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1. CO,-udledninger

1.1. De samlede danske CO2-udledninger (mio. ton CO2-ekv.) opgjort pa sektorniveau
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Kilde: Basisfremskrivningen 2020, Energistyrelsen
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1. CO,-udledninger

1.2. Opgarelse af CO,-udledninger

Opggarelse af CO,-udledninger (fossile/biogene) samt effekt af deponi

Reduktioner via CCS indgar

R kti ia CCSi :
Opggrelse af CCSi FN / Klimalov 2eulaomey va O Inekel

(nul-emissioner) (negative emissioner)
Nuveerende EU ETS marked ces sparer. CCS sparer |kl.(e
kvoteomkostning kvoteomkostning
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1. CO,-udledninger

1.3. Udledninger fra punktkilder: Nu og ( fremtiden

Udviking i CO,-udledninger fra punktkilder (mio. tons) er usikker — forventes at falde over tid

2018 2030 2040
Fossil Biogen Fossil Biogen Fossil Biogen
Kraftvaerker inkl. biogasanlzeg 8 9 11 ~8
Affaldsfyrede vaerker 1 2 1 2 ~2
Industri 4 4 ~4

* Hvor meget biomasse i kraftvarmevaerker pa lang sigt?
* Kraftveerker pa biomasse forventes reduceret fra 2030 til 2040
* Biogas forventes at gges over tid
» Affaldsfyrede veerkers udledning forventes halveret mod 2040
* Udviklingen i industrien afhaenger i hgj grad af fa, store punktkilder
* Langsigtet arligt fangstpotentiale vurderes i niveauet 5-10 mio. tons

@ ® Energistyrelsen
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. Seesonvariabilitet pa forskellige punktkilder

« Biogene CO,-udledninger fra Biomasseforbrug (T)) centrale veerker

Produktionsmgnster v. affaldsveerker,

kraftvaerker falger varmesaesonen.

« Udledningerne fra de

affaldsfyrede veerker er relativt
jeevnt hen over aret.

» CO,-udledningen fra industrien
forventes at fordele sig jeevnt hen
over aret.

2019 (GWh)
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Saesonvariabilitet kan have betydning for:

» Kapacitetsudnyttelsen af fangstanlaegget (fangstpris pr. ton).
» Mellemlager-/transportomkostning.
 Attraktiviteten ift. anvendelse i PtX-produktion (samtidighed).

\i?) @ Energistyrelsen
@
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3. Placering af CO,-punktkilder

Placeringen af CO,-punktkildeudledninger (over 50 000 tons p.a).i CO2 punktkilder (fastbio og fossi)

1000 tons pr. ar
@ 10t 49,9 (andele ikke vist)
@ 50ti199,9

@ 20010099

De stgrste fossile punktkilder forventes udfaset
frem mod 2030 (kulbaserede kraftveerker i
Nordjylland, Esbjerg og Odense).

(i?) @ Energistyrelsen
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4. Anvendelse af indfanget CO,

CO,-anvendelse i PtX Transport og deponi af CO,

Muligggr reduktioner i transportsektoren Muligger negative reduktioner

yntese med kulstof
Metanol
Jet-fuel
Metan
Andre e-fuels

» Stort potentiale for dansk deponikapacitet

» Storskala og fuld kapacitetsudnyttelse er
centralt for bade transport af CO2 i rgr og
deponi

Direkte anvendelse

Brint » Eksport af dansk CO, -fangst til deponi i
udlandet - eller import af udenlandsk
fangst til deponi i Danmark

Syntese uden kulstof

Ammoniak
e » Enlangsigtet national og internatonal
Kilde: Analyseforudscetninger strategi for transport og deponi bliver
 2030/40 elektrolyseanleeg GW: 2-3 / 1-6 vigtig

* 1GW elektrolyse ~ 0,5 mio. ton CO2
+ Arligt CO,-behov mod 2040: ¥2-3 mio. ton

@ ® Energistyrelsen
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Aker Carbon Capture

Capturing CO2

AN OPPORTUNITY FOR DANISH INDUSTRY
AND EMITTERS

22. September 2020
Jon C Knudsen, CCO, Aker Carbon Capture




Norway is moving ahead
An opportunity for a Danish fast track approach

DEPARTEMENTA

R

NOR(

DEPARTEME/
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- We welcome today's decision to start full-scale CO2 captur
and storage in Norway, and we look forward to working wit
Norcem HeidelbergCement, Norwegian authorities and all
other stakeholders to realize this groundbreaking project, and
to deploy Aker Carbon Capture’s patented technology in a
large scale EPC delivery to their site in Brevik.

Valborg Lundegaard, CEQ Z Aker Carbon Capture
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Strong growth in carbon capture storage projects in Northern Europe...

8 storage projects under development

~78 MTPA# planned storage capacity, equivalentto  ~ /80 Just Catch™

Northern Lights
Capacity: 1.5 — 5.0 MTPA*
Operational from 2024

Acorn
Capacity: 2.0 - 8.6 / 16.01 MTPA*
Operational from 2024

Net Zero Teesside?
Capacity: 0.8 — 10.0 MTPA*
Operational from 2026

HyNet North West3
Initial capacity of 1.2 — 3.0 MTPA*
Operational mid-2020s

1)  Potential second phase storage scenarios

Greensand
Capacity: 0.5 — 1.0 MTPA* (Phase 1)
Operational from 2026

Zero Carbon Humber?
Capacity: 4.0 — 18.3 MTPA*
First capacity operational from 2027

Port of Rotterdam - Porthos
Capacity: 2.5 — 5.0 MTPA4
Operational from 2024

Ravenna
Capacity: up to 20.0 MTPA*
Operational from 2025-2028

2)  Teesside and Humber may share initial storage with 0.4 — 0.6 billion tonnes capacity, with large upside potential
3) Initial system sized for 10 MTPA* capacity (pipeline), with expansion potential up to 20 MTPA*

