Energy Independence of Cities
and Municipalities 2024
at Eryk-Biogas
| v | —

- .
S







Agrometer in Brief

Currently Agrometer solutions are
vearly distributing more than
22.000.000 ton of digestate from
Agrometer is the global market leader in biogas and liquid manure from
the most sustainable continuous flow agricultural farms.
digestate application systems using hoses

(non-drag version). ,
Agrometer solutions are

distributing 18% of the total slurry
amount in Denmark, and 3% of
the total amount in Germany.

»®E

'A IAgrometer







SELFPROPELLED SLURRY SPREADING

Slurry Distribution: upto 250 m3/hour
Fuel consumption: 12l/hour @ 170m3
Total field weight: 22.450 kg
Operating range: 30-36m boom




Slurry Distribution: upto 140 m3/hour
Fuel consumption: Tractor

U M BI LICAL SLU RRY SPREADI NG Total field weight: 14.900 kg (+ tool)

Operating range: 6-18m tool
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" 0 ILE SLU RRY PUMPING Pump capacity: upto 370 m3/hour

" Fuel consumption: 22l/hour @200m3

N 7 , Pump range: 4 km/pump unit
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The Agrometer Concept

* The Agrometer Concept is to ensure PUMPING SPREADING
continuous operation in the fields by
pumping slurry from pits, lagoons
etc. to the applicators. MOBILE

e In the fields The Agrometer Concept SOLUTIONS
technically ensures that the feeding
hose stays put on the ground, to
prevent it from being dragged across _sTATIONARY.
the crops, hence making it suitable SOLUTIONS
for operation in high crops.

* The Agrometer Concept operates
with both mobile and stationary
feeding pumps, and current setup
can operate with a distance up to 20
km between storage and field.

'A lAgrometer



Low Operation Costs

The fairly small engines on the machines (168 - 208 kW) and the
low number of rpm's required for operation, leads to a low fuel
consumption.

The continuous in-field operation ensures a more steady and
gentle stress on the machinery, which reduces wear and tear,
providing a longer service life and less maintenance costs.

Reduce Structural Damage to the Fields
A limit of only 2 passes in the tramline and the low self-weight
reduces field damage and soil compaction, which helps to protect

the crops and increase yield.

Weight SDS self-propelled applicator: 46,200 Ibs

Weight SRS umbilical applicator: 22,050 lbs (w/o tractor and tool)
Weight of machine hose when completely full: 13,275 lbs

High Performance Through Continuous Operation

The constant flow from pump to field enables continuous
operation in the fields, ensuring a high overall performance
against total machine operation hours. In average Agrometer
machines, including reconnection of hoses, distribute 175-200 US
ton/total working hour

'A IAgrometer

5 Key Benefits of The Agrometer Concept

Build to Biogas Digestate

Biogas digestate contains valuable nitrogen. Optimized
utilization of the nitrogen ensures increased yield and helps to
cut costs for fertilizer. The Agrometer Concept provides
accurate application through dosage-controlled propulsion
speed.

Improved Percolation and Cleaner Operation

The way of operation means the complete tramline is passed
only twice; outward laying out the machine hose and
collecting it when returning.

This improves the percolation of the digestate, as half of the
dose is applied on each passing.

The actual tramline itself however is only processed when
returning, meaning the machine is not being soiled.




SUSTAINABLE SLURRY DISTRIBUTION AT LOWEST COST

Transport 2km from pit

(The case gets even better from a longer distance)

Community Aspects
Distributing 1.000m3 slurry by
pumping reduces road transport

Fuel cost CO2 emissions incl. machines
with 64 truck loads between
0,22 EUR/m3 1,05 kgCOze/m3 farm and field
Impact of CO2 tax

x 100EUR/tCO, - > 0,10 EUR/m?

'A lAgrometer

Fuel cost CO2 emissions incl. machines

0,66 EUR/m?3 2,5 kgCO,e/m3

Impact of CO2 tax
x 100EUR/tCO, - > 0,28 EUR/m3



Our solutions support the ESG agenda

E

-impact on Enviromental -impact on Society/Social -impact on Governance
* Reducing CO2 emissions * Nitrogen Utilization * Documentation of slurry
* Reducing use of fossil fuel * Limited road operations management
* Nitrogen Utilization * Reduction in truck transports * Documenting efficieggy
» Extended equipment lifetime  Limited odor nuisance from * Industrial opSIEEgss

. transport and distribution
* Increased corps yield
 Limited dirt on roads

 Safe working conditions

»®E
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EUROPEAN ENERGY




AMMONGAS

EUROPEAN ENERGY

Ammongas A/S

Engineering company specialized in Gas
purification

Founded in 2002, Copenhagen

Initially made scrubbersolutions, air and
gas cleansing.

From 2011, Ammongas started the journey
into biogas upgrading




Ammongas A/S i

In 2024 there are 35 employees, herein 30 engineers

Ammongas has today designed, built and
commissioned +30 biogas upgrading plants across
the globe. Including. Scandinavia, Germany and the
Unites States.

