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Use of the forest
today

Source:

Biomassafloden i svensk
skogsnaring 2004,

Per Olov Nilsson.
Rapport 23-2006
Skogsstyrelsen ISSN
1100-0295

Total Logging: 61.0 *

DOMESTIC LOGGING *Million tons dry biomass
WooD 2RESQIQUES:

STUMPS: 12.4 *

BRANCHES AND CROWN MASS: 13.7 *

%-S WASTED ROUNDWOOD: 0.8 *

EXPORT: 0.7 *

\—1 OTHER USE: 0.5 *

SAWN GOODS: 7.7 * %

BIOFUELS: 3.5 *
CHIPS AND SAWDUST: 4.8 *

PLYWOOD INDUSTRY: 0.5 *

MECHANICAL AND SEMI-CHEMICAL
PULP INDUSTRY: 3.3 *
BIOFUELS FROM MECHANICAL PULP: 0.4 *

BLACK LIQUOR: 8.1 *

CHEMICAL PULP:7.7 *
SOLID BIOFUEL FROM
CHEMICAL PULP INDUSTRY: 1.3 *

OTHER PRODUCTS: 0.2 * @



Use of the forest Iin
the future

Source:

Biomassafloden i svensk
skogsnaring 2004,

Per Olov Nilsson.
Rapport 23-2006
Skogsstyrelsen ISSN
1100-0295

Total Logging: 61.0 *

DOMESTIC LOGGING *Million tons dry biomass
WO0OD  RESIDUES:

26.9*
FUELWOOD: 4.6* J1( £ .%
Sse

IMPORT: 4.3 *

SAWN GOODS: 7.7 * %

BIOFUELS: 3.5 * @
£=7) PLYWOOD INDUSTRY: 0.5 *
CHIPS AND SAWDUST: 4.8 *

Felling residues

Black liquor ' MECHANICAL AND SEMI-CHEMICAL
- 'q gaSIflcailon ‘ PULP INDUSTRY: 3.3 *
CHEMICAL PULP: 7.7.* BIOFUELS FROM MECHANICAL PULP: 0.4 *

SOLID BIOFUEL FROM

CHEMICAL PULP INDUSTRY: 1.3 *
OTHER PRODU(CTS: 0.2 * .
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Process alternative Use of black | Use of forest | Motor fuels
liquor residues (MeOH/DME)

Direct gasification of residues - 70 TWh/y** 35 TWhly
Black liquor gasification 40 TWh/year 30 TWhl/y 25 TWh/year
+ direct gasification 40 TWhly 20 TWh/year
70 TWhly 45 TWh/y***
Co-gasification of black liquor 40 TWh/year 30 TWhly 25 TWhlyear
and pyrolysis oil 40 TWhly 25 TWh/year
70 TWhly 50 TWh/y****

* Finland has about the same potential as Sweden, EU as a whole has about three
times this potential for fuels from forest biomass

** Estimated sustainable availability in the near future (no timber or pulp wood)
***High cold gas efficiency from catalytic alkali in the fuel, waste heat recycling to the
pulp mill reduces the need for additional fuel

**** Co-gasification with black liquor also benefits from the catalytic effect of cooking
chemicals
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Pilot plantprOjects 2000-2005 | 2005-2010 | 2010-2015 | 2015 - 2020

BLG | 11 M€
BLG Il 11 M€
BioDME 28 M€
LTU Biosyngas 20 M€
GoBiGas = 25 M€
PEBG =4 M€

Significant other 2000 - 2005 2005 - 2010 2010 - 2015 2015 - 2020 | Budget
gasification
projects in Sweden

SFC

f3 (system
analysis)

36 M€
= 8 M€
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e DME plant >8 000 h

e New MeOH
technology
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(1000 Km) Status Target
2014-08-31 June 2014

Total mileage 1485 1400
1 truck 296 250

Total Field test mileage
1500000
1200000
900000
£
-
600000
® .
FODME | Extended field test
300000
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ETC EF
gasifier

—— —

| Cleaning |
LCleanlng 1

WP8 Electrofuels and new concepts

MeOH DME Distil-
Synth. I Synth. f{ lation
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Na
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K

Potassium
39.0983
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« Entrained flow gasification at 1050° C results in
100% conversion and extremely low tar content

* For solid biomass the temperature has to be
significantly higher (app. 1400° C) for full
conversion in an EF gasifier

« Lower gasification temperature means better
energy efficiency and less stress on materials

LULEA
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2.1 2.2 2.3

Co-gasification Fundamental Solid biomass
Mixing Lab experim. Wood powder

__ processes __ +Thermo gravimetry __ -Alkali impregnation
*BL/PO ratio *Drop tube furnace +Lab gasification
+Lignin precipitation

\, V. \ S \, W

Pilot plant : ‘Modelling | Lignin .
| modifications | +Catalytic processes __ *Alkali addition and

*Design *Raw material prop. residue

*Implementation *Lab gaSIflcatlon

. J . J L J

P I £

Pilot plant tests Techno-econ.

__ *Proof of concept __ *Integration with mill
-Balances, efficiency ¢Incl alkali addition
*Long term effects and recovery

\ \, J
é B

Techno-econ.
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and has hig and OF

 Alternative method with regenerable solid
absorbents and CO, selective membranes has
the potential to reduce costs significantly

« Challenges:

— find absorbents with high performance that can be
regenerated many times

LULEA
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WP4 Gas cleaning: tubular zeolite membranes for

CO2 removal I

E ~4—Disk - Old technique  =X=Tube - New technique

w

b First tubular membrane of comparable
g quality synthesized.

3

< Awaiting further testing of tubular
§ membranes to check separation
Em performance and reproducibility
[

[«

0,01

0 01 0,2 03 0,4 05 0,6 0.7 0.8 09 1
Relative pressure (p/p0)

Major milestone and goal hereby achieved (ahead of time)

m ' ...FOR SUSTAINABLE DEVELOPMENT!
[N

PIONEERING ENERGY SOLUTIONS
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= Presented at NGCS in Oslo 1990
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— Low T zone along tube wall
Internals for gas-liquid separation
Operation of CONRAD relies on a

carefully designed balance between
heat transfer and mass transfer
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! results for gasifier contain material developments

1.2 Install and operate a low cost ceramic (Lining #1)
! based on the last 1% year of experiences*

1.3 Install and operate the most promising lining
(Lining #2) based on gained experience*

: 2.1 Optimize material selection and geometric shape
=1 ;o Of the fuel feed nozzle
. . 2.2 Optimize and change out* ceramic support ring
E: ! 2.3 Optimize and change out* primary quench tube
B :
o |
i
L S
g

HI... “ *)The actual change out .
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considered a proven technology

e Co-gasification looks promising but needs
verification in pilot scale tests before it can be
commercialised

e Containment solutions are available but cost
reductions are possible

e Gas cleaning and solid biomass gasification
under development
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