunte Institute, Fuel Technology
Institute for Technical Chemistry, Gasification Technology



Charlliquid yields ST

Karlsruher Institut fur Technologie

char and condensate fraction of different
biomasses (ar) after fast pyrolysis
Liquid/solid-ratio
Eucalypt
ucalyptus 51
Corn Cobs
Bagasse 41
Miscanthus
Corn straw 21
Empty Fruit Bunches
Rape straw 115:1
0% 20% 40% 60% 80% 100%
M charincl. ash B condensate incl. moisture of biomass
Rule of thumb: For preparation of biosyncrude a mass ratio
condensate: char of at least 2 is demanded!
17 Engler-Bunte Institute, Fuel Technology

IS VESS RS S (EEHTE, [NED AN, R, TRl Ml Institute for Technical Chemistry, Gasification Technology



R&D on BioSyncrude .ﬂ(".

Karlsruher Institut fur Technologie

» Flow properties of slurries
® Varying heating values

GR ® Equipment testing
(Pumping, stirring, heating ....)
N .
= New metrology devices
e m Materials selection and testing
—>
| n [Pa?*s]l . .
SO e
| —— ey e A |
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< B
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biolig® Entrained Flow Gasifier T

Slurry storage tank

Glycol ——0—

Methanol

Process water ==

Buffer tank

Heating
section

19

NaOH-Dosage

Slag lock

Slag
container

Karlsruher Institut fur Technologie

5MW,, /1t/h
Oxygen blown
p =40 - 80 bar

Membrane Wall
Steam generator

{0 -— Purified water
O : = Natural gas
1]
L} ) - Flare
Entrained Flow Gasifier v

-=- Combustion air
= Process water

Scrubber Coﬂnden sate
Separator separator

p—— | Hot gas cleaning

IEA Task 33: Spring Meeting, May 2014, Ischia, ltalia | Thomas Kolb

Engler-Bunte Institute, Fuel Technology
Institute for Technical Chemistry, Gasification Technology



Mass, Species and Energy Balance

SKIT

Karlsruher Institut fur Technologie

V1 (40bar) V14 (80bar)
Balances Raw data Alteration Raw data Alteration
waste water stream waste water stream
M balance Input m [kg/h] 3942 3942 3748 3748
Output m [kg/h] 4543 3942 7022 3748
Difference M [kg/h] 601 115,25% 0 100,00% 3274 187,37% 0 100,00%
C balance Input m [kg/h] 386 386 405 405
Output m [kg/h] 369 369 402 402
Difference m [kg/h] -17 95,58% -17 95,58% -3 99,28% -3 99,28%
H balance Input M [kg/h] 290 290 292 292
Output m [kg/h] 385 319 655 291
Difference M [kg/h] 95 132,84% 29 109,84% 363 224,29% -1 99,74%
O balance Input m [kg/h] 2854 2854 2749 2749
Output m [kg/h] 3362 2828 5601 2691
Difference m [kg/h] 508 117,79% -26 99,09% 2852 203,76% -58 97,89%
N balance Input m [kg/h] 388 388 329 329
Output m [kg/h] 386 386 364 364
Difference M [kg/h] -1 99,66% -1 99,66% 35 110,73% 35 110,73%
Q balance Input kW 17674 17674
Output kw 18359 17561
Difference kw 685 103,88% -113 99,36%
20 Engler-Bunte Institute, Fuel Technology

IEA Task 33: Spring Meeting, May 2014, Ischia, ltalia | Thomas Kolb

Institute for Technical Chemistry, Gasification Technology
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biolig®ll

Burner & Reactor

21 . . . . . Engler-Bunte Institute, Fuel Technology
IS VESS RS S (EEHTE, [NED AN, R, TRl Ml Institute for Technical Chemistry, Gasification Technology