From delivering small plants at 150 Nm3/h raw
biogas to 10.000 Nm3/h raw biogas.

Today, over 50 % of the biomethane in the Danish
National gas grid comes from an Ammongas biogas
upgrading plant.

European Energy acquired Ammongas in 2022, and
in 2023 Ammongas moved into the European Energy
Headqguarters in Sgborg, part of greater Copenhagen.



Ammongas A/S it

AMMONGAS

EUROPEAN ENERGY

Product Portfolio

CO2-Separation CO2-Polishing CO2-Liquefaction CO2-Capture




Ammongas Amine Biogas Upgrading AINQNGAS

The amine-based chemical absorption
process has been used for CO2 and H2S
removal—acid gas removal—from gas-
treating plants since 1950s and are

: S S
considered to be by far the most D: 02

developed CO2 capture process. . HEAT
« Absorption/Desorption of CO, using

BIO METANE

amines

e CO2reaction with water -
. . ABSORBER DESORBER
carbonic acid
CTO0, ¥+ H,0 S H,CO03°
 Carbonic acid reacts with amine. __m
RNH, ¥ H;C03 & RNH; FHCO;3
L} EEE

Methane Slip
Guarantee:
0.09%

Uptime Average

Pressureless Heat Recuperation

Including service
98.7%.

Biomethane Purity 16

_ )
70-90 % 599%

system




Nothing is Plug & Play in a Biogas Ecosystem

Upstream & do
equipment

Mass balance &
engineering

Compression
. H,S Strategy
Power, Water &

= Connecting pipe
conduits

Construction

17



Heat Recovery Loop AMMONGAS

Digester

34,6°C/95°F ~52°C/ 125

~60 °C /140 °F ~85 °C/ 185 °F

~50°C/122°F

Solid Fraction R ~60 °C / 140 °F
15°C/ 60 °F =
NS5 c/7mF
S <2 B e Madsen Bioenergi 1200 Nm3/h



The Biogas Ecosystem can be part of the PtX

_ecosvstem

AMMONGAS

EUROPEAN ENERGY

Renewable energy

Carbon Capture
- EE + Ammongas
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Solar PV & Wind

energy
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Carbon Capture
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PtX-facility

Product offtake
- EE

CO2 distribution
« EE & partners

Sustainable fuels for heavy
transport & shipping

Product distribution
» EE & partners

Fossil CO2 storage
« EE & partners

CO*)
peEEe l et

I TR

Carbon Storage

Product offtake
/1+ EE
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AMMONGAS

EUROPEAN ENERGY
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Who we are:

We are an international technical service provider with Danish-
Polish DNA. Established in 2004, Eryk specialises in global
electrical and mechanical installations for various sectors: from
industry and automation, to building installations and energy &
renewables. Eryk places a high priority on health and safety,
quality, and environmental standards, which is why we are
certified in all HSEQ standards. Through initiatives like the
African vision project and the international apprenticeship
program Eryk promotes sustainability and corporate social
responsibility.
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year

Q Offices: Denmark, Poland and Nigeria
@ Projects



What we offer:

INDUSTRY & BUILDING INSTALLATION ENERGY & REMOTE IT SERVICES
AUTOMATION RENEWABLES

Eryk has more than 200 travelling technicians including electricians, mechanics, welders, fitters and
engineers.

OUR CORE COMPETENCES:

Mechanical assembly  Service & Maintenance
Electrical installation + Site management
Welding  |T services
Commissioning

We have all competence levels from S
apprentices and juniors, newly o
graduated, to regular technicians,
seniors, team leaders and site
managers.

ervkK




Competences A‘
P Eryk Hero ervykK

Technical skills at Eryk

Technical
service provider

HEAD - Our Strengths:

* Certified specialists e
 Skilled & experienced \ ,
 Ambitious & motivated skilled

technical
teams

HEART - Our Values:
» Personal
responsibility
* Respect
» Equality
« Customer-centrism
FEET - Our Foundation:
« Sustainable Business
* Fair operating practices ,
« Compliance
e Transparency

I1SO 9001
1SO 14001
ISO 45001
I1SO 26000




Case Studies — Energy & Renewables ervK

. /N —\
Customer: Lillegaarden LILLEGARDEN EL

—- | | ™ m

Electrical installation in a Biogas plant

l Scope of work included cable pulling and cable tray
| | assembly, switchboard assembly, installation of engines
| and pumps, control of all electrical installation systems,
and undisclosed confidential tasks.

New waste incineration plant

Scope of work included all automation related to the
energy generation process, from the first waste sorters
and conveyor belts, to the energy generation process
itself. It also included cable trays, LV and HV cabling,
connections both in the field and in control cabinets.

0 Electrical installations for Power plant

This plant obtains energy from the combustion of
plastics, at that time it was a very innovative power

Project location: Denmark plant. Scope of work included cable trays, LV and HV
cabling, connections both in the field and in control

cabinets.




