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Wind Energy — A Key Global Driver for the Green
Transition

Global electricity generation by renewable energy technology and country/region, main
case, 2023 and 2030

2023
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Source: IEA 2024, https://iea.blob.core.windows.net/assets/17033b62-07a5-4144-8dd0-651cdb6caa24/Renewables2024.pdf
Danish Energy Agency 24. juni 2025 Side 8



https://iea.blob.core.windows.net/assets/17033b62-07a5-4144-8dd0-651cdb6caa24/Renewables2024.pdf

Furo

ne & The North Sea: The World's Leading Offshore

Winc

Hub

Cumulative offshore wind targets of EU member states

13 * The North Sea region positions
Europe as the primary global
offshore wind hub

 EU countries demonstrate
ambitious offshore renewable
goals, with a significant focus on
the North Sea

« This collective European
commitment aims to harness vast
offshore potential for
decarbonization and energy
security

Source: European Commission, https://energy.ec.europa.eu/topics/renewable-energy/offshore-renewable-energy_en
Danish Energy Agency 24. juni 2025

Side 9


https://energy.ec.europa.eu/topics/renewable-energy/offshore-renewable-energy_en

Nordic Synergy: A Regional Powerhouse of Renewables
& Integration
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Denmark: A Pioneer in O

increasing penetration of renewables

Quarterly electricity from wind and solar as % of total production
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The size of Japan holds great climatic diversity
comparable to continental Europe/Nordic region

Source: https://thetruesize.com/
Danish Energy Agency 24. juni 2025 Side 13



https://thetruesize.com/

Thank you
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Global presence

World-leading, independent advisory and
analysis company with solutions that cover
the entire energy value chain.



‘“?.-’-':':i RystadEnergy Company overview

Putting the pieces together

All data is collected at the finest level of detail and then pieced together to form a
complete picture.
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RystadEnergy Company overview

Putting the pieces together
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Demand for energy will increase steadily in the next decades
Fossil fuels set to decline as renewables rise to meet new energy demand

Primary Energy Demand

Exajoules
mCoal mQOil mGas = Nuclear mBioenergy m Geothermal = Hydro mWind = Solar 250
900
oil
800 200
700
Coal
500
400 100 .
Bioenergy \
300
200 50
100
0 0
2010 2015 2020 2025 2030 2035 2040 2045 2050 2010 2015 2020 2025 2030 2035 2040 2045 2050

Source: Rystad Energy research and analysis, Rystad Energy Houseview Dashboard, May 2025
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RystadEnergy

Our base case emission pathway is compatible with the 1.85-degree scenario
Contingent on continued growth in key clean energy technologies

CO2 Emissions by scenarios
Gt

40 - .
House View

20 ~

0 T T T T T T T T T T T T T T T T T T T T

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

Source: Rystad Energy research and analysis, June 2025

22 ‘_f__,l.-f‘f_i_.‘_l_'_'I--'_'.“_
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Global installed capacity closing in on 50% renewable energy...

Cumulative installed capacity by energy source (left) and share of renewable energy (right)

GW, ¢ Percent (%)
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*Other contains Bioenergy, Geothermal, Liquids, Marine/Tidal, solar thermal and non-renewable waste. **Storage contains BESS and pumped storage
Source: Rystad Energy Global Powermix Analysis Dashboard, April 2025 release
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RystadEnergy

And generation is climbing steadily, surpassing a third of global generation by end of 2025

Global power generation mix (left) and share of renewables and fossil (right)
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Investments in renewable energy overtook fossil-fueled power in 2020

Capex in the power sector by energy type — historical*

Billion USD
900 -
Renewables
800 - overtook fossil
power in 2020
700
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O Russia
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m Middle East
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100

20102012201420162018202020222024201020122014201620182020202220242010201220142016201820202022202420102012201420162018202020222024

Renewable Fossil Nuclear Storage

Source: Rystad Energy PowerCube
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Global peak fossil fuel for power is imminent within the next 12-32 months

Global YOY change in power generation, fossil vs non-fossil
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Source: Rystad Energy Global Powermix Analysis Dashboard sources
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Our long-term generation outlook shows renewables dominating as fossils structurally declines

Global gross power generation by energy source, Rystad Energy base case forecast
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BESS capex keeps dropping — set for another 20% decrease in 2025

Cell prices at all time lows help make energy storage more affordable than ever

Global average BESS capex cost and cycle life developments
USD per kilowatt-hours (S/kWh)
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Source: Rystad Energy EnergyStorage solution
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Global energy storage growth set to surge by over 5x towards 2040

Global installed energy storage by country
Terawatt-hours (TWh)
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Source: Rystad Energy EnergyStorage solution
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China, India, US and Europe are driving over 60% of the demand

