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The need for CO, neutral flexible dispatchable power in the energy transition
An EU perspective

Webinar 29 June 2021

el ] -
1

Dr Pierre Dechamps

EU Climate Pact Ambassador

Senior Advisor — FTI Consulting, Brussels Energy & Resources Practice

Principal Policy Officer (on leave), European Commission

University lecturer (Cranfield UK, SciencesPo Paris, Mines Paris, IFPen Paris, Vistula Warsaw)



P _ Global carbon emissions today and
2 decarbonisation needs to reach Net-Zero by 2050
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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)
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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.

A European Green Deal

Striving to be the first climate-neutral continent

“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

Agreement reached
European Climate Law
legal obligations to:

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

v carbon-neutrality by 2050
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The European Green Deal — Structure

A new Circular Economy Action Plan

¢ Strategy on the sustainable use of chemicals
Biodiversity Strategy for 2030 l ® (lean Air and Water Action Plans

| Transition to a
Circular Economy

Preserving Europe’s

i A zero pollution Europe
natural capital

® TBD with the
commissioner-

designate -
- Sustainable Transport Farm to Fork Farm to Fork Strategy
European
SR A op a 2 ® Vision for Inclusive
* Revising 2030 Achieving Climate Green The transformation of Sioral Areas
Climate targets Neutrality agriculture and rural areas ® Africa Europe agenda
® Extending ETS
* (Climate Pact Dea'
* (Climate Law
® Carbon Border Tax < )
Clean, Reliable and Towards a modernised and CAP relirin Dioposa

Affordable energy simplified CAP

Review Energy
Legislation

® European
Framework for gas

Review Energy Financing the transition
Taxation directive

Leave no one behind

(Just Transition)

® European Investment Bank as European Climate Bank @ Just Transition Instrument, including the Just Transition Fund
® Sustainable Europe Investment Plan ® Mainstreaming the Just Transition in the MFF

® Green Financing Strategy

® Mainstreaming climate transition and sustainability in the MFF

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




Powering a climate-neutral economy: An EU Strateqgy for Energy System Inteqration

The energy system today : Future EU integrated energy system :
linear and wasteful flows of energy, energy flows between users and producers,
in one direction only reducing wasted resources and money
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Integration allows to store energy from intermittent renewables
Requires zero carbon fuels like hydrogen to decarbonise the hard to abate sector (like steel)
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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

The path towards a European hydrogen eco-system step by step :
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From now to 2024, we will From 2025 to 2030, From 2030 onwards,
support the installation of hydrogen needs to become renewable
at least 6GW of renewable an intrinsic part of our hydrogen will be
hydrogen electrolysers in integrated energy deployed at a large
the EU, and the production system, with at least 40GW scale across all
of up to 1 million tonnes of of renewable hydrogen hard-to-decarbonise
renewable hydrogen. electrolysers and the sectors.

production of up to
10 million tonnes of
renewable
hydrogen in the EU.



To decarbonise
the economy, the
EU needs to

promote clean
hydrogen




Many thanks for your attention !!!

Questions?

—> DECHAMPS.PIT@GMAIL.COM




1
]
!
|
|
1
|
)

Role of H, for Power
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This 1s Vattenfall

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

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

29 June 2021 VATTENFALL
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CO,-neutral flexible dispatchable power needed

Example; CO, emissions from power sector NL (Mton/yr)
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NL CO, reduction -49% -95%
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| 13,3
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Coal phase out
More offshore wind
More onshore wind
More solar

Remaining CO,
emissions (in case
of NG)

VF analysis

VATTENFALL

Need to decarbonize flexible dispatchable
power increases through time:

« 2050 target: electricity sector needs to be
CO, 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 CO, price needed)

12



Options CO,-neutral flexible dispatchable power

Bio-CH, in Biomass Gas plant H, in gas Nuclear

gas plant power plant with CCS plant plant Fuel cell

» Limited availability < Limited availability « Fossil lock-in * No fossil-lock in  Limited political/ » Costs still high
» Limited political/ + Stakeholder « Green and/or blue public support « Small scale
public support acceptance? H,  Limited flexibility

» Limited flexibility High upfront CAPEX Can be realized Long lead time
« Economic in case of before 2030 Very CAPEX
high operating hours Flexible intensive
« Economically
attractive at low
number of operating

hours

VATTENFALL



Decarbonizing district heating in Berlin
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Role of H, in decarbonized energy system

Local RES >—>

H, from RES & Water
(Electrolyser)

N

Offshore

nLHV:GO"70% (""50 kWhe per kg H2)
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Transport & Storage

H, Transport

Wwind H,

/

Niwv= 75%
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H, from NG & CCS
(Reforming)
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< CO, storage
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(e.g. Chlorine Production)

H, Import

H, Recovery
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H, Storage

Legend

N.wv=Efficiency based on Lower Heating Value

Renewable Electricity (RES)
Hydrogen (H,)

Natural Gas (NG)

Carbon Dioxide (CO,)

Imported H,
(e.g. LH,, NH;, LOHC)
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Utilization
| Refining | | Others |
Industry - -
Feedstock > | Ammonia | | Steel production |
| Methanol || Synthetic fuels |
| Boilers |
High Temp
Hont > | Furnaces |
| Other |
=50%
Mo > | Passenger cars | | Fork lifts |
Mobility | Trucks | | Buses&Trains |
| Aviation || Sea Transport |
Build | Boilers hLHV:95"105%
Environment | Fuel cells |r]|_HV=50..60%
CCGTs  |Nuw=55..60%

