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ETN Global

Global carbon emissions today and        

decarbonisation needs to reach Net-Zero by 2050

Global CO2 emissions (33.7 gigatons)

POWER 
GENERATION

41%

INDUSTRY

26%

BUILDINGS

9%

*Decarbonization as used herein is intended to mean the reduction of carbon emissions on a kilogram per megawatt hour basis | Source: IEA WEO 2020

TRANSPORTATION

25%



Many possible pathway towards net-zero GHG in 2050

- remaining emissions (industry, transport) compensated by storage

- power generation emissions down to zero (from 2040 in this example)

EU Commission Communication “A Clean Planet for All” (COM(2018)773 Final)
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European “Green Deal”
Towards a net-zero EU by 2050
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The “European Green Deal” is the EU’s strategy for a 

European carbon-neutral society by 2050. 

Agreement reached 
European Climate Law

legal obligations to:

✓ reduce GHG emissions by 
55% by 2030 (vs. 1990)

✓ carbon-neutrality by 2050

“Fit for 55%” Package
✓ Taxonomy: Sustainable Finance 
✓ Revision of the EU Emission Trading Scheme
✓ Carbon Border Adjustment Mechanism
✓ Energy Efficiency Directive
✓ Renewable Energy Directive
✓ Hydrogen and System integration strategies
✓ Reducing methane emissions in the energy sector
✓ …



The European Green Deal – Structure

Not just energy and climate, but all the policies with an impact on emissions



Powering a climate-neutral economy: An EU Strategy for Energy System Integration

Integration allows to store energy from intermittent renewables

Requires zero carbon fuels like hydrogen to decarbonise the hard to abate sector (like steel)

A mix of:

• Reinforced and smarter networks (from generation to appliances)

• Storage

• Dispatchable zero emission power generation



A Hydrogen Strategy for a Climate Neutral Europe



To decarbonise 
the economy, the 
EU needs to 
promote clean 
hydrogen



Many thanks for your attention !!!

Questions?

→ DECHAMPS.PJT@GMAIL.COM
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Role of H2 for Power 
and Heat Generation
Introduction to webinar „Is Hydrogen the Answer to Low-Emissions Turbomachinery?”

Geert Laagland

Director of Engineering – BA Heat | OU Heat Projects

Co-Chairman of ETN Global’s Hydrogen Working Group
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Basic facts

• One of Europe’s largest producers of electricity and 
heat

• 100% owned by the Swedish state

• Main products: electricity, heat, gas and energy 
services

• Main markets: Sweden, Germany, Netherlands, 
Denmark and the UK

• About 20,000 employees

Stornorrfors

Harsprånget

Uppsala

Forsmark

Berlin
Hamburg2

Amsterdam

Wind

Biomass

Hydro

Gas

Country head office

Largest facilities are marked with a circle

Nuclear

Coal

Solar

District heating

Location of our operations and major plants

Ringhals

Moorburg

DanTysk

Sandbank

Thanet

Pen y Cymoedd

We will help power our customers to live free from fossil fuels within one generation

This is Vattenfall
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• Need to decarbonize flexible dispatchable 

power increases through time:

• 2050 target: electricity sector needs to be 

CO2 neutral (Climate Law)

• Additional electricity demand due to 

electrification: increasing emissions in 

power sector

• 2030 targets: decarbonization of flexible 

power generation can contribute to 

reaching 2030 targets

• Until 2030 insufficient incentives to 

decarbonise flexible dispatchable power 

generation (higher CO2 price needed)

39,6
42,3

34,2

18,8

13,3

20251990 2019 2030 2050

25.3

11.1

-49% -95%

Realized Coal phase out

More offshore wind

More onshore wind

More solar

Remaining CO2

emissions (in case 

of NG)

VF analysis

Example; CO2 emissions from power sector NL (Mton/yr)

NL CO2 reduction

CO2-neutral flexible dispatchable power needed
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Options CO2-neutral flexible dispatchable power

Bio-CH4 in 

gas plant

Biomass 

power plant

Gas plant 

with CCS

• Limited availability • Limited availability

• Limited political/ 

public support

• Limited flexibility

• Fossil lock-in

• Stakeholder 

acceptance?

• High upfront CAPEX

• Economic in case of 

high operating hours

• No fossil-lock in

• Green and/or blue 

H2

• Can be realized 

before 2030

• Flexible

• Economically 

attractive at low 

number of operating 

hours

H2 in gas 

plant

Nuclear 

plant
Fuel cell

• Limited political/ 

public support

• Limited flexibility

• Long lead time

• Very CAPEX 

intensive

• Costs still high

• Small scale
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Coal Phase Out by Waste Heat, 