Case Studies — Energy & Renewables ervK

Customer: Vital Energi Ltd, SUKUP Europe A/S, Cimbria Unigrain A/S
Q @ District heating plants

Installation and commissioning of a new Combined Heat
and Power plant for Imperial College London, supplying
heat to more than 22.000 students. Eryk was
responsible for modification works of the main energy
center steam system, replacement of a range of plate
heat exchangers, replacement of gas engines.

Mechanical installation of Silos infrastructure

Eryk was responsible for reconstruction of steel
structures and silos incl. steel erection. critical
supervision and site management of silos installations -
23 different locations along the Nile, each including 12
- & silos (of 25 m height), which makes 276 grain silos in

Project locations: Norway, Egypt, Denmark & UK total.




We are proud of our growth from 0 - 300
employees over 20 years. We commit to
delivering high quality sevices on time,
competitively priced and in full
compliance, always prioritising customer
satisfaction.

Thank you

EEI' I|I|||
-Fﬂ.ﬁ' Scan to watch our company movie.
R

HEE

Er,_l- "EE www.eryk.com



»The Danish Biogas Model” - Biogas Production From Agricultural And Organic Waste

Biogas for sustainable food production
Goodyvalley

s

e

Anita Bednarek
S Bioenergy Delegation to Poland
19 -22 March 2024




Biogas plants in Goodvalley Poland

8 agricultural biogas plant

7,403 MW, / 9,838 MW,

32.670.000 m?3 agricultural biogas
per year

52.000 MWh per year

17.000 householdes

194.000 GJ green heat per year

99999



Goodvalley — since 1994 - Ta |

OLINA DOgp _
° 4 Gastric content

POLICZKI
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Feed and crop residues

Source: Own work




Biogas plant Pawtéwko - first agricultural biogas plant in Poland

Start of production:
06.2005

Power:

946 kW,/1 004 kWt

Biogas flow design diagram

5mb—>
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Goodvalley biogas production




Biogas plant in Koczata

04.2009

Power:
2.126 KW,/2.206 kWt




Biogas plant Nactaw — heat for people

Start of production:
06.2010
Power:
625 kW, /692 kWt




Biogas plant in Uniechoéwek with the straw briquette line

%

Start of production:
02.2011

Power:
1.063 kW/1.081 kWt

Thanks to biogas plants...




Thanks to our biogas plants...

% We have a renewable energy source - we are energy self-sufficient -we do not buy
energy from outside, and we sell the surplus externally;

“* We produce electricity and heat in cogeneration — we heat our buildings and
8 blockflats and a school in one location;

** We reduce primary energy consumption and increase energy efficiency;

% We optimize the circular economy;

“ We manage agricultural and food residues and by-products, including use of best

available techniques (BAT) in the context of pig slurry management;
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Thanks to our biogas plants...

“*We produce high-quality organic fertilizer - we make better use of nitrogen
In fertilization;

“* We destroy bacteria and pathogens in the fermentation process;

“* We destroy weed seeds in fermentation - we reduce the use of pesticides;

“* We reduce (by approx. 60%) odor associated with fertilizing fields with raw
slurry;

** We are a member of the Przechlewski Energy Cluster;




Thanks to our biogas plants...

We reduce greenhouse gas emissions, including:

« we reduce methane emissions by managing e.g. slurry;

« we reduce emissions by disposing of slaughterhouse waste, stomach contents
and sewage sludge from food plant;

« we reduce emissions related to replacing heat sources (e.g. oil boilers) with heat
from biogas plants;

« we reduce CO, corresponding to the amount of electricity sold - approx. 8,500

tons of CO,;
izing fields (avoided emissiorma

9999999



Anita Bednarek
Sustainability and Strategy
Development Manager

Goodvalley
tel.694-428-328

anita.bednarek@goodvalley.com




SN\* PUMPER

LSM Pumper ApS

Headquarter

Vraa — Denmark — Europe
Phone +45 98 98 19 00
Info@Ism.dk

www.lsm.dk

Subsidiaries:
LSM Pumpen GmbH

LSM Pumps USA Inc

Denmark

Denmark - Sigenvej 7 - Vra 9760




SN\ PUMPER

Denmark

About us.:

. LSM founded in 1982, by Leo S@rensen.
In 1993, the first hose pump was
produced. 10 employees in new
buildings from 2008 and added 2018.

*  Subsidiaries in Germany and the United
States

. Exports account for about 80% of
turnover

Today, 13 different size hose pumps are
produced, from 10mm to 300mm
diameter hose.

. LSM is worldwide and the only
manufacturer of 150, 200 and 300mm
hose pumps.




SN\ PUMPER

Denmark

Our product.:

Pumps from 10 to 200mm

NEW LSM300 linear hose pump

The LSM product range stretches from 10 —
300mm sizes (30 — 500.0001/h), which means g
that LSM can handle a wide range of Bl 2
applications: dosing (dosing tomato into { E
mackerel cans), glue for the production of r ol
laminated wood, chemicals at waste water =

treatment plants, high-flow transfer

applications within agro- and biogas,

mining and fishing industries.




