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The energy transition requires a giant acceleration

Next 20-30 years:
fundamental shift in the way energy is generated, stored, delivered,

valued and purchased Carbon Counfdown

How many years of current emissions would use up the IPCC’s carbon
bdgifodlﬂ llml of warming?

Drivers: International agreement (UNFCCC), EU directive (RED),
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Renewables bring new challenges

The energy system today : linear Future EU integrated energy
and wasteful flows of energy, in one system : energy flows between users
direction only and producers, reducing wasted

resources and mon ey
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An Integrated EU Energy System will have three main characteristics:

- A more efficient and “circular” system, where waste energy is captured and re-used

- A cleaner power system, with more direct electrification of end-use sectors such as industry,
heating of buildings and transport.

- A cleaner fuel system, for hard-to-electrify sectors like heavy industry or transport
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- Transport, conversion and storage of renewable energy is key!
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How to accelerate? Learning curves of technologies
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e System ® Pack ¢ Module A Battery

e Pumped hydro (utility, =1+ 8%)
Lead-acid (multiple, 4 £ 6%)
Lead-acid (residential, 13 + 5%)

A Lithium-ion (electronics, 30 + 3%)

= Lithium-ion (EV, 16 + 4%)
Lithium-ion (residential, 12 + 4%)

e Lithium-ion (utility, 12 + 3%)

= Nickel-metal hydride (HEV, 11 £1%)

® Sodium-sulfur (utility, -)

e Vanadium redox-flow (utility, 11+ 9%)

m Electrolysis (utility, 18 £+ 6%)

® Fuel cells (residential, 18 £ 2%)
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How to accelerate? Learning curves of technologies

e System ®m Pack < Module A Battery

® Pumped hydro (utility, =1+ 8%)

Lead-acid (multiple, 4 £ 6%)

residential, 13 £ 5%)
A Lithium-ion (electronics, 30 + 3%)
® Lithium-ion (EV, 16 + 4%)
Lithium-ion (residential, 12 + 4%)
e Lithium-ion (utility, 12 + 3%)
® Nickel-metal hydride (HEV, 11 £1%)
e Sodium-sulfur (utility, -)
® Vanadium redox-flow (utility, 11+ 9%)

m Electrolysis (utility, 18 + 6%)

® Fuel cells (residential, 18 + 2%)
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How to accelerate?

Cummulative PV capacity: historic data vs IEA WEO predictions

In GW of total installed capacity - source International Energy Agency - World Energy Outlook

WEO 2017 New Policies (NPS)

1,200
=P PV History
1,000 ——WEO 2016 NPS
~——WEO 2015 NPS
——WEO 2013 NPS
800 = WEO 2012 NPS
——WEO 2011 NPS
———WEO 2010 NPS
600 ——WEO 2009 REF
WEO 2008 REF
~———WEO 2006 REF
400 ———WEO 2004 REF
———WEO 2002 REF
200
0
1990 2000

Courtesy of prof. Auke Hoekstra
Data: WEO, zenmo.com

2010

2020

2030

please send comments to:

a.e.hoekstra@tue.nl @aukehoekstra

Annual PV additions: historic data vs IEA WEO predictions

In GW of added capacity per year - source International Energy Agency - World Energy Outlook

please send comments to:
a.e.hoekstra@tue.nl
(@aukehoekstra
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The role of granularity

B Diffusion time scales Conventional learning D Descaled “true” learning
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Eindhoven institute for
Renewable Energy Systems
(EIRES)

* Opening 31 August 2020 by state secretary Van
Veldhoven

* Bringing together TU/e research aimed at systems for
renewable energy conversion and storage

* Development of icon systems together with the high-
tech manufacturing industry

* Four programmatic lines of research
 System for sustainable heat
[ Chemistry for Sustainable Energy Systems

O Engineering for Sustainable Energy Systems

O Systems Integration

But also: Solar Cells, Plasma’s for sustainability, ...... DRIVING THE ENERGY REVOLUTION



The Netherlands:What business to make from or for H,?

1. Transfer & Distribution
Gas node infrastructure for North-West
Europe, extending/replacing natural gas

2. Chemical conversion
Large clusters of advanced (petro)chemical
industries in Bottlek and Chemelot area

2017: Trilateral strategy for chemical industry in
NL — BE — GER area: 180 B€ turnover, 350 000 jobs

3. High-tech manufacturing industries
Brainport region and Oost.nl as provider of high-tech
components, equipment and systems

4. The Dutch Electrolyzer:VDL, DIFFER and EIRES team up
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Opportunities for Hightech industry in Green H, & Chemistry

Integration

Power & Control

G1-7 Distributed sensing

G1-7 Control algorithms &
electronics
G 13 Electronic power conversion

Production

High-tech, high-volume N4-7
manufacturing System safety and
Ga-7 System architectures and N4-7 availability
engineering Full system performance
optimization
Conversion devices
G 1-3 High-tech materials Electromechanical
components
G1-3 Nanotechnology N4-7 Massive parallel production
structures (3-level: infra,
G1-3 Electronics N4-7 data, power)

Getallen geven TRL niveaus weer

G1-3 High-volume N4-7
manufacturing
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Lining up with Advisory report ECCM

Society

System
Integration

Conversion
Technology

Hydrogen
production and
transport &
energy storage

New value
chains
(to export)

Demonstration
projects for

green

Development of

Human

Capital
hydrogen P

Development &
piloting of
next gen

: echem
manufacturing incl.

