Overview of biogas upgrading




Research activities

SGC projects within the biogas field:

- Upgrading of landfill gas

- Upgrading of digestate

- Struvite production from digestate
- Pre-treatment of source separated household waste

- Two-stage digestion

- Food waste disposer for waste from restaurants

- Biogas characterization

- Biogas from lignocellulose

- Collection of substrate for biogas production by food waste
dispenser for households

- Dry digestion http://www.sgc.se

el
- Handbook for BMP-measurments o

- Methane emission measurements
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Task 37

"Biogas upgrading technologies — developments and
iInnovations”

Now available on the home page
(http://www.iea-biogas.net):
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Biogas cleaning and upgrading




Gas Composition

Biogas Landfill gas Natural gas
(Danish)
Methane @ 35-65 P
(vol-%)
Otherhydro 0 0
carbons (vol-
%)
Hydrogen 0 0-3 0
(vol-%)
" Carbon @ 15-50 0.67
g dioxide (vol-
8 %)
§ Nitrogen ~0.2 5-40 0.28
(vol-%)
Oxygen(vol- 0 0-5 0
%)
Hydrogen 0-4000 0-100 2.9
sulphide
(ppm)
Ammonia ~100 ~5 0
(ppm)
Lower & 4.4 11.0
heating
value
(kWh/Nm?3)
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Swedish Standard for biogas as fuel for
otto engines

articles <1um
ethane 97+/- 2 %
ater <32 mg/Nm3

02, 02, N2 < 50/0

=a> D> D> D> D> > DD DD D>

xygen < 1 vol %

o or YRAWREctioATgkddrion of propane (around 7-9 vol%)
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Biogas upgrading

Cleaning, separation of:
«  Water

Hydrogen sulphide

Oxygen

Nitrogen

Ammonia

Siloxans

Particles

Upgrading, separation of carbon dioxide
Conditioning, e.g.:

Odorizing
Compression

Treatmeant of off-gas
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Cleaning

@ Water
* Percipitation

| : « Adsorption
_“) Hydrogen sulphide Absornion

* Biological treatment




Technologies for biogas upgrading

« PSA

Water scrubbing

Organic physical scrubbing
Chemical scrubbing
Membranes

Cryogenic

SGCG%
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PSA

Pressure Swing Adsoption

Activated carbon or zeolites
Regeneration by decrease in pressure
Several vessels in parallell
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Water scrubber

» Carbon dioxide dissolves in water

* Methane dissolves to a much lower extent
* Dissolved methane recovered in flash tank
« Water regenerated by pressure decrease

Solubility {ml gas per ml liquid)
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Organic physical scrubbing

« Similair technology to water scrubber, but an organic
solvent is used for the absoption

« Trade names for the organic solvent: Selexol and
Genosorb

Propane 95

Gas analysis  Odourisin
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Chemical absorption

Carbon dioxide binds chemically
Selective reaction

Low methane losses

MEA or DMEA in the liquid

Regeneration by heating




Membranes

 Membranes permeable to carbon dioxide,
water and ammonia

« Often two-stage processes

CH, CO, H,O H,8 NH, N, O,
Biogas —) 1 —)Methane
i Il ST T O

Membrane \ . \*
{Polyimide)
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Cryogenic

« Seperation by cooling
« Carbon dioxide removed as solid or liquid

* |If cooled further liquid methane gas is
formed
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S|ummary of technologies for biogas refinement

[Pre-desulphur‘lsation) [ optionak: ] (F'fe-desulphurisatiunj ( compression J (

COMpression J

desulphurisation

(ﬁne deaulphurisationj [ compression ) (ﬁne desulphurisaiinn] (F'r& desulphurisa'tinn) |

membrane
technology

( compression J [ gas cooling J | chem. scrubber | [ﬂne desulphurisation) ( df::‘é"i‘ff':;s;;:‘r;“

( gas cooling J | water scrubber ( gas drying ] ( gas drying J (ﬁne d:sp::g::lr:isaﬁon]
. . low temperatur .

| PSA | [ gas drying ) ( compression ] | rectification | ( gas drying )

@ BASE TECHNOLOGIES GmbH, 2010 biomethane

Source: Mattias Schmuderer, BASE TECHOLOGY GmbH
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Cost for biogas biogas upgrading
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Biogas upgrading in Sweden

* In Sweden today:

— Water scrubber (27)

— PSA (7)

— Chemical absorption (4)
* |n the near future:

— Cryogenic
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Number of biogas upgrading plants
Sweden

45 ~+
40
35 1

30 -
Water scrubber
25
H Chemical absorption

m Selexol
15 -
W PSA
10

1992 1994 1996 1998 2000 2002 2004 2006 2008

w

o

38 plants in operation today.
4 taken out of operation.
Pilot plants not included.
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Size distribution
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Utilization of biogas in Sweden (2008)

Data missing
2%

Electricity 8 %

Flaring 14 %

Heat 50 %

Vehicle gas
26%
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Biogas production in Sweden (2008)
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Biogas production in Sweden (2008)
and biogas potential
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Examples of small scale biogas

upgrading

e
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Upgrading of landfill gas

« A plant for upgrading of landfill gas and biogas will be built at
NSR in Helsingborg, Sweden.

« Terracastus Technologies
« Liquid biogas will be produced
for heavy Veh ICleS Viirtldens sl;ﬁgste:l anléggningr]] fbij_r uppgrli_a.derir_lg av il
b P rOd uctio n Of 1 5 m i I | ion IitreS ﬂytandge biogas skI; byggasi Helgingborg.gNSIginleder unikt

miljosamarbete med Volvo Technology Transfers

f I' 'd b' dotterbolag Terracastus Technologies. De positiva
O Iq U| IOgaS per year miljoeffekterna med flytande biogas fran deponier och
biogasreaktorer kan genom uppgraderingen av NSR:s
anldggning minska utsldppen av koldioxid med 40 000 ton
per ar till en borjan jamfort med diesel.

2009-12-07 Deponigas blir flytande biogas

Volo Technology Transfers dotterbolag Terracastus Technologies har tecknat en
avsiktsfirklaring med Mordvastra Sk3nes Renhlningsbolag (NSR) gillande ett gemensamt
bolag fir uppforande av en fullskale-znkiggning for uppgradering av metangas, fiytande
biogas (LBG). Terracastus har utveckizt en unik teknik far att rena metangas. Tekniken ska
anvandas fiir att producera en ren flytande biogas, helt o, neutral. Anldggningen kommer

att byggas pd NSR:s Atervinningsanfiganing i Helsingborg och rena metangasen frin
fiiretagets deponi och biogas-anliggning. Anliggningen berdknas att tas i drift under 2011
och totalt berdknas att drigen ca 15 mijoner Iiter fiytande biogas produceras | anfaggningen
frin och med histen 2011.

Tekniken

Swnriskt Terracastus har utvecklat en unik teknologi som renar metangas frin deponier och
SGC 0 e
wwwsge.se Source: www.nsr.se



Thanks for the attention!
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