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* Production of bioSNG

* Methanation issues
* High-efficiency bioSNG production concept

* RD&D needs and recommendations
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Motivation for bioSNG

Large market

- Natural gas consumption is significant
- Targets for renewable and sustainable energy also valid for natural gas

Easy to implement

- Conventional fuel in an existing distribution grid

Efficient as well as sustainable fuel

- High production efficiencies
- Excellent Green House Gas emission reduction

Increasing interest from the industry
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2005 Primary Energy Consumption in EUROGAS Member Countries and EU25

Mt.o.e. oil Solid Natural Nuclear Hydro EL Renew- Others Total Gas :
fossil gas el el. Imports ables Total
fuels ota

[%]

Austria 14.6 o 8.1 0.0 23 0.0 4.2 0.0 34.2 o4

Germany 1220 g2l 77.0 42.5 4.1 -0.7 125 0.0 a5 23

Denmark 8.2 327 4.5 0.0 0.0 0.1 ali 0.0 19.6 29

France 92.0 13.6 40.8 117.7 5.0 -5.2 12.5 0.0 276.4 15

Finland 8.7 4.7 3.6 5.8 1.2 1.5 6.5 0.6 32.5 11

Netherlands 29.8 8.2 35.5 0.9 0.0 1.7 0.4 2.4 78.9 45

Poland 18.0 56.4 12.2 0.0 0.5 -0.6 4.7 0.0 91.3 13

UK /85 40.1 93.6 18.5 08 0 3.7 0.0 235.6 40
EU 15 595.4 220.6 390.5 230.8 26.5 2.8 67.9 4.2 1538.6 25
EU 25 639.3 316.9 434.3 251.2 28.4 3.1 75.6 4.7 1754.2 25

Source: Eurogas (2006) EU25 : Natural Gas Trends 2004-2005. Statistical Data & Taxes
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[ CO.available for | ,ox=me o
storage, EOR, ... efficient and cheap
’ distribution of gas
gas storage enables ’
whole year operation ‘
cheap production application
at large scale , -

existing
aassse——— DiOomass gas grld

no local biomass
transport

natural gas

%., " back-up

>
easy to meet I distributed use for
emission limits transport, heat,

electricity

high social
acceptance

q biomass

=——> SNG (Substitute Natural Gas)
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Motivation for bioSNG

+800 ktonly CO, emissions from

C02 in .
atmosphere fossil based natural gas

0.4 bcm/year natural gas results in
800 kton/year CO, emissions
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Motivation for bioSNG

CCCCCCC
combustion of
Bio-Methane

oooooo
biomass J 2000
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Motivation for bioSNG
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Motivation for bioSNG

CCCCCCC
+800 ktonly combustion of -550 ktonly

O, in Bio-Methane CO, in
atmosphere atmosphere

Biomass
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Motivation for bioSNG

Assumption: mature technology

€/GJ 10
6 €/GdJ or 60 €/ton CO,
5 .
similar to
I I off-shore wind!
0
IN OouT NG

(biomass) (SNG) |
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Timeline
-+ 2009: - Final decision on

Motivation for bioSNG . SoiGas progect

HVC project

T 2010: - Construction phase 1

Technology developers and suppliers e sl

E.On project
PAUL SCHERRER INSTITUT — AT
DAHLMAN (== iU N

— WI1EN SRALTEF T 2012:- Operation phase 1

GoBiGas project
repotec

& /a Unmwerr + 2013: - Construction phase 2
(GoBi(as project

- Design 300 MW
E On project

=

—

Utility companies T 2014 Conrction 02
(= Goteborg Energi € -4 477

T 2015: - Operation 50 MWy,
HVC project

N H GO FF S\ - Operation 200 MWy,

E.On project

T 2016: - Operation phase 2
L (GoBi1Gas project

Bioenergy NoE
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Production of bioSNG

