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Urgency to reduce the impact of climate change

Limiting global warming to 2°C (1,5°C)

The 2021 United Nations Climate Change 

Conference, (COP26) 26th United Nations 

Climate Change conference, Glasgow, 

Scotland, 1-12 November 2021



Energy transition

• Energy generation from 
renewables (up to 100% as a 
final goal)

• Possible path: 

electrification of all end 
users and smart thermal 
systems without gas 
connection

Electrification
/

Smart 
Thermal 
Systems

Energy 
generation 
from RES

ENERGY TRA NS IT ION



Good news! 
Electrification both in supply and demand I
Important key driver is  low cost renewable electricity 
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Sector
coupling

• Mobility
• Power
• Built Environment
• Industry



In the global transition toward a sustainable future, 
solar (or green) hydrogen can play many important 
roles. 

Hydrogen is clean and safe energy carrier that can 
be used as a fuel in transportation, to supply energy 
to households, as well as a feedstock for industry. 



World’s first hydrogen-powered train
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• decoupling of electricity usage and production in place 
and time 

• cost effective storage of energy on the short and long 
term 

• useful deployment of temporal surplus of wind and 
solar power that otherwise would have to be curtailed

• stabilization of electricity prices with variable 
production of wind and solar energy

• energy-efficient transport, in bulk, over long distances, 
via pipelines, ships and trucks.

Hydrogen-based electricity system



Hydrogen Council:
Hydrogen can play 7 roles in the energy transition
Enable the renewable energy system Decarbonize end uses

Enable large-scale 
renewables 
integration and 
power generation

Distribute
energy across sectors 
and regions

Act as a buffer to 
increase system 
resilience 

Help decarbonize 
transportation

Help decarbonize 
industrial energy use

Serve as renewable 
feedstock

Help decarbonize 
building heat and power
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Fit for 55

The EU aims to achieve a 55% net 

reduction in greenhouse gas 

emissions by 2030 compared to 

1990 levels and to be climate 

neutral by 2050. 

Fit for 55 package contains 

proposals to achieve the CO2 

reduction target for 2030 and also 

to pave the way to becoming the 

first climate-neutral continent in 

the world by 2050.

The policy framework for hydrogen will be 

completed in December 2021.
https://ec.europa.eu/commission/presscorner/detail/en/fs_21_3676



Fit for 55

Fit for 55:

All new cars on 

the European 

market must 

be zero-emission 

vehicles from 

2035.



The Future is electric 

Tesla Model 3                                                          Toyota Mirai



Fuel cell car 
converts the chemical energy of a fuel (hydrogen) directly to electricity
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Hydrogen car 



Car as a Power Plant
Vehicle-to-grid demonstration & testing

Europe’s first connection between a fuel cell vehicle and the local electricity grid at The Green Village, TU Delft



Hydrogen production 
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The Hydrogen cycle - Electrolysis



Hydrogen transport - backbone infrastructure 

M. Verheijen, 

Policy analysis for the supply chain business case of hydrogen refuelling stations, 

MSc 2021, TU Delft, https://repository.tudelft.nl



Hydrogen transport by trailers



How to analyse and steer this 
complex transition 

of energy system, mobility and 
other sectors?



System
solutions

Do not think 
in efficiency

but in 

system cost!



Energy transition 
– complex socio-technical challenge

operationsdesign

S O C I A L  L A Y E R

E C O N O M I C  L A Y E R

C Y B E R  L A Y E R

P H Y S I C A L  L A Y E R

CONTROL SYSTEM DESIGN

PHYSICAL SYSTEM DESIGN

MARKET DESIGN

POLICY/INSTITUTIONAL DESIGN



There are so many tools…
• mainly specialistic tools, designed to 

address a very specific problem

What we need is…
• an integrated “modelling laboratory” beyond 

the capacities of each single research unit

• Integrated approach for multi-models and co-
simulation with a (real-time) interconnection 
to the available facilities of the research and 
modelling units from different sectors



There are so many tools…
• mainly specialistic tools, designed to 

address a very specific problem

What we need is…

Complex Socio-Technical Systems Engineering



Thank you for your attention!
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