4)  MTPA = Million tonnes per year

Sources: GCC Global Status Report 2019; Project websites

UK remains focused on carbon capture, utilisation and storage

Several storage locations in process
CCS Infrastructure Fund of at least GBP 800 million established

= Ambition to reach net-zero carbon emissions by 2050

Project Greensand

New Danish carbon capture storage (CCS) consortia with Ineos, Maersk Drilling
and Wintershall Dea

Received EUDP funding in June 2020

Plan is to capture CO, in Ineos' Nini-felt

Project Ravenna

New storage location by ENI in the Adriatic, off the coast of Ravenna, using
exhausted natural gas fields

Storage capacity of between 300 and 500 million tonnes

Demonstration projects and full-scale projects in progress

Aker Carbon Capture



...with Northern Lights being the Norwegian initiative

tonnes / year storage capacity | Serving plants | Operational from

Storage capacity:
Initial capacity: 1.5 million tonnes / year
Expansion up to: 5.0 million tonnes / year

Northern Lights — CCS value chain development
First step in developing a full-scale CCS value chain in Norway.
Northern Lights comprises the transport and permanent storage stages

Northern Lights to receive CO, captured at Norcem cement plant in Brevik /
Fortum waste-to-energy plant in Oslo and other European sites

Excess capacity of ~0.7 million tonnes / year in the initial phase as Norcem
and Fortum will provide ~0.8 million tonnes / year combined

Norwegian Government participation

The Norwegian government is considering to fund ~80% of costs.
Recommendation from the Norwegian Government to move forward was
announced on 21. September 2020

Joint
collaboration

Ny |
- Norwegian
equinor Government

@ D rora

© 2020 Aker Carbon Capture Source: Global CCS Institute, Northern Lights website, Equinor website; Oslo Economics Slide 4 Aker Carbon Capture



How does CO2 capture work?

Heidelberg / Norcem
Brevik, Norway
Signed agreement 2020*

|
f

|

"We believe that today, carbon capture is the only real solution for
- the cement industry’s emissions-

= Per Brevik, Director Sustainability & Alternative Fuel »He.ildﬁlbérg ment (NE)
,:_\ e - :
e T :
m_ R e
Size and industry 400,000 TPA CO, fromcemet. "y ~ =" 4
y -

Delivery Big Catch and liguefaction pla__ ‘* - —

AR L0,
i - '\‘ e .! \_)
EPC Start / Operation Jan 2021/ 2024 m ‘5{3.- sl

Aker Carbon Capture

© 2020 Aker Carbon Capture *) Contract dependent on final investment decision by the Norwegian Government in October September 24, 2020 Slide 5




Carbon capture — a proven technology at scale

A comprehensive carbon capture technology with uniqgue HSE characteristics from market leading solvent

Carbon capture process Superior HSE characteristics
v~ Minimum emission

(1) carbon capture oo 7 e
Cleaned flue v Biodegradable
] gas released o o
Relates to the amine loop of I v" Minimum liquid waste
binding and releasing CO, — " Minimum corrosion
i Amine solution re-used
p W .
000 Energy efficient
@ Liquefaction CO, binds ‘ | P . .
with amines s § ; The amine solution Energy efficient reclamation
. solution is heated to release v" Superior ener lant
Relates to the cooling and the CO, intggration P
compression of captured CO, ! L_. &ss _) On-site storageof | ¥ Optimal integration toward
A y Recovered waste liquefied CO, Conditioning
; CO, rich amine solution heat re-used for
0 solvent regeneration
@ On-site storage
— o00 000 I Proven
Relates to storage_ of liquefied CO, 000 000 @ /' 50,000+ operating hours
before transportation Capml_‘ V" Tested on 7 different flue
Untreated flue gas is liquefied gases

© 2020 Aker Carbon Capture Slide 6 Aker Carbon Capture



Key opportunities for Danish industry emitters

Carbon capture — a long-term Norwegian technology initiative

1996 2008 - 2020

Start of Norwegian carbon

testing,
capture initiative

Mobiko Testing Unit (MTU) - Flue gas testing
(2008 - 2020)

Initial CO, separation
at Sleipner field - World's first
offshore CO; storage project!

CO; saparation from natural gas Leading one of the largest RAD.

SOLVit CCS RAD Programme (SINTEF, NTNU)
(2008 2016)

Technology Center Monastad (TCM)
(2012-2020)

e "
) Commercialisation
|

First commercial scale
contracts? awarded by
Norcem and Twence

Europe (SOLVit)

Experience matters

Establishod s a standalone
capture company

Aker Carbon Gapture

Strong execution model ensured through Aker Solutions partnership

/7B BT

v Project execution with proven ability to deliver on complex projects

v Aleading

Delivery is important

© 2020 Aker Carbon Capture

v Recognised global execution platform

Established customer network and relationships

v Access to technical engineering services specific to Aker Carbon Capture projects

Aker Carbon Capturo.

Dedicated focus on the carbon capture phase in the value chain

} CARBON CAPTURE, UTILISATION AND STORAGE VALUE CHAIN

Carbon capture Transportation

KEY F

Supporting customers throughout plant lifecycle

Feasibility | Pre-FEEL FEEL EPY

Early engagement improves integration, capture and
canditioning in selected carbon capture solution

-

SUPPORTING SPECIALIST COMPETENCE

- Significant knowledge of the entire carbon capture, utilisation and

storage value chain

- Strang competence within utiisation areas (e.q. greenhouse, methanol

and fuels) and storage salutions, including EOR?

o ]]Ill [l

g,

Land- and sea- Other intermediate. Utilisation /
based ransportation storage(s) permanent storage

Erbareen o Pecny

Scale matters

Aker Carbon Capturs

Strong growth in carbon capture storage projects in Northern Europe...

