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Driver of the Energy Transition

• Thé objective of the current Energy Transition should be: 

decarbonization by mid century

• Without too many other ‘targets’ / ‘constraints’, like:

o x% efficiency improvement

o y% RES share

o z% electrolyzers…

• But with essential condition:

o of guaranteed / assured energy provision (SoES)

o at affordable societal cost



How fast the Energy Transition?

A fundamental question:

“How fast should we move towards decarbonization?”

EU by 2050?      China by 2060?      India by 2070?      RoW (a.o., Africa) by ???

o Current annual EU CO2 emission ~7 % of global emissions (2021) 

o Overall historic cumulative CO2 emission EU ~ 17% (2022)

o We have a historic responsibility,

should set the example, and 

help create the conditions

→ energy technology progress



The Energy Trilemma

The WEC’s Energy Trilemma



The Energy Trilemma

The Energy Transition

 is actually a full system Transformation / a Revolution!

The current energy ‘triangle’ is far from balanced:

 E-E-E  (Energy – Environment – Economics)

The final aim by ~ 2050 should be a balanced energy triangle

 

 



The Energy Trilemma

At present, the Energy Trilemma is not just an energy ‘triangle’

Recall the meaning of a ‘dilemma’ … similar for a ‘trilemma’

 

The energy transition via the trilemma:

 is a difficult exercise in managing the trade-offs;

 in a moving system context / continued adaptation required

 

 



The Energy Trilemma

Throughout the period  ~ 2010 - 2020 

 almost all attention went to decarbonization…

  with energy security and affordability merely as ‘footnotes’…

 

As of Feb 24, 2022

 more attention to SoES and Affordability / Competitiveness

 

Now also realization of vulnerability for 

 raw materials (rare-eath minerals), 

 supply chains and manufacturability

 



The Energy Trilemma

Geopolitical 

context changing; 

post-globalisation; 

more fragmented 

world…



The Energy Trilemma – meaning apexes 

• SoES

o Accessibility first & foremost!

o Fundamental principle: diversity of supply / redundancy

• Strategic SoS (primary energy / geopolitics)

• Adequacy – timely investments

• Security / Reliability / Resilience (avoiding blackouts)

• Affordability

o Reasonable prices for retail consumers

o Acceptable prices for businesses (competitiveness)

o Acceptable cost to society / but prices are signals of scarcity

• Environmentally friendly

o GHG emissions…

o But also safety (avoiding accidents) and health



The Energy Trilemma

• Don’t have illusions or be naive…

• The trajectory to mid century will be difficult (for many years…)

• Must be target-oriented, effective and efficient: 

o clear objective, 

o no technology preferences, 

o let total social cost (private costs + external costs) be decisive

• !! But do not forget societal support / public acceptance !!



The Energy Trilemma including society



The Energy Trilemma

• Don’t have illusions or be naive…

• The trajectory to mid century will be difficult

• Must be pragmatic; 

o clear objectives, 

o no technology preferences, 

o let total social cost (private cost + external costs) be decisive

• !! But do not forget societal support / public acceptance !!

• Success means that trilemma becomes balanced ‘triangle’



Budget / Bargain

Societal Support Societal Support

Energy Provision



The EU Targets

• Recall 20-20-20 targets… (nice sounding, effective but not efficient)

• Post COP-21 decision by 2030

o - 40% GHG emissions w.r.t. 1990

o 32% RES of final energy demand (with stat transfers)

o - 32.5% energy efficient w.r.t. REF2007

• Fit for 55 (ff55) by 2030 (only 6 years from now)

o - 55% GHG emissions w.r.t. 1990

o 40% RES of final energy demand (with stat transfers)

o - 36% energy efficient w.r.t. REF2007  (or -9% w.r.t. REF2020)

• REPowerEU (May 2022)

o 42.5% RES of FED mandatory (45% RES aspiration)

o - 11.7% energy efficient w.r.t. REF2020



The EU Targets – 2040 (?)

• Newly proposed target for 2040 by current Commission (Feb 2024)



The EU Targets – 2040 (?)

• Newly proposed target for 2040 by current Commission

• In summary:

 “The Communication presents a 90% net GHG emissions 

reduction w.r.t. 1990 as the recommended target for 2040.”

