Realisation of political targets: Biomass Conversion Option
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Utilisation chain of a biogas plant Is upgradation an alternative ?
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How is the use of biogas®?
a4 7 6 5 A

treatment W5 M
i |
Akl gasoline
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Biogas can be used in different ways.

Treatement as an alternative > better efficiency because of heat use
AL P V)T TR — o AT TR > m e B A
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Pathways for biogas treatment
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Composition of Biogas

ARGk

Substanz Wi

Methane CH,

Biogas4t:#=

50-70 %

Natural gas
RIRA

93-98 %

Carbon-
dioxide CO,

25-40 %

1 %

Nitrogen N,

<3 %

1%

Oxygen O,

<2%

Hydrogen H,

trace

Hydro-sulfur
H,S

Up to 4000
pPPmM

Ammonia &k

trace

Ethane 2%

Propane Az

Siloxane L& L

Biogas contains less energy

an various trace constituents.
YR B REREAL
HHSH AR
HAE &
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SubstancewmBiogas y<WWTP gas isxas ~«Natural gas ks

Methane cH, 50-70 % 60-70 % 93-98 %
C.Dioxideco, 25-40 % 30-40 % 1 %
Nitrogen 4 <3 % 4 % 1%
Oxygeno, <2% 1% -

Hydrogen H, Traces #i  TracesSs -
H,S Up to 4000 ppm Up to 1000 ppm -

Ammoniaz Traces Traces -
Ethanezy: - - <3 %
Propane pif: - - <2%
Siloxane w:&s:Traces < 6mg/m3 -
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State of biogas treatment

A TRAE AR

» Biogastreatement is state of the art 2E#y/ < Fisk B & AR 137 2 55
= Various treatment technologies are available at the market:
IAFAEAS RIS AL B 4K -
= Wet Absorption (water washing process ) and Pressure Swing
Adsorption = PSA)
MR (R 37K K BEIEDWW) A8 IR (PSA)
= Chemical Absorption (Amino washing process, f.e. MEA, DEA),
membrane technologies, cryogenic separation
o2l (Revkik, Bilin MEA, DEA D AN, ¥kt Bk
= There are very best long term experiences with use as fuel for vehicels
bestehen sehr gute langjahrige Erfahrungen as substitute for natural gas
KAE LKA W — LR AR I BORZ S . AR I SR R AR A A
= Public guidelines for the gas quality has to be considered (Gasquality,
pressure, flow, quality assurance)
DVGWIEML 45T 5 & 20 E B iR M, R, ARG i Rk
» Projects in Germany: operation by the gas supplier/ in cooperation (size
between 1-20 MW,; average: 1,5-3 MW,,)

TEAE ik LR A FstTia1E (L) K/MEL-20 MWel,  ~F191,5-3 MWeD)
* The legas frame was improved by new regulations extremly (EEG, GasNZV)

and gives strong incentives for a further development
VR SRl AW SR, I I IR R SER ) GRredayk, SARAMTEL) BUECH H E R4t
SR JIRER TR



Gas quality demand

AR K

* Quality demand: DVGW-directives are basis
k. DVGW ELaliffife 4
* Regularly: feed in at the same quality as existing in the grid
W WANIAE L Z—F sS4k
« Exception: feed in at lower quality depending on natural gas flow
FRIELAAR s RS R IR o ]y N BTG ) A
« Main parameters: Heating value, relative density, wobbe index, methane
number
FESH: WE, MXEE, KRR, WhiE
« (Gas components: oxygen, sulphur compounds, hydrocarbons, vaporized
water, siloxane
SR B AR, ShEY, WwENAEY, KEA, R
* QOdorisation
AR =R
* Pressure adaption
1A s
» Methane losses during upgradation
PSR P AR R B 346
« Generally: demands can be fulfilled by available technologies
— s AR AT BRI P il R

Prof. Dr.-Ing. G. Rettenberger Biogasaufarbeitung



Treatement technologies
Pk B AR
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Example — KOnnern

2445 -Konnern

Energy crops gas

1000 Nm3/h

REVEAEY) 4K

1000 Nm3/h

Raw gas (500 Nm3/h
biomethane)

JFUBF A& (500 Nm? /h
PR AR

Water scrubber

IKYE

Operation since

2007

H20074 T 4histr

Feed in into natural

gas (russian quality)
with LPG mix at

16 bar pressure

WA N16 bar/k &4
LPGIR & IR (e Z
JiE)




Example - Konnern
Z5)- Konnern

Energy crops gas
CRAVR(EEZ/REN
1000 Nms3/h

YRaw gas (500 Nm3/h

biomethane)