5N\* PUMPER

Denmark

Application.:

LSM's hose pumps have a wide range of applications in a number of
different industries in Denmark and abroad including:

 Biogas - Farmers

* Food Industry

* Fishing Industry (unloading)

* Mining and contractor industry

* Chemical Industry

« Agricultural industry

« Combined heat and power plants
« Treatment plants

* Off-shore




SN\ PUMPER

Denmark

LSM 10 - LSM 15
Metering hose pump in Polyurethane
Capacity: 0 - 500 I/h

LSM 25 — LSM 100
Hose pump in steel / stainsless steel
Capacity:1- 40 m3/h

LSM 65 - LSM 200
Hose pump in galvanized steel
Capasity: 12 — 300m3/h

LSM125 + LSM300
LINEAR hose pump
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Long distance manure pumping -
1.9 miles/3 km!

For more information:

Leo Sgrensen: +45 4020 3100
Dan Christoffersen: +1 281 771 8045

Long distance manure pumping - 1.9 miles/3 km !

It’s common knowledge that cattle manure is hard to pump and thus also a challenge to calculate
the pumping capacity/friction and total dynamic head when it needs to be pumped over long
distances. The Fair Oaks project in the US has shown us how it’s done — and the interest from other
farmers and biogas developers has been overwhelming.

Weare sready warting Prog i szen 8 Vg

i pumpz 3 piaces
in the workd. We = you

LSM Pumps & Fair Osiks Farms USA

Fair in Indisna i = the US with
36,000 Cairy coWs over (¢ ) sp eigh
properties.
mwmummnﬂzl&mmmwmmﬂ
w y merager of the _,_pmnp-c-nvm

........ one
ammmbmwm-muummm
menure contains approx. 3% solids.

en years ago they g 2 € pip

wariaty of pumg ] i satistact st
resort, aderi i 300hp
motor, weikh ibke in 8 togas context due to energy Ecency The setup st Feir Qs looks ke this:
energy concumption in general. mmmsmnmprmiybmmmm
10.000m3.
We deciced st LSM to offer our clien et Feir Oniks a 2ighsy . yconszency.
o pump. It wes P i o ¢ ok A
P Pump if they were mtisfied musa"- . ywell g > the g
N A i, 6" HDPEp going’ ag @els
The pump was in cperation by August 2022 and proved that it could pump the
manure for 3 km Lzing 8 humble 22 hp motor. Naturally, the Qustomer bought The pump iz instalied wit and lesk
the pump. mmuummummr’,mq&
y underway to upgrad E 51 ir Oulks with a mqmsmwmmmm-m-p@g
further Pumps, weich will pur e
two other farm, thereby efimi wu:.m. Working with the customer, they ep t0 be abie t pump hig
R . res ) L 7

PUMG" anc fall 2023 8 58cund LSM 125 was instated.

c rojectn 2024 wil e i scener o smrce ppeiee e
Fair Ouks farm — we will keep you updsted.
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Substrate and pineapple waste
For more information:

Leo Sgrensen: +45 4020 3100
Jorgen Rasmussen: +45 3168 8862

LSM Pumps now in Asia

An exciting assignment completed in the Philippines

LSM Pumps ApS has just installed an LSM125 hose pump
for an especially interesting customer in the Philippines on
the island General Santos at Polomolok Biogas Plant,
Polomolok.

The biogas plant was established four years ago. its primary
function is to convert substrate from processing at DOLE's
production plant in Polomolok into biogas. The biogas plant
is owned by METPOWER. DOLE transports thousands of
canned pineapples all over the world every single day.
Substrate and pineapple waste is driven to the plant and
the mass is pumped through a mixer tank into three
reactors. Each one produces 600 tonnes of biomass daily,
which after defibering and crushing is converted into
methane and CO2. The methane is sold back to DOLE,
which produces steam wvia its steamer that is then used to
help preserve the pineapple product. CO2 is converted into
liquid via a cooling process and then resold in tank form to
one of the world's largest carbonated drinks
manufacturers.

Substrate and pineapple waste is mixed with the added
liquid in the tank of Streisal mixers to give it a TS of around
15%.

The LSM125 hose pump replaces two other pumps, which
could not adequately move the mass.

The installation of the LSM125 pump was completed in mid
February and the manager of Polomolok Biogas plant was
delighted with the resuits of the test run.

