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CIRCULAR ECONOMY IN
DENMARK

The quiet revolution of biogas in
Denmark
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KINGDOM OF DENMARK: BEER, BUTTER, BACON & BIOGAS

43.000 km2 —-5,6 MILLION DANES: THE AG AND FOOD SECTOR MATTERS
* 25% of all export is ag and food related / 6.5% of the workforce. Cooperative traditions
* Home to global companies like Danish Crown, Arla, Carlsberg, Novozymes, Chr. Hansen,
‘. Danfoss, Grundfos, Vestas, LEGO, Siemens Wind Power, Maersk Shipping et.al
SIGNIFICANT LIVESTOCK PRODUCTION CALLS FOR AGRIENVIRONMENTAL SOLUTIONS
* 35+ million piglets/year and 1.5 million cattle incl. 575.000 Dairy cows located on a areas
half the size as Tasmania (around 33.000km?2).

Livestock manure

Tonne dry matter
5 km square grid
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CIRCULAR ECONOMY — ORGANIC WASTE AS A RESSSOURCE

* 2022 target: Min. 50% recycling from households.

e 2023 target: Around 300.000 tons organic waste from households must be collected
separately. Used for biogas production and later fertilizer.

RENEWABLE ENERGY

* Although considered a wind-power country, 2/3 of all renewable energy in Denmark is
bioenergy. 34% of all energy production is RE.

* Goal: Climate neutral by 2050

* Framework: Overall strong political consensus across the 10 parties in the Parlament.



FROM FARM BASED TO INDUSTRIAL BIOGAS PLANTS IN A FEW DECADES

Currently 166 biogas plants in Denmark Biogas production and use in Denmark 2012-2020
- 56 waste water plants (PJ). Source: DEA
- 6 industrial plants (food waste) %

- 28 landfills (no more landfills are build)
- 27 agriculture co-op plants (increasing)
- 49 farm based plants
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Agri-environment

Less smell and leaching

Less methane and laughing gas slip
Higher availability of nutrients

Energy

Renewable and storable gas that replace fossil
¥ fuels

Opportunities to integrate wind power
Economy

Jobs through local value chains

New products: food grade CO,

- 1PJ biogas = reduction of around 1.084.000
tons/CO,/year (Danish DEA)

- Socioeconomic value of biogas in Denmark:
$26 pr. GJ

)

Circular economy §

Co-digestion: Agri-, food-, industrial waste &

Fertilizer of high value for organic farming §

AD is much more than just energy W&

Technology & Process

Economy of scale but no size fits all |
Mainly thermophilic processes in CSTR
Flexible plants putting gas to the grid

Ownership & Management

Biomass suppliers co-invest

Long contracts and partnerships
Operation is key and not a part time job!




MANSSON PLANT: LARGEST ORGANIC BIOGAS PLANT IN THE WORLD

Biomass supplier/investor Investor/operation Design/commisioning Biogas upgrading H,S removal Foodwaste tech/sup
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POWER2GAS: THE FUTURE OF BIOGAS IN AN INTEGRATED ENERGY SYSTEM

Water
electrolysis

Storing wind and solar in the gas
grid: Using H, produced from
solar/wind and CO, from the gas

upgrading system to produce
methane.
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Surplus Wind or Solar energy




BIOGAS PRODUCTION & COMPOSTING IN ONE

1. HYDROLYSIS

WASTE PROCESSING MOOLLE

WASTE PROCESSING MODAR

GAS REACTOR

GAS REACTOR

BIOFILTER

Hydrolysis: Inside the process module fresh waste is sprayed with
degasified percolate drawn from the biogas reactor. This induces
bacterial hydrolysis, leaching out fatty acids. Percolate is drained from
the bottom of the process module, effectively separating the waste into
dry and wet fractions.

Methane production: The wet fraction (the percolate), with its content
of fatty acids, is pumped back to the biogas reactor where methane
production takes place, physically separated from the solid waste
fraction. Steps 1 and 2 are continued as long as the percolate has
potential for methane production.

Composting: When the potential for methane production has
decreased, the process module switches to forced ventilation (negative
aeration) of the remaining solid waste. Aeration rapidly initiates a
highly effective composting process. Heat from the composting ensures
complete sanitization and evaporation of excess humidity.

n ~+~ Morten E. Gyllenborg, Development Director
/\ I kd 1 Mail: mog@solum.com // Phone: +45 2876 9706
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FUTURE: BIOGAS TECHNOLOGY IS MUCH MORE THAN ENERGY

\ﬁ\; VALUEWASTE

ew volue frorn owaste

THREE VALORISING LINES OF URBAN BIOWASTE

Treatment by Final
Industrial Partners & Marketable
Intermediate Product

Selective Biowaste Treatment
collection in cities in Waste Management Plant

MICROBIAL

mmn METHANE
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URBAN DIGESTER
BIOWASTE

PHOSPHOROUS




LARGE SCALE USE OF MIX GARDEN WASTE FOR COMBINED HEAT AND POWER

@
Dall Energy

NEW BIOMASS TECHNOLOGIES
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Dall selected for Denmark’s first green waste CHP plant

|

In Denmark, Dall Energy has
been selected by local heat-
ing utiity Sore Flemvarme
ASS to supply & turnkey
combined heat and power
(CHP) plant to the town of
Soro. The 12 MWth and 1
MWe plant will primarily be
fired on local woody green
waste and will replace a fos
sl gas fired facility as part
of the goal to have 100 per-
cert of the district heating
from renewable sources

- WALL B Tl sy it -
ey plat s Dvwomark thae will
e local woody procn wanse from
pondenn and parks an the main fuel
waid Jern Dall Boneacn, CEO of
Dhamish brawmasss gavibn ativn arnd
combuitien technology providen
Dl Esergy




LET’S CONNECT!

We facilitate collaboration
between Danish and US
stakeholders  on biogas
policy, R&D and commercial
agreements. Free of charge.
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www.biogasgoglobal.dk +1 240-877-4745