JREFRE
( 500 Nm3/h

AW SO
Water scrubber
TKPE
Operation since

2007
H20074F it
Feed in into natural

with LPG mix at

16 bar pressure

oh16 barkls I &AET
LPGIRA IR (HRE
JiiE)
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« Chemical absorption (Amino washing process)

=TGR D)
— washing column with gas flow against water flow
W) Pk B
— solvent (water andMEA/ DEA etc.)
Pkl OKRIMEA/ DEA %)
— CO,is solved in the solvent, CH, in the gas phase
CO ML) FUSARAE VR BT, CH A AE T
— without pressure, high purification rate, less loss of methane
R, Mgl L, Wit
— high energy need for regeneration of the solvent
SR, D 1 AE 7 A8 i ) P

.-Ing. G. Rettenberger Biogasaufarbeitung
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Further treatment technologies

HAB AL PREECAR

Membrane technologies
T2
« separation: difference in diffusion of different large gas molecules
through membranes
PR AN 73 1 AR A AN A
« small methane molecule faster than CO, or H,S
/NG F FRE L COL AT H, S 117 ik 3 4 i
« kind of membrane, velocity, number of separation units ...
R, R o 25 2 4 H
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Further treatment technologies

A AL R AR

Cryogenic separation
yl%ll/\ﬁa

« if low temperatures: different aggregate state or temperatures for condensation of the
biogas compounds

FEARHR &, ANFIREER SRR 2 A0 A Rkt 2 AL
* CO, as solid (dry ice), CH, as gas
COLLEBFEAAE (HIK) , CH A
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Further requests for biogas treatment technologies e

PEY)RIRAE BEROR IR A e 5K

* Less methane loss
FRAIE A5

* Less energy consumption for the treatment process
AR I FF A 90k 80 B A5

« High gas quality and reduction of process steps
/> TR A5 B 1 ) I 5 i 7 4

 Flexibility for various loads/ differences in loads should be
accepted
RN SRS B AL AT R IR

* Reduction of treatement costs
[R50 Ak 2 25 T

* Possible unit sizes under technical and economical
conditions in a flow range < 250 m3 gas per hour
PR AE RN 250 mBJEURHAE 1 L A I8 B AT AT Ak A
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Production costs of Biomethane

FEW e AR B

Production costs of upgraded gas in ct/kWh
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50 Nm3/h 250 Nm3/h 500 Nm3/h 50 Nm3/h 250 Nm#3/h 500 Nm#3/h
90% Excrements  90% Excrements  90% Excrements 10% Excrements ~ 10% Excrements  10% Excrements
10% energy crops 10% energy crops 10% energy crops 90% energy crops 90% energy crops 90% energy crops

# Substrates JIRH)HE T o Biogas production%%%}tﬁ Upgrading ¥ 4fi B Feed in and gas transpor%ﬁyk/_ &t
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» Special topics in the field of gas

treatment
ST B R PR
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Is the biogas feed an acceptable alternative under

ecological conditions?
AR R S A R R T i 2

80%

70%

60%

50%

30%

.

250 m3/h Rohgas)

20%

10%

0% T T
Warme: Biogas aus Strom: Biogas aus Nawaro Treibstoff: Biogas aus
Nawaro vs. Erdgas (KWK, 80 % Nawaro vs. Erdgas
Warmenutzung) vs.
Deutscher Strommix

Reduktion von Treibhausgasemissionen durch Substitution fossiler
Energietrager mit Biogas aus nachwachsenden Rohstoffen (produktion von

—>For all possible uses the biogas feed in a public pipeline is the most
—>advantageous in comparison to natural gas.

MEFER ARG IR, AV s A AL A R SRR A A
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Is biogas treatment and feed useful under energetic conditions ?
- what efficiency is possible in decentralized systems?

MBEE A BE VR T IRAL BN iE 2 A5 B 2 A SRR L2 ] REfR 2

< 80
£ 701 |
O -
£ 60
8 -
5 50 100,0
c 40 |
L
30 ¢ | EVerlust
| DOEigenbedarf Warme
20 @ Eigenbedarf Strom
| |ENutzbar Warme
10 @ Nutzbar Strom
0 - Im | I [

Biogas

—->Normally in a decentralized system 40 (30) — 65 % of the energy in the
—~>biogas can be used.
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Is biogas treatment and feed useful under energetic conditions ?
- what efficiency is possible in decentralized systems?