#slangepumpe #peristalticoump #biogas #lsmpump



STB - Straw To Biogas



Jesper Straede

Export Sales Manager

B jst@linka.dk

o +452889 0383

IN'KA,
apartol LINKAgroup



ABOUT LINKA ENERGY

Linka Energy was established in 1978

« 50 employees divided into sales, project management, )

construction, production, assembly, service and administration IN—KA
. : ENERGYJ
» Acquisition of Jernforsen in 2018 partof OLINKAgroup

* Acquisition of Weiss in 2019

* More than 5,000 plants worldwide

Jernforsen
Operating philosophy
« World patented combustion technology that ensures total
combustion of the fuel @
« High operational reliability - get unplanned downtime
* Low energy consumption I Y—

* Minimum maintenance costs



SOLUTIONS

« Our boiler systems are developed from our
own design, based on +40 years of
experience

« Biomass boiler systems from 250 kW to 30
MW thermal

* Proven, safe and efficient quality - at an
affordable investment

» Boiler systems are adhering to strict EU
emission legislation

« Segments include:
» District heating networks

» Industry and commercial use
» Agriculture

ENERGYJ

apart of 0""“group



CONVERT YOUR WASTE INTO FUEL

STRAW - AS EXAMPLE

« Straw is CO2-neutral and
7ol G " 20 AT ‘ delivers a closed loop circuit on
& Sy - LIS greenhouse gasses

Elephant grass

* Locally grown and locally used -
and available

 ltis easily accessible and often
a waste product

* The efficiencies and utilization
value are extremely high

* Linka offers boilers from 250kW
- 12MWthermal o straw

12 RESPONSIBLE
CONSUMPTION
ANDPRODUCTION

QO

Forest chips Wood waste Wood pellets

ENERGY 4
apart of 'u"“group



Linka Shredder

} , nvyor ad TWl 2 shredr

ENERGYJ

apart of 'u"“group
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We are with you all the way
v Consultancy

v'Development
v Support

1 ENERG Y
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Are the three natural resources for the production of green energy




And the global potential 1s great -

energy | ®



Nature Energy Korskro

Production: 36.1 million m3 gas per year
Biomass capacity: 1 million tonnes per year

natureenergy

Korskro




Our plants are
centralized and
receive feedstock
from a large radius

With our advanced technology, we can
process all organic waste within a radius
of 25 km

Our business model takes in manure
from several small and medium sized
farms (from 200 size herds)

We continuously improve our design to
handle all types of organic waste and
manure

Our upstream processes are circular and
indefinite

One Nature Energy plant can process up
to 0.5-1 mil. tons of organic waste and
residues annually
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Organic waste is reduced
to hiomassina grinder

The Biogas plant is
converting the carbons from

waste to methane and CO=
gagu re
Organic waste / n rgy

is transpf é |/‘/\|]

U7 WEo S

Organic waste is collected The residual product is
while methane and CO2 \_/ used as more efficient
evaporation is removed fertilizer in the fields with

from the farmland less smell

nature
energy

64



Biogas in a large scale

FOOD WASTE FROM
HOUSEHOLDS AND SLURRY
BUSINESSES
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Organic waste
is transported

PN

Organic waste is reduced

to biomassina grindar

258

J(T wa S

Organic waste is collected
while methane and CO:
evaporation is removed

from the farmland

~_

The Biogas plant is

converting the carbons from
waste to methane and CO:

nature
energy

J

The residual product is
used as more efficient
fertilizer in the fields with
less smell

P2X

Excess electricity is
converted to hydrogen
used for methanation

Water

Hydrogen Hz

-

CHa

>
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CO: + H:
CO: and hydrogen are
methanized and sent on the
natural gas grid as methane
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Methane gas is sent to the natural gas grid,
displacing natural gas

O

NATURAL GAS GRID Ell]
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Liguid fuel

CNG andLNG

®

Methane gas

Carbon fibres
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Household and Industrial processes
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E.g. textiles and bicycles

nature
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N Our biogas plants is an effective
C </ system for recycling of nutrients

A typical Nature Energy plant
produces 0.5 mil. tons of nutrient rich
green fertilizer

-

Saving costs on fertilizers and
improving the environmental
footprint of the farms

The biogas plant is
a nutrient factory
to farmers

Cover-crops solutions
5 N " -8
‘4‘ ’ _f &8



The farmer

Better fertilizer that can be
spread more easily

Organic waste is

collected
The residual product is used as more efficient Organic waste
fertiliser in the fields with less smell is transported

Farmer as energy-supplier
Possibility to be a co-investor
Economic savings as the biogas
plant handles fertilizer
accounting and transport of
degassed biomass to the fields

Organic waste is

The Mun|C|paI
The municipality takes the final
decision on establishment

* Handling of green waste/household
waste

* Green fuel for local transport

* QOption to carry out continuous

control t

Biomass is transferred reduced to biomass in a ) 3
QY The SOC|ety to the biogas plant grinder ' L
Eﬂtureene g Biological waste am residues are turned into value
* Local energy production The Community
* Reduced emissions of greenhouse gases «  Jobs at the biogas plant
* With a portfolio of biogas plants, we can: e Jobsin local area
* optimize transport, ¢ Reduces smell when
* buy large amounts of biomasses when the spreading the manure
price is good, .

* optimize the biomass mix,
* Have experts for specific knowledge

Other supports to the local
community

ugh the given approvals

nature
energy






Renew Energy A/S

Solution presentation ere is no such thing as
waste but wasted

opportunities.

