Zurich University
of Applied Sciences

Life Sciences and
Facility Management

Institute of
Chemistry and Biotechnology

Task37 Blomethane IN SW|tzerIand

{ ) '!1 P
be e P S Kol !jrg_

\ll"'ili 71001 = |

Biomethane: Timely solutions for successful implementation and use.

Prof. Dr. Urs Baier / Dr. Wolfgang Merkle

Zurich University of Applied Sciences



Zurich University
of Applied Sciences

Distribution of biomethane plants in Switzerland
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1 Aarberg BE M Grenchen SO 21 Lavigny VD 31 Volketswil ZH
2 Bachenbulach ZH 12 Herrenschwanden BE 22 Pratteln BL 32 Wetzikon ZH
3 Bendern FL 13 Inwil LU 23 Reinach AG 33 Widnau SG
4 Buchs S5G 14 Meilen ZH 24 Roche VD 34 Windisch AG
5 Colombier NE 15 Martigny VS 25 Romanshorn TG 35 Winterthur ZH
& Cossonay VD 16 Mariken-Wildegg AG 26 Schmerikon SG 36 Zuchwil SO
7 Emmenbricke LU 17 Midnchwilen TG 27 Tagerwilen TG 37 Zurich ZH
8 Frauenfeld TG 18 Nesselnbach AG 28 Turgi AG
9 Fribourg FR 19 Niedergdsgen SO 29 Uetendorf BE
10 Genf GE 20 Niederuzwil SG 30 Vetroz VS Source: VSG/ASIG Jahresstatistik 2021
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Energy Strategy 2050

urich Unive
Applied Scien

3 Pathways: Energy Effieciency + Renewables + «No Nukes» aw
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Measures to increase energy efficiency
= Buildings

=  Mobility

» Industry

= Appliances

Measures to increase the use of renewable energy
* Promotion
= Improvement of legal framework

Withdrawal from nuclear energy

= No new general licences
= Step-by-step withdrawal — safety as sole criterion
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Energy Strategy 2050
Pathway 1. ENERGY EFFICIENCY is on track

ENDENERGIEVERBRAUCH
PRO PERSON UND JAHR
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Energy Strategy 2050

Pathway 2: RENEWABLE ENERGY is on track as well, but:

STROMPRODUKTION AUS ERNEUERBAREN ENERGIEN

(OHNE WASSERKRAFT)
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Average domestic production of renewable energy
excluding hydropower

= in2020: 4400 GWh

= in2035: 11400 GWh

Hydropower

37°400 GWh in 2035

Biogas
372 GWh in 2019

plays a role but faces only a restricted additional sustainable
potential of resources of 8300 GWh.

= Demand for renewable gases and imports!
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Energy Strategy 2050 | h
Pathway 3: WITHDRAWAL FROM NUCLEAR ENERGY azw

No new general licences for nuclear power plants
= No ban on nuclear technology

» Continued operation of existing power plants as long as their
G safety is guaranteed

= Long-term operation to be regulated by Ordinance

Reprocessing of spent fuel elements
= Ban instead of the existing moratorium

= Extension of moratorium until June 2020 (separate
regulation in effect)

Source: BFE 2018
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Strategy in the gas sector h
District heating outbeats biomethane for transport. Z

aw

B |ncrease of renewable gases up to 30% in the heating sector till 2030

B Pursuing a decarbonization of the gas supply to reach the goal of a climate-neutral
energy supply by 2050

promoting renewable gases from biogas. Funding scheme since 2011.
converting surplus renewable electricity by power-to-gas technologies
only renewable electricity to produce renewable gases (CH4, H2)

promoting the import of certified green gases meeting ecological and social sustainability
standards (PoS).

Source: VSG 2019
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Swiss Gas Infrastructure h
Trans-European high-pressure vs local low-pressure network azw

\ l Schaffhausen
\ Basel

Delémont

Solothurn

- Number of local gas suppliers 110

Einsiedel
e Length of the pipeline network *) 20’431 km
Schwyz Glarus
Chur
S - Transport network (> 5 bar) 2’271 km
- Distribution network (up to 5 bar) 18’159 km

*) From 2018, as 2019 data was not available at the time of writing
Source: VSG, Swiss Gas and Water Industry Association (SVGW)

\ Chiasso

Trans-European transport pipelines I

—
— Transport pipelines

- Injection point

EEE » Possible or planned injection points
— Injection into distribution network
o

Gas supplies

Source: Gazenergie 2020
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Origin and gas usage in Switzerland
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Chose, whom you depend on! Transport plays no significant role!