Power & Heat
Generation

Gas Engines  Nunv=40..50%

Heat boilers

NLy=95..100%

>@

Fuel cells

INuv=50..60%

Energy Carrier
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H, is finding its way for electricity & heat

Example; Expected H, Demand Germany

European H, Backbone Development
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Necessary conditions for H, developments

29 June 2021

Sufficient supply of fossil-
free electricity
Scale-up and cost

” decrease of fossil-free H,
Certificates

(Guarantees of Origin)

Increased demand for
fossil-free H,

=
| -
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-
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Legal framework

Infrastructure and supply

chains
National and EU funding

VATTENFALL

Market
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GAS TURBINE APPLICATIONS
IN A CARBON-NEUTRAL SOCIETY

ETN GLOBAL'S VISION

Safe, secure, affordable and dispatchable

carbon-neutral energy solutions by 2030,
implemented globally by 2050

AND BEYOND
Compressor
station

ETN

GI®bal
POWER PLANT
3
- Gas turbines as electric power generation units
- Power-to-X solutions

= HYDROGEN
GAS TURBINES

STORAGE

Gas turbines for compression,

transport and storage HYDROGEN STORAGE
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pipe|ine2

H /
ENERGY INTENSIVE INDUSTRIES

pipelinez

- Gas turbines as mechanical drives
- Power-to-X solutions

THE PATH TOWARDS A
ZERO-CARBON CAS TURBINE
- Co/tri-generation

HARBOUR

3
=3 ;2’:‘53?1? RECOMMENDATION REPORT Gas turbine providing Combined Heat
T & Power for industrial hubs

g e 3 o SEA TRANSPORT

Gas turbines
for ship propulsion

P — | wmoswty fea el ihi e
- // : : Gas turbines for aviation,
hybrid electric heavy-duty vehicles BUILDINGS & RESIDENTIAL

and for e-charging stations
- Gas turbines for distributed 3enoration and microgrids
- Combined Heat & Power and district heating

GAS TURBINE ENERGY SYSTEM SOLUTIONS OF THE FUTURE:
www.etn.qglobal

NET-ZERO SOLUTIONS

ENERGY STORAGE COST COMPETITIVE

COMPAR T DISPATCHABLE FLEXIBLE RENEWABLE FUELS

POWER DENSITY


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?
PsSm o ’

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 @ PsSMm

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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Global M&D wi/with Digital
and Service Engineering

7E-170-190 MW 501F: 175 - 200 MW

Upgraded Components

R ¢TI et ™

6B: 35 -45 MW
Fr5: 20 - 28 MW

Service with Innovation 9F: 120 - 130 MW

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



Filling The Renewable Gap
 The Gas Turbine Advantage

« 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 enerqgy 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

Gas Turbines can meet the flexibility need ... and go green

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



Hydrogen solutions for low CO, Energy Transition

Stage 1 (complete):
Proven in Operation: « Existing TDLN/LEC

Combustor hydrogen upgrade + AutoTune * Natural gas
 Up to 25%

hydrogen by
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Stage 2:
------ * FlameSheet™
 Natural gas
Next step:  Up to 100%
FlameSheet™ Combustor + AutoTune hydrogen by

volume

2 steps to full hydrogen operation (1st step already in commercial operation)

© 2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information. All Rights Reserved. Do Not Distribute or Duplicate Without ATH Permission. 24



Hydrogen Retrofit scope on the Gas Turbine @ PSm
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Combustor retrofit (new drop in combustor) Exhaust unchanged but check is done to ensure
adequate margin for exhaust and steam cycle

Turbine evaluated for potential higher heat load, hardware can be
exchanged if needed/requested

« 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

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



DOW Netherlands — 3 x 9E machines

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

High hydrogen Secondary fuel nozzle upgrade

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

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

FlameSheet™ Retrofit Enhances Operational and Fuel Flexibility

© 2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information. All Rights Reserved. Do Not Distribute or Duplicate Without ATH Permission.
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Thomassen Leading a Consortium for Hydrogen Retrofits @ PSm

Objective:

 Develop alow 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-701F

[

Dutch subsidy awards won:

Phase 1 awarded April 2019
Phase 2 awarded March 2021

Common
_FlameSheet™

m
@ K ELEKTROCIEPLOWNIA NOWA SARZYNA

@ “ VATTENFALL &
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TUDelft

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

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

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



High Hydrogen — High pressure rig testing

100% Natural Gas 100% Hydrogen
OP16 Full Load OP16 Full Load
<6 ppm NOx < 10 ppm NOx

|

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

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



Turnkey Clean Energy Package (Low/Zero Carbon) Demonstrator @ PSm

Container Packagel.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

Energy storage and flexible balancing package with zero carbon capability

© 2021 Ansaldo Thomassen (ATH) Confidential & Proprietary Information. All Rights Reserved. Do Not Distribute or Duplicate Without ATH Permission. 30



Solutions for the Energy Transition @ PSm

* The gas turbine advantage:
* Rapid flexibility for power grid balancing H2 )
« Opportunity for clean energy storage with hydrogen "-",—_‘:f‘j{'f'-f{. ' —

« Partnership advantage: .
» Shared expertise ! - AutoTune  ~=- ,
« 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

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

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

www.thomassen.energy
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