. =
=L/l


https://renewenergy.dk/

Renew Energy at a glance

0 Family-owned design and engineering company
headquatered in Svendborg, Denmark

Europe served out of Denmark (for now)
Representation in USA

Representation in South Korea
Representation in South Africa

. DENMARK . REPUBLIC OF KOREA . SOUTH AFRICA . UNITED STATES OF AMERICA

=




Denmark - World-leading biomethane production

Unbroken Chain

A guarantee of origin (GO) is a certificate
documenting and guaranteeing the origin of
the renewable energy.

2023: App. 40% biomethane in gas
network

Goal in 2030: 100% biomethane in

40 %

30 %

20 %

10 %

0%

Share of biomethane in relation to the last 12 months of production and gas consumption

11.5%
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Brief company history = eenr;l?éld

0 30 years of experience
1990 — 2007 Bioscan A/S
2007 — present Renew Energy A/S

QO Professional backgrounds
Engineering: chemical, mechanical, naval, electrical, environmental, etc.
Economics & Commercial

O 300+ project design references

Include but not limited to: Anaerobic digestion, digestate Separation, nutrient recovery and utilization of CH4 and CO2

1990 2017
. 202
Bioscan 2011 AL 2021 3
A/S est. 2007 _ g 25 years
_ First key anniversary New
Poul E. Biosca ethanol supply of B]aab;erg offic
Rasmussen n sold project in DK loga e
1996 2007 2012 2019 2021
Blaabjerg Renew First Advanced New CEO
Biogas est. Energy USA nutrient Morten E.
k A/S est. delivery recovery in Gyllenborg /
USA




Engineering Service and Design philosophy

U Engineering services

VE LB 7

Basic engineering package
Detailed engineering and support
Construction supervision
Procurement assistance
Commissioning

Training and documentation
O&M services

0 Technology agnostic design philosophy

1Y R

Process integration

Robustness — flexibility and durability
Optimized energy consumption

Automation control

Optimized business case

Focusing on Total Cost of Ownership (TCO)

Farm-scaled example

Industrial-scaled example

of Renew Energy A/S

Property of Renew Energy A/S

)




Typical project phases and Milestones

» Construction supervision
» Basic engineering « Commissioning, start-up,
 Detailed engineering running-in

« Staff training

* |ldentify project
» Search financing
* Feasibility study

N AN J \ J U J
Y Y Y Y
From months to years 5-8 months 8-12 months 6-9 months 3-5 years
Development phase Design phase Construction Commissioning O&M support

Engineering starts Construction starts Start-up Project handover




Anaerobic Digestion — the circular economy driver

Improves 505 by increasing AN Zﬁ
indigenous production and -
biogas can be stored o

Reduces CO2 and CH4 and Improves water quality by
potentially N20O emissions reducmg nitrogen discharge

od K 72

Enables increased integration of

wind and solar by providing flexibility @ ;

Improves the fertilizer effect of
the manure by degasifying it

O Z/\’
—0© @ C> Q

Increases cost-effectiveness of waste
management by using organic waste

Supports rural development by
creating jobs in the rural economy

*ENERGINET, Gas network planning for green gases




Value Chain of biogas projects

INPUT PROCESS INCOME / SAVING

RAW MATERIAL

TIPPING FEE OR FEEDSTOCK COST

Gas sale
Carbon credit

Household bio-wastes

Industrial bio-wastes > | L _______ ! CO, utilization

Biogas —— SRR . * PtX
Livestock manures ! :
. o * Power sale
) : —» Gas engine
Agricultural residues ! |
o ! * Process heat
OTHER OPEX DRIVERS ezl oo :
: :  Fertilizers sale
Energy costs | : : !
E : i : - Carbon
Logistic costs | ' i » Di i sequestration
g : Ar_laerc_)blc > Dlgesta_tte : q
; digestion : . separation
Employee costs ! : : :
maintenance costs : * Process water

Irrigation water

. )




Methane - a (very important) byproduct

Digestate 90 BIOFERTILIZER
C,N, P K
Water 80
Inorganics 4 BIOGAS

Organics (non-converted) 6 ’




Nutrient recovery solution - Tailored fertilizer

Plant

Manure
and other e
organis

biomass Receiving tank

Animal
by-products s
Category 3

Receiving tank

k *U.S. Patent No 10.981.143

Flare

Digester

Gas storage

Desulphurization

Upgradin
Sanitation PS 9
Decanter
=
Pretreatment
Stripper
UF RO
—T——
———
Buffer tank Buffer tank Buffer tank

Gas to grid

Compost

Concentrate

Process water

Ammonium
sulfate




Carbon Capture and Utilization (CCU)

