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• Chair Energy Technology TU Eindhoven

• Scientific director 4TU Resilience Center 2018-2020

• Scientific director 4TU Energy Center since 2020

• Board member Dutch Gas sector



Resilience is the ability to withstand adversity and bounce back from difficult events



Resilient energy design

• Locate project outside hazard area

• Flexible design which allows upgrades (multi-
generation aircraft)

• Robust simple systems (intuitive understanding)

• Redundancy (back up, fail-safe)

• Indigenous techniques (‘old-fashioned’, e.g. thick 
walls instead of airco)

• ……….



No solar/wind energy on 25 January 2022







Strategy 1: less consumption



TPES

TFC

40%

Netherlands Energy Balance 2019 

Transportation 27% 

Electricity 20% 

Heat 53% 



Strategy 2: Government Pension Fund Global 

1163 billion €



Strategy 3: diversification

gas coal

Not so successful:
We have become more and more dependent on natural gas over 
the past years for our electricity generation

nuclear
biomass

wind
solar

Source: Martien Visser, Hanze

gas gas gas gascoal coal

otherimport



Political naivety



Coal-fired power plants

operational Under construction

China 1 032 126

USA 296 -

India 291 33

Russia 84 3

Japan 83 15

Germany 77 1

Indonesia 69 23

Poland 50 4

Netherlands 5 -

World 2 459 256

Global Coal Plant Tracker, July 2019

2458 x 6 Mton = 15 Gton = 40% of global CO2 emissions



Mitigate rather than closing down



Strategy 4: 
scenario thinking, not wishful thinking

(e.g. cheap solar panels)

(e.g. availability of water surfaces)



Source: BP Statistical Review of World Energy 2022

Sharp rebound in energy demand in 2021
Fossil fuels: 82%
The level of fossil fuel energy consumption was  unchanged between 2019 and 2021, 
with lower oil demand (-8 EJ) offset by higher natural gas (5 EJ) and coal (3 EJ) consumption.





Strategy 5: Respect differences





Strategy 6: Reality checks

source Power density (W/m2) Load factor (%)

biomass 0.5 90

Onshore wind 2 25

Offshore wind 2.5 50

Solar PV 5 10

CSP 15 Some storage 
involved

Power plant 10,000 90

‘We need a lot of space’
We need a lot of capacity’

‘We need a lot of back-up’
‘we need a lot of balancing’
(after prof. Söder)



Strategy 7: robust networks

feed-in 
capacity



Interconnectivity (cf. prof. Söder)

700 MW

700 MW

1000 MW



Strategy 8: storing energy



Hornsdale power reserve

129 MWh (1290 Tesla car batteries)



Vojens (DK): 37 MW zonnecollectoren en 
200.000 m3 waterbassin



26Sustainable energy supply and storage

Gas storage capacity in Europe

BCM TWh

Gas consumption EU 2017 493 4.820

Gas storage capacity EU 2017 89,2 871

Gas storage capacity Germany 21,8 213

Gas storage capacity the Netherlands 13,4 130

Tesla Hornsdale battery 0.000129

EU gas storage capacity/consumption 18%

Bron: Ad van Wijk



Filling up the gas reserves 



Synthetic Natural Gas storage



Geertruidenberg coal plant



After installation of 1GW EMMET plant
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