Global gross power generation by region
TWh per year
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Geopolitics are constraining optimal use of the world’s resources
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US tariffs

Canadian counter tariffs

Western reluctance in utilizing Chinese supply chain

Chinese counter tariffs

sy Chinese rare-earths materials export halt

Source: Rystad Energy research and analysis
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China’s head start and governance structure has given them cleantech supply chain dominance

Solar component manufacturing capacity Hydrogen manufacturing capacity Battery-grade processing capacity
Polysilicon Ingot/wafer Electrolyzers Lithium Cobalt
\ | \ | Rest of
World
96% 96% 67%

Cells Modules Clean hydrogen production capacity Graphite Nickel

OO0 OC

85%
Source: Rystad Energy research and analysis
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European challenge: decarbonize but remain competitive

EU27 fossil CO, emissions scenarios versus proposed target
Gigatonnes
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* New eligibility rules: 1) Construction date within 60 days from enactment 2) In-service by the end of 2028
* Exception is made for nuclear with the cosntruction start deadline set to 2028
* No changes to transferability

Clean Power
(45Y, 48E)

* Old termination date — end of 2023
* New termination date — end of 2025
* No changes to transferability (credits cannot be transferred)

* 45Q transferability is terminated if the construction starts in more than 2 years after the enactment
CCUS & Hydrogen
45 st g * 45V is terminated from 2026 (old termination date was end of 2023)
(45Q, ) * No changes to 45V transferability (irrelevant amid nearly immediate termination)

* Termination date — end of 2031
* Termination date for wind power components - end of 2027
* No transferability after 2027

Advanced Manufacturing
(45X)

* Old termination date — end of 2027, new termination date — end of 2031
* No transferability after 2027
* No indirect land use impact in lifecycle GHG assessment for 45Z purposes

Clean Fuels
(452)

Source: Rystad Energy research and analysis
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Navigating the future of energy

We are an independent research and energy intelligence company, equipping clients with data, insights and education that
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Session 1

13:35 - 14:55

Power systems in transition —
Renewable energy, Adaptable Power
Grids and Storage
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MITSUBISHI
ELECTRIC

Changes for the Better

Power Grids with Renewable Energy
Transitional Challenges

June 16t", 2025
Kenji Kitao
Deputy Senior General Manager
Transmission & Distribution Systems Div.
Mitsubishi Electric Corporation

©Mitsubishi Electric Corporation



MITSUBISHI

1 Global Energy Market Trend ELECTRIC

Changes for the Better

Electrification and Clean Power are not an option: both in an economy transition scenario and net zero scenario
electrification and consequent increase of renewable power generation are fundamental to achieve the indispensable

reduction of CO2 emission.

As more energy end uses become electrified, the share of electricity in total final energy consumption will increases from
20% in 2022 to over 27% in 2030.

Billion tons of CO2

a0 2024
ETS: Economy Transition Scenario
0 Mo transition S iy NZS: Net Zero Scenario 2024
40
<+—— Clean Power

30 <—— Electrification
20
10

0

2000 2010 2020 2030 2040 2030

s e Corperston Source: BNEF The Global Energy Transition: Where Are We?
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v . . MITSUBISHI
Electrification Benefits and Challenges ELECTRIC

Changes for the Better

CHALLANGES

upgrade
A power grids

BENEFIT

high
demand G
&=
energy & e :
efficiency | limited capacity

charging infra



3 Situation in Japan

Final Energy
Consumption
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il

B
Heat/Fue
|

Electricity
Production:
- 1,080TWh
D:;Q;skwn I
Electricit NG
WA

B el il

ki BE. 3w

y
n.'ﬁ-r—t 0.9%

AL 10.9%

2013

Final Energy
Consumption
3,460TWh

Energy
Conservation,
Electrification

Electricity
Production:
~1,000TWh

BHEE
0.90%kWh

2022

1 72.6%

0.9~1.13%kWh
126 AppEE Bio
ISI?)J 2t
B Total
73 3.6% 4 b!l"l!
;'1 -

Final Energy
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Wind 0.9 9.3 5.6 5 51 23.8
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1 ;0100T(:Nh €0 0.2 3 0.6 0.3 11 1.5
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Data Source: METI https://www.meti.go.jp/shingikai/enecho/denryoku_gas/saisei_kano/pdf/063_s01_00.pdf

MITSUBISHI
ELECTRIC

Changes for the Better

Slight increase in electricity consumption, driven by data centers and electrification mainly, is forecasted in the next 15 years.
~10-20% increase of consumption in 2040 compared to 2022
Capacity demand will also increase from 157GW of 2024 to 165GW in 2034
Renewable production target will increase from 21.6% of 2022 to 35-38% of 2030 to 40-50% by 2040.

