Biological desulfurization and
methanation of biogas and CO,

Biogasclean A/S
Biogas PowerON 2023

Innovative solutions for efficient
production of biogas and e-fuels

BIO

GASCLEAN




Introduction

» Engineer

» Experience with:
Biogas upgrading
Carbon capture

Gasification
Desulphurization

Methanation

» CSO - Biogasclean A/S

Innovative solutions for efficient
production of biogas and e-fuels

BIO

GASCLERN

Mail: Jesperhj@biogasclean.com

Phone: +45 5054 0904


mailto:Jesperhj@biogasclean.com

Global footprint

Headquarter in
Odense,
Denmark :3

| Production and
'§%" engineering in
Bangkok, A=
Thailand ~

Subsidiary in
Houston, TX
USA

®

Biogasclean offices
@ Distributors

. References

Subsidiary in

Campinas, SP =
Brazil @

§ +340 references in
+40 countries 1 /

Innovative solutions for efficient
production of biogas and e-fuels

BIO

GASCLERN




References

No. of references per year
39

M # references’ 27 29 30 29

25 26
21

18 20 18 17
12

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Under

construction
e Z4
NF
SO T e, ; s
Power generation Biogas upgrading Methanation

Power generation Biogas upgrading Methanation
By country # By substrate # By country # By country #
Malaysia (] 72 Palm oil WW 138 Denmark ) 26 Denmark Lc) 3
Thailand - 63 Codigestion 43 USA & 9 Total 3
Indonesia (=) 45 Public WWTP 36 Other 2
Denmark > 16 Cassava WW 34 Total 37
USA =) 15 Food industry WW 12
India o2 14 Ethanol molasses 11 By substrate # By substrate #
Other 76 Other 27 Codigestion 36 Codigestion 2
Total 301 Total 301 Other 1 Other 1

Total 37 Total 3

BI Innovative solutions for efficient

sascLean | production of biogas and e-fuels



Technologies

Biological desulfurization

o Biogasclean has developed two different technologies - BTR (Bio Trickling Reactor) and MBR (Moving
Bed Reactor) and offer three different types of gas cleaners. The gas cleaners can be desighed to handle
any flow and H,S content in the raw biogas or tail gas (CO, stream) from biogas upgrading and can be
installed at greenfield projects or refurbishment of existing plants.

Biological methanation

o Biogasclean has developed a biological Power-To-X technology - Bio E-Fuel - which is based on BTR (Bio
Trickling Reactor). Bio E-Fuel can be applied on all CO, sources. However, the lowest hanging fruit is
biogas plants where the biogas typically consists of 55-60% CH, and 40-45% CO,. Bio E-Fuel will enable
biogas plants - from the same input of organic waste streams - to raise the concentration of methane in the
biogas from 55-60% to +97-98% CH,. With Bio E-Fuel, the production of renewable green gas will increase
by up to 78%!
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Technologies

Biogas plants — Methanation & desulfurization
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Technologies

Carbon Capture & Utilization (CCU) - Methanation
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References

Client: E.ON - Greenlab
Application: Grid injection
Location: Skive, Denmark
Year: 2020

Project: 41247

CO, flow: 2,250 m3/h
H,S inlet: 7,400 ppm
H,S outlet: 50 ppm
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References

Client: Roeslein Energy
Enduser: Seaboard Energy
Sector: Grind injection
Location: Sunray, Texas
Year: 2022

Project: 41277

CO, flow: 1,190 m3/h
H,S inlet: 5,000 ppm
H,S outlet: 1,000 ppm
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Biogasclean desulfurization key takeaways

Biogasclean is a leading supplier of biological desulfurization and methanation for industrial scale biogas plants
with more than +340 plants in operation or under construction in +40 countries.

100% biological. Why destroy the green image of biogas with chemical desulfurization? Biogasclean can do the
job without ferric chloride, caustic soda, iron sponge or activated carbon.

Guaranteed performance. Biogasclean’s H,S removal systems operate efficient and robust and performance
guarantees are offered on all projects.

