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EUROPEAN ENERGY IS BUILT ON FOUR PILLARS

Onshore Offshore Downstream
Solar Power Wind Wind Technologies

Active in Europe, Active in Europe Active in Europe Active in Europe
Australia and and Brazil
Americas




RD&D in e-methanol centered around Aalborg and AAU

Lighthouse PtX plant

Development of infrastructure

and lighthouse project E-methanol

eSAF (jetfuel)

Investigating CO2-capture at

Aalborg Portland 0
& Erhvervsfyrtarn

Nordjylland
Pilot plants

Consortium building,
startups

Research
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Aalborg as World-leading CCU hub

- REintegrate put Aalborg on the PtX map and reached the
final qualification round for the IPCEI call in 2021

« Experience from several other Danish production sites to
be in operation by 2023/24

« European Energy has an ambition to realize Green CCU Hub

Aalborg by 2025

Oversigt over de aktive brint- og PtX-projekter, samt produktionssteder og elektrolyseambition i 2030 i Danmark

European Energy v. Hanstholm Havn - MW tbd
. Metanol-projekt ved Nordjyllandsvaerket 300-400MW
Green CCU Hub Aalborg - 100.000 tCH30H/ap=
. HRS Aalborg - 0.3MW
Power2Met- 0,3MW

Q

HFC Marine - 0.5MW

AALBORG/THISTED HyBalance -12Mw ~ HOBRO
o Hejring - 35SMW
o Handest - SOMW
Greenlab Skive & =
GreentyScale - 400 MW Green Hydrogen Hub - 1GW
REDDAP-10MW VIBORG - HOBRO
SKIVE
"\ Biogas Holsted - 20 MW Brande-Fle Hydrogen - 0.4 MW
HOLSTED \_ - . HySynergy - 1GW
AVEDORE HOLME/KOBENHAVN
Green Fuels for DK 1.36W
H2 Energy Europe 16W Strandmellen - 8.5MW Europa Seaways - 23MW
H@ST - 1GW H2RES - 2MW
ESBJERG European Energy v. Made - 12MW A
Estech - 1t brint/dag .
Arcadia ef uels- 55.000 tons eJet Fuel
European Energy v. Kasso - 50MW
: (eKerosene) og 25.000 tons eNaphtha
Linde/Aabenraa Havn- 100MW Vordingbors Biofuels- 200.000 {CH30H/4
Glansager - 6 MW Q ‘ordingborg Biofuels- 200. ar
SONDERJYLLAND Aktiv produktionsfacilitet Projektet er aktivt O Placering ikke definitivt

VORDINGBORG
Brintb(anchgn

ENERGI

European Energy og Reintegrate vil gore

Aalborg til metanol-metropol

Et PTX-anlag pa 120 MW til 1,3 mia. kr. skal gore Nordjylland til centrum for

ergn til skib t og tung tr port, siger

NYHED a
Seks danske projekter indstilles til at deltage i et
europaisk storskala-projekt om grgn brint

Erhverssstyrelsen indstiller seks bantprojekter til cen danske deltageise i ot europavisk

storskala-groekl, ¢er skal kickst,

uropasisk marked 1o gran beint og bideage Ul den

ktorer og iIndustner.

granne omstilling pd trmrs

Intsenational hands

deg

en 1 dette I2CEL, ardejde for, 3t
1il g sk st. Dee
tarte udvikiingen 3t brint g andra Fomer-to

A ingstiller fegence seks projektes b at caitage | det kommende
wiske prajekt om brint

)j .uc. Men hele projek fhaenger af, hvorvidt projek
n kommende steotte til gron brintproduktion.

sitet er fundamentet, som skal mangedobles, hvis Green (

s anlaeg pi Aalborg Unive
liseres. | Foto: Reintegrate/PR

7VICTOR EMIL KRISTENSEN
fentliggjort: 22.06.21 Kl 08:00

Jordjylland er skitsen for et storskala PTX-anleg, der skal producere gron
ng vejtransport og skibstransport, ved at tage form.

een CCU Hub Aalborg hedder projektet, som Reintegrate og vind- og solu
ropean Energy, stir bag. Og til forskel fra eksempelvis det Orsted ledede-|

‘een Fuels for Denmark eller Copenhagen Infrastructure Partners ammoni 7o

bjerg, har det hidtil ikke fyldt spalterne pé de nationale dagblade.
en det betyder ikke, at armbevagelserne er mindre af den grund.