Japan is facing and will face challenges in integrating a large amount of renewables. Reenforcing infrastructures including the
utilization of storage systems is one of the multiple approaches. No-wire approaches such as control and curtailment are also effective

solutions.

©Mitsubishi Electric Corporation
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4 Renewable energy integration ELECTRIC

Changes for the Better

« Japan has seen a dramatic increase in solar PV installed capacity over the last

Key bottle-necks to bring decade, with almost 90 GW currently.
generation to demand, balance « Offshore wind is expected to grow similarly rapidly, with targets of 30 - 45 GW
supply/demand and provide
stability \ by 2040.
* In both cases power generation is becoming less concentrated than before,
causing significant issues for both the transmission and distribution systems

Japanese PV / Wind Generation Capacity

100 000
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50 Hz 80 000

Frequency division region S 70000
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. = 40000
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S — | 2 30000

' 20 000

10 000 I
, . w
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Q Expected areas for significant BPV " Onshore wind M Offshore wind
offshore wind development

©@Mitsubishi lectric Corporation Source: Renewable Energy Capacity Statistics 2024 4



https://www.developmentaid.org/api/frontend/cms/file/2024/03/IRENA_RE_Capacity_Statistics_2024.pdf

5 Transmission System: High Voltage DC HLECTRIG

Changes for the Better

- 1

To cope with the bulk large-scale deployment of
»*1 renewable generation, the bulk power transmission
’ system will need significant upgrades.

High Voltage DC (HVDC) systems are increasingly
being used to help deliver bulk-power from remote
areas to demand centres, due to their flexibility
compared to traditional ac systems (e.g. long-distance
submarine cable connections, or interfaces between

asynchronous regions)

Multi-terminal HVDC grids are the next evolution and
are expected to become the backbone for large-
capacity renewable generation, connecting multiple
geographical areas together in a low-loss transmission
system.

| === DC system
== AC system

e
— - -

©Mitsubishi Electric Corporation
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6 Transmission & Distribution Systems Chnes et o B
anges for the Delter
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( ) Large-capacity thermal power plants are being retired
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Energy storage, both industrial-scale and residential-scale, is
being deployed

DERMS: Distributed Energy Management System

DERMS software platforms are increasingly deployed by utilities and grid operators to manage and optimize
distributed energy resources (DERs) such as solar panels, wind turbines, battery storage systems, electric
vehicles, and other decentralized power sources.

Key functions include:

* Monitoring and control: providing real-time visibility and control over DERs to ensure they are operating efficiently and
contributing to grid stability.

+ Optimisation: balances supply and demand by optimising the use of DERs, reducing energy costs, and improving
reliability.

* Integration: Facilitates the integration of renewable energy sources into the grid, helping to meet sustainability goals.

» Grid services: enable DERs to provide ancillary services like voltage regulation, frequency control, and peak shaving.
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INTEGRATION OF OFFSHORE ENERG'NET

WIND TODAY AND IN THE »¥ Y
FUTURE

16 June 2025

Peter Markussen, Senior Director, Energinet System Operation
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WE BALANCE, OPERATE, DEVELOP
AND OWN THE DANISH ELECTRICITY
AND GAS TRANSMISSION GRID

Danish gas balance, 2024 (76 P))

100% sec.
of supply

biomethane

net imports
38%

H natural gas
green gas

-
-

Danish electricity balance, 2024 (37 TWh)

99.99% sec.

of supply
onshore (2023)

offshore

M solar

M other renewables 63%
e solar+wind ;IEH?I;
erma o 0 a
. 8870 km electricity grid PLANNED HYDROGEN TRANSMISSION
impor
— ELECTRICITY TRANSMISSION GRID
1,250 km gas grid GAS TRANSMISSION GRID

GAS STORAGE




ENERGINET

OFFSHORE WIND AS
KEY ENABLER FOR
GREEN TRANSITION

North Sea ambitions (Oostend Declaration -
2022):

- Today: 30 GW

- 2030: 120 GW

Baltic sea ambitions (Marienborg Declaration
-2022):

- Today:2.3 GW

- 2030: 30GW
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https://www.entsoe.eu/outlooks/offshore-hub/tyndp-ondp/
https://map.4coffshore.com/offshorewind/
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Long term political offshore wind SHET — / i e
ambition and development of mature = Ve 74 “ BALTIC -
. - \ ordic electricit
Supply chain SVENSIKA 1 production (430 TV»(/h)

IKRAFTNAT

Integrated grid and offshore wind

development "
Harmonised electricity markets and "
system operation
234
Use of interconnectors for flexibility
5 - =5 = Thermal = Nuclear = Hydro = Wind + Solar
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A 11 GW cross border transmission capacity



Offshore wind in Denmark, GW
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FUTURE INTEGRATION )
OF OFFSHORE WIND g m=ppein