Horthem Lights
Capaety 15— S0WTRA +
Opevators fom 2724

Capsery 2006/ 185 UTPAt $——)
Opavsicas o 2024

.
Net Zero Teesside’
Opecanonal fom 2006 L)
- *
- .
oo 5 g ey
o Cerstonat ma 0208 st sty opaaocn e 3077

Port of Ratterdam - Parthos
+ Casacey-25- 30 WTPA*
oo fom 2024

Ravanna
&+ Capacty w2 o 20.0 WP
Gpamnsas tom 2025 2020

Frienas e s e manas

e,
o s o ) M gy [, sl 50 20 MTERE

Sarces G G St e 010 vt

* Seversl storage lacafions in process
. ces und of al loast GBP
* Ambiion to reach net-zero carbon smissions by 2050

Project Greensang
* Mew Dianish carbon capture storage (CCS) consortia with Ineos, Maersk Driling

and Wintershall Dea

* Recewved ELDP funding in June 2020
* Plan is to capture COy in Ingos’ Nink-eit

Project Ravenna
* Mew storage lacstion by ENIin the AdTStic, off e cosst of Revenna, using

exhausled natural gas folds

+ Storage capacity of betwsen 300 and 500 miion tonnes
+ Demonsiraiion projects and full-scale profecis in progress

Aker Carbon Gaptur

Danish storage a possibility

Unique solvent with superior degradation and HSE profile

A superior solvent degradation profile is the key success factor for Aker Carbon Capture.

Reference solvent
tested for 920 hours
in MEA campaign at

Heilbronn plant in

Germany

Aker Carbon Capture
solvent tested for
2,090 hours in
SOLVit Campaign

2

# of hours

# of hours

I pe——

ylelding attractive characteristics

@ Attractive HSE profile
Minimum emission

Non-toxic

Biodegradable
Minimum fiquid waste
Minimum corrosion

Efficlent reciamation (HSS' removal)

Better performance

High CO; capture rate (~90%)
High CO; purity (>99%)

Less energy requirement

Lower maintenance requirements
Longer plant lifetime

Easler operating and monitoring

Aker Carbon Capture.

HSE a key differentiator

September 24, 2020 Slide 7
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Aker Carbon Capture — an opportunity to fast track Danish initiatives

Pure play Unique HSE! Validated & certified

Carbon capture Leading technology +50,000 operating hours

— — T —

: —
GOOD HEALTH s INDUSTRY, INNOVATION i 12 RESPONSIBLE 1 CLIMATE
ANDWELLBEING .- AND INFRASTRUCTURE ‘ CONSUMPTION AGTION
¥ ANDPRODUCTION

r

“Carbon. capture utilisatioﬁ‘ﬁfs_torage is a crucial variable in-the Sustainable Development Scenario,
designed to meet the UN’s? energy aWe related sustainable development goals” — |EA3\_‘

e

— -

Note: 1) Health, Safety and Environment; 2) United Nations; 3) International Energy Agency
Source: United Nations

© 2020 Aker Carbon Capture Slide 8 Aker Carbon Capture
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2018
Gra cement: 1.588.000 tons
' Danmark: 1.299.000 tons (82%)

Eksport: 289.000 tons (18%)

Hvid cement: 740.000 tons
Danmark: 62.000 tons (8%)
Eksport: 678.000 tons (92%)
- Heraf 236.000 tons ud af EU og EQS
- Heraf 86.000 tons til UK

Omsaetning: 1,8 mia. DKK

-~ CO,-fangst i cementindustrien =~

Aalborg Portland




| cO, 0g cement

1600
CO,-udledning i forbindelse med brug og produktion Breendsel
af cement i Danmark 1400 Calcinering
* Fra brug af cement: 1.3 millioner tons 1200 CO, -kvoter,
- 1,5% af Danmarks udledning (sekv. CO,) s " der skal kebes
-
* Fra produktion af cement: 2,3 millioner tons I% 1000 =
* 2,6% af Danmarks udledning (aekv. CO,) g ’
<800
Q
S 600
2 | Gratis
CO, kan mest effektivt reduceres ved brug af 400 Benchmark CO-kvoter
braendsler med indhold af biomasse. Kan tilferes
ved brug af brandbart affald som braendsel 200
Kridt nedbrydes til braeendt kalk og CO,. Ingen / >
reelle muligheder for at begraense udledning pr. Gra Hvid
tons klinker Anslaet omkostning til CO,-kvoter i 2021: 128 millioner kr.

‘ Concretely Dynamic

o
cementirholding \

CALTAGIRONE GROUP




| CO, fangst fra cementproduktionen

air separation
unit

CO, compression
and liquefaction

lllustrationer fra ECRA, European Cement Research Academy

C cementirholding

CALTAGIRONE GROUP

co,
Flue gas
Fuel + Air Clinker burning
Raw ‘ e Cement
material clinker ‘
Nz, 02 etc.
Post-combustion
CO; rich flue gas
Nitrogen
Oxygen
Air - . Cement
Clinker burning clinker
separation process
materlal : - £0;

Oxyfuel

‘ Con

cretely Dynamic

o



Regeringens klimapartnerskab for energiintensiv industri:

Reduktioner over 30% kraever vaesentlige investeringer

Fortreengningsomkostninger!

(kr./tons CO2e)
Moden teknologi og Moden og potentielt
samfundsgkonomisk samfundsgkonomisk Moden
_ rentabel® __ rentabel® oe_ Ti€D ikke rentabel Ny teknologi R
1500 | ¢q. 15 % reduktion ca. 30 % red. ca. 50 % reduktion ca. 70 % reduktion
Maksimums3
1.000
Maksimum#
500 Minimum#
EU CO2 120305
kvotepris i dag
(0] T 1
1.000 2.000 3.000 4.000
-500 Emissionsreduktion i 2030

e 9 0 e e (1.000 tons CO2e)

Effektivisering B Skift af produkt M Elektrificering I Skift af breendsel CO2-fangst

1. Samfundsgkonomisk fortreengningsomkostning, som ikke betragter afgifter, manglende likviditet, tilbagebetalingstid eller konkurrenceevne;
2. Rentabel ved inklusion af EU’s CO2 kvotepris som skyggepris for samfundsomkostning ved udledning af CO2; 3. Maksimum med nuvarende
biogaspris uden tilskud, minimum inkluderer tilskud og en hypotetisk halvering af biogasprisen, som dele af biogassektoren har estimeret;

4. Usikkerhed i omkostningerne for CO2-fangst med estimeret minimum og maksimum; 5. Baseret pa en undersggelse af Carbon Pulse.

