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€:-0/ World consumption of natural gas is increasing
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e-on Development of the Swedish energy system
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e-on A sustainable gas system

v

\
(UK) 5 - 15% bi

—  ~10% biomethane 2030
— 51 billion m3/year (510 TWh/year)

— Total investment demand >60 biIIio'




e-on European drivers for biomethane

Energy tax directive, 3-4
€c/kWh for petrol/diesel
Carbon emissions trading
system

transport sector not

included “ P
>20 MW (UK) Renewable O ion Certific&g

pI‘iCES 10-30€/ton Renewable trar?r Is Obligati
National incentives (NL) 15- 20% biom 2
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e-on National support programs for biomethane

femwnl | s Dk | D | N | _oB
Eecticty
 (Cetifcwe 23 e
. Feedintaiff - 5 1100 63 -

1 Max 20 MW el. Production
2 Investment support for CNG filling stations and farm based production, subsidies for vehicle




e'an Taxes on fuels in selected EU27 countries
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e-on Swedish political framework —  Gas grid injection

Tax exemption for biogas in the gas grid

Trading of biogas to specific customers

CO,-based road tax

40% reduced tax on company CNG/biogas vehicles
Climate investment  program

Environmental policy for governmental organizations (85%
env. Vehicles 2007)
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Biogas upgrading plants in
e-on Europe

W

Total number of plants: 104
Total injection capacity: >40 000 m3/h
Annual production capacity: 3,2 T /
Annual natural gas consumption:




e-on

Why upgrade biogas ?
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Requirement of gas

applications

e prevent mechanical
wear

e prevent corrosion

Rise calorific value of the

gas

* Increase driving
distance for vehicles and
ascertain function of gas
equipment
Standardization of the

gas

e even fuel quality "™




Swedish standard for biogas as vehicle fuel,
€-0n 1499

S e o Srasanos SVENSK STANDARD SS 155438

Faststatic Utgava

Handlagg:

Standardiseringsgruppen STG 1999-09-15 1 1(5)

© Copyright SIS. Reproduction in any form without permission is prohibited.

Motorbrénslen — Biogas som brénsile till snabbgaende

ottomotorer
Motor fuels — Biogas as fuel for high-speed otto engines

1 Omfattning

Denna standard anger krav pa biogas som brinsle for sadana snabbgaende otto-
motorer, som &r konstruerade for biogasdrift. Med snabbgaende ottomotorer avses
i denna standard motorer som presterar minst 16 varv per sekund vid maximal ef-
fekt. Standarden har anpassats att tanknings- och fordonsutrustning utvecklad
for naturgasdrift skall, ur materialteknisk synpunkt, vara mojlig att anviinda
dven for biogasdrift.

Med biogas avses har enbart gas som ursprungligen bildats vid mikrobiell ned-
brytning av organiskt material i anaerob (syrefri) miljo.

Biogas som blandas med andra energigaser sasom vitgas, naturgas eller propan
innefattas ej i denna standard.

Briinslet omfattas i Sverige av myndighetsregler. Dessa ingar inte i standarden
men skall beakt

2 Normativa hanvisningar

SS-EN ISO 4259 Petroleumprodukter — Bestdmning och tillimpning av preci-
sionsmatt hos provningsmetoder (ISO 4259:1995)

SS-ENISO 10101-1 Naturgas — Bestimning av vatten med Karl Fischer metod —
Del 1: Introduktion (ISO 10101-1:1993)

SS-EN ISO 10101-2 Naturgas — Bestimning av vatten med Karl Fischer metod —
Del 2: Titreringsmetod (ISO 10101-2:1993)

SS-EN IS0 10101-3 Naturgas — Bestéimning av vatten med Karl Fischer metod —
Del 3: Coulometrisk metod (ISO 10101-3:1993)

IS0 6326-1 Natural gas — Determination of sulfur compounds — Part 1:
General introduction
IS0 6326-2 Gas analysis — Determination of sulfur compounds in natu-

ral gas — Part 2: Gas chromatographic method using an
electrochemical detector for the determination of odoriferous
sulphur compounds

ICS 75.160.30

Standarder kan bestallas hos SIS som aven lamnar all- om allet i lamnas av STG.
manna upplysningar om svensk och utlandsk standard Telefon: 08 - 13 62 50. Telefax: 08 - 618 61 28

Postadress: SIS, Box 6455, 113 82 STOCKHOLM E-post:info@stg.se

Telefon: 08 - 810 30 00. Telefax: 08 - 30 77 57 Prisgrupp H Tryckt i oktober 1999
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@-0/7 Biogas upgrading - Water scrubber systems

CO,-absorption in water

Suitable for sites with water readily
available

Methane losses has to be
controlled

Growth on packing requires
attention

Photo: BioMil




e-on Biogas upgrading - PSA

Pressure Swing Adsorption
Adsorption 4 bar

Desorption in vacuum
Activated carbon or zeolites
Poisoned by hydrogen sulphide




e-on Biogas ugrading - Chemical absorption

Chemical reaction ;; | Al
Liquid reacts chemically with N
carbon dioxide —
Alkanolamine, ex. MEA |
Atmospheric pressure

Regeneration through heating




e-on Biogas upgrading - Cryogenic systems

Technology still under
development

First Swedish plant now in
operation

Potential for CO,-recovery
Methane may be produced
In liquid form (LBG)




e-on

Biogas upgrading — getting bigger !




e-on

Standardized units

Carbotech PSA, Malmg, 500 m3/h
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e-on

E.ON Sverige biogas production

Laholm
Norrkoping
Kristianstad
Eslov

Bjuv
Falkenberg

2,0 Mm?3 (grid injection)
1,0 Mm?® (vehicle fuel)
1,5 Mm?® (local gas grid)
0,5 Mm? (grid injection)
2,2 Mm? (grid injection)
3,7 Mm® (grid injection)

10.9 Mm3/year
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Bugs in biogas ?
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0,25m?3 upgraded biogas
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0,4 m?3 natural gas
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1m? air from class room
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€-0M  upgrading plants in Sweden — 2006 to 2009

Water | PSA | Chemica | Selexol Kryogenic
wash | wash

2006
2009 27 7 4 - 1
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@-0p Total upgrading cost 11 — 25 €c/m 3 injected gas

Chemical  Water PSA
Heat demand [kWh/m 3 raw gas] 0,55 0 0
Electricity demand [KWh/m 3 raw 0,12 0,29 0,27
gasVice cost [Ec/m 3 raw gas] 0,16 0,16 0,16
Maintenance, supervision 150 150 150

Consumables, spares [€c/m 3 0,6 0,4 0,4
raw gas]
Methane losses [vol-%)] <0,1 1-2* 1-3*

* can be reduced to <0,2% by e g catalytic oxidation
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Upgrading costs are heavily size dependant

€/m3
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Upgrading capacity (m3/h)
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e-on Biogas as vehicle fuel in Sweden

16 900 vehicles in Sweden 2008, 23 100 in 2009
>30% market increase

Total sales 2008 - 58 Mm?3

58% biogas in the CNG in 2007

20% increase In biogas sales 2008

Biogas is untaxed, 12,3 €c/nm3 for natural gas
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e-on Summary

 Drivers and political incentives essential for a positive
development

Several commercial techniques available for upgrading
biogas to grid quality

Cryogenic separation an emerging technology

Cost to upgrade biogas is 11 — 25 €c/m? cleaned gas
> 100 upgrading plants in

operation in Europe

Almost 20 year of experience of

biogas as vehicle fuel and for

grid injection