5
—connected to

Cross border political cooperation 9 Denmark

and coordination 2024 2030 2035 2040

Integrated sector coupling and Electricity consuption in Denmark, TWh

flexibility from electrification of 160

heating, transport and green "

hyd rogen . e W PtX not grid connected
Offshore wind active contribution 100 l B

to system balancing and robustness . . ™ PuX {hydrogen)

datacenters

System transparency and price 60 transport

signals (energidataservice.dk) 40 B heating
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Norwegian Power Market expanded to EU/Japan

mEIEHADEBENE, BIRBROELGLHILAREEL
Foreseen continuous increase in GHG (Green House Gas) and
REN (Renewable Energy)

R[REEKFOSVEIRICKAIEGES EFEEEDILK
Increasing power supply volatility and uncertainty caused by
weather dependent Renewable power

NERBRIRILEF— VI RABRDBA VAT LREME
Multiple solutions to balance the power stability in the
transformed Energy Mix
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Power market borne in Norway has expanded to Pan-Europe
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Japanese power exchange (JEPX) adopted Nord Pool model
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Continuous increase in GHG and expected growth of REN

IPCC* JmAE L W R H S HME (IR E & 6 R#FE)

GHG Emission Report (15t & 6th)

IPCC 6th Assessment Report
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Volue’s expectation of power production growth
Volue expecations for European production growth towards 2050
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https://www.ipcc.ch/report/ar6/wg1/#InteractiveAtlas

3. REKEGFENEVVEBIRIZESAZEFHELAEEEDILEK

Increasing power supply volatility and uncertainty caused by
introduction of more weather dependent renewable power

Supply technology to support 3350TWh consumption in Europe 2024

o FEIRMEEIR BIRNENEBOBZERSIETIVS

Intermittent Power Renewables are reshaping prices and

challenging the market balance

2024
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12-month Rolling Average - Capture Ratio of Solar
Production

Solar Muclear Gas Coal Lignite CHP other

B CHP  Zmif

Hydno

7k BH AR /AT EmR Ha Y alon



vOlue

32 BIRDBKRNIRILEF—ZI v I DEREZINE

Increase of REN will accelerate the transition of EN Mix

Electricity generation technologies in Europe (ENTSO-E + UK) in 2023 E uro pe + U K i 3 OOO TW h
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Energy Mix in Europe/UK as of 2024
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Multiple solutions to balance the power stability in the  transformed

Energy Mix
IR BAZR ML= EEAEEORE  EHREREGH
Flexible generation Energy storage Wide Area Grid Flexible demand Mgt

e LA T K 157K%E (Pump Hydro) CAPEX Investment FITURLARUR
Balancing Market etc. Z & (Battery Storage) (EERKRE) Demand Response
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Conclusion: To cope with changing Energy Mix caused by growth of REN Power,

combined use of Power Technology, Market Usage and Demand Control is

indispensable.
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Conclusion: To cope with changing Energy Mix caused by growth of REN Power, Asggregator
combined use of Power Technology, Market Usage and Demand Control is
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Conclusion: To cope with changing Energy Mix caused by growth of REN Power, Asggregator
combined use of Power Technology, Market Usage and Demand Control is

indispensable.

T

* Green energy transition JU— ERFS >3
* Shift from coal to gas BRI D R

* Grid congestion management ; j

* Unlocking consumption erX|b|I|ty Iﬂ%gﬁliﬁﬁ

* Storage (Battery, Pumping Hydrg) BAHOE (FE - &)
* Power to X (Hydrogen) Power'to X ()% (KEREAE)

* Interconnector Investment and Advanced Optimizatio

ZERER~OBRELEBEEREL

» Weather data and forecast quality continuous improvement
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WARTSILA

Balancing Power Plants: Transitioning to Japan's Energy
Future

Nicolas Leong

Energy Business Director
North & South East Asia
Wartsila Energy

16 June 2025

© WARTSILA
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WARTSILA

We are a global leader in technology and services
Serving our customers wherever they are in the world

@ Of the 110,000 large vessels out at sea 1/3

carry Wartsila solutions on board

4 In 180 countries
89] Wartsila energy installations provide reliable power

Public

71 © WARTSILA




Wartsila Energy: towards a 100% renewable energy future
Our technologies provide reliable power and balancing to support the growth of renewables.