CO2 is a valuable commodity

Globally, some 230 million tonnes (Mt) of carbon dioxide are used

every year.
@ Fossil fuel " Industrial process @ Yield boosting
* greenhouses

- @ Biomass =# Underground ‘G « algae
Flicle A A deposits » urealfertiliser

* methane -y v

B methgnol _ o {é Solvent

» gasoline/diesel/aviation :

fuel - » enhanced oil recovery

» decaffeination

A Chemicals » dry cleaning

» chemical intermediates . .
«~——— Conversion CO Non-conversion ——

(methane, methanol) : B .
» polymers (plastic) (direct use) Heat transfer fluid
» refrigeration

— » supercritical
» Q Building materials power system
H; ) Methanol - aggregates
(filling material) o
>" - & * cement coo Other

* concrete » food and beverages
« welding
» medical uses

QIEA (2019), Putting CO2 to Use, IEA, Paris https://www.iea.org/reports/putting-co2-to-use, Licence: CC BY 4.0 /




Conceptual Block Flow Diagram [Jenew

enerqgy
FEEDSTOCK DIGESTION & BIOGAS DESULPHURIZATION & SEPARATION PRODUCTS
RECEPTION BIOGAS HANDLING
& PRE-
TREATMENT
O
CH RNG (CH4)
) ] 1,700 m3/h
MRStation
Gas Holder iological — Polishi
e * DesBquSﬁzcaiion Cart(J)olz Flir:tgers Upgrading CO:
(H2S, VOC etc.)
Feedlot manure 750 t/d “ 4
Corn Straw Silage 50 t/d e 5
ase
“ LIQUFIED CO2 CO2 (Iq)
» 2.25 mt/h (20,000 tpa)
Regenerative carbon CO2 Condenser CO2 stripper & reboiler
filter & drier (Removal of N2, 02 and CH4 impurities) Case A
Slaughter Waste 50 t/d COMPRESSED — CO2 (9)
Dairy Waste 125 t/d CRYOGENIC CO2 SEPARATION & LIQUFACTION CO2 evaporator
-o Digestate
Hygient 860 m3/h (310,000 tpa)
sation Sand Trap
ell
Digester(s) W Sand
DIGESTATE HANDLING AND STORAGE




Standard Plant Design - Layout/3D, Advanced Co-digestion

RE’s standard plant design covers
concepts/solutions that fit from | e
single farm-sized to industrial-

<> Weghbridge

—
e

a0 [ e
i Gyl

3 52 551

A - Administration building

B - Process building

€ - Reactor bullding for pump and hest exchanger
D - Biogas upgrade building

E - Organic waste treatment plant

101 - Receiving tank

102 - Pt

103 - Receiving area

104 - Crane

105 - Dosing station for solid biomass (2 pes)
106 - Pump system for solig biomass (2 pes)
107 - Ornanic waste pulping system

110 - Biopulp heating tank system
111 - Digester feed system 2
113 - Digester feed system 1

121 - Digeste
122 - Digester 2

131 - Separation systems

132 - Conveyor system

133 - Effluent well

141 - UF bufler tank

142 - UF

151 - Stripper buller tank

152 - Stripper system

161 - RO storage tank

162 - RO

171 - UF concentrate storage tank
172 - Amm. sulfate storage tank
173 - RO concentrate storage tank
174 - RO permeate starage tank
201 - Flare 1

202 - Flare 2

210 - Gas storage

220 - Candensate well

221 - Gas blower system

230 - Gas upgrade

250 - Desulphurization unit

251 - Desluphurization tank 1
252 - Desiuphurization tank 2
400 - Heating system

500 - Odaur treatment

|
150 200f

" v, st

s Standand Coacse

Advunsd Codipstion




Standard Plant Design - Block Diagram, Advanced Co-digestion

Liquid

Solid

Organic
Waste

(
Biomass_®_’
8

Gas blower

Gas storage »
210 ; \ 221

system

Digester 1-4

121-122- 123 12

Flare 1-2
201-202 )
A
Receiving ‘/ Digester feed 7
tank ‘ system 1
101 b 113 J
a - Pump system
—@—b‘ Pit for solid bi
L 102 106

!

4 Dosing station
Crane for solid biomass
k. 104 105

5

-

( Receiving =
> area
N 103

7

Digester feed )
‘ system 2
_ “f

(= Organic waste i

pulping system

& 107 Y,

Biopulp heating
tank system

110

( Biopulp storage

(Buopulp heating
tank }—) system
X, 108 k 109
i Heating 3 |’ Odour ! { Condensate
system ! i treatment } } well
. 400 2 e 500 ¥ L 220

» Gas upgrade

) Desulphurization Desulphurization
tank 1-2 unit
251-252 250

<&» CH,

<>» co,

Separation 7 Conveyor W
system system @—) Compost
131 ) 132 J
— N
Effluent )
well
133 )
UF buffer ) s i UF Concentrate
tank UF storage tank :F tt::nt-e
141 ) § 142 171 entr
v S
Stripper buffer 3 Stripper Amm. Sulfate Y —
tank —% System storage tank -
k., 151 ) \____ 152 172 Sultate
RO buffer ( RO Concentrate
tank 4% RO storage tank RO ‘t:°':'
i 161 o 162 y 173 g cantase
RO Permeate
L—P storage tank :‘o Pter-
174 eate
PROJECT: PROJECT NO.: SCALE:
Renew Energy Standard Concept R300
DRIABVIJ(‘)NCL:( Diagram, Advanced Codigestion, Major Flows g
e T R300-001-00