High availability. The uptime of a Biogasclean system exceeds 98%.

Low operating costs gives most economic solution. When considering both CAPEX and OPEX biological H,S
removal is much more cost effective than chemical gas cleaning.
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Bio E-Fuel
A biological Power-To-X (P2X) technology

o Bio E-Fuel is a biological process converting (CO,) and hydrogen (H,)
to methane (CH,) in a Bio Trickling Reactor; i.e. biological
methanation of CO.,.

o Bio E-Fuel can be applied everywhere where you have a CO, source.
Biogas typically consists of 55-60% CH, and 40-45% CO,. With Bio E-
Fuel biogas plants can increase the methane content in biogas to +97-
98%, i.e. the efficiency of biogas production increases by up to 78%.

o The process is very robust and handles untreated biogas and CO, - _ Jl‘f_h’r —‘ il .
without prior removal of sulfur and other impurities. LJ; —
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Bio E-Fuel

The product gas is composed of >95% CH, and <5% CO, and H,,
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P2G Plant at Nature Energy, Glansager - Overview

o Location in Sonderborg, Denmark.

o The first full scale Bio E-Fuel Plant is under installation and
will start operation in late September 2023.

o Production capacity: 381 Nm3/h E-Methane or 3,400,000
Nm3/y or 33 GWh/y E-Methane.

o Biogasclean’s Bio E-Fuel plants are based on a scalable and
modular design with one or more tanks in stainless steel or
reinforced fiberglass.

o The Bio E-Fuel plant comprises
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PTX Plant at Nature Energy, Glansager — Flow diagram
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Cost estimation electrolysis and Bio E-Fuel (EUR)

EUR

3,00

2,50

2,00

1,50

1,00

0,50

0,00
0,007

Cost estimation of 1 Nm3/h E-methane

EUR per kWh

0,007

0,013

0,034

0,067

0,101

0,134

Electrolysis

0,340

0,461

0,823

1,427

2,031

2,635

Bio E-fuel

Total
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Biogasclean methanation key takeaways

o Bio E-Fuel can be applied everywhere where you have a CO, source; however, it is a perfect fit for
biogas plants as the CO, and the infrastructure for methane production are already available.

o Biogas consists of 55-60% CH,, 40-45% CO, and 3-5,000 ppm H,S; the cheapest source of biogenic CO,.

o Bio E-Fuel increases the output on biogas plants from 55-60% to +97-98% CH,; i.e., up to 78% more
biomethane produced from the same amount of organic substrate.

o Bio E-Fuel can process the raw biogas or CO, flow without any prior removal sulfur or other impurities.

o Operation at low pressure (<200 mBar) and low temperature (<60°C) gives low OPEX.

Innovative solutions for efficient
production of biogas and e-fuels

BIO

GASCLERN




Contact us

DENMARK THAILAND
Biogasclean A/S Biogasclean (Thailand) Ltd.
@rbaekvej 268 331 Moo 2 Unit S1/2
DK-5220 Odense S@ Soi Thetsaban Bangpoo 54
Tel: +45 6617 2177 Sukhumvit Rd., T. Taiban, A. Muang
sales-dk@biogasclean.com Samutprakarn 10280
Tel: +66 2395-1157
office@biogasclean.com

BID Innovative solutions for efficient
sascLean | Production of biogas and e-fuels

Founder & CCO

USA BRAZIL

Biogasclean Americas Inc. Biogasclean Brasil Ltda.
2800 Post Oak Blvd. Suite 1910 Av. N(_)rte'SU|, 575, Cambui
77056 Houston, Texas Campinas, Sao Paulo

Tel: +1 713-894-7992 CEP 13025-320
ces@biogasclean.com Tel: +55 1999112 0266

jorge.vsn@biogasclean.com

(% A4 0

Cecilie Ehgens E JSAI:L

L ’ e
General Manager General Manager Sales Manager Asia
Biogasclean Americas Inc Biogasclean Brasil
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