Kilde: Klimapartnerskabets analyse.

@ =frektivisering

Alternative braendsler

Skift af produkt
(primaert baeredygtig cement)

Skift af produkt
(primeert bioolie i raffinaderi)

Elektrificering

6 Skift til biogas

‘ CO2-fangst




| GreenCem

Formal: at identificere den mest lovende teknologi for
CO, fangst hos Aalborg Portland

» Bade CO, lagring og anvendelse vil bliver undersgagt
» Malszetningen er at etablere et beslutningsgrundlag for

et demonstrationsanlaeg og pa sigt et anlaeg i fuld skala.

» Synergierne i Aalborg-omradet skal udnyttes
» Budget: 11 mill. kr., stgtte fra EUDP: 6,7 mill. kr.

* Partnere: Aalborg Portland, Aalborg Universitet, Aalborg
Forsyning, Re::Integrate, Cemtec Foundation, DFDS,
Aalborg Havn

+ Sidelgbende PhD-projekt under MADE: Juanita Gallego

C cementirholding

CALTAGIRONE GROUP
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Jesper Sand Damtoft
R&D, Quality and Technical Sales Support Director
Cementir Holding
Research and Quality Centre
Solystvej 18
9220 Aalborg @

Denmark
Phone: +45 4018 1121
E-mail: jesper.damtoft@cementirholding.it
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480.000 ton/ar

)

Fossile CO,
(160.000 t/ar)

Biogent CO,
(320.000 t/ar)

Negative
co,




ARC: med og uden CO,-fangst

Basis: Uden Carbon Capture

Elsalg 57 MW
h--‘.‘-\-‘—\-‘.‘\"—--...
x“‘a.____ Turbine
T 130 MW
Kedel og
o absorp. varmepumper
Fjv-salg 189 MW

Scenarie 1: Dampudtag og fuld varmepumpeudnyttelse

Elsalg 18,7 MWe

‘ T . ’
11,8 MWe 18,5 MWe
v
. 7.2MW cC Varme-
pumper

Kedel o ]
absorp. varmepumper 99 MW
Fjv-salg 237 MW

B8 MW 70,2 MW
\ v 4 >



The applied projectin a broader, collaborative perspective
The applied project is the second, third and fourth phase in ARCs journey to eliminate CO, from ARCs operations. These
phases are:

e Phase 1: Pre-study and initial preparations (completed by Rambgll prior to this application)

e Phase 2: Testing, proofing and design — Stop/Go decision (this application)

e Phase 3: Construction and commissioning of 12 tons CO; per day pilot plant (this application)

e Phase 4: Demonstration & Operation of pilot plant and network activity

e Phase 5: Full-scale 480,000 tons/year CO; carbon capture at ARC and Project Greensand (2023 -)

The timeline in these five phases is shown in Figure 2.

Pre-study . . .
(concluded) : This appllcatlon : Full-scale

Pre-study - hypothesis Testing, proofing & Construction & Demonstration,
for achieving energy design commissioning Operation &
reduction of CC process. Stop/Go Stop/Go network activity

Phase 5:
Large scale
deployment

Primo 2020 Ultimo 2020 Ultimo 2023 -




Jacob H. Simonsen
Direktgr/CEO

224 jhs@a-r-c.dk

Y @JacobAffald

8 + 45 2251 6661




4 Knutsen OAS
— Shipping

Fangst og lagring af CO2 som klimavirkemiddel
Kgbenhavn 22.09.2020

Knutsen
Group

Hvordan transporterer vi COz2
mest effektivt med skib?



Iy Knutsen OAS

Shipping Integrated Shipping Group
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Knutsen OAS
Shipping
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Owner of Advanced Technology
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KVOC® - reducing VOC emissions LY
KBAL®- ballast water treatment \
PNG® - marine CNG transportation
HTVP™- marine high TVP liquid transport
PCO,® - marine CO, transportation

KO2 —removal of oxygen in water /,

/
4
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Aguadrop - aquaculture water treatment -

-
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HTVP/PCO,/PNG

Aquadrop
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B»” | Knutsen OAS World fleet of small & handy size gas carriers
— | Shipping

Existing fleet of pressurized gas carriers
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| Knut OAS .
= | Shipping Operating envelope PCO,
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B | Knutsen OAS The Knutsen pressurised
— Shippi .
nieping transport solution PCO,

T 0 4 20 bar %, « Rules and regulations for containment
s, 4 b &, .
Cargo pressure Yor o 7o ‘%@l systems that can carry pressurised
| | | _ > medium above 20 bar does not exist
RVP /Tank Design Pressure

for IMO Type C tanks

Statut SOLAS/MARPOL
requirements HeEteE « Only option that exist is to use DNV
A — GL Rules for CNG to be able to scale

and provide flexible design pressure

e P « The Knutsen PCO, apply CNG type
Alternative tank containment according to DNV GL

design requirements C | ass.

O DNV GL Rules Pt.5 Ch.5 Oil tankers ° The Conta|nment System has been
qualified in close cooperation with

safety and
monitoring systems, + relevant requirements in Pt.5 Ch.7 Liquefied gas tankers EUI’OpIpe, the WOI’|d Iead|ng plp6|lne
. manufacturer.

Hull structure S5 Common DNV GL Rules Pt.3
structural rules

DNV-GL

© Knutsen Technology



| Knutsen OAS

Shipping Typical 60 000 tons CO,, Carrier

L
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] LENGTH  O.A. abt. 250,800 M

LENGTH B.F. 244 600 M
. . EREADTH MLD. 44,740 M
« Maximum design pressure 55 barg OEFTH  WLD. 20200 M
* Operating pressure from 18 - 40 barg DRAFT DESIGN 13,000 M
. .. . DRAFT SCANTLING 12,000 M
g « Minimum design temperature -30 deg. C
D « Operating temperature: -10 - +10 deg. C

. © Knutsen Technology



B> | Knutsen OAS The Knutsen pressurised

Shipping

transport solution PCO,,

« Transport at high pressure and
temperatures around ambient condition

« Transport volume can easily be scaled
(up to 80.000 tons per cargo)

« Very suitable in combination with
offshore offloading (pressure and liquid
state)

« Simple and reliable process

« Based on well known technology
elements

 Also suitable for onshore application to
match ship transport.