M BEYR AL D AEY) S IAE BN 4 5 75 2 2 AR m] BEF ?
100

90
80
70-
60 -
50 (| | 100,0

40

Energieanteil in %

30 @ verlust

O Eigenbedarf Warme
20 /1y Eigenbedarf Strom
10 /O Nutzbar Warme
E Nutzbar Strom

Biogas

—In a centralized system , the efficiency errect can reach 55 to over 65 % in
eusual pressure ranges of a gas net.

H 2235 B55-65% .
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Energieanteil in %

Is biogas treatment and feed useful under energetic conditions? |
PR IAL B AN I RE YR AR BE UE R TS
- options in compari

50

40 -

30

20

' |OEigenbedarf Warme

" |@Nutzbar Warme

)
=7

SON—ikE i b5

E Verlust
E Eigenbedarf Strom

E Nutzbar Strom
11 I W

Dezentral Max

8,1

Dezentral 30 %

Dezentral 72%
Uberschusswarmenutzung Uberschusswarmenutzung

—>If there is in decentralized plants

—>only less need for heat projects with gas treatment and reed has the most
energetic benefited

SRS RE DI RER, WBRIEA Y, ot B U E A Y SiE ) TR A R
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Treatment costs of amino washing process as a function

of the price for heat
Rl A BB Y, R T RN A%
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Costs of treatment — comparison of amino washing

an water washing
R D R ) AR YA B AL BRI 4% EL A

2,50 ct/kWh

2,00 ct/kWh

1,50 ct/kWh

1,00 ct’kWh

0,50 ct/kWh

0,00 ct/kWh
0 Nm?3¥h Rohgas

200 Nm3¥h Rohgas 400 Nm3¥h Rohgas

600 Nm3/h Rohgas 800 Nm3/h Rohgas 1000 Nms3/h Rohgas 1200 Nm?3h Rohgas

=—&— Amin OHNE Wa&rmegutschrift == Amin MIT Wé&rmegutschrift == DWW
g P DWW
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Profit without proceeds of gas sale

oA H B T R A5 R

Kosten Gesamt |Strom- u.
Kosten BGA+BHKW+ [Warmeerlése |Gewinn (ohne
Anlagen- |Biogas- Kosten Biomethan BHKW Erlése aus
konzept anlage (BGA)]Kosten BHKW Biomethan [(gemittelt) (gemittelt) Gasverkauf)
[€ct KWh]  J[€ct KWhy] Verfahren |[€ct KWhy] J[€ct kWhy] [€ct KWhy] [€ct KWhy]
1 125 Amin 250 2,29 6,23 4,57 -1,66
’ DWW 250 2,43 6,27 4,40 -1,87
5 127 Amin 500 1,80 6,26 3,21 -3,05
4.7 ’ DWW 500 1,69 6,20 3,21 -2,99
3 ' 128 Amin 750 1,63 6,26 1,51 -4,75
’ DWW 750 1,47 6,14 1,51 -4,63
4 0.00 Amin 1000 1,50 6,22 0,00 -6,22
' DWW 1000 1,36 6,08 0,00 -6,08
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Profit with proceeds of gas sale

R B A RN

Gasverkaufserlose 5 €ct/kWh 6 €ct/kWh 7 €ct/kWh
Strom- u.
Kosten Waérme-
Aufberei- BGA+BHKW+ Jerlose Erldse aus |[Gewinn (mit Erlése aus [Gewinn (mit Erlése aus [Gewinn (mit
Anlagen- Jtungs- Biomethan BHKW Gasverkauf |Erlése aus Gasverkauf |Erlose aus Gasverkauf [Erlose aus
konzept Jverfahren (gemittelt) (gemittelt)  J(gemittelt) Gasverkauf) (gemittelt) |Gasverkauf) (gemittelt) |Gasverkauf)
[€ct KWhy] [Ect kWhy] [l€ct kWhy] |[€ct kWhy] [€ct kWhy] |[€ct kWhyi] [Ect kWhy] [[€ct kWhy]
1 Amin 250 6,23 4,57 1,25 -0,41 1,50 -0,16 1,75 0,09
DWW 250 6,27 4,40 1,25 -0,62 1,50 -0,37 1,75 -0,12
2 Amin 500 6,26 3,21 2,50 -0,55 3,00 -0,05 3,50 0,45
DWW 500 6,20 3,21 2,50 -0,49 3,00 0,01 3,50 0,51
3 Amin 750 6,26 1,51 3,75 -1,00 4,50 -0,25 5,25 0,50
DWW 750 6,14 1,51 3,75 -0,88 4,50 -0,13 5,25 0,62
4 Amin 1000 6,22 0,00 5,00 -1,22 6,00 -0,22 7,00 0,78
DWW 1000 6,08 0,00 5,00 -1,08 6,00 -0,08 7,00 0,92
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