• Based on a ‘thorough’ impact assessment (exploring 3 scenarios):

COM(2024) 63 final



The EU Targets – 2040 (?)

• Newly proposed target for 2040 by current Commission

SWD(2024) 63 final – Part 1 p 18



The EU Targets – 2040 (?)

SWD(2024) 63 final – Part 1 p 42

New nuclear commitments 

not yet taken into account 

(see Box p 44).



The EU Targets – 2040 (?)

SWD(2024) 63 final – Part 3 p 15



The EU Targets – 2040 (?)

SWD(2024) 63 final – Part 3 p 16, 27, 42



The EU Targets – 2040 (?)

SWD(2024) 63 final – Part 3 p 31, 32, 34



The EU Targets – 2040 (?)

SWD(2024) 63 final – Part 3 p 35, 36



The EU Targets – 2040 (?)

• Does one realize the difficulties with these 2040 targets? 

• How about public acceptability?

• How about the overall system costs?

COM(2024) 63 final, p8



The EU Targets – 2040 (?)

Actual targets 

 to be defined by the 

  new Commission, Council & EU Parliament…

Stay tuned…



Nuclear – Quo Vadis?

Possible role of nuclear in future energy systems?



Nuclear – Quo Vadis?

• Currently (esp. after Feb 24, 2022) new ‘renaissance’ of nuclear in EU;

     several decisions taken by EU governments (and globally)

• Important distinction:

o Long Term Operation (LTO) of existing safe plants

o New Build

• Classical big reactors (EPR, AP1000, …)

• Small Modular Reactors (SMRs)

• Next 10-15 years, much LTO and some new build / pilot plants

     with ample government support…

• But long-term success? Proof of the pudding is in the eating…



Nuclear – Quo Vadis?

Interesting references



Nuclear – Quo Vadis?

• Important preliminaries:

o New meanig of ‘baseload’ (actually 3 different concepts)

o NPPs are able to participate in load following (perhaps after study)

o LTO? A system has no a-priory technical lifetime; 

Only economic lifetime or political lifetime



Nuclear – Quo Vadis?



Nuclear – Quo Vadis?



Nuclear – Quo Vadis?

• Latest record for new build in EU and USA abysmal…

o Finland, France, UK, USA

o However UAE quite succesful

• How about SMRs?

 SMRs are a ‘business concept’; with various technologies

       from evolutionary ‘downscaled’ Gen iii reactors (AP 300) to Gen iv or v advanced 

       reactors with new fuel cycles.



Immediate Challenges for SMRs

1. Economics / Competitiveness 

o VRE-dominated electric system → low Capacity Factor

o Small size → no scaling effect per MWinstalled 

       → need large number of units manufactured

        → but now ~ 90 different ‘designs’…



Immediate Challenges for SMRs

2. Get novel / revolutionary SMR concepts           

approved by Nuclear Regulators

o Must prove safety & acceptable back-end fuel cycle

o How to bring regulators up to speed on new concepts?

➢ Timely ‘education’ of, and knowledge transfer, to regulators

➢ Pre-licensing trajectories recommended (learning by doing)

➢ Need new ‘generation’ of nuclear students & graduates (familiar with e.g. fast-spectrum reactors)



What is an SMR?



What is an SMR?

Feb 29 2024



Future of SMRs?



Wrap up – Key Takeaways

• The Energy Transition is not to be underestimated!

• Do not forget the societal aspects (pace of transition?)

• Reflect upon taxes (polluter pays; ETS) versus subsidies (IRA)

• Much can be helped via expansion transmission network

• But permitting, permitting and permitting???

• Uncertainties:

o Geopolitics / EU politics

o Role of Natural Gas, CCUS, DAC, Hydrogen, Bioenergy

o Which technology has priority on the grid?

• Remain optimistic, but realistic: be a ‘possibilist’; 

    be transparent about the costs and difficulties.



william.dhaeseleer@kuleuven.be 

mailto:william.dhaeseleer@kuleuven.be


Backup slides



Assured

AssuredClean Affordable

Energy

Provision
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IEA RES 2023,  Jan 2024
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