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EU Climate and Energy Framework

2020
- 20% GHG emissions

+ 20% renewable energy

+ 20% energy efficiency

2030*
≥ - 55% GHG emissions

≥ + 32% renewable energy

≥ + 32,5% energy efficiency

2050
Climate neutrality 

-» net zero GHG emissions

-» mandatory!

▪ Decision to upgrade 2030 Climate targets in Dec. 2020 

▪ European Climate Law adopted in June 2021

▪ Green Deal package (“Fit for 55”) with 12 initiatives presented in July 2021

→ policies and measures currently identified in the national 

projections are not sufficient to achieve the savings needed to 

meet the EU reduction target of at least 55% in 2030

Photo:Bloomberg SOTEU21
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Coal phase out in Europe (examples)

Moorburg

Germany

n 2 x 820 MW  

New plants stopped 2020 

after <10years!

> 5 GW old plants 

already stopped

Westfalen

Germany

n 2 x 800 MW  

2020

2025

2030

2035

2040

2045

2050

2030 Denmark, Hungary, Slovakia 

2016 Belgium

https://beyond-coal.eu/wp-

content/uploads/2021/01/Overview-of-national-coal-

phase-out-announcements-Europe-Beyond-Coal-

January-2021.pdf

2020 Austria, Sweden

2035-2038 2030 Germany

2022 France

2029 Finland, Netherlands

2028 Greece

2025 Ireland, Italy

2021 Portugal

2024 UK

Ptolemais

Greece

n 1 x 660 MW
Greek coal 

phase out 

date is 2028

Rotterdam

Netherlands

n 1 x 790 MW  

Maasvlakte

Netherlands

n 1 x 1,100 MW  

Eemshaven

Netherlands

n 2 x 800 MW  

Netherlands coal phase out is 2029

Plants need 

fuel switch 

or shut down

Mitsubishi Power involvement

n Power Train  

n Steam Generators

n Air Quality  Control Systems
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Coal to Biomass

Major trends (1/3): Ongoing fuel switches

Coal to NG

n Reasons to act

n coal phase out

n aging assets

n CO2 price

n capacity markets

n Needs

n Industrial CHP (steam & power)

n Municipalities (heat grids)

n Power Reserve

Market reality (today)

Coal to (CHP)
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Carbon Neutrality in 2050. Thinking backwards from 2050

Yesterdays
situation

biomass
natural

gas

battery

coal
lignite

RES
renewable 
(intermittent)   

electricity

residual waste

nuclear

oil

pumped 
hydro

coal
lignite

oil

biomass

battery

RES
renewable  

(intermittent)    

electricity

residual waste
pumped 
hydro

How to serve all sectors: Transport, 
Power, Industry, Heat ?

nuclear natural
gas





Tomorrows
situation
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Thinking backwards from 2050: Who can serve energy sector?
6

hydrogen for
synthetic fuels

via CCU

hydrogen for
seasonal storage

in caverns
summer winter

CCS: carbon capture and storage
CCU: carbon capture and utilisation
RES: renewable energy source

H2

hydrogen for
direct use

Hydrogen 
infrastructure for

distribution to
other regions and

storage

Hydrogen as key enabler to meet decarbonisation targets 
– which can not be done by only renewable electricity

biomass

RES
(direct use)  

battery
residual 
waste

pumped 
hydro

blue
hydrogen

RES &
Electrolyser

(grid service)

green
hydrogen

fossil fuel
& CCS
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Major trends (2/3): Larger National Initiatives in EU

HP

CC

H2

H2
H2

H2

S

CC

CC

CC

HP

HP

➢Clusters considered as starting point of large 
scale hydrogen production, consumption and 
infrastructure

➢Hundreds of km of hydrogen pipelines are 
existing there today in chemical industry!

Blue Hydrogen

Carbon Capture and Storage, CCS

H2 Green HydrogenH2

CCS

Carbon Capture and Utilisation, CCU

HP

Large Heat Pumps

Market creation, demonstration

https://www.euractiv.com/section/climate-strategy-2050/news/eu-
rethinks-future-gas-strategy-in-light-of-european-green-deal/

H2

H2

H2H2

H2

H2

CC

CC CC
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Projects in Europe: Zero Carbon Humber (UK)

Mitsubishi Power will be 

converting 3 large scale gas 

turbines at Triton’s Saltend

Power Station to burn 30% 

hydrogen fuel mix. 

MHI Engineering’s carbon 

capture technology will be 

utilized at a bioenergy with 

carbon capture and storage 

(BECCS) pilot project at Drax

Power Station. Implementing 

BECCS at Drax could deliver 

16 million tonnes of negative 

emissions a year. 
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Hamburg Green Hydrogen Hub envisages transformation of former site of coal plant into green hydrogen 

production site with initial output of 100 MW and further development of site into a “Green Energy Hub”

Cluster/Project example: Hamburg Green Hydrogen Hub (Germany)

Electrolyzer Capacity

Grid connection

Location

100 MW (Option to 

increase to GW scale)

380 kV (TSO 50Hertz)

Hamburg, Germany

• Green hydrogen for mainly in industrial 

applications, but also heavy transport

• 24hrs storage in 6km pipeline to match renewables

• Optimal utilization of electrolyser ‚waste‘ streams:

• Oxygen for industry 

• Waste heat for the Hamburg district heating 

grid (80˚C, with HP increased to 180˚C)

Project development partners:
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Experience in US: Advanced Clean Energy Storage Project

The Advanced Clean Energy Storage Project is the world’s largest renewable energy storage project.

