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Tekniska verken biogas plant

* Located in Linkdping, Sweden - the largest biogas
plant and the only with CCU implemented in full-
scale

* Plant started 1997 but have expanded
continuously and during 2023-2025 the largest
investment so far was done, including the CCU-
plant to capture bio-CO,

* Annual capacity of
e ~225GWh LBG/bio-LNG

e ~75GWh of CBG/bio-CNG
e 20000 ton liquid bio-CO,
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How the biogas cycle works

i

Bio'coZ
¢ Produced as a by-product
from the upgrading

¢ CO, is purified and made available

¢ Can be used as an input in process
industry, food industry

Pre-treatment Hygienization Anaerobic digestion Upgrading or greenhouses
* Separates food waste ¢ Waste is heated up to 70 °C ¢ Waste is broken down by * Raw biogas is purified
* Removes coarse materials « Bacteria and pathogens die _’ microorganisms _> from carbon dioxide
 Plastic, metal and other * Biogas and digestate are ¢ The gas is then compressed
impurities are removed formed or liquefied

Liq

¢ Biogasi
¢ Used, for example, as fuel

in heavy transport and for
industrial use

&

&

Waste that becomes a resource

Digestate
¢ Food waste from households ¢ By-products from the « By-product from anaerobic
» Residues from agriculture food industry digestion
* Manure from farms * Nutrient-rich fertiliser that can Compressed Biogas =
* Grease from septic tanks be spread on fields (CBG)
*‘Waste from commercial ¢ Biogas is compressed to gas form

and industrial sources s
¢ Used for transport in industry

as well as in cars, buses
and trucks

Biogas fertiliser
grows new crops

¢ The fertiliser enables new crops
to grow

* The crops become food for

people or feed for animals and e
eventually become new waste Te kn l s ka
verken
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Carbon Capture
Release (CCR)!?

 Historically, we — like all biogas
plants in Sweden — have carried out
carbon capture and release (CCR).

* Since 2025, instead, we capture the
carbon dioxide for use in a circular
society — carbon capture utilization
(CCU).

* Tekniska verken is Sweden’s first
biogas plant to do this, and one of

the largest in Europe. Tekniska
verken




Capture biogenic CO,
from different sources?

* Air ~400 ppm CO,

 Combined heat and power
production: 13—-14% CO,
concentration

« Stripper air from a biogas plant p No additional CAPEX required to raise the concentration— |
a by-product

with amine upgrading: >99%
concentration

.
5

* Thus: Smartest thing to do is
taking care of CO, from biogas
plants!




2011

Case study
co,

2020

Thesis on
separation
and offset of
CO2

2021

Sharp case
with
greenhouse
wanting CO,

At the same time, biogas production capacity was doubled

2022

Applied for
funding
from
Klimatklivet

2024 2025

2022
Klimatklivet Contract |
Aooroved signed with _ Plant
PP Bright installed

Process with ISBT and FSSC 22000 ongoing... FSSC 22000 OK
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The CCU-plant

* Incoming CO, from amine scrubber
~99,9% CO,-content saturated with
water

* 100-200 ppmv VOC
* Small amounts of S-compounds mainly H,S
e 800-1 200 ppmv methane

* Cleaning impurities
* Liquefying CO, down to -27 C, 15 barg

 Advance online measurement and

sensory tests according to ISBT

Tekniska
verken



Quality to guarantee ISBT (on batch level)

Specification and analytical result

Parameter Unit Specification Limit
CO2 Purity % > 99.9
Maisture (H20) ppm < 20.0
Oxygen (02) ppm <300
Carbon monaxide (CO) ppm < 10.00
Ammonia (NH3) ppm <250
Nitric monoxide (NO) ppm <250
Nitric dioxide (NOZ2) ppm < 2.50
Total NO NO2 (NO NO2) ppm <250
Methanol (CH30H) ppm <10.0
Methane (CH4) ppm < 50.0
Ethandl (C2HE0 _ETH) ppm < 20.0
Dimethyl ether (C2H6O DIM) ppm < 20.0
Ethane (C2H6) ppm < 20.0
Propane (C3H8E) ppm <200
Ethylene oxide (ETO) ppm < 1.1
Total CH (THC) ppm < 50.0
Total Non-Methane CH (TNMHC) ppm < 20.0
Acetaldehyde (C2H40) ppm < 0.20
Benzene (C6HE) ppm < 0.020
Toluene (CTHE) ppm < 0.020
Xylene (CBH10) ppm < 0.020
Total Sulfur (TSC) ppm < 0.10
Carbonyl sulfide (COS) ppm < 0.100
Hydragen suifide (HES) porm <010 CO, snow sample
Sulfur dioxide (SO2) ppm < 1.00
Odor of solid CO2 Mo foreign odor
Appearance of solid CO2 No foreign appearance i
Odor in water No foreign odor i TekniSkQ
Appearance in water No foreign appearance y
Taste inwater Nao foreign taste Ver ke n
Appearance after snow sublimation No color or turbidity




To start with, why did we go for food grade
CCU instead of CCS?

* “Mature” market of CO, in Sweden when doing food grade CO2 quality

Large market and high demand for CO, as a chemical

Circularity — like biogas itself, with CCU we get a new product, fossil free
which can be used and replace fossil CO, on the market

Local/regional market for CCU (CCS located in Norway o Denmark —
remember where Linkdping is located)

Same demand on product quality more or less, or even higher
requirements on CCS than food grade

We keep the climate benefit ourself instead of selling it with CCS creditSmy, ,
C Teka Eﬁka
4 ver



Challenges that we saw "then”...

@ The first biogas plant ever in Sweden to be certified to food grade CO2 —
\Ya will we be successful? (FSSC 22000 following ISBT)

Limonen, p-cymen and aromates (BTEX)

-E Very high purity of the raw CO2-gas, but, there are impurities such as V

% Several impurities monitored online, but each batch need to be tested
“offline” with odor, taste and appearance of snow and gasified L-CO2

e | Tekniska
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Nothing is now wasted at the
biegas bio-refinery plant

1 ton of food waste turns into:

2 cubic metres of bio-fertilizer

90 kg of LBG (enough to run a
truck for 400 km)
130 kg of bio-CO2

e ... sufficient to fill 25 fire
extinguishers...

e ...or bubbles to 40 000
sodas....

|
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‘”‘if" Sum up

e Capacity of 20,000 tons of liquid CO, per
year, equivalent to 57 tons per day

* Operational for > 1 year now — it works, we
sell the product and we can take CCU into
account in RED calculations

 Since January 2026 the product is certified
according to FSSC 22000 (in line with ISBT)

* Over 100 bulk exports since start

LTS —"

v
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Thanks!

June 2025
When first off-loading occured...

... since then > 100 exports
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