2019 GWh

W 414%

H EU 5670 B 343%
" Norway 10 206 B 04
B Russia 20 034 B 10%
B Other 1890 B 09%

Total 37800

2019 TJ

B Households 47 730

M Industry 39470

B Services 25810

B Transportation?) 1180

B Other 1010

Source: Gazenergie 2020; Producing countries according to respective i 7 Incl. gas consumption of the compressors for

country mix. For NL: GasTerra. Volume basis: VSG and Swissgas statistics. 5 cS>perationSof the t"a”TIit gas pipet;"?et' 2010 Total 115200
ource: Swiss overall energy statistics
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Legal aspects of the feed-in of renewable gases Zh
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B SVGW-Regulation G13 “Feed-in of renewable gases"
m SVGW-Regulation G18 “Gas composition®

m SVGW-Regulation G11 “Gas odorization"

m SVGW-Regulation G209 "Technical acceptance, approval and operational supervision
of plants for the feed-in of renewable gases”

B Periodic technical inspections of the biogas injection plants by Approval and market
surveillance authorities (ZMS)

SVGW-Regulation G210 "Approval and market surveillance authorities (ZMS)"

Source : Aqua & Gas 2020
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Requirements on the feed-in of renewable gases

aw

® Gas quality: CH, > 96 vol.-%
CO, <5 vol.-%
H, <2 mol-%
O, = 3 mol-%
H,S <5 mg/Nm3
H,O -8°C dew point

B Methane Slip (gas upgrading):

Commissioning before December 31, 2013: 5 vol.%
Commissioning after December 31, 2013: 2.5vol.%
Request from Academia: <1 vol.%

®m QOdorization: Tetrahydrothiophen (THT) concentration = 10 mg/Nm3

® For Power-to-Gas systems (G13):
H, has to be produced by renewable energies
CO, or CO must not come from processes that produce carbon dioxide or carbon monoxide
specifically for methanation, but rather from waste sources.

Source: Aqua & Gas 2020
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Gas consumption and biomethane production in
Switzerland
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Gas consumption in Switzerland Injection of Swiss Biogas
(Natural gas and biogas)

Gross consumption Ho GWh
in gigawatt hours, GWh.
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2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019

3272

Number of biomethane plants 13 15 14 17 21 25 28 28 24 37

2002 3212
2003 3395
2004 3502
2005 3596
2006 3496
2007 3419
2008 36 32
2009 3485
2010 3895
2011 3458
2012 3791
2013 3996
2014 3470
2015 3711
2016 3902
2017 3922
2018 37 24
2019 38245

2001

Imported biomethane (GWh) 124 186 294 433 529 648

Source: Importers, Transitgas AG, 2019 Source: VSG 2019, 2020; ASIG 2019, 2020
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Distribution of the biogas plants in Switzerland

AD: 120 agriculture / 30 industrial wastewater / 26 OFMSW / 270 WWTP az&
digesters / 2 landfill = 42 biomethane upgrading plants: 10 % !

Biogas Use [TJ/a] | Trend
Domestic

production

Biogas total 5467 7
- Electricity to grid 1340 >
- Used Heat 1242 A}
- Biomethane 1300 .
- Sewage sludge 665 7
- OFMSW 503 7
. - WWTP Industry 96 > 4
- Agriculture 36 >
- Landfill 0

Biogas'plants

Gas infralls':[ructure - Parasitic & 1585 29%

‘Biomethane plants losses

Source: Geoinformation des Bundes (GKG) 2019, VSG/ASIG Jahresstatistik 2021
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Processes for gas upgrading h
From adsorption (PSA) and chemical absorption (Amine) to permeation azw
(Membranes). Only 1 H20 Absorption (PWS)

Type of separation Process / Technology Separation effects

Adsorption Pressure Swing Adsorption (PSA) Adsorption of CO, on carbon
molecular sieve (CMS) at 8-10
bar: >96% CH,

Physical Pressure Water Scrubbing (PWS) Dissolution of CO, in water by
Absorption partial pressure increase: >97%
CH,
Chemical Amine Scrubbing Chem. reaction of CO, with
Absorption (MEA Monoethanolamin, solvents: >99% CH,
DEA Diethanolamin)
Permeation Membrane Separation Process Selective permeability

Polymer membrane: > 97% CH,

Cryogenic process Low temperature technology Phase separation of liquid CO,
and gaseous CH, > 99,9% CH,

In Switzerland: 57% Membrane Separation Process, 37% PSA and Amine Scrubbing

Source: Aqua & Gas 2020, IEA 2021
15.04.2021 IEA Bioenergy Task37, Workshop Biomethane 4.21 15




Biomethane plants in Switzerland

Zurich University
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PLACE SUBSTRATE UTILISATION CH4 (%) TECHNOLOGY (PN":;I‘ g{:vpv’;gg"( IN OPERATION SINCE