« Apply the DNV GL rules for CNG

transport ‘
© Knutsen Technology
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\ y TRANSPORT AF CO2
\‘ / Hvordan transporterer vi CO2 og hvilken
| ( infrastruktur bliver der brug for?

Tor EImelund
Ingenigr, Gassystem Innovation, Energinet

Fangst og lagring af CO2 som klimavirkemiddel, DI Energi og GEUS konference 2020 22. September 2020 1



ENERGINET

FORSYNINGSKADEN FOR CCS OG CCU

CC
A

r

KULSTOFKILDE

Fossile kilder

Luft

Biomasse

KULSTOFFANGST

Punktkilder Infrastruktur
[ ]
[ 1~
‘Direct Air — ‘\
Capture’ anlzg a b

KULSTOFTRANSPORT

Underjordisk lager
onshore/offshore

—>[ pyrolse ]_.@&:—.

Lastbhiler

Jorden

— U

~ S

Fossil CCS

Biomassebaseret CCS
——— Udvinding af fast kulstof fra biomasse

Kulstofindfangning fra luften
(DACS, Direct Air Capture and Storage)



ENERGINET

FORSYNINGSKADEN FOR CCS OG CCU

CC
A

r

KULSTOFKILDE KULSTOFFANGS

(bl

Fossile kilder Punktkilder

‘Direct Air
Capture’ anlzg

Luft

—_— [ Pyrolyse

Biomasse

KULSTOFTRANSPORT

Lastbhiler

Jorden

— U

~ S

Fossil CCS

Biomassebaseret CCS
——— Udvinding af fast kulstof fra biomasse

Kulstofindfangning fra luften
(DACS, Direct Air Capture and Storage)



ENERGINET

DRIVERS FOR VALG AF CO2 INFRASTRUKTUR

Arlig CO2 kapacitet der skal transporteres




INFRASTRLU

K
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For store punktkilder til
CCU, og til CCS pa land/hav

SKIBE

For punktkilder teet pa
havet og til CCS

L9 by

LASTBILER

Mindre maengder CO2 fra
afsidesliggende punktkilder



ENERGINELT

NORTHERN LIGHT PROJEKTET — ET CASE EKSEMPEL

Permanently stored

CO, received and temporarily stored

Exported via pipeline offshore

Permanently stored reservoir
(2500 - 3000 meters
below the sea bed)

Transport

Comressed CO,
transported by ship

CO, Capture

Capture from
industrial plants

Compressed and
temporarily stored

Liquid CO,

Fangst og lagring af CO2 som klimavirkemiddel, DI Energi og GEUS konference 2020

Northern Lights - project map

@ Onshore facility at
94/ Naturgassparken

Offshore subsea near Bergen Fortum Oslo Varme
storage location waste-to-energy plant
in the North Sea [

Norcem

cement

factory @

Northern Lights
consortium is

handling trans-
portation and storage

Kilde: Equinor — Northern Lights Project
Kilde: DNV GL — Northern Lights Project

22. September 2020 6



Fangst og lagring af CO, i undergrunden som klimavirkemiddel
Hvor og hvor meget?

22. september 2020 G E U S
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Lagringskonceptet er simpelt og svarer til den made,
olie og naturgas har vaeret lagret i millioner af ar

D
O
O
o

Lerlag (segl)

Sandkorn

22. september 2020 G E U S



Danmarks CO.-
lagringskapacitet

i millioner tons

Hanstholm 2753
Gassum 630
Sverige  Havnsg 926
Paarup 91
Radby 152
Stenlille 51
Thisted 11039
Tander 91
Vedsted 162
Voldum 288
Sum 16183

Udledningen af CO: fra de
15 stgrste stationaere kilder i
2018 var ca. 15 millioner ton.

- Undersggte strukturer
I (kke undersagte strukturer
[ Olie/gas felter

Frederikshavn Fm. (800 - 3000 m)
[/ Haldager Fm. (800 - 3000 m) " O
[ Gassum Fm. (800 - 3000 m) Q. :" Tyskland

[ Bunter SSFm. & Skagerak Fm. (800 - 3000 m) J @ Py Q %

22. september 2020 G E U S
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Opsummering

Opsamling og lagring af CO, vurderes som et ngdvendigt redskab, hvis de ugnskede menneskeskabte
klimaandringer og konsekvenserne af dem skal undgas eller reduceres — og der er gode muligheder for det
i Danmarks undergrund.

e Det internationale klimapanel (IPCC) anbefaler, at atmosfeerens indhold af CO, reduceres fra det
nuvaerende hgje niveau ved bl.a. at en del af det kulstof, som vi har lagret i atmosfaeren, opsamles og

lagres i undergrunden og dermed traekkes ud af kulstofregnskabet.

e Der errigeligt med plads i den danske undergrund til sikker og permanent lagring af meget store
mangder CO,.

e Danmark har mulighed for ogsa at tilbyde lagerplads til CO, fra vores nabolande og kan formentlig
udvikle en forretningsmodel for permanent lagring.

e Forelgbige vurderinger og beregninger peger pa, at det formentlig vil vaere hensigtsmaessigt med et lille
antal lagre for at sikre tilstraekkelig stor skala og dermed reduktion af lagringsomkostningerne.

22. september 2020 G E U S
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Project Greensand —
CQO, storage in depleted oll field

| 22 sept 2020

Full Scale Project — 0.5-1 mill fon CO,/year

Project Greensand

 — EHEEERS
. 10-12k she1

» Transport of CO, by low/zero emission ship and offshore discharge,
« CO, storage in depleted sand reservoir using existing drill center and
wells

Project Greensand




MAERSK
DRILLING

Project Greensand
Storage setup

22 Sept 2020

~60m
.