ier er tale om et relativt ambitiest projekt, hvor vi tager hele verdikaden n
ktorkobler,” siger adm. direktor i European Energy, Knud Erik Andersen.

hub med produktion af 75.000 tons e-
methanol

Proj CCU Hub Aslborg” vil gore Port og Aalborg til en central spiller | Europas gronne brinteventyr.

a Port of Aalarg
Projektet Green CCU Hub Aalborg, der har A" Jacob Kans
REintegrate og Furopean Energy som primaere 22, juni 2021 09:27

projektpartnere, er blandt de danske deltagere i
det kommende IPCEl-udbud for Power-to-X
losninger. Det meddeler Erhverv

Annonce

@nTech
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inisteret.

>

of Azlborg, som farste skridt i en starre gron energihub, der i fremtiden skal udnytte CO2 fra
eksempelvis storudledende Aalberg Portland og konvertere det til fremtidens gronne
braendstoffer

Det nu prackvalificerede projekt stiler mod at
etablere en storre e-metanolproduktion pa Port

wilket gor det til et
projektet




GreenCem site plan

« Minimize requirement for new piping for
CO2 distribution

- Enable thermal integration of fuel
synthesis and carbon capture plant
(CO2 stripper energy requirement if
amine-based capture)

« Fuel and CO2 logistics established at
Port of Aalborg

CO2 capture unit
Liquefaction unit

CO2 terminal

CO2 intermediate storage
Gas CO2 pipeline

Liquid CO2 pipeline

Surplus heat to local grid Eo == =" EUROPEAN
o ¥ = == ENERGY

PtX facility
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CO2 handling and regulations

Technical considerations:

« Aalborg Portland 200.000 tons/y biogenic and Reno-Nord
100.000 tons/y biogenic
« All CO2 will be liquefied, and cleaned

« The CO2 liguefaction plant must be able to handle the full CO2 flow
during periods the PtX plant does not operate (high electricity cost etc)

« Removal of inert components easier in liquid CO2 phase

« The liquefaction process consumes a relatively small fraction of the
overall PtX plant

« Before use in the PtX plant, the CO2 is vaporized

Regulatory considerations and concerns:

« It is assumed that annual balances can be applied on the
biogenic vs. fossil CO2 concerning the stored and utilized
volumes.

« During some periods of the year biogenic CO2 may be stored and fossil
CO2 may be utilized

« Storage of biogenic CO2 was recently suggested to be
subsidized by government; this creates very unfortunate
competition with CCU

u Elelectrolysis = Compression = Balance of Plant

Liquefaction
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Electrolysis

- With the expected 2025 electrolyzer efficiency « Considered KPIs
approximately 350-375 MW 1s required to utilize . Cost including buildings (€/kg H2/hour)
300.000 tons of CO2 annually with 5.000 h/y . .« 0SM cost
« Alkaline and PEM are currently the available .

Specific energy consumption (kWh/kg H2) - binding

technologies in the required scale . Degradation rate

« The required electrolyzer production capacity is being

established, few manufacturers have the capacity today » H2delivery pressure
« Production ramp rate (%/min)
+ Electricity sourcing from EE pipeline of solar and » Footprint (m2/kg H2/hour)
wind projects in DK1 * Unit size -
. Due to the use of grid electricity, a larger plant is « Cooling water outlet temperature (waste utilization)
favorable

Gennemsnitlig tarif per kWh til Energinet
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Plant layout being established

« Basic design of a methanol synthesis plant with an annual production capacity of 100.000 tons was
completed

« Full utilization of the 300.000 tons/y CO2 requires two parallel lines
« The main components were sized
« Cost estimates and/or budget quotations were collected for main equipment
« QOverall plant layout was established, and 3D model is under development
« QOverall cost estimate of 400 M€
« Electricity requirement of 2.200 GWh (about half of Thor offshore park)
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Conclusions

« Aalborg and Northern Jutland is in a good position to be an international lighthouse

« For the CCU part, support is required similarly to the two IPCEI projects where CCU Hub Aalborg was also
nominated as one of the six candidates

« Synergies exist between CCS and CCU provided the required regulatory framework is in place
« Fossil CO2 should go to storage and biogenic to utilization (avoid subsidizing storage of biogenic CO2)

« Annual balances must be considered to allow CCS when renewable electricity is too expensive for CCU, and vice versa
when electricity is in excess

« CCU /PtX is a sector coupling technology that is required to integrate large amounts of renewables, and to
decarbonize heavy transport (shipping and aviation)
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