Compressors

Electrolyzers

Clean power 

generation

Advanced Clean Energy Storage

Hydrogen

storage

Compressed 

air storage

Energy storage to 

underground salt caverns

Expanders

H2 combustion 

turbines

Fuel cells

Flow batteries

Off-takers

Outputs

Location

Storage Capacity

Utah, USA

150GWh
This project was launched in May 2019 by Mitsubishi Power,                   

Magnum Development and the Governor of Utah.

This project using storage technology such as renewable hydrogen (Green 

H2), compressed air, large scale flow batteries and solid oxide fuel cells.

Green H2 and/or compressed air is planned to be stored in underground salt 

caverns in Utah.

Electricity

Compressed air

Hydrogen
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Experience in US: Intermountain Power Plant – H2 application

▪ Mitsubishi Power’s Hydrogen Gas Turbines is central to Utah’s comprehensive 

decarbonisation plan: 1) fuel switch from coal to natural gas and 2) from natural gas 

to renewable hydrogen.

▪ Transition will start in 2025  using a mix of 30% hydrogen and 70% natural gas. This 

mixture will reduce carbon emissions by more than 75% compared to the retiring 

coal-fired technology. 

▪ Between 2025 and 2045, the hydrogen capability will be systematically increased to 

100% renewable hydrogen, enabling carbon-free utility-scale power generation. 

▪ Power plant is connected to the Los Angeles power grid by an existing high voltage 

direct-current (HVDC) transmission line.

Intermountain Power Agency orders Mitsubishi Power’s Hydrogen JAC Gas Turbines for Renewable Hydrogen 

Hub, a utility-scale project aiming to show a path towards 100% renewable power no later than 2045.
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Major trends (3/3): Global view and future visions

H2

H2

H2

H2

CCS

H2

H2

CCSH2

H2

H2

H2

H2

Today

n LNG trading (globally)

n Biomass import (EU)

n Coal to Biomass (Canada)

n Coal to NG (USA)

n Biomass & LNG import 

(Japan)

In future?!

n Hydrogen from sunbelt 

regions, “Desertec 2.0” in EU

n Hydrogen Import to Japan 

(blue, green)

n Ammonia as alternative 

energy carrier for shipping?

Hydrogen & NH3 may become the 
future, global energy commodity!?

https://www.euractiv.com/section/climate-strategy-2050/news/eu-
rethinks-future-gas-strategy-in-light-of-european-green-deal/

H2

NH3

NH3

NH3
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n European energy sector phases several challenges during the ongoing transformation process 

towards carbon neutrality

n New technologies are the key to successfully address to challenges. A portfolio of technologies 

is already available. For others “first of a kind” industrial scale demonstration is needed.

n Build a CO2 and H2 solutions ecosystem, utilize the challenges as opportunity for further 

growth

n Role of EU Member States is crucial: 

➢ Secure regulatory framework

➢ Facilitating development for new infrastructure (e.g. H2, CO2 pipelines, H2/NH3 terminals)

➢ Facilitating development for “First of a kind projects” 

Summary 
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Back-Up slides
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Development in US towards full decarbonization : HYDAPTIVETM
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In addition, MHI Group has products for iron making, forklift, rocket, etc. that can be fueled by hydrogen.

The MHI Group has a vast range of technologies and end-to-end solutions for the hydrogen supply chain

DemandProduction Transportation

Hydrogen Gas Turbines

Hybrid Fuel Cell 

Generators

Ammonia & Methanol Co-

production Plants

Gas Carriers

CO2 Capture Plants

Compressors

Gasification Plants

Offshore Wind 

Turbines

MHI Group Capabilities
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2020 2025 2030

30% H2 mixed firing 

commercialization

Heavy Duty GT

100% H2 firing 

validation

Small and Mid-Size GT

100% H2 firing validation 100% H2/ammonia firing

Gas and liquid firing commercialization

Hydrogen Reduction Steelmaking

Build a pilot plant and run trials

Gray Hydrogen (derived from fossil fuels)

Blue Hydrogen (derived from fossil fuels and CO2 capture)

Turquoise Hydrogen (solid carbon capture)

Green Hydrogen (produced with renewable energy)

100% H2 firing 

commercialization

Heavy Duty Boilers

Gas and liquid firing validation

Build a Hydrogen Solutions Ecosystem

Production

Transport 

& Storage

Use

Multigas Carrier

Ammonia transport

Part of this presentation includes development results from the National Laboratory New Energy and Industrial Technology Development Organization (NEDO) program.

n Create a solutions ecosystem covering production, transport, storage, 

and use

n Develop key decarbonization technologies targeting 2025
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Conversion/

Use

Capture

CO2 Carrier

Large volume CO₂ transport

CO2NNEXTM CCUS Platform (digital platform for CO2 logistics)

Seamless connection with value chain visualization

Clean Fuel Production

KS-21TM High Performance CO2 Capture Plant

High efficiency, large volume CO2 capture

Modular CO2 Capture System 

Solid Type CO2 Capture System

Industrial use CO2 capture technology

KS-1TM CO2 Capture Plant

Large volume CO2 capture

2020 2025 2030

CCUS : Carbon dioxide Capture, Utilization and Storage

Build a CO2 Solutions Ecosystem

Transport 

& Storage

KS-1, KS-21: A proprietary amine absorbent jointly developed with Kansai Electric Power CO2NNEXTM: A digital platform for visualizing CO2 logistics to be jointly developed with IBM Japan

n Create a solutions ecosystem covering carbon capture, transport, storage, 

and conversion/use

n Expand carbon capture product lineup by 2023