Biomass, Power to Heat, Heat Pumps 

& Geothermal and Natural Gas

Further 

Electrification

Replace Natural Gas

By Low Carbon H2

2030 2035/2040

Decarbonizing district heating in Berlin

Reuter West

Reuter
Charlottenburg

Moabit

Wilmersdorf

Lichterfelde

Klingenberg

Marzahn

Mitte

Reuter West

Coal (720 MW th) to be 

phased out by 2030

Moabit 

Coal (136 MW th) to be 

phased out by 2030

Klingenberg

Modernization need of about 280 

MWth in the 20ies

Lichterfelde

230 MWth gas CHP, 

(end 2019)

Predominant fuel

Coal
Gas

Marzahn

New Gas CHP of 231 MWth

(June 2020)

Mitte 

Gas CHP (440 MWth) and 

two gas HoB, with technical 

lifetimes beyond 2030 Transformation FV Nord (pink area on the left)
https://group.vattenfall.com/de/siteassets/2.-dokumentablage---newsroom/3.-
pressemeldungen/Vattenfall-Kohleausstieg-Berlin-bis-2030--Machbarkeitsstudie-28.10.2019.pdf
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H2 Import

Role of H2 in decarbonized energy system

Renewable Electricity (RES)

Natural Gas (NG)

Carbon Dioxide (CO2)

Hydrogen (H2)

Imported H2

(e.g. LH2, NH3, LOHC)

H2 Transport
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Wind H2
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ηLHV=60..70% (~50 kWhe per kg H2)

ηLHV= 75%

ηLHV=90..95%

ηLHV=55..60%

ηLHV=50%

ηLHV=50..60%

ηLHV=50..60%

ηLHV=95..100%

ηLHV=40..50%

ηLHV=95..105%

ηLHV=Efficiency based on Lower Heating Value

H2 Storage
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H2 is finding its way for electricity & heat

1 20
29

58

108

156

40

22

31

38

36

15

24

29

34

33

15

35

47

42

0

50

100

150

200

250

300

63

2025 20402030 2035 2045 2050

117

172

225

268

4

Mineral oil refineriesChemical industry

Iron ore and steel

Road transport

Electicity and heat

C
a
lo

ri
fi
c

V
a
lu

e
 [

T
W

h
]

Source; Agora 2020

Example; Expected H2 Demand Germany European H2 Backbone Development
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Certificates
(Guarantees of Origin)

Legal framework

National and EU funding

Incentives

CO2 pricing
R
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g
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ry

Increased demand for

fossil-free H2

Infrastructure and supply

chains

Scale-up and cost 

decrease of fossil-free H2

Sufficient supply of fossil-

free electricity

M
a
rk

e
t

Necessary conditions for H2 developments
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ETN Global

Role of Gas Turbines in a Carbon-neutral society 

www.etn.global

https://etn.global/news-and-events/news/hydrogen-gas-turbines-report/
http://www.etn.global/
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High Hydrogen Retrofits and Partnerships

Webinar:
Is Hydrogen the Answer to Low-Emission Turbomachinery?

Peter Stuttaford

CEO, Thomassen Energy

June 2021

© 2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information.  All Rights Reserved.  Do Not Distribute or Duplicate Without ATH Permission. 20



Disclaimer

Disclaimer for not public documents (confidential/strictly confidential):

2021. Ansaldo Thomassen BV. (ATH) Confidential & Proprietary Information. All rights Reserved. It is the 
property of ATH and shall not be used, disclosed to others of reproduced without the express written consent of 
ATH, including, but without limitation, in the creation, manufacture, development, or derivation of any repairs, 
modifications, spare parts, or configuration changes or to obtain government or regulatory approval to do so. If 
consent is given for reproduction in whole or in part, this notice and the notice set forth on each page of this 
document shall appear in any such reproduction in whole or in part. The information contained in this document 
may also be controlled by export control laws. Unauthorized export or re-export is prohibited. This presentation and 
the information herein are provided for information purposes only and are subject to change without notice.         
NO REPRESENTATION OR WARRANTY IS MADE OR IMPLIED AS TO ITS COMPLETENESS, OR FITNESS 
OR ANY PARTICULAR PURPOSE.

©2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information. All Rights Reserved. Do Not Distribute or Duplicate Without ATH Permission.

©
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501F: 175 - 200 MW7F: 170 - 190 MW

7E: 75 - 85 MW

Gas Turbine Services – Thomassen Energy / PSM

Repair

Global M&D w/with Digital 

and Service Engineering

Field Service

Upgraded Components

9F: 230 - 245 MW

9E: 120 - 130 MW

6B: 35 - 45 MW

Fr5: 20 - 28 MW

©2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information. All Rights Reserved. Do Not Distribute or Duplicate Without ATH Permission. 22

Service with Innovation



Filling The Renewable Gap

• The Gas Turbine Advantage

Gas Turbines can meet the flexibility need … and go green

• Flexible fast load coverage

• Cleanest of the fossil fuels

• Ability to run on wide range of fuels,

including green fuels such as hydrogen

• Excess renewable energy can be harvested, stored and released 
in gas turbines

• Existing gas turbine power plants available for retrofit with cost 
effective carbon free upgrades

• Ability to follow the transition to renewable World at a pace which 
is flexible and dependent on local & regional market drivers