L el ;

oo = @
Engine power plants Energy storage and Carvices

optimisation

72 © WARTSILA Public




Our track record in 180 countries around the world

73

| Americas

Power plants delivered:

19.7 GW

Operational plants under
service agreement:

32 %

Energy storage¥*:

13 GWh+

© WARTSILA

| Europe

Power plants delivered:

10.9 GW

Operational plants under
service agreement:

18 %

Energy storage®:

2.2 GWh+

| Africa

Power plants delivered:

7.6 GW

Operational plants under
service agreement:

42 %

Energy storage:

18 MWh

C

WARTSILA

| Middle East & Asia

Power plants delivered:

40.8 GW

Operational plants under
service agreement:

38 %

Energy storage*:

6.7 GWh+

*contracted, under construction, operational
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Wartsila in Japan: Decades of Trusted Business Operations WARTSILA

74

511 MW

Total Output

115

Number of Engines

>

8 SlteS PP ’ Currently operating

LTSA (Long Term Service Agreement) ° Gas Engines
o W34SG: 69 units

Diesel Engines
W32: 17 units

WARTSILA



Choosing the right flexible technologies for power systems

Ensuring a continuous supply of electricity is a constant balancing act, where ev'“ ,
becomes key to ensuring a stable and reliable supply of electricity, it is important to't: se fl

Renewables = need to be balanced by Flexible engine - :

= . power plants _ -

- <o e -
/ <o <
/ e > %
+ < 2
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<
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Why engines are most suitable to be paired with renewables WARTSILA

Output (%)
100

) 0 ‘ f 3«/ 4 5

60

40

1. Fast start 3. Load 4. Low-load 5. Fast stop
following operation

Value Value Value Value

= Grid stability = Wind and solar »= "low load” = No load = Not running when
support balancing * Not running when no revenue
Ancillary Service » Ancillary service no revenue » PV enabler
market market

Features Features Features Features

= Power to grid in 30s » Part load efficiency * 1 min shutdown * 1 min shutdown

- 2-5 min to full power unaffected = No minimum down = No minimum up

. Start-up efficiency * No EOH cost for time time .

cycling » Zero fuel cost » No EOH calculation

= 7ero emissions

76 WARTSILA
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Tokyo Gas Engineering Solutions (TGES) - Japan

Wartsila power plant boosts Japan’s transition to renewable energy.

Japan is working toward a major shift in its power mix, looking at
achieving 40-50% renewable energy by 2040.

Wartsila supplied gas engines for TGES' 100 MW power plantin
Sodegaura, Japan, which provide the needed flexibility to enable

critical grid balancing as the country strives to increase its share of
renewable energy.

The main purpose of the utility-scale plant is to hedge market price
fluctuations. The plant will also enable participation in the recently
launched cross-regional balancing market, that bridges the gap
between energy demand and supply during times when much
variable renewable energy is being introduced into the system.

4 The new plant operates with ten Wartsila 34SG gas engines, replacing a
oo 100 MW combined cycle gas turbine formerly located on the project site.

_G)’_ The Wartsila engine technology delivers the flexibility needed to
N7 compensate for fluctuations in the supply from wind and solar.

WARTSILA

N

WAR
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How can a Gas Power Producer and Supplier in
Japan (Example: Tokyo Gas) optimize their JEPX
procurement and own generation with a flexible
engine?

J

buy from JEPX  run the FLEXIBLE engine

when JEPX prices when JEPX prices
are low are high

e £ T S Tt e W
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Flexible and Profitable: The Case for Engine Power
Plants in Japan

Engine power plants can participate and earn revenues from
several markets:

= JEPX Day-Ahead and Intraday Markets
= Balancing Markets

= Capacity Auctions - OCCTO and Long-Term Decarbonisation
Auction (LTDA).

Engine power plants provide the following benefits to the
integrated generator-retailer:

v Flexible asset that fully supports renewable power and
purchases of JEPX when it is cheap.

v Supply regular and reliable peaking and seasonal power
for retail demand and wholesale market.

v Protect against high JEPX prices and avoid imbalance
charges during periods of tight supply.

79 WARTSILA
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Pioneering New
Technologies

Classified by Alfa Laval as: Business



Alfa Laval at a glance

* 140 years of experience in engineering and innovation
* QOperating in over 100 countries with 22.000+ employees
* Continuous investment in R&D with 4.200+ patents

Heat transfer Separation Fluid handling

=




‘Jh

.'] A

|
|

Ll i aal

Carbon capture utilization and storage
(CCu/s)

Plant based

Classified by Alfa Laval as: Business

Upcycling protein

Power—to-X

E-PowerPack
Waste heat recovery

Revos™ concentration technology

Energy storage

Sustainable water supply

Alfa Laval



A revolutionary way to store
renewable energy

Alfa Laval as investor and technology partner to Malta
Inc.

Malta Inc. is developing a thermal energy storage solution that draws
electricity from the grid and stores it for hours or days before putting it
back on the grid. In charge mode, the system operates as a heat pump,
storing electricity as heat in molten salt. In discharge mode, the system
operates as a heat engine, using the stored heat to produce electricity.
Alfa Laval’s innovative heat transfer technology is a critical component
for making it possible.

