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NATURAL GAS MAKES MONEY

Opbrengsten gaswinning. (Bron: CBS Statline)
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THE NATURAL GAS PROBLEM Z ECN

earthgquakes in the Netherlands

40 bcm/y on-shore results in earthquakes,
something needs to be done
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Source: KNMI (2013¢, modified).
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THE NATURAL GAS PROBLEM Z ECN

earthquakes in the Netherlands

Minister admits that safety
has not been given
sufficient attention.

GRONINGEN - Het kabinet erkent dat er de afgelopen jaren bij de gaswinning in
Groningen te weinig aandacht is geweest voor de veiligheid van Groningers.

Minister Henk Kamp (Economische Zaken) zei maandag voor RTV Noord dat het
kabinet dat betreurt.

Kamp reageerde daar op het het vorige maand verschenen rapport van de
Onderzoeksraad voor de Veiligheid naar de gaswinning in Groningen.

Dagblad van het Noorden sprak na het interview van Kamp op RTV Noord met
enkele belangrijke partijen. De reacties waren niet mals.



Z ECN

PRODUCTION WILL BE REDUCED
Groningen gas field (Slochteren)
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Political decisions, limits set on production volumes: Mar2014: max 42.5 bcm/y

Dec2014: max 39.4 bcm/y

9Feb2015: max 16.5 bcm H1-2015



NL isa WINNER...

Netherlands are farthest off
from Renewable Energy
target

Nederland
Luxemburg
Verenigd Koninkrijk
Malta
lerland
Belgié
Frankijk
Cyprus
Duitsland
Slowakije
Polen
Hongarije
Spanje
Portugal
Griekenland
Slovenié
Kroatié
Denemarken
Letiand
Tsjechié
Oostenrijk
Finland
Italié
Roemenié
Litouwen
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Vier van de 28 EU-landen

hebben hun nationale doel-
stelling voor 2020 reeds
gehaald. Dit zijn Bulgarije,
Zweden, Estland en
Litouwen. Het verst ver
wijderd van hun doelstelling
zZijn Nederland, Luxem-
burg en het Verenigd
Koninkrijk.
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POWER PRODUCTION

In the Netherlands

miljard kWh
125

2014: even less renewables
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Il Biomassa

I Wind, zon en water
I Andere fossiele brandstoffen

[ Kernenergie en overig

[ Steenkool Bl Aardgas

11% Renewables

28% Coal

48% Gas



POWER PRICE DROPS

In the Netherlands
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e 2013 52 €/MWh In 2014 was de prijs van een megawatt elektriciteit gemmideld twintig
procent lager dan in 2013. De laagste prijs in 2014 was 34 euro.
e 2014: 41 €/MWh

£
* Reasons: -
: : =
— more interconnections and E
cheap power from Germany - =
and Norway, =
— additional production capacity = ' ' '
2013 2013 2014 2014

(3 new coal power plants)
Bron: TenneT - & MU nlfShannon Bakker



GREEN GAS SUBSIDIES

e Upto0.118 €/kWh (1.16 €/m3) in 2015

e Results in initiatives:

— 4 MW (input) demo plant in Alkmaar or Delfzijl by
Gasunie, Dahlman, ECN

— 14 MW (input), 4 plants in Zutphen and other locations
— 25 MW (input) in Delfzijl by Torrgas, gas for industry

Artist
impression of
14 MW wood-
to-SNG plant in
Zutphen, the
Netherlands




Further gas Methanation
MILENA gasifier OLGA tar removal HDS reactor cleaning reactors

70% energy efficiency from wood to bioSNG



BASE CASE bioSNG PROCESS Z ECN
the ECN choices and IP

CO2 co-product is clean Starting point:

Prevents BTX to <10 bar to prevent existing catalyst
contaminate CO2 removal of methane J} and technology

Little organic-S, but too | Needed to protect BTX is Ni catalyst is not
much for reformer reformer catalyst converted able to treat BTX

HDS also takes care of Smart combination of endothermal
C2H4 - C2H6 reforming and exothermal methanation

Gasifier: Fluidized Bed Gasifier operating at temperature below 1000°C
HDS: HydroDeSulphurization (converting organic S molecules into H.,S)
BTX: Benzene, Toluene, Xylene (~90%/9%/1% in case of fluidized bed gasification at ~800°C)




ECN bioSNG DEVELOPMENTS

500 hours tested successfully

40

CH, (% vol.)
[ w
(=] o

=
o

Reformer

SNG-1

——\Week 1
—-\Week 4

HDS-5 HDS-2 SNG1-4 5SNG1-5 SNG1-6

Reformer

——Week 1

~=Week 4

HDS-5 HDS-3 SNG 1-4 SNG 1-5 S5NG 1-6

H; (% vol.)

CO (% vol.)

40

w
(=]

Ll
o

=
o

30

20

10

Z ECN

SNG-1

Reformer

——Week 1

—ii-Week 4

SNG-2

HDS-5 HD5-3 S5NG 1-4 SMNG 1-5 SNG 1-6
—
——Week 1
Reformer
—a—-Week 4
SNG-2
L3
HD5-5 HDS-3 SNG 1-4 SNG 1-5 SNG 1-6



\

FURTHER AHEAD: BTX HARVEST Z ECN
benzene, toluene, xylenes

e First step after OLGA tar removal

e Liguid BTX product: first liter in 2014

* >95% separation

e BTX=90/9/1

e Simplifies downstream process to green gas
e Improves the business case for green gas




MORE INFORMATION

Bram van der Drift

ECN

Westerduinweg 3 P.O.Box 1

1755 LE Petten 1755 ZG Petten
The Netherlands The Netherlands

T +31224 564 515 vanderdrift@ecn.nl
M +31 610 909 927 www.ecn.nl

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: www.olgatechnology.com / www.renewableenergy.nl
SNG: www.bioSNG.com /www.bioCNG.com

BTX: www.bioBTX.com

Energy rescarch Centre of the Netherlands
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