CLIENT

Qenew %

Kallnggade 31
5700 Svendborg Denmark
+45 8222000
ternet eventiey
el infomrenevenerss 4k
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Standard Plant Design - Flowsheet, Advanced Co-digestion

201 202 280 Desulphurization unit
B A Flare 1 Flare 2 A B
N [210 Gas storage 221
0 0 | Ga= blawer NPK fertilizer Ll
| sys e area | | 281.2852
| = 230
| | |—&’—| Gas upgrade
H | b—.fga T T
[ | ) | = Requirement 220 400
- = 7
H | 220 252
| 2hp 400 400 400 !
| | coz
L - > 4137 Nm*h
R - - | (~708 Scfm)
121 Digester 4 1
101 Receiving tank 113 Digester Feed |
system T 1
Animal waste, liquid o T
1000 metric ton'd [0 :H;ii--i? s |_ cHd
(~264.200 galiday) |:> il ' H—= = ﬂ‘> 1812 Nk
. DM: B% § S 4 e »
152 400 { (~1125 Scfm)
VS 81% —[—— #s00me E}ts
800 108 Solid n;m 106 Pump — e -ial‘ﬂ mmmu
ng systen| —|=[~|— : J
102 Pit 104 Crane ‘station x2 for soila DM: 30%
Animal waste, solid i biomass x2
250 metric ton'd 1
(~275.6 © ) | | |—' 1 | | 122 Digester 2
DM: 28.8% area | |area Ll S -—q
VS: 84% > {= -
™ I 133 144 142 UF >, s ‘metric bon/d
H-+ - | el E> 238 c
Waste out <:j L[ - g Wit il UF buffer tank . " (62.350 galiday)
30 metric ten/'d —|—— wsoom* R a3 @ 500 DM: 5.6%
403 Receiving area 107 Organic waste |- =00 210,008 Ll - *Z_, 172
pal -3 Amm. sulfate
] |-~ = storage tank
170 metric ton'd 08 e 500
T > . =5 o] -+ 500
Recovery: 85% 123 | =T
o e Plgester S Td Ammenium sulfate
] o= R =Ly E> 41 metric tonid
V= am " 10.800 galiday,
4 N ‘a"' bt m ——50% MaoH r“‘ !
- L tripper buffer r
108 Blopulp storage tank 108 Blopulp heating L_[03] == [ - tank sysiom 31,5% sulturkc ack 173
o~ _—s00 system | wsoom | ‘o= ; 5
S| | Heo-B s
o g 111 400 | T
RO Concentrate
683 metric ton/d
124 Digester 4 (183.070 gabiday)
DM: 2.8%
111 Digester -— T
Foed
=500 system 2 ¢
-~ L -
= | —1-+ 7
|~ |
Prtye § o - -{3' g RO Permeate
vt Jon 210,000 188 metric ton/d
oal (42.000 gal'day)
DM: 0.02%
500 Odour treatment A = Renew Encrgy
|~ 230, (Low Other
[ 230, (High :g‘;:g E
108410411 [~ 230, (Bailer heat) 408410
124422423 — B 431433 specified area | E
124441451 —| 44451 3
152461474 152181
172473474 474472
260 173220
Fuel Supply Co—t-—-——
Bla
T
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A few selected references

CHP

Biomethan

Fertilizer

\ CO2

Cayuga

Fremont Trenton  Allter Power Kurana Blaabjerg

v v v v v
v
v v v v v




Trenton Biogas, New Jersy, USA.

400 tons/day Food waste

3MW power (CHP)

5 000 ton/year ammonium Sulfate
30 000 ton/year solid fertilizer
Construction: 2019

USA




Allter Power, Metno, Poland

230 tons/day Rye silage, beet pulp,

- * Potwer
pig manure, vegetable waste, o L v

< POMERANIAN
Poland

Glycerol

1.6 MW power (CHP)

75.000 ton/year organic fertilizer
Construction: 2011




UAB Kurana, Pasvalys, Lithuania

800 tons/day Whole silage, local industrial by-
product

16.5 MW power (CHP)

18 000 ton/year solid fertilizer

Construction: 2012

dlll
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1l |I |
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2 Sulfuric &eitric.acid
- Pump & heat exchanger room ~ ' d@g tanks
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Blaabjerg, Denmark

]

™

§
S
R

1 000 tons/day mixed feedstock

Pirt

QI L

13 M m3/year bio-methane
320 000 tons/year digestate fertilizer

Construction: 1996

Expansions & renovations:
2009, 2011, 2015, 2020.




Ready to Renew?
Contact us at
renewenergy.dk

Morten Enzo Gyllenborg, CEO

mog@renewenergy.dk



https://renewenergy.dk/
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