CO; injection
production well
ferminated

monitoring

Installation o
equipment

Legacy
production

Lﬁ"_gea'r::j;«r
production
well

Project Greensand



Project Greensand
Advanced CO, storage project in Denmark

Siri Area [ v" Fast-track maturation
| Nini Field storage site

» Large data pool already in
place (~$150m & 5 years)

« CO, storage within 4-6 years

] 22 sept 2020

v Direct scalability

» Three identical platforms — six
reservoirs

« Up to 3.5 mt CO,/y when fully
developed

Cost effective CO, Storage in the Nini Field can be a reality by 2025 given:
- Concurrent oil production from neighboring platforms - reduce OPEX

- Funding beyond Danish State Pool (22 June 2020)

- Agreement on liabilities: CCS @ cost = liability @ emitter

- Regulatory framework - use of existing licences + state pool clarification

Project Greensand
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sikkerhed'St@gholc ed &02 capture
angst og lagring af ( 0> somﬁdm\awrkemlddel)

)

Jacob Nyga r A, Project Manager,
Afd. Bloenerg
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CO2 capture - Er det sikkert? (1)

> Generelt er der fa sikkerhedsmaessige udfordringer
knyttet til de mest modne CO2 fangst processer
(absorptionsprocesser):

> Anvendt i industrien i mange ar (naturgas/biogas oprensning)
> Opererer ved forholdsvis lave tryk og temperaturer

> Anvender vandige absorbenter af amin/ammoniak (lav brand
og eksplosionsfare)

> Sikkerhedsforanstaltninger ved handtering af kemikalier for at
undga eksponering af driftspersonale

CO:2z desorber, source: Petra Nova

2 23 SEPTEMBER 2020
COWI POWERPOINT PRESENTATION



CO2 capture — Er det sikkert? (2)

> Stgrste sikkerhedsrisiko er knyttet til
handtering af koncentreret og tryksat COz2:

> CO2 under hgijt tryk (20-200 bar) for transport i
pipeline eller som flydende COz i tryktanke

> Oplag af store mangder flydende COz i
mellemlager

> Leekage vil resultere i en kold gas sky af
koncentreret CO2 der langsomt oplgses

> Mellemlager af CO2 kraever risikovurdering

> Erfaringer fra bl.a. Norge viser at risici fra selv
et stgrre mellemlager af flydende CO2 kan
handteres i naerheden af bebyggelse (Oslo

3

havn)

23 SEPTEMBER 2020

COWI POWERPOINT PRESENTATION

........

Dense gas cloud

Source: ComputIT

COWI



Miljgforhold ved CO2 capture

> Potentielle negative miljgpavirkninger ved CO2 fangst processer:
Emissioner til luft og vand

A4

\'4

Forbrug af proceskemikalier f.eks. aminer

\'4

Generering af kemisk affald
Indirekte miljgpavirkning fra brug af energi (strgm, procesvarme)

A%

A%

Bortledning af overskudsvarme
> Positive miljgpavirkninger ved CO2 fangst processer:
> Reducere CO:z2 udslip markant
> Reducere eksisterende emissioner af stgv, SO2, HCI, etc. yderligere

4 23 SEPTEMBER 2020
COWI POWERPOINT PRESENTATION
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Miljgpavirkning fra CO2 capture er handterbar

Studier og demonstrationsprojekter har bl.a. vist at:
> Der kan veelges absorptions kemikalier der er bionedbrydelige
> Begraenset kemikalieforbrug ved god kontrol pa procesbetingelser

> Emissioner til luft:

> Flere teknologileverandgrer har demonstreret bl.a. ved Technology Centre Mongstad
(TCM) at meget lave emissioner kan opnas

> Petra Nova (USA) med fangst af 1.4 mill ton COz/ar har kun udledt 10-20% af
graensevaerdier/emissionskvote (baseret pa 3 ars drift)

> Energiforbrug ved CO2 fangst er betydelig, men kan reduceres ved:
> Energioptimering ved varmeintegration med CO:2 kilde
> Udnytte restvarme til fjernvarme

5 23 SEPTEMBER 2020
COWI POWERPOINT PRESENTATION
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GAS
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DENMARK

RISIKO OG FARE

Personfare naturgas: Miljgfare naturgas:
» Trykbglge ved brist pa trykbaerende * Meget steerk drivhuseffekt
udstyr (gassen opbevares ved hgjt « Lokal anteendelse
tryk)
» Eksplosion (ved antaendelse af
lekage)
* Forbreending (ved anteendelse af
lekage)
Personfare CO,: Miljgfare CO,:
» Trykbglge ved brist pa « Drivhuseffekt

trykbaerende udstyr (gassen
opbevares ved hgijt tryk)

» Kvaelning (CO, er tungere end luft)




MINIMERING AF RISIKO

Minimere sandsynlighed for heendelse:

+ Stringent sikkerhedsledelse

» Sikkerhed er 1. prioritet i design, drift, uddannelse
og optimering

» Alle er sikkerhedsmaessigt kompetente

+ Alle optimeringer/aendringer reviewes gennem
stringente risikovurderinger

+ Systematisk erfaringsopsamling
» Jeevnlige audits af sikkerhedsledelsen
+ Omfattende overvagning af driften

+ Fuldt automatiseret nedlukning af anleeg og brgnde
nar givne graensevaerdier overskrides

* Bronde designes med dobbelte barrierer — livrem
og seler.

» Realtidsovervagning af alt i anlaegget og brgndene.

.

- - A e —— ————

‘:: e —— e — —— et
= -

GAS
STORAGE
DENMARK

Minimere konsekvens ved handelse:

Fuldt automatiseret nedlukning og sektionering af anlaeg

Talrige systemiske sikkerhedsbarrierer (mekanisk
aktuerede ventiler som lukker ved lavt/hgijt tryk,
automatisk trykseenkning mv).