Dakotagas: Lurgi coal gasification for the production of SNG [

methane, BTX
(ethylene)
(acethylene) sulphur

Co-production of SNG and chemicals
Coal based / 1000+ MWy,

multi stage
Coal > Lurgi 1 Cyclone || Cooling || WGS | Rectisol e fixed bed Dryer —Commercial Dakotagas SNG plant P SNG
methanation
water  carbon water

oxygen  steam ash tars
oil dioxide

naphtha

System A: Low tar FICFB gasification and RME scrubbing for the production of BioSNG (Glissing) [24.25.2627.27]

fluegas olivine

Co-production of SNG and heat
Biomass based / 10-50 MWy,

Biomass—p Giissing 1 Filter (| scfmger eﬁ;ie 8 MWy, Gussing CHP plant »CHP
f. ﬁ * ‘ . single stage '
air steam ash far RME | g, | Chlorine | g | Guard HDS || Absorber || fuidbed [Pl ATM®  Lgml  pryer || Membrane [ SNG
‘ scrubber removal bed methanation scrubber
sulphur carbon water hydrogen

light tars. chlorine

water

BTX
metals

dioxide

Production of SNG

air
dust

Biomass based / 100+ MWy,

fluegas
Hini ’—|_> Chiorine Multi stage Amine
Biomass—jm- Milena Cyclone || = OLGA HDS (- Absorber - Reformer fixed bed |l (- Dryer |———— P SNG
3 fiEd removal - scrubber
methanation
T steam ash chlorine heavy &light tars sulphur carbon water
dioxide

Bioenergy NoE
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Production of SNG
Dakotagas (USA): Lurgi coal gasification

Dakotagas: Lurgi coal gasification for the production of SNG (23]

me(tl::r:e, B)Tx Co-production of SNG and chemicals
ethylene

(acethylene) sulphur Coal based / 1000+ MWy,

multi stage
Coal Lurgi ’—|—> Cyclone | Cooling |- WGS - Rectisol P fixed bed Dryer Commercial Dakotagas SNG plant
methanation

by Ty Y

oxygen  steam ash tars water  carbon water
oil dioxide
naphtha

= SNG

Large scale coal based SNG production:
* The gasifier is not suitable for conversion of biomass and/or tars

* The gas cleaning and conditioning applied is operating at pressure
levels and sulphur loads being (for the moment) not realistic for
biomass based systems

* The Rectisol unit removes to many high valuable gas components
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Production of bioSNG
Giissing (Au): FICFB gasification & RME scrubbing

System A: Low tar FICFB gasification and RME scrubbing for the production of BioSNG (Gussing) [24.25.26.27.27]

fluegas olivine

Co-production of SNG and heat
Biomass based / 10-50 MWy,

N ,

Biomass— | SUssing ’—|—> Fiter - c?uN;bEe . / :»—p- er?gaiﬁe 8 MW, Gussing CHP plant P CHP
A

. ? * % AN Single stage
air steam ash tar RME Chlcrine Guard ™ gle stag Amine

scrubber | ™| removal | P bed f\/%b HDS  |-Bm| Absorber [P mmg:;; ] > oubber [P Drver | Membrane - SNG
light tars chlorine BTX

sulphur
water

carbon water hydrogen
metals

dioxide

Small scale biomass based heat and SNG production:
* The gasifier is not optimised for SNG production

The gas cleaning and conditioning applied starts with the

conventional RME scrubber of Glussing and does not allow high tar
contents in the initial product gas

Water is condensed out before the methanation

Bioenergy NoE
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Production of bioSNG
Petten (NI): MILENA gasification & OLGA tar removal

System B: High efficiency MILENA gasification and OLGA tar removal for the production of BioSNG (ECN)

fluegas Production of SNG
? Biomass based / 100+ MW,
L _— AN [ | Mt sage Anine
Biomass = Migna - Cyclone g va | = OLGA = HDS | Absorber P Reformer Rl _fB| fixedbed e L0 B Dryer P SNG
Db N " methanation
air T steam ash chlorine heavy &light tars sulphur carbon water
dust dioxid

