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... SO we need to switch our energy sources
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With electricity we are heading the right direction

Energieproductie op dinsdag 18 oktober 2022 1 Energieproductie op ma.andag 1 november. 2024 _ |
s A S R e R e e e e l Op maandag 11 november. 2024 isertot nu toe'genoeg hernleuwli)are energie ' |
geproduceerd om een gebied met 963,048 inwoners te voorzien van energie. I\ geproduceerd om een gebied met 3.078.040 |nwoners-te \.ioormen Al |
Dit komt overeen met alle energieverbruik van de provincie Limburg. l‘ Dit kamt overeen met alle energieverbruik van de provincie Noord Holland. |

Wist je dat...

ongeveer ongeveer
17% 50%

ongeveer M ongeveer
12.5% 33%

van het finale Energieverbflﬂ.k in van het elektriciteitsverbruik van het finale enerngVErbrufk in van het elektriciteitsverbruik
2021 hernieuwbaar was? hernieuwbaar is in 20217 2023 bernicvwnearwas? hespieowhasr fsin 2023
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But there is more energy demand than just electricity

Total energy demand NL: 672 TWh

My family’s gas-demand:
15000 kWh/y 1 TWh =

1.000 GWh =
1.000.000 MWh

1.000.000.000 kWh

1TWh=3.6PJ

1 Nm3 gas = 10.55 kWh Energy

My family’s E-demand:
3000 kWh/y

5 Source: https://www.ebn.nl/wp-content/uploads/2019/01/EBN Infographic2019 14JAN19.pdf TU/e




What we need to do:

Key role for
electrochemistry, notably
batteries and hydrogen
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Sometimes it is “easy” to switch to electricity

Heat pump

; C-entral heating TU/e



But there are more difficult energy areas

Energy density
(MJ/kg)

Li-ion battery 0.36-0.88

Gasoline 46.4

Jet fuel 42.8
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And there is the challenge of seasonal storage
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What is green hydrogen?

Productie groene waterstof waterstof wordt opgeslagen
en kan als brandstof
worden gebruikt
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Stroom, op zee opgewekt ° Elektrolyse van water levert

met zon- en windenergie waterstof en zuurstof

0 TU/e



Water electrolysis is a dutch invention

Adriaan Paets van Troostwijk
(4 maart 1752 — 3 april 1837)




For the difficult applications green hydrogen can help

Electricity Hydrogen Synthesis &
generation production " conditioning
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And hydrogen can help for long term storage

1 year

1 month

1 day

1 hour

1 minute

Discharge tiime at rated power

1 second

Legend
LAES; Liquid Air Energy Storage
CAES; Compressed Air Energy Storage P2G C H4
P2G; Powerto Gas

P2F NH; (P2A)

P2F; Power to Fuel
P2A; Power to Ammonia

Hy: Hydrogen P2F MeOH
CH,; Methane, synthetic natural gas
NH;; Ammonia
M ; Methanol

LAES

Conclusion

Large scale and transportable
stored energy requires power to
gas (P2G) or fuel (P2F)

1 1 1 | 1 | 1 | 1 1 1 J

1 10 100 1 10 100 1 10 100 1 10 100
kWh  kWh kWh MWh MWh MWh GWh GWh GWh TWh TWh TWh

Energy capacity

13  ISPT, Power2Ammonia study, 2017
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But is not the solution for everything!

Hydrogen Ladder 5.0

emative | Electricity/batteries | Biomassibiogas | | Other |

Unavoidable

- -

-« [shipping] [Jet Aviation** | [Chemical Feedstock | Steel (Long Duration Grid Balancing |

= [ Coastal and river vessels | [ Non-Road Mobile Machinery | | Vintage and Muscle Cars** | | Biogas Upgrading |

F— Long Distance Trucks and Coaches  High-Temperature Industrial Heat

by Regional Trucks Commercial Heating™™  Island Grids  Short Duration Grid Balancing

U nCG‘m pEtlthE Source: Michae! Liebreichliebreich Associates, Clean Hydrogen Ladder,
*As ammonia or methano! **As e-fusl or PBTL ***As hybrid system Varsion 5.0, 2023 Concepl cradif: Adrian Hiel, Energy Cities. CC-GY 4.0
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Light Aviation Remole and Rural Trains Local Ferries Light trucks Bulk Power Imports = UPS

Metro Trains and Buses  Urban Delivery and Taxis 2 and 3-Wheelers Cars Bulk e-Fuels

Mid/Low-Temperature Industrial Heat Domestic Heating Power Generation Using Non-Stored Hydrogen



How much water electrolyzer capacity is expected to

be needed in the world in 20507

~5GW
~50 GW
~500 GW
~5000 GW

Worldwide electricity production capacity:
Dutch electricity production capacity:
Dutch average electricity use:

9000 GW
47 GW
~15 GW

QUIZ
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How much water electrolyzer capacity is expected to

be needed in the world in 20507

~5GW
~50 GW
~500 GW

~5000 GW

QUIZ

16

TU/e



Green hydrogen: how much do we need?
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Figure 1.1 Estimates for global hydrogen demand in 2050

Hydrogen production (Million tonnes)
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Source: Geopolitics of the Energy Transformation: the hydrogen factor, IRENA 2022

~500,000,000 ton H, in 2050

~55 MWh/ton
4000h per year (typical for
wind or solar)

B Grey hydrogen
[l Blue hydrogen
. Green hydrogen

6,000,000 MW eletrolysis

Electrolysis-based hydrogen

[l Percent of final energy demand
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Expected hydrogen demain (controversial)

Figure 15: Global hydrogen demand by sector and application, Net Zero Scenario

Million metric tons of hydrogen
400 = Power

Other sectors
= Energy industry own use
= Ayiation (SAF)
Aviation (direct use)
= Shipping
® Road
Other industry
Aluminum
E Steel
Iron and steel (reducing agent)
= Qil refining (by-product)
® Cil refining
Methanaol (chemicals)
B Ammonia (fertilizer and chemicals)

2000 2010 2020 2030 2040 2050
Source; BloombergNEF. Note: ‘Energy indusfry own use’ includes energy consumed fo produce
final energy carriers from primary energy carriers and energy industry's own use. SAF is
sustainable aviation fuel NZS is Net Zero Scenario; ETS is Economic Transition Scenario.
Assumes gravimetric energy density of 140 megajoule per kifogram for hydrogen.
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What is the largest electrochemical process in the world in
terms of power consumption today?

a) Water electrolysis

b)  Chlor-alkali electrolysis Qu z
c)  Aluminum electrolysis '

d) Iron electrolysis
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What is the largest electrochemical process in the world in
terms of power consumption today?

a) Water electrolysis (nr. ?, ~2 GW)

b)  Chlor-alkali electrolysis (nr. 2, ~25 GW)
c) Aluminum electrolysis (nr. 1, ~100 GW)
d) Iron electrolysis (absent)
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