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m Nova Energie Ltd is an internationally
operating consulting company company
located in Switzerland

m We have 20 collaborators including
engineers, marketing specialists and
journalists

m We work exlusively in the fields of renewable
energy and rational energy utilisation.
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Overview

m WWTP: One year experience with a PSA system
Beat Amman

m Commercial experiences with COOAB
Peter Thulin

m Cleaning of biogas
Arthur Wellinger

m Overview on upgrading technologies
Michael Beil & Uwe Hoffstede

m Panel discussion
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Definition
m Biogas cleaning:

Removal of undesired trace substances from the biogas like
minerals, sulphide, ammonia, etc.

m Biogas upgrading:

Removal of CO2 to reach natural gas like quality

m Biomethane:
Natural gas like, upgraded biogas for grid injection or vehicle fuel
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* Short introduction on biogas
cleaning

* Aspects of methane slip
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Biogas Utilisation

Biogas

Desulfurization Desulfurization Gas treatment Gas treatment

Reforming Compression

v \ 4

Fuel cell Pressure tank
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Application

Heating

Cooking

Engine (CHP)

High pressure
compression

Grid and fuel quality

Hot fuel cells

H,S

<
1'000
ppm
yes

<500
ppm

yes

yes

yes

co,

no

no

no

recommend
ed

yes

No

H,0

no

no

no conden-
sation

yes
yes

No conden-
sation

Need for gas conditioning

Silox-
ane
no

no

yes

no

Event
ually

yes
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Compound Unit France Germany Sweden Switzerland Austria
Lgas | Hgas Lim. Unlim.
Lgas | Hgas 2 2 R _
grid grid inject. Inject.
Higher Wobbe : 22 .48- | a8.2: 37 8-46
A ; MJ/Nm? e Bisea Rz 47.7-56.5
index 458 56.52 45 1-565
Methane content | Vol-% 95.99 >50 95

Carbon dioxide Vol-% 2 5 <5 <2
g Vol-% <3 <05 <0.5°
Oxygene -

ppm, <100
Hydrogen Vol-% <6 5 <5 =4
CC,.+0,+N, Vol-% <5
Water dew point ’C <.g' <t’ <t-% <8
Relative humidity | Pha <60 %

, 3 <100’ .

Sulphur mg/Nm’ . <30 <23 <30 <5

<75

“At MOP (Maximal Operating Pressura) downstream from injection point
“Ground temperature

“Ambient temperaturs
*Maximum permitted

“Average content =» There is a need to standardization

5 - e -
Mole percentage

A 'Tal -
At <0 Dars
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Gas composition

Source: MARCO gas

Natural :
gas Biogas
Composition Units (typical
North Sea Anaerobic
H) digester —
388 65.0 450
Menaro (86.6-88.8) | (50 - 80) (30 - 60)
C2+ 83 ' '
Hydrocarbons (8.3-8.5)
15
Hydrogen - (0-2) 0-2)
Carbon mol% i i i
monoxide
Carbon 23 350 400
dioxide (1.9-2.3) (15 - 50) (15 - 40)
5 1.1 0.2 15.0
Nitrogen 09-11) (0-5) (0 - 50)
; 10
Oxygen < 0.01 (0-1) (0-10)
Hydrogen 15 <600 =100
sulphide (0-5) (100 - 10000) (O - 1000)
: 3 100 5
Ammonia mg/m - (0 - 100) ©0-5)
Total
SEEL - (0 -100) (0 - 800)
: 3 05 10
Total fluorine mg/m = (0 - 100) (0 - 800)
Siloxanes ma/m? - 0-50 0-50
Tar a/m?® - - -
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Biogas cleaning

What are the crucial compounds ?

* Hydrogen sulfide
 Water vapour
*Siloxanes

* Oxygen, nitrogen

» Halogenic compounds (Chlorides, Fluorides)
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Hydrogene Sulfide Removal

e Air/lOxygen dosing into the digester

» Biological oxidation on a filter bed

* [ron oxyde sponge

* [ron chloride dosing into the digester
e Activated carbon

 Washer (water, amines or glycoles)

« Sodium hydroxid
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Biological Oxidation H,S+%0,=H,0+S°
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Chemical Oxidation

ﬁbﬁ@uﬁﬁﬁ‘gﬂkﬂplw’uﬁﬁ" oxide:
Fe,0,.3 H,O + 3 H,Spa2Fe,§2-+6 LS
Fe,S,.3/,0,+3H,0 —>Fe,0,.3H,0+38S
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Adsorption on activated carbon
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Siloxanes

At low concentrations and low flows (< 500m3 per hr)
siloxanes are removed with activated carbon. At higher

concentrations and voluminas by a combination of cooling
and activated carbon
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Combined cleaning

I Clean CH4, CO2

Refrigeration

s A ‘I

'a

Dry Compressed LFG ‘l

with Contaminants

[ ) |

e

Liquid COz and Contaminants
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Biogas upgrading

The crucial point of biogas upgrading is the methane
emission or often called methane slip.

1% or more methane slip can reverse the positive
environmental effect of biomethane when compared
to petrol.

Methane is a 23 times stronger GHG than CO2
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o Monitoring of CH4 slip in Sweden
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# plants
(@)}

<1% 1-2% 2-3% 3-4% 4-5% 5-6% 6-7% 7-8%

Methane loss

3
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Source: Anneli Petersson, SGC
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biogasmax Methane emission from PSA installations
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Mittelwert Standardabweichung
Rohgas CH, vol% 62.9 2.2
CO; vol% 36.8 2.3
Reingas CHa vol% 99.6") (0.8)
CO: vol% 0.37 (0.8)
Abgas CHg vol% 0.092) (0.4)
CO; (berechnet) *) | vol% > 95 .
10% y
CH4 im Abgas am 28.10.2008 \
0o s % .
£3% - ,
] |
07 - {
D.6% * a ‘
) CH4 im Reingas am 25.10.2008 )
cz 22.8%
0.3% *
o R EER
1 + * 4——4h—4- + 4o 10— 04— —— ¢ 4—4-0( 9
Co% :'—_'*ﬂ*..-ﬂ‘-.ﬁﬂm * 9
E 8 z 3 & & 2

Methane emission from chemical absorption
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Off-gas
contains up to District heating

Source: Acrion Systems




piogasmax HOW operates a FLOX® burner?

flame

flame flame
jﬁg?&:i:gn stabilization fronts
/
)
ailis Flame operation
@
fuel* air

EmmsE=Em cmm.
<600 900 1200 1500 1800 2100°C

mixing of air and fuel
*:&ngf‘c?;%:‘e with exhaust prior o reaction Csi:ggf:]%i on
P \ (no flame front)

FLOX-operation

R . ]
<600 900 1200 1500 1800 2100°C 24
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