Aarberg Sugar Mill Gas grid 60  Directinjection 500 2013

Bachenbuelach Il Biowaste Gas grid 96 Membrane 220 2019

Bendern Sewage Sludge Gas grid 96 Chemical scrubber 170 2013

Buchs SG Sewage sludge Gas grid 96 Membrane 60 2015

Colombier Sewage sludge Gas grid 96 Membrane 50 2019 . . . . "
Cossonay Sewage sludge Gas grid 96  Membrane 20 DIStrI butlon Of B Iomethane u pg rad I ng
Emmenbriicke Sewage sludge Gas grid 96 PSA 180

Frauenfeld Sugar Mill Gas grid 60 Direct injection 500 p | a n tS

Fribourg Sewage sludge Gas grid 96 PSA 250 2012

Geneva Sewage sludge Gas grid 96 PSA 350 2013

Grenchen Sewage sludge Gas grid 96  Membrane '_____1_3_0____ 2019 . Oldest: 2005

Herrenschwanden Sewage sludge Gas grid 96 Chemical scrubber (& 1500 - 2013

Inwil Biowaste, manure Gas grid 96  Chemical scrubber oo 2008 [ | BOO m S i n Ce 20 1 2

Obermeilen Sewage sludge Gas grid 96 Chemical scrubber 100 2008 .

Martigny Sewage sludge Gas grid 96  Membrane 100 2015 [ | < 2 0 1 5 : P SA + Am | n e Wa S h
Minchwilen Animal by-products Gas grid 96  Chemical scrubber 1000 2011 .
Nesselnbach Biowaste Gas grid 9  Membrane 600 2018 | > 2 0 1 5 M em b rane & Am ne WaS h
Niedergésgen Paper Manufacturing Gas grid 96  Membrane 430 2017

Niederuzwil Biowaste Gas grid 96 Membrane 350 2017 . La rgeSt: 1 500 m3/h raW gaS
Lavigny Biowaste Gas grid 96 PSA 300 2009

Pratteln Biowaste Gas grid 96 Membrane 300 2006 . S m a I I eSt : 3-4 m 3/h raW g aS
Reinach Sewage sludge Gas grid 96 Membrane 90 2015

Roche Sewage sludge Gas grid 96 PSA 250 2009

Romanshorn Sewage sludge Gas grid 96 Membrane 25 2007

Schmerikon Sewage Sludge Gas grid 96  Membrane 70 2019

Zuchwil Emmenspitz ~ Sewage sludge Gas grid 96 Membrane 250 2014

Turgi Sewage sludge Gas grid 96 Membrane 80 2017

Uetendorf Sewage sludge Gas grid Membrane 325 2017

Vetroz Biowaste Gas grid 96  Chemical scrubber 350 2014

Volketswil Biowaste Gas grid 96  Chemical scrubber 250 2010

Wetzikon ZH Sewage Sludge Gas grid 96 Membrane 60 2016

Widnau Biowaste, manure Gas grid 96 Membrane 220 2008

Brugg-Windisch Sewage sludge Gas grid 96 Membrane 80 2017

Windisch Sewage Sludge Gas grid Membrane 63 2016

Winterthur Biowaste Gas grid 96  Chemical scrubber 300 2014

Zurich Sewage sludge, Biowaste  Gas grid 96  Chemical scrubber 1400 2013

Biel Sewage Sludge Gas grid 9% 777 27? 2021

Chur Manure Gas grid 9% 777 27? 2021

Collombey Sewage sludge Gas grid 96 Membrane 20 2021

Dietikon (Limeco) ~ Sewage Sludge Gas grid 9  Biological Methanation 230 2021

La Chaux de Fonds ~ Manure, Biowaste Gas grid 9  Membrane 240 2023

Lenzburg Sewage sludge Gas grid 96  Membrane 120 2018

Stabio 777 Gas grid % 77 222 2021 \6 Q}

Tagerwilen Manure Gas grid 96  Membrane 7? 2021 Q& ‘\\)

Thun Sewage sludge Gas grid 9%  Membrane 300 2018 (o"-’ . C}e

Utzensdorf Biowaste Gas grid 96  psA 100 2009 O ‘Q\

Bure Manure /,(/;hide}ga\ 96 Membrane 4 2020 Q@

Frutigen Sewage sludge /' vehiclefuel \, 96 Membrane 20 2019

Rapperswil-Jona CO, Capture 'n' vehicle fuel ‘\l 96 Catalytic Methanation _____1_,2___~~ 2019

Reiden Manure | vehicle fuel E 96  Membrane \_____3_____, 2013

Schoenenwerd Sewage Sludge “\ vehicle fuel "' 96  Membrane 10 2016

Thayngen Manure “\\ vehicle fuel /' 96 Membrane 30 2021

Zuchwil Manure \‘v.ghi_cle! é{ 96 Membrane ?7? 2022

Source: IEA 2021

15.04.2021
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Example of a local biomethane plant for vehicle fuel
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Location: Frutigen (Bern)
Substrate: Sewage sludge, aquaculture sludge and food waste
Gas upgrading: membrane