industry CO, & N,

reduction
Towards
2030 goals

Connect & develop the

2

Towards
2050 goals

Impact

Accelerate
innovation
imple-
mentation

Build a Dutch
green economy

Advise of committee
Electrochemical Conversion &
Materials (ECCM):

Develop H, technology and
indirect H, based chemistry
Start with R&D for
technology on direct
electrochemical conversion
Built the high tech
manufacturing industry for
electrochemical conversion
technology

Educate and train the future
human capital needed for
the green economy
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Growth fund proposal Groenvermogen
Groenvermogen

van de Nederlandse economie

Nederland staat met de rest van de wereld voor een immense
klimaatopgave. Onze florerende, op fossiele grondstoffen
gebaseerde maatschappij en industrie moeten worden
omgebouwd. Dit doet Nederland met groene waterstof als =
trekkracht voor die transitie. Ook kan Nederland een nieuwe

industrie en een aantrekkelijk vestigingsklimaat opbouwen. Goed
opgeleide mensen zijn nodig om de klimaattransitie mogelijk te maken

Dat is wat GroenvermogenNL doet:

« Innoveren, ombouwen & opbouwen, omscholen & opleiden.

Essential to keep jobs, but moreover to create jobs in building up a
high-tech manufacturing industry for green high-tech technology

National ecosystem

of hydrogen pilots, demonstration plants and knowledge infrastructure

Qverview of investment projects for the ‘Green Empowerment of the Dutch Economy’ Growth Fund
proposal (in Dutch: Groenvermogen van de Nederlandse Economie). 1t is an indicative list of projects.

Bilat project locations:

HyNetherlands - 100 MW
Engie-consartium

H2 production - 100 MW
AWE/Nnogy

BODHZ - 1 Muy

SCW Supercritical Water Gasification - 100 MW |
Gasunie: New Energy, SCH Systems MAM, G asunie, Gasterrs, Foet of Den Meicer

{1 Dijewels 1720 MW
i 4 Hourpon. Gasuie. BioMoH

! Djewels2-50MW

HIHUB Tivesta « 0,1 MW New Energy Casition, pravinie Noard-Helland y

imvesta, B, TAOA i1 Mouryon SkyNRs, SHV Energ

o HiMaritimeDenHelder- 1MW ]

Hynoca « 200 ton/y Engie, Pitpaiet, Damen, Aliandes, i Djewels 3«30 MW

Hymaca, Hattoar Prart of Den Helcer i Mouryon, Evanie

S, H2 Windursines Wieringermesr - ABMW | ¢ SCW-S00MW
windturbines ekirolysis : coracrtim

H2Hermes « 100 MW HYGRO. THO. Lagerwey

Tatn Steel, Nouryen, Fort of Amstesdam i OHIM

Hephaestos

Hydrogen Delta Sloe - 150- 300 MW

‘Zeeland Refmery, SDR, North Sea Port
Hydrogen Delta Shaiskil » 100 MW
ara, SOR, Norh Sea Port

Hydrogen Delta Central - 100 MW
BDR, Morth Sea Port, S0A-consartum

SteelIChemicals
Dow, ittal

PosHydan - | MW
i TNG, Heptune Enengy, Nemtep, Investa

Shell - 250 MW

H2-fifty « 250 MW
8 Nowryon, Part of Rotterdam

Power-1o-fuel » 100 MW
Vattenall, ¥TT), KLM, Lifthansa, Si
Lind Gas, Port of Amaterdam, UTwente:

BEN Bio gasifier - 360 H2 tonfy
sin Enemy Hethenands

Pilol plant synthelic kerosene
partners
Holthausen slectrolyser and flling
station - 1 MW 5 tonfy)

hausen

Nelly- 10 MW

Equiner. Gasurie

H2 from biomass » 300 MW
SCw-consartium

rtam + consartiam

WIC - 230 kton.
At Liuace, Nouryon, Fart of Rotterdam, Enerkem, Shell

e THOR-35 MW

AF-canzartium

Zenid 1- 1000/ kerosens / day

Urban Croasawers, Climoworks, Sunfir, Inerates, DL,

Chemeie, Tormgas

forindustry« 38 kton H2 |
Chemelat

SiyNRG, Sehipnol Group
Fast Track Large Srale Electrolyser « 40 - 100 MW
(Mot puiicyer]

In each industrial eluster prajects
aimed st the transport and/or storage
of hydrogen and prajects on hydiogen
import are slso under construetion

Curthyl 1+ 10 MW
(Mot pblic yet]

MULTIPHLY - 2,6 MW

GEA, Nesie, Faul Wurth, Engie Sunfire
SCW-consortium - Conversion of 15 Mipa
biamass

H-Vision - Multiple GW size

Detaings, Shell, B, Air Liquide, Vopai, K5, Gasunie,
Unipes, oy

tem inlegration
Amengst others: FUJIFILM, Hydron, VOL,
Mechstack, Hygear, MAGNETDAmplean,
siemens

National public-private research

and innovation programme

Hydrogen and Green Chemistry

- Making carbon neutral H,

- Transport & storage of H,

* Direct use of H,

*H, and green electrons for
carbon-based chemistry

- Green H, and electrons for
nitragen based ehemistry

- Green H, and electrons for inter-
mediates and speciality chemicals

+ Sotio-gconemic aspects and
National Human Capital Agenda

Eco systems approach
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Questions or comments? more info: www.tue.nl/eires | eires@tue.nl
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