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The energy transition: where do we stand? “gres
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The Dutch energy system as example:

from source to consumption

8% Agriculture

Primary demand (2621 PJ¥) Sustainable heat to all sectors Conversion 4% Mobllity

Renewable energy
14% (358 PJ) Electricity production
Nuclear energy 1% (39 PJ - | (593 PJ)

Import 100% Coal 6% (158 PJ)

Final demand(2038 PJ)

Production 100%
28% (562 PJ)

Production 38% . ' i _ l Industry

45% (918 PJ
Natural gas 36% (935 PJ) % ( )

Import 62%

Production 4% Mobilit
obility
22% (454 PJ)

Import 96% Oil 41% (1089 PJ) : Refining
(1089 PJ)

Losses
(583 PJ)

Other 2% (42 PJ)

*Excl. 20 PJ export of electricity and excl. 566 PJ international shipping and aviation A Other losses

Built environment

Electricity 33%
Heat 67%

Electricity 14%
Heat 38%

Products and
feedstock 48%

Electricity 3%
Transport fuels 97%

377 PJ Through conversion
180 PJ Through distribution
26 PJ Through own use

EBN infographic 2025

* NL energy system as representation of ‘typical’ developed economy, but heavy on gas and process industry due to Groningen

* Key point 1: we have >20% conversion losses in our energy system

* Key point 2: Industry consumes ~45% of all energy, mainly in the form of feedstocks and heat

* Key point 3: built environment is a driving force for integration of renewables (‘consumer electronics’: PV, heatpumps, batteries)
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The consequence

Atmospheric CO; at Mauna Loa Observatory

www.esrl.noaa.gov

a0 Monthly global surface air temperature anomalies
Data source: ERA5 - Reference period: pre-industrial (1850-1900) « Credit: C3S/ECMWF

Credit: Copernicus Climate Change Service /ECMWF.
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"January 2025 is another surprising month, continuing the record temperatures observed
throughout the last two years, despite the development of La Nifia conditions in the tropical Pacific
and their temporary cooling effect on global temperatures. Copernicus will continue to closely
monitor ocean temperatures and their influence on our evolving climate throughout 2025.”



Why we should care EIRES
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© Sam Jones / The Guardian — 30 October 2024
At least 95 people have died in eastern, central and southern Spain

decades, unleashing torrents of muddy water that surged through
cities, towns and villages, trapping people in their homes, bringing
down trees, and cutting off roads and railway lines.




Russian invasion as terrible wake-up call

 EU and NL are not self-sufficient, our options:

Reduce energy demand

Increase renewable energy production

Increase energy import (complicated due to geopolitics)
Slow down decline of fossil energy production (undesired)

natural gas, oil, biomass, hydrogen)

Domestic energy production (PJ)

* Wind
Solar

¢ Geothermal

® Biomass

® Nuclear energy

e Natural gas (excl. Groningen)

® Natural gas (Groningen)

e Oil

~ Primary energy demand
incl. international shipping
and aviation
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Towards a future energy system: dot on the horizon




Renewable energy brings its own challenges

Supply and demand: mismatch in time and place

Renewables need flexible backup, not baseload

Estimated power demand over a week in 2012 and 2020, Germany
Source: Volker Quaschning, HTW Berlin

Power Production (GW)

10

Germany, May 2012 Mon Tue Wed Thu Fri Sat Sun Mon
Conventional Renewables
I Pumped Storage Solar
I Coal and gas I Wind
I Nuclear I Biomass
I Hydro

Key challenge: transport + conversion + storage of energy (= system integration)

EIRES
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Current infrastructure is not prepared

Rapid increase solar, wind, and electrification of end use

% renewable energy in gross energetic end use
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B Biomass
B Wind energy
2000 | B Solar energy
2015 _ M Heat pumps (geo/aqua/ambient)
- et
2014 _ Statistical transfer
M Rest
2013 [ Target 2030
0 5 10 15 20 25 30

CBS 2024

Demand

20 e Nederland
- ;
sGrayenzande. & L “Arnhem|
¢ Rotterdam :
ellevoetsio iNijmegen

Essen

Wuppertal
Dusseldorf i

Hasselt Keulen
K Brussel

Bonn

Netbeheer Nederland, February 2025

transportcapacity available, no queue
limited transportcapacity available, no queue
D transportcapacity being researched, with queue

CI capacity shortage, with queue

Supply

Meppe

Ling(

DenHaag '.
b A W S
scravenfende “‘ s
*“Rotterdam

Hellevoetsluis

Eindhoven s

Wuppertal
Dusseldorf i

Gent

Keulen

Brussel



Economic consequences

Negative price in European power markets have surged Number of negative power price hours by country

(Number of negative price hours in Europe, Jan-Aug) (Top 10, Jan-Aug 2024
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* Price cannibalization may deter investments and slow the energy transition.
* Itis therefore key that the uptake of renewables is accompanied by adequate investments in grids, flexibility
and storage.
‘Draghi report’ — EU competitiveness: looking ahead, 9 September 2024

y

* Delaying the implementation of measures to support integration could jeopardize up to 15% of solar PV and
wind power generation in 2030 and would likely result in up to a 20% smaller reduction of carbon dioxide
(CO2) emissions in the power sector.