Large scale biomass based SNG production:
* The gasifier is optimised for SNG production

* The gas cleaning and conditioning applied starts with the flexible
OLGA tar removal technology and hence does allow high tar
contents in the initial product gas

* Water is not condensed out before the methanation

Bioenergy NoE *
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Production of bioSNG

Comparison with entrained flow and pressurised O, blown

* Entrained flow: operated at elevated pressure

no tars in product gas
no methane in product gas

complicated feeding

* Oxygen blown CFB: operated at slightly elevated pressure

methane in product gas
tars and organic sulphur in gas

“limited” char conversion

* [ndirect/allothermal: methane in product gas

no oxygen plant requied
tars and organic sulphur in gas

atmospheric, compression required

> D e D — o

Bioenergy NoE
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Biomass Pressurised O,-blown EF gasification
50% moisture
L
heated air ———»| Dryer  » “flue gas” Sﬁd%dmd
to 15% moisture g rera
heated air Torrefaction “flue gas’
pre-treatment
oxygen ————» Gasifier slag Metharation
steam oxygen-blown EF
Water quench (ggamlgn ensa
to 200C e
Venturi/Demister Compression
Aersol/solid removal effluent to30bara
| Selexd
fresh ZnO ———» Zn0 —— spent ZnO cQremwd [ @
S removal
|
SNG
onspeafication

Soenergy ok ®: Bioenergy NoE

Brussels



A\
%
Z

Biomass
50% moisture

heated air —

Dryer
to 20% moisture

J

oxygen ———»

steam ———»

Gasifier
oxygen-blown CFB

Gas Cooler
to 400C

Cyclone
dust removal

OLGA
tar removal

fresh ZnO ———

ZnO
S removal
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Pressurised O,-blown CFB gasification

“flue gas”

bottom ash

<

cyclone ash

loaded™s{eam tog@
liguii

r to gasifier

spent ZnO

l

Guard bed
Sadd removd

steam ——>»

Gascleaning
odin removal

Methanation

Condensdiion
HOremoval

——— oondensale

Compression
to30baa

Selexd
CO, removdl

onspediication
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iomass Atmospheric air-blown indirect gasification
% u
|
: Dryer « , Guard bed
heated air —| t0 25% moisture " flue gas SandQ removd
| |
air ———» Gasifier —— flue gas )| CGascleaning
Indirect : steam olefin removal
steam ——— —— flue gas filter ash I
Gas Cooler Methanati
fo 400C o
Cyclone Condensdtion | | e
dust removal —— cyclone ash to combustgy HOremovd
! !
stripper air ————» OLGA > loaded air to gasifier mm
0
Tiake-up oil tar removal —— liquid tar.to gasifier |
! :
. Selexd
Compression — 0O
to 9 bara Qe
fresh ZnO ——» Zn0 —— spent ZnO S'\f‘i;a"
S removal P | onspealdion
I

Bioenergy NoE *’." =
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Production of bioSNG

Others: entrained flow, pressurised O, blown, ...

75

| BILHV (gross)
1 EHHV (gross) 203 70.9
1 BLHV (net) '

70 A
| BHHV (net)

65—_ 63.5 ?4.1

59.2

Efficiency to SNG [%]

55 54.3 °4.7

50

EF Torrefaction 30 bara CFB oxygen 10 bara Allothermal 1 bara
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Methanation issues
Problematic components for methanation

Benzene: Thiophene: Ethylene:
Ho /,rlax _H [/ \5 H\C_C/H
(. S /A
H/Cx Cf:'fcxH . H H
| Benzothiophene:
Toluene: Q_\> Acetylene:
| S
—C— : : H—C=C—H
T Dibenzothiophene:
C

Novernber 2009 ’ : Bioenergy NoE
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Methanation issues
Non-problematic components for methanation

Saturated hydrocarbons:
Saturated hydrocarbons are converted into methane

Phenol:

Phenol is converted

Ammonia and hydrogen cyanide:
Hydrogen cyanide is converted into ammonia

Chlorine:
Although not problematic for the catalyst it can result in corrosion of materials!