Anleeg designes med point-of-failure, sa det sikres at
eventuelle haendelser finder sted der hvor konsekvensen
er mindst

Der er indlagt betydelige sikkerhedsmargineri alle
greenseveerdier og reaktionstider

Anleeg designes med kontrollerede outlets, saledes at
situationer som er pa vej til at blive farlige automatisk
afveerges pa sikreste made.
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DENMARK

UNDERGRUND

* Grundige forundersggelser
»  Seismik
* Prgveboringer
» Taethedstest af cap-rock

* Omfattende overvagning
» Alt pa overfladen overvages i realtid
» Temperaturer, tryk, flow, vaeske mv.
» Undergrunden overvages i realtid
» Observationsboringer pa flankerne
» Trykovervagning over cap-rock

* Unaturlige variation i indholdet i
overfladenaere lag




Naturgas har vaeret lagret i Danmark i +35 ar, uden betydelige haendelser.
Design og drift af farlige anlaeg bygger pa artiers erfaring, og bliver fortsat mere og mere sikker.

CO, lagring vil derfor kunne etableres med stor sikkerhed og palidelighed

Spargsmal?



DNV-GL

Quality assurance of CO2 storage
Verification against ISO 27914:2017

Copyright: DNVGL/DGS AS

1 DNVGLO SAFER, SMARTER, GREENER



ISO 27914

= Objective:

— Provide recommendations for the safe and
effective storage of CO: in subsurface
geologic formations.

= Applies to injection of CO:z into geologic units
for the sole purpose of storage.

= Does not apply to [...] storage of CO: that
occurs in association with CO2enhanced
hydrocarbon recovery.

= Does not address accounting of emissions
stored or avoided.

= Developed over 4 (7) years by ~100
individuals from 10+ countries.

INTERNATIONAL ISO
STANDARD 27914

First edition
2017-10

Carbon dioxide capture,
transportation and geological
storage — Geological storage

Capture, transport et stockage géologique du diexyde de carbone —
Stockage géologique

2 DNV GL © 22 September 2020

DNV-GL



Potential users of ISO 27914

Operator Regulator

» Project execution
+ Reference for dialogue with

+ Additional guidance relative
to regulations

« Regulators « Sanctioning of projects in
* Partners absence of regulations

» Investors

* Public

Investor
Venture partner

Emitter Policy makers

» Technical ‘due diligence’
for investment decision

« Understand management
of risk and uncertainty

« Developing regulations

« Apply for funding
support for CCS projects

4 DNVGL® 22 September 2020 DNV-GL



Why verify conformity with ISO 279147

INTERNATIONAL ISO
STANDARD 27914

TRU

First edition
2017-10

‘ G Carbon dioxide capture,
o5 transportation and geological
storage — Geological storage

o~

0 - ——(©

Capture, transport et stockage géologique du dioxyde de carbone —

Demonstration in Cottbus, Germany against Vattenfall’s CCS plans, primarily storage. , \
yad P P Y d Stockage géologique

Credit: GuenterHH, flickr.com

8 DNVGLO® 22 September 2020 DNV-GL



Our experience in review and certification of storage projects

= QUEST: Review, and issuance of

— Statement of Fitness for Purpose of
QUEST Storage Development Plan

= CarbonNet: Review/verification relative to
DNVGL-RP-]J203, and issuance of:

— Statement of Feasibility

— Statement of Conformity — Appraisal
plan

— Verification of documentation to support
Declaration of Storage site

= Gorgon: Review commissioned by the
Western Australia D. of Mines and Petroleum

9 DNVGL® 22 September 2020 DNV-GL



Thank you for your attention!

Questions?

Jorg Aarnes
Jorg.Aarnes@dnvgl.com

www.dnvgl.com

SAFER, SMARTER, GREENER

14 DNV GL © 22 September 2020 DNV-GL
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Topics

Policy framework

Indispensability of CCS

The tide has turned..

* Focus areas

* Conclusions

SINTEF



European Green Deal — the framework
for the foreseeable future

‘
‘ A zero pollution

Europe
N

“Europe’s new growth strategy”

Breakthrough technologies such as CCUS
will support “climate and resource” e

industrial frontrunners

T——

e — European
Achieving Climate G

Neutrality reen

Focus on “smart infrastructure” to
support the transition to climate
neutrality

‘ Sustainable Transport '
N
=== Wy

‘ Clean, Reliable and
Affordable energy

Clean hydrogen as an innovative

PSS — A—

.
Transitionto a ’
Circular Economy

L

Towards a Green CAP

: ; = Take everyone along
technol Oogy Financing the transition (Just Transition Mechanism)

R _

N

SINTEF



We propose to reduce
emissions by at least




Bl JalalY
- I R )
L i
£ 4 s
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. Energy System Integration Strategy

- Hydrogen Strategy

* "Much of the energy transition will focus
on direct electrification. However, in
sectors like steel, cement, chemicals, air
traffic, heavy-duty transport and shipping,
we need something else: continued
development of carbon capture and
storage, as well as energy carriers that can
be stored longer and transported more
easily over longer distances.

* This is why scaling up the use and
production of clean hydrogen in Europe is
such an important piece of the puzzle."

e F. Timmermans, 8 July 2020

SINTEF



Additional moves.. m

LONDON CONVENTION
AND PROTOCOL

London Protocol — opening up for cross-border CO, transport for offshore storage

EC scenarios on pathways to 2050 — only two valid scenarios (carbon capture) e i

PROGRAMME (2021 - 2027}

CCUS and hydrogen well described in EC reports underpinning Industrial strategy ...

Horizon Europe — Clean Energy Transition and Clean hydrogen partnerships ... m

EIB changes its lending policy to end lending to fossil fuel projects s

...............

EU Sustainable taxonomy includes CCS, can though be improved for bioccs

EP adopts resolution on EGD "environmentally safe CCS in making heavy industry climate \p
neutral" “where no direct emission reduction options are available” :

. . . Investment
will have focus on smart clean CO, infrastructure projects ...”