. VENTURES

(4 co. 2 o y, RS salllys) N

Energy savings Emission savings Cost savings

Read more —
Alfa Laval


https://www.alfalaval.com/media/stories/renewable-energies/the-new-power-couple/

Waste heat recovery for
sustainable data center
operations

Waste heat recovery for sustainable data center

(ke e operations
i; - 1% | i One of the world’s most sustainable data centers recovers waste heat
11 ‘“ b from servers. An industrial heat pump, powered by renewables,
1 | ﬁi‘ Y provides hot water for a district heating network.
s ' .%‘{‘T i,
%‘}" Alfa Laval’s efficient plate heat exchangers ensure optimal performance

of the heat pump.
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Energy savings Emission savings Heating of:
100,000 MWh 6,900 homes

Read more —
Alfa Laval


https://www.alfalaval.com/industries/hvac/data-center-cooling/
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The world's leading:

renewable energy te
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Dragon Class 222 (third
generation, first product)

ansport, o ore

handling, towing,
installation and recovery

PPA (Power
Purchase
Agreement) with
utility customer
SEV in-place

Tidal park
infrastructure
designed (cabling,
transformation,
sea-bed anchoring
etc.)

91 patents in 10
patent portfolios
covering all relevant
markets

> Main principle
> Supporting functions

> Operations processes
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Examples of identified Minesto tidal sites in Japan
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200 MW growth plan — Faroe Island

kW

Vestmannasund 2% ]OI\(/IJW
1x 12

Demo installation

Hestfjord 33MW

Phase 1: IOMW Array installation

Phase 2: 23MW

Non grid-connected islands
... Mykines

... Fugloy

Skdvoy

\

Svinoyarfjord

]8MW

Array installation

Leirviksfjord 36MW
Array installation
Skopunarfjord 38.5MW

Array installation

Dimunarfjord

24.75MW

Array installation

Suduroyarfjord

15.75MW

Array installation

South of Akraberg

33.76MW

Array installation



(Phase 1) (Phase 2)
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The Danish Offshore Wind Power Industry

— Knowledge, Experience and dedication supported by excellent R&D centres

Wind
Raw Intermedia- Component Turbine Planning & . Asset
Materials te goods Mfg Design and Design (EPC) sz e ownership e
Assembly
SIEMENS Gamesa »~ 5
) MTHojgaard —
Vestas oI semco /ACADELER VATTENFALL % P4 SWIRE RENEWABLE ENERGY
& Envision RWE FairWind
%= GOLDWIND oOHT (& “%[PR - ESVAGT
& LEes Pl SWIRE ENERGY SERVICES CYCI ﬁ{
TotalEnergies
Clotirel & Offshore Offshore Subsea
Towers Blades Brake . . . .
systems Substations  foundations Cables .... Including excellent supportive
,,,,, . universities, test centres and
@S industries LM KX ™~ CSWIND  CSWIND > ,
RIS t P & OFFSHORE OFFSHORE \l'll(t:c.....s engineering companies
COMPOSITES. -
@ELCON p, EMERSON. RAMBJLL _
ALWUWIND  SIEMENS Gamesa AARSLEFF A RDR DTU Wind Energy .
ATKINS 7l MTHojgaard AADbD PRERSTIATD S HI Skl R:D
N /
Foaw  VESIAS VESIAS g YT ~onver ik’ BLORC SPU#
. SIEMENS martme AARHUS
Gunt AP .
svenosorc BRAes 1 SC COWI DHLZC sweco X S S


http://www.bladt.dk/default.asp
http://www.vestas.com/da

Potential Offshore Wind Park Tenders in

the coming years

I cksisterende havvindmelleparker / Existing
I Under etablering Existing/under constructi

P Nye udbud

Nordsgen |

"y

/New tenders

v

)
r >

Kattegat Il

Hesselg

>
-~

Kriegers Flak Il Syd

Kriegers Flak Il Nord
S é ~

Ve

Energig Bornholm

Nordsgen I (, A2, A3) Havvindmgllepark

Capacity: min. 2GW (2x1GW)

Tender is published in the autum of 2025.

Application deadline is expected in spring 2026 (A2 = middle)
Expected to be commissioned: end of 2032 (A2)

Application deadline is expected in autumn 2027 (A3 =south)
Expected to be commissioned: end of 2033 (A3)

Nordsgen | (A1, A2, A3) Havvindmgllepark | Energistyrelsen (ens.dk)

Hesselg Havvindmgllepark

Capacity: 0,8- 1,2 GW, depending on the concession winner’s final project.
The tender is published in the autumn of 2025.

Application deadline is expected in spring 2026.