Plant capacity: 20 Nm3/h raw gas, 120 kW
100 cars for 12’000 km/a, 10 trucks 24’000 km/a

1id

Source: fahrBiogas 2019 Source: Chlaus Lotscher 2018
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Power-to-Gas e h
Store and Go aZw

® Project from the EU H2020
® Topic: Energy storage on a large scale
m 27 partners from 6 European countries ¢ B
. . _ energy O o = GUT
= Project duration: 03/2016 - 02/2020 Ve o =DBl
@ e _ gwi 73 (¥ CLIMEWORKS
Tr— B HSR
'%ﬁﬁfﬂmwnmm | N | ::::::cs:':llllt“m"““
YRR ey (L NSTITOT
uni
— per & Electrochaea

R P,
. L

regld cnergie

Funding CH: 6 M€

_ — 28ME  pygw.ey @Empa
Fundlng ATMOSTHT
EU: 18 M€ ‘5 ENGINEERING
A s, -
_ ST > @ | ¢BFP

Source: Grinix 2020, Expertengesprache PtG OST
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Power-to-Gas f*?“*"ﬂ?fe‘*’i‘
Store and Go z

g@iﬁ

Plant size: 1 MW
Catalytic methanation

£* Three demonstration plants

Plant size: 700 kW ‘ CO, from bioethanol plant
Biological methanation - ~ Wind

CO, from WWT 50 bar transmission grid

Water and PV
Distribution network
Plant size: 1 MW

Catalytic methanation
CO, from air (DAC)
Wind and PV

LNG (Liquefaction)

Source: Grinix 2020, Expertengesprache PtG OST
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Store and Go

Demonstration plant Falkenhagen, Germany: Honeycomb Reactor

Zurich University
of Applied Sciences

Power-to-Gas plant

- Integration in power grid,
Design gas grid and local heat user

- Arrangement of the pipes
Reactor concept G oy
Honeycomb design A - heat utilization

- Heat production vs.
heat transport

Number and arrangement of
honeycomb elements

honeycomb
elements

=>» 200 cpsi (cells per square ' => 181 tubes
inch) =>» Diameter = 81 mm = Length = 400 mm
=» Length = 100 mm

B |oad jumps of up to 10 % points possible without loss of quality.
® Continuous operation and remotely monitored operation were successfully tested.

Source: Grinix 2020, Expertengesprache PtG OST

15.04.2021 IEA Bioenergy Task37, Workshop Biomethane 4.21 20



Store and Go h
Demonstration plant Solothurn, Switzerland: Biological Methanation azw
ZASE

Reactor and agitator

30 Nmih GOy A
Distance; 2.5 km

-9

120 Nm¥h Hy
= 30 Nm*h GO,

Dosing station for nutrients, cold

Brosess water set, pH value measurement
2| 2 |t B |
@ — aemo A Technical area:
e Heating/cooling, CO,
\H buffer storage and
iy gas analysis
20 Nmh CH, ‘f‘

— Control room

Gas processing, flare,
drying and feeding point

B |oad jumps of up to 30 % points possible without loss of quality.
® Continuous operation with variable load is possible without loss of quality.

Source: Grinix 2020, Expertengesprache PtG OST
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Store and Go

Demonstration plant Troia, Italy: Millistructrure Reactor Comcept

Millistructure reactor concept:
Millimeter-scale reaction channels = Intensification of heat and mass transfer.
Millimeter-scale catalyst particles - high catalyst density & easy loading

Efficient cross-flow cooling with thermal oil

Advantages of the millistructure reactor concept
High thermal control - Very slow aging of the catalyst
Modular concept / easy maintenance
Compact / safe

® | oad changes of up to 20%-points in a few minutes possible.
B Flexible load operation up to 20% possible (10 Nm?3/h).
® Recirculation of product gas has high influence on the gas quality.

Source: Grinix 2020, Expertengesprache PtG OST

15.04.2021 IEA Bioenergy Task37, Workshop Biomethane 4.21
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On going Power-to-Gas projects

®m CarbonATE: Development of an enzymatic CO,
capture strategy for optimized microbiological

methanation.
7 partners from Austria and Switzerland

m Power-to-Gas plant Limeco

First industrial Power-to-Gas plant in Switzerland
Electrolyzer: 2.5 MW, 450 Nm? H,/h
Renewable gas production: 18 GWh/a

B BioBoost: Flexible Biogas-Booster
3 partners from Switzerland
Study on the feasibility and economic viability of
biological methanation at Reinach WWTP

15.04.2021 IEA Bioenergy Task37, Workshop Biomethane 4.21




15.04.2021

Thanks for you attention!
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