Novernber 2009 ’ : Bioenergy NoE
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High-efficiency bioSNG production concept
Based on MILENA gasification and OLGA tar removal

Component Downstream MILENA Downstream OLGA
CO vol% 30.1 30.6
H2 vol% 32.0 32.5
CcO2 vol% 19.2 19.4
02 vol% 0.0 0.0
CH4 vol% 12.2 12.4
N2+Ar vol% 0.1 0.1
C2H2 vol% 0.2 0.2
C2H4 vol% 3.9 3.9
C2H6 vol% 0.2 0.2
C6H6 vol% 1.0 0.5
C7H8 vol% 0.1 0.0
Tar g/mn3 52.1 0.2

. Do ®" Bioenergy NoE
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High-efficiency bioSNG production concept

Miléna ,_|—> Cyclone rCeTLOJ:/r;el |  OLGA @

air steam ash chlorine heavy & light tars
dust
Biomass |

L P HDS —p-  Absorber |-pw»| Reformer P s'c?rr:t!)rt])ir —»@—»

sulphur carbon
dioxide
Multi stage
L— P fixedbed P Dryer P SNG
methanation

water
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RD&D needs and recommendations
Upscaling gasification and tar removal

,_|_> Cyclone (fehn'f(:{/”ael |  OLGA @—»

Milena
air steam ash chlorine heavy & light tars
dust
Biomass |

Biomass gasification has still not yet matured:
* Commercial Gussing gasifier has a capacity of 8 MW,
* Pilot MILENA gasifier has a capacity of 1 MW,

* Goteborg Energi wants 20-100 MW,
* HVC starts with 50 MW,
* E.ON wants 200+ MW,

, Dol ®" Bioenergy NoE
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RD&D needs and recommendations
Demonstrating the critical gas cleaning steps

L | HDS | Absorber |Pw»| Reformer . SQT&Z @—»

sulphur

Cleaning was developed for fossil fuel based systems:

* The critical gas cleaning systems did not have to handle unsaturated
hydrocarbons, tars, organic sulphur, nor were optimised for being
able to handle these components

* Demonstration of the critical gas cleaning steps up till now has been
limited to lab and pilot scale testing for limited amount of time

Bioenergy NoE
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RD&D needs and recommendations
Adjusting the methanation catalyst

Multi stage
L P fixed bed |- Dryer P SNG

methanation

There is only 1 commercial methanation unit in operation:

* The methanation catalyst was optimised for this specific coal based
application and has over the last 25 years hardly been improved

* Optimisation of the catalyst, either in order to be able to handle
specific biomass related contaminants in the product gas or in order
to produce CH, more efficiently will require realistic long-term testing

n ot ® Bioenergy NoE
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RD&D needs and recommendations

Recommendations:

Demonstration of the critical gas cleaning steps
- application of commercial catalysts in real gases

- optimisation of catalysts to improve performance

- demonstration of the overall system

Adjustment of the methanation catalyst

- catalysts tolerant to sulphur
- catalysts tolerant to unsaturated hydrocarbons
- Catalysts inert to saturated hydrocarbons

Keep in mind the differences between SNG and other fuels

Soenergy ok ®: Bioenergy NoE
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Contact information

Robin Zwart

e: zwart@ecn.nl PO Box 1

t: +31 224 56 4574 NL 1755 ZG Petten
w: www.ecn.nl the Netherlands

publications: www.ecn.nl/publications

fuel composition database: www.phyllis.nl

tar dew point calculator: www.thersites.nl

|IEA bioenergy/gasification: www.ieatask33.org
Milena indirect gasifier: www.milenatechnology.com
OLGA tar removal: www.olgatechnology.com

SNG: www.bioSNG.com and www.bioCNG.com |
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