IEA report Integrating Solar and Wind, 18 September 2024



Economic consequences
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‘Ambtenaren vielen van stoel’

Boven op de hoge
energierekening: ‘Bedrag van
195 miljard euro nodig voor
oplossen overvol
stroomnetwerk’

Door LEON ERANDSEMA EN MIKE MULLER D
28 feb. 2025 in BINNENLAND -

Om alle problemen op het te krappe stroomnetwerk op te lossen en energie
hetaalbaar te houden voor hurgers en bedrijven is er de komende vijftien jaar een
investering van een duizelingwekkend bedrag van 195 miljard euro nodig. Dat is
volgens ingewijden de uitkomst van een ambtelijk onderzoek naar de kosten van de
energietransitie dat volgende week wordt gepresenteerd.

De kosten van netcongestie

De studie, uitgevoerd door Ecorys, laat zien dat de kosten van een
overvol net aanzienlijk zijn. Zeker als bepaalde bedrijven niet kunnen
uitbreiden of zich Uberhaupt niet in ons land kunnen vestigen. Een MWh
aan elektriciteit kost onbelast ongeveer € 100 op de elektriciteitsmarkt.
Maar als een bedrijf niet kan uitbreiden omdat het elektriciteitsnet vol zit,
dan kost dat gemiddeld € 11.500 per MWh. Om een beeld te scheppen van
de omvang: een huishouden gebruikt per jaar nu gemiddeld 2,5 MWh.

Economie 20 mrt 09:54 « Aangepast op 20 mrt 09:54

Vol stroomnet zit energietransitie in de
weg: ‘Laadpalen op dieselaggregaten’

Auteur: BNR Webredactie

De wachtlijst met bedrijven die wachten op een stroomaansluiting is met
duizenden bedrijven gestegen. op een aansluiting op het stroomnet. Dat
blijkt uit cijfers van het Landelijk Actieprogramma Netcongestie. Inmiddels

zijn er ongeveer twaalfduizend ondernemers die stroom willen afnemen, maar ‘
daar nog geen toegang tot hebben. Vorig jaar in februari was de wachtlijst
van netbeheerders nog gevuld met ruim negenduizend bedrijven. In twee jaar
tijd is er zelfs sprake van een verdubbeling. ‘Ondernemers zijn het echt
spuugzat’, zegt Erik Ziengs, voorzitter van ondernemersorganisatie ONL.
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Towards a future energy system: dot on the horizon E.R

The energy system today: linear
and wasteful flow of energy, in
one direction only

The future integrated energy system: energy
flows between users and producers,
reducing wasted resources and money

Fuels Coal Gas Electricity
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European Commission System Integration working group

A more efficient and decentralized 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 such as heavy industry or transport (aviation and marine)



https://energy.ec.europa.eu/topics/eus-energy-system/energy-system-integration_en

Consumer dynamics, modular scaling, and the ET
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How fast can the transition go?
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Speeding up by modular scaling
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C Wilson et al., Science 368, 6486 (2020




@ Rapid technology deployment @ Escaping lock-in @ Social legitimacy
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Speeding up by modular scaling
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Benefits of modular technologies:

* Rapid market penetration, steep learning curves

* More efficient, less complex, less risk of lock-in

* Broader accessible, more jobs per installed
capacity, higher social return on public R&D

— Our USP — modular scaling is Brainport DNA

C Wilson et al., Science 368, 6486 (2020)
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Useful energy production (EJ/yr)

Learning curves: growth in production EIRES

10° =
- Global energy production
10 1.
o - New technologies:
* Wind
107 1 L* * Sola r-I?V
17 * Batteries
107° = * Power2X (H,)
10° =
p= === Oil (primary) ——— QGas electricity
] —==Coal (primary) —— Traditional biomass
-4 -~~~ Gas (primary) —— Nuclear electricity
10 E —— Coal electricitv
4 —— Hydropower ——— Solar PV electricity
o T —— Biopower —— Batteries (lifetime-adjusted)
10 E —— Wind electricity P2X fuel from solar and wind (modelled)
10‘6 _-i | | | | " i i Way, R, Ives, et al. (2022). Joule, 6(9), 2057-
1880 1900 1920 1940 1960 1980 2000 2020 2082. https://doi.org/10.1016/j.joule.2022.08.009