Expected to be commissioned: end of 2032

Hesselg Havvindmegllepark | Energistyrelsen (ens.dk)

Nordsgen | (A1) Havvindmgllepark
Capacity: min 1GW
Nordsgen | (A1, A2, A3) Havvindmgllepark | Energistyrelsen (ens.dk)

Kriegers Flak Il Havvindmgllepark
Capacity: min. 1 GW
Kriegers Flak Il Havvindmellepark | Energistyrelsen (ens.dk)

Kattegat Havvindmgllepark
Capacity: min. 1 GW
Kattegat Havvindmellepark | Energistyrelsen (ens.dk)

Energig Bornholm Havvindmgllepark
Capacity: 3 GW
Energy Island Bornholm | The Danish Energy Agency (ens.dk)
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https://ens.dk/ansvarsomraader/vindmoeller-paa-hav/udbud-af-havvindmoelleparker/nordsoeen-i-a1-a2-a3
https://ens.dk/ansvarsomraader/vindmoeller-paa-hav/udbud-af-havvindmoelleparker/hesseloe-havvindmoellepark
https://ens.dk/ansvarsomraader/vindmoeller-paa-hav/udbud-af-havvindmoelleparker/nordsoeen-i-a1-a2-a3
https://ens.dk/ansvarsomraader/vindmoeller-paa-hav/udbud-af-havvindmoelleparker/kriegers-flak-ii-0
https://ens.dk/ansvarsomraader/vindmoeller-paa-hav/udbud-af-havvindmoelleparker/kattegat-havvindmoellepark
https://ens.dk/en/our-responsibilities/wind-power/ongoing-offshore-wind-tenders/energy-island-bornholm-owf

Japanese investments in the Danish Renewable energy ecosystem

European Energy A/S and Mitsubishi HC Mitsui & Co and European Energy
Capital Inc. finalize EUR 700 million equity open Kasse e-methanol facility

transaction s

Summitomo Corporation and
Skovgaard Energy will produce
E- SAF

)

,NORTH

SKY
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MINISTRY OF FOREIGN AFFAIRS
OF DENMARK
Invest in Denmark
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Session 2

15:15-16:10

Cost-efficient and Low-Carbon Value
Chains for Hydrogen, Ammonia and
CO,
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WHEN TRUST MATTERS

DNV

Opportunities & Challenges for CCS Value Chains

James Laybourn 16 June 2025




DNV in the Hydrogen & CCUS Segments

e —

15,500 experts . BEHRYEETES W 170+

across the Maritime, O&G, , serving the maritime & ' ' industry standards,

Renewables & Power | energy industries, including : == quidel

markets providing local : early engagement in the oll '_ . development of next

access to global best practice and gas, wind and solar, " generation technologies
hydrogen & CCUS sectors |

24 500+

joint industry projects per laboratories and test centres carbon capture and utilisation SRRVl RN LG C G0 ‘~
year collaborating with including the World’s first full- n- projects delivered in the past Y delivered in the past 4 years =
industry and our customers scale hydrogen testing facmty oS 10 years including | S spanning production, e
to develop the next subDOIting safet development of the first " transportation, utilisationand =«
generation of standards « StUPPOTing o | international standards ~ policy Ui
| infrastructure and policy 1 e R




DNV

CCS 10 2050

Carbon capture and storage:
from turning point in 2025 to
scale by mid-century

Download from: www.dnv.com/energy-transition-outlook



CCS Forecast out to 2050

CCS grows to more than a gigatonne per year by 2050
Carbon capture and storage (MtCO._/yr)

2050

,300 Mt

2024 Timelines differ across sectors

e 210 Mt CQ, capture in selected sectors (MtCO._/yr}
t

380

230

140

23

PNV© 16 June 2025 Energy supply  Electricity generation

240
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H 2 a n d CC U S M a rket i n AS i a leglr:sgetla;I;Lc;jlizt:::ewables and PG

* Viable opportunity for stranded renewables

* 100s of projects with limited commercialisation

Hydrogen Importers
* Looking at demand drivers
» Government strategies and subsidies

+ Difficult technical challenges (import/transmission)

Hydrogen Users

CCS linked to high CO, Gas Fields . + Focus on commercial / regulatory considerations
+ Clear business case » Safety focus as bringing H2 close to population
« Repurposing of existing expertise and infra  Alternative fuel needs / bunkering / etc

AN

» Single operator with source and sink co-located

New CO2 value chains linked to decarbonisation

» Challenging commercial models
* Need for a lot of collaboration

» Commercial push needed from exporting markets
DNV



The Business Case for CCUS

Commercial CCUS Projects move ahead when

Cost of emitting CO, > Cost of capturing and storing/utilising CO,

» Carbon taxes  Cost of capturing CO,
* Regulatory requirements  Dependent on source concentration
« ESG ratings * Infrastructure costs