H2 =

©2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information. All Rights Reserved. Do Not Distribute or Duplicate Without ATH Permission. 23



Hydrogen solutions for low CO2 Energy Transition
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2 steps to full hydrogen operation (1st step already in commercial operation)

Stage 1 (complete):

• Existing TDLN/LEC

• Natural gas

• Up to 25% 

hydrogen by 

volume

Stage 2:

• FlameSheetTM

• Natural gas

• Up to 100% 

hydrogen by 

volume

Proven in Operation:

Combustor hydrogen upgrade + AutoTune

Next step:

FlameSheetTM Combustor + AutoTune

© 2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information.  All Rights Reserved.  Do Not Distribute or Duplicate Without ATH Permission.



Hydrogen Retrofit scope on the Gas Turbine

25© 2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information.  All Rights Reserved.  Do Not Distribute or Duplicate Without ATH Permission.

Combustor retrofit (new drop in combustor)

Turbine evaluated for potential higher heat load, hardware can be 

exchanged if needed/requested 

Exhaust unchanged but check is done to ensure 

adequate margin for exhaust and steam cycle

• Compressor and other engine components remain unchanged

• Fuel delivery manifolds and fuel lines may need to be re-sized if needed based on hydrogen content

• Control system and Fuel delivery skids upgraded as required



9E Hydrogen in Commercial Operation – Key Package Elements

1. Fuel skid

2. Control System / AutoTune

3. Premix Combustion system (more than 100 natural gas E-class installations, 3 with H2)

High hydrogen Secondary fuel nozzle upgrade

DOW Netherlands – 3 x 9E machines

3 years stable and flexible sub-9ppm NOx Operation from 0% to 35% H2
©2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information. All Rights Reserved. Do Not Distribute or Duplicate Without ATH Permission. 26



FlameSheet™ Commercial Machine Experience

• 8 FlameSheet™ (7 FlameTOP) - enabled machines in operation,  6 years of experience

• Up to 20% additional load turndown and fuel flex with sub 9ppm NOx and CO

• Hardware in excellent condition after 28,000 hours and 400 starts

• Up to 60% by vol H2 F-class firing condition in test rig; up to 40% C2+’s*

FlameSheet™ Retrofit Enhances Operational and Fuel Flexibility
27© 2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information.  All Rights Reserved.  Do Not Distribute or Duplicate Without ATH Permission.



Thomassen Leading a Consortium for Hydrogen Retrofits

Objective:
• Develop a low emission gas turbine combustor retrofit 

for fuel flexible operation from 100% Natural Gas to 

100% Hydrogen and any mixture thereof

• Flexible fast load balancing capability 

501F-501G-701F7F - 9F

OPRA OP16 GE Fr3, Fr5, 6B, 7E, 9E

1MW to 300MW with 0% to 100% Hydrogen with 1 Scalable Combustor Platform

Common 

FlameSheet™

28©2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information. All Rights Reserved. Do Not Distribute or Duplicate Without ATH Permission.

Dutch  subsidy awards won:

• Phase 1 awarded April 2019

• Phase 2 awarded March 2021



High Hydrogen – High pressure rig testing

Operations from 100% natural gas to 100% hydrogen with dry low emissions

100% Hydrogen

OP16 Full Load

< 10 ppm NOx

100% Natural Gas

OP16 Full Load

< 6 ppm NOx

29©2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information. All Rights Reserved. Do Not Distribute or Duplicate Without ATH Permission.



Turnkey Clean Energy Package (Low/Zero Carbon) Demonstrator

Energy storage and flexible balancing package with zero carbon capability

Container Package1.8MW OPRA OP16 gas turbine Container package Electrolyser 

+

A turnkey package for clean energy – just supply water and power grid connection:

1. Electrolyser absorbs low cost electricity from grid AND/OR Solar/Wind

2. Hydrogen is made by electrolyser and accumulated in high pressure storage vessel (included)

3. Gas turbine releases energy back to the grid when electricity prices rise to fill gap in renewable generation

1, 21, 2
3 3
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Solutions for the Energy Transition

High hydrogen retrofits/partnerships for carbon free power generation and energy storage

• The gas turbine advantage:

• Rapid flexibility for power grid balancing

• Opportunity for clean energy storage with hydrogen

• Partnership advantage:

• Shared expertise

• Shared risk

• Cost effective and commercially applicable solutions

• Package solutions:

• Hydrogen supply, storage and safety

• Fuel mixing/handling, controls, combustion, hot end assessment

• Planned 100% hydrogen flexible engine demonstrations:

• Small engine 2022/23 → 2MW

• Medium engine 2023 → 20 - 40MW

• Large engine 2024/25 → 100 - 300MW

31© 2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information.  All Rights Reserved.  Do Not Distribute or Duplicate Without ATH Permission.



Thank You

©2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information. All Rights Reserved. Do Not Distribute or Duplicate Without ATH Permission. 32

www.thomassen.energy