European Parliament adopts PCl list with five CO, transport projects — “ ... fifth PCl list , l ' European
Bank

SINTEF



Member States: CCS in NECP and participation in European CCS research

. Eleven draft NECPs are positive to CCS.

. One draft NECP is negative to CCS. BE

;

. 13 Member States participate in CR
European research initiatives aimed at

accelerating CCS technology* cz

DE

DK

ES

y

FR

05

0

LU
NL

o UK

*including under the SET-Plan, ERA-NET CoFund ACT and EEA-grants 2014-2021

m Attitude to CCS in draft NECP

POSITIVE

POSITIVE
POSITIVE
POSITIVE
POSITIVE
POSITIVE

POSITIVE
POSITIVE

POSITIVE

NEGATIVE
POSITIVE

POSITIVE

research initiatives

YES

YES

YES
YES
YES

YES
YES

YES

YES
YES
YES
YES

YES
Source: IOGP

Member State is part of European CCS

SINTEF


https://setis.ec.europa.eu/system/files/set_plan_ccus_implementation_plan.pdf
http://www.act-ccs.eu/
https://eeagrants.org/

Summary: key drivers for CCUS, Europe

* Industrial CO, emission mitigation from hard to abate sectors

e Clean hydrogen from decarbonising fossil fuels with CCS

e Gas power plants with CCS

Northern lights

* Climate positive solutions (BECCS, Waste to Energy, ..)

* Use of CO, in a sustainable way providing permanent storage

* Policy is finally getting around to acknowledge the importance of
CCUS

arenaty

Key requirement?

Ability to return and store CO,- crucial infrastructure for Europe

Adapted version of map from the report
“Industry in a changing climate” (Bellona Europa, 2018).

SINTEF



Photo: Eirin Larsen,
tatsministerens ko




THANK YOU'

The European Technology Platform ZEP and the European Energy Research
Alliance are acknowledged for providing parts of the presentation material

@Nils_Rokke (Twitter)

@ SINTEF


mailto:nils.a.rokke@sintef.no

SINTEF

— 70 years —

1850-2020

Technology for a better society



OKONOMIEN I CCS VARDIKADEN

Stgrste omkostninger ved CCS
o CO2 fangst
Landtransport

e Kompression (og liquifaction)

Skibstransport fra havn til injektionsfaciliteter (pa land eller offshore)

Geologisk lagring (og monitorering)

RAMBGOLL



CARBON CAPTURE - LEARNING COSTCURVE

- GLOBAL CCS INSTITUTE

Learning - Example

"The most recent studies show
capture costs (also using mature
amine-based capture systems) for
facilities that plan to commence
operation in 2024-28, cluster
around USD43 per ton of CO2. "

New technologies?

"New technologies at pilot plant
scale promise capture costs
around USD33 per ton of CO2.”

Forbreendingsanlaeg i DK
« Kort sigt (0,5Mtpa): 65 EUR/t
« Laengere sigt: ?

RAMBGOLL

W T 140
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33 PROJECT PIONEER
S 100
[72]
=} ,
-..| BETCHATOW T
80 ANTELOPE VALLEY
| SHAND
KINGSNORTH & cevLAKTE MOUNTAINEER ™ --i_F’_ETRA NOVA  PROJECT TUNDRA |SAN JUAN
60 LONGANNET TRAILBLAZER e
40
ION C3DC | FUELCELL MCFC
2 LINDE/BASF OASE

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

@ PREVIOUSLY STUDIED FACILITIES ) CURRENTLY OPERATING (@) RECENTLY PROPOSED AND NEW FACILITIES
----- FIRST GENERATION CAPTURE TECHNOLOGY LEARNING RATE ------ NEXT GENERATION CAPTURE TECHNOLOGY LEARNING RATE

FIGURE 8 LEVELISED COST OF COz CAPTURE FOR LARGE SCALE POST-COMBUSTION
FACILITES AT COAL FIRED POWER PLANTS, INCLUDING PREVIOUSLY STUDIED FACILITIES"

Source: Global CCS Institute



SKIBSTRANSPORT

Shipping CO2 - UK Cost Estimation Study (BEIS 2018)

e Levelized Unit cost of Shipping
e Med havnefaciliteter og liquifaction

e 0,5 Mtpa
e 600 km: 17 EUR/t
e 1000 km: 18 EUR/t

e 1,0 Mtpa
e 600 km: 12 EUR/t
e 1000 km: 15 EUR/t

=> Et internationalt marked for CO2?

EUR/TCO2
20

18

16

14

12

Levelized Unit Cost of Shipping EUR/tCO2

0,5
MT/Y

- |
MT/Y

@m—

10

MT/Y

.—'

8
6
4
2
V]

MT/Y

—— 10
MT/Y

200

400 600 800

1000
DISTANCE KM

RAMBOLL BEIS: UK Business, Energy & Industrial Strategy Department




LAGRING

Projekter med transport og lagring

Greensands 0,5Mtpa 80 (?) 2024
Northern Lights I 1,5Mtpa 83 (?) 2024

Projekter med lagring alene
The Strategic UK COZ2 Storage Appraisal Project (2016)

Gennemsnit - 16,4 -
Range 3-8 Mtpa 12-21 =
ACORN +4 Mtpa 21 20257
Teeside 5 Mtpa 20 20267
Humberside 7 Mtpa 14 20257

*LUC: Levelized Unit Cost




UDVIKLING I CCS OMKOSTNINGER

EUR/tCO2 CCS fra kraftveerker og forbraandingsanlaeg
» Bud pa udviklingen i LUC (EUR/tCO2)
120
100
80
60
- I I
20
: I ime HEE=
CO2 Fangst Skibstransport Lagring Samlet
m2025 w2030 m2035 Usikkerhed

RAMBGLL



KONKLUSIONER

e CCS koster mindre end mange tror?
e - 0g det bliver billigere

o Billigere at fange CO2 i DK

e Size matters => "Klynger”

e Et ambitigst mal

e Forretningsmodeller

e CCS kan spille en vaesentlig rolle

RAMBGOLL
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