« Transport and storage

« Economies of scale

* Sources of revenue
 CCS - Policy support
« CCU - Sale of CO, derived products

128 DNV © 16 June 2025

DNV



CCUS in Japan

Japan has announced commitments to reducing
emissions by 46% by 2030 relative to 2013 peak
(1395 MtCO.e)

Power Generation and Industrial Sectors together
account for ~70% of emissions

GX Promotion Act supports various carbon pricing
and emissions trading schemes to provide
economic support for the net zero ambitions

« JOGMEC Advanced CCS Projects aims to start 6-

129

12 MTPA of CCS operations by 2030
Key opportunities for CCUS :

1. Industrial Clustering supported by high
iIndustrial concentration

2. CO, Utilisation supported by maritime/aviation
and chemical industries

3. CO, transport & storage supported by high

concentration CO, sources, increasing carbon
pricing and local & Regional CCS sites

Carbon price by region

Units: USDACO.,
250

200

150

100

50

~85 USD/ICO,

Europe

QECD Pacific
Greater China
Morth America
South East Asia
Indian Subcontinent

Latin America
Middle East and
MNorth Africa

Morth East Eurasia
Sub-S5aharan Africa

~130 USD/CO,



Potential for CCS Shipping Value Chains

Opportunities: Challenges:

« Shared costs — can support milk run model with multiple « Technology — Large scale sequestration sites are
smaller CO, sources all accessing centralised project normally located far from population and industrial
economics clusters necessitating new transportation technologies

* Flexibility — ability to change storage location removes « Economics — Carbon price levels in Asia are unlikely to
dependence risk on single storage project be sufficient to support full cost of sequestration

* Improved site selection — reduced geographical * Regulation — Regulatory regimes to support cross border
constraints enable selection of lower risk storage sites CO, trade are slow to be established

Shipping value chain (shore-to-shore configuration)

CO, capture plant  Liquefaction  Bufferstorage Loading Shipping Unloading  Bufferstorage Conditioning Storage




Regional CCS Potential

« Multiple sequestration projects under
development within SEA and Australia (6-10
days sailing) providing high flexibility

R » Storage Viability — high potential sites with large
o Lang / ~4000km radius - capacity and lower risk profile (e.g. seismic)

Kasawarle_\eba
. » Lower cost — commercialisation of sequestration
a| . . - -
Tangguﬁ site and infrastructure financed by high CO, gas
S
Sake‘thang Gund|h '

\Sukowatl -~  Existing Infrastructure — most of the proposed
Dav . ' CCS sites are close to existing maritime

Undan
~6000km radius infrastructure (LNG terminals)
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The rally to the valley

Growing hydrogen valleys based on Nordic cooperation
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Objectives

* Create Nordic overview

* Support industries, authorities and
decision-makers in development of © Nordic Energy’ =
hydrogen valleys |

Research

* Promote and enhance Nordic strengths

* lllustrate ongoing Nordic development

VALUE CHAIN MAPPINGII
@ ACROSS THE REGION
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Approach

Define and map Nordic
hydrogen valleys

Create a prototype digital
tool for mapping

Analyse hydrogen potential
in Arctic maritime transport

Identify drivers and barriers
for Nordic hydrogen valleys



Geography in at least
one Nordic country

Supply at least
two end-use sectors

At least two steps of the
value chain

Nordic

Hydrogen

H T

0

gH

Hydrogen production
capacity >5oo0 tpa

Reached at least
feasiability stage
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Cumulative potential capacity in the Nordics
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Nordic Hydrogen

High level of activity/plans in all Nordic

Va I |ey5 countries.

The combined capacity = approx. 8 Mt, or 270
TWh, of hydrogen per year.

Double the amount estimated to achieve a

carbon-neutral region by 2050.
* Could become a H2-hub for rest of EU

Approximately 0.2% of this capacity is in
operation.

About 1% is currently under establishment.

Large synergy gains in Nordic cooperation.



Key drivers and barriers

In the Nordics

e

Access to renewable energy
production

Policy support (general level)

Industry presence and
ambitions

&

Project business case (economy)

Regulatory environment (e.g.
permits, safety)

Access to skills, materials and
workforce




Follow us

Nordicenergy.org

Linkedin: Nordic Energy Research

@ Nordic Energy
Research
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Vireon’s mission is to establish an effective network of hydrogen refueling
infrastructure for heavy duty vehicles across the entire Nordic region.
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) . o January 2025
Ports play a vital role in providing

infrastructure - for both ships and trucks.
By focusing on land transportation and
maritime transportation at the same
time we can develop a minimum viable
infrastructure faster.
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Strengthen the efforts to deploy hydrogen trucks and stations
throughout all Nordic countries.

Reduce the barriers to achieve zero-emission tradelines between
the Nordics and the continent.

Continue to inform politicians about the need for a stronger
cooperation between the Nordic countries to foster zero-emission
transport.
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