Year




Useful energy cost ($[2020)/MWh)

Learning curves: decrease in cost
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Organizing our future energy system in a modular way

Betrouwbaarheid <

> Flexibiliteit

Hierarchische systemen
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Implementation starting up

Kansrijke Energy Hub locaties
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https://topsectorenergie.nl/nl/nieuws/energy-hubs-een-sleutelrol-in-ons-toekomstige-energiesysteem/

Classification

# companies

Environment & recycling 40
Transport & logistics 22
Electrical - Grid & components 21
Electrical -PV 15
Energy systems - Heat cooling 15
Electrical - Batteries 7
Electrochemical (H2) 4
Process & mechanical componer 4
Health 4
Electrical - wind 3
135

Acquired capital

€25.000.000

€20.000.000

€15.000.000

€10.000.000

€5.000.000

LionVolt
Carbyon

Young Brabant companies (energy related)

DENS

RIFT

Taylor.
VitalFluid

MTT

Spark-nano

Amber
Tembo E-LV

IBIS Power
TIBO energy

Tusti

Squad Mobility

Relement

And many others

Braventure & KvK, 17/01/2025
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3DB...A new dimension in battery performance, safety and sustainability




Considerations regarding ET technology development




How to do this without creating new problems? “gres

The decentralized nature of the energy system of the future increases its
vulnerability to all kinds of malicious behavior: (cyber)security becomes essential!




How to do this without creating new problems?

It also requires (re)establishing our own manufacturing base and supply lines

Figure 1.11 Installed manufacturing capacity by country/region, 2023
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Source: IEA analysis based on |IEA (2024a); and |EA (2023b).

Manufacturing capacity for clean technologies and materials today is highly concentrated

geographically, with China the largest single producer in all cases.
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@RoW ©China in 2021
IEA. CC BY 4.0.
Note: RoW = Rest of World. “Electric cars” values are calculated based on 2023 production numbers, adjusted according to

IEA Energy Technology Perspectives 2024

China has been electrifying at 10 percentage points per decade, nine times faster than the rest of the world
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EIRES

How to do this without creating new problems?

Changing from energy as commodity to energy devices as commodity risks
changing our globe from a greenhouse to a raw/rare materials scrap heap.

For hydrogen production

THE APPLICATION OF RAW MATERIALS
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Take for example PV

Vermogen, GW,/jaar Nederland

: klimaatneutraal . N
® Effectief opperviak, km? el s  Plans in SolarNL mean that we need to produce ~1 m?2

100-250 per second for NL only (!) in the coming 28 years.
GW,

+ Kosten zonnepanelen, € 0.3/W,

] * Given lifetime/replacement rate, we will keep on
producing ~1 m2 per second after that as well.
Kosten panelen

€ 40 miljard* . .
* Good for business — but not for materials usage. We

need to make sure that we do this with design-to-
recycle and end of life treatment in mind.

Kosten panelen Klimaatakkoord

€ 7 miljard*
Huidig | T
18 ' |

GW;

 What does this mean for perovskites and other
multilayer solar cells?

y

+2-4 GW /jaar +3-10 GW,/jaar

Doel 2050

2022 Doel 2030

NGF SolarNL
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How to do this without creating new problems? “gres

On top of this we must face geopolitical dependencies and the way materials are
extracted (e.g. treatment of miners) and produced (e.g. PFAS)

THE COUNTRIES IN WHICH RAW
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A"creuseur," ordigger, descends into a tunnel at the cobalt mine.
Kawama, Democratic Republic of the Congo. June 8, 2016.




Wrap up & conclusions




Conclusions (1/3)

* Energy transition requires rapid acceleration and radical system change.

* Key challenge is the transport, conversion, and storage of energy.
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Conclusions (2/3)

* This asks for a redesign of our current energy system and the way we interact with it.

* Modular scaling and a holarchic lay out of the energy system provide acceleration pathways.
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Figuur 4. Visualisatie werking holarchisch energiesysteem.




Conclusions (3/3)

* But this requires attention for our manufacturing industry, (cyber)security, and circularity.

 If we can do this in a fair way and fast enough will depend on the actions of our generation!
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<commercial break> EIRES

* At EIRES we work on this challenge by connecting researchers with societal partners and by creating
impact with student teams and startups.

* You are most welcome to join!




THANK YOU
for your attention

more info: tue.nl/eires
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