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Curse of  dimensionality 
For large complex systems (e.g. global energy 
system of a country), the number of  
parameters becomes overwhelming and makes 
the uncertainty quantification computationally 
too expensive.

Unclear definition of  uncertainties 
There is often no distinction between aleatory 
and epistemic uncertainties. This makes the 
guidelines to handle UQ challenges unclear : 
shall we invest in additional demonstration 
projects or in bigger data collection. When the 
former allows to reduce aleatory uncertainties, 
the latter aims to reduce epistemic uncertainties.

Compound effect 
In dynamic system (e.g. Haber-Bosch ammonia 
production plant), uncertain parameters will 
have varying impacts on the output through 
the time-evolution of  the system. This leads 
to an unwanted compound effect on the off-
design performance of the dynamic system.

Imprecise probabilities [3] 
In the case of a model of grid-connected, solar 
powered building with hydrogen-based energy 
storage, imprecise probabilities highlight the 
robustness of  different scenarii and the 
importance of the lack of  data and of the 
natural variation of the uncertainties.

Time-dependent PCE [4] 
Applied to dynamic production of ammonia, the 
t i m e - d e p e n d e n t P C E h i g h l i g h t s t h a t 
operational and parametric uncertainties 
significantly affect the system’s performance 
over time.

Ranking/Selection of  parameters [5] 
In the case of the national Belgian energy system, 
we applied the methodology to many uncertain 
parameters (more than  200). The impact on the 
total energy system costs shows that only few 
(10) critical parameters drive the impact.
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Conclusion : Defining an energy transition strategy for a large-scale system, such as a 
country, implies decisions with long-term impacts (20 to 50 years). In an optimisation 
framework, tackling these challenges and including the knowledge we have on the 
uncertainties provide the designer with robust design alternatives. 
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Context 
In  a more and more intricate society and an ever-changing  world  running  
for  overall  expansion, uncertainties are everywhere. On the other side, 
defining  an  energy transition strategy for a large-scale system, such as a 
country, implies decisions with long-term impacts (20 to 50 years). 
Misunderstanding the science behind uncertainties would lead to erroneous 
guidelines. However, uncertainty quantification of energy systems presents 
some peculiarities that need to be addressed to  provide robust and 
optimised guidances.

Objective : Tackle uncertainty quantification challenges 
of energy systems to provide robust and optimised 
scenarii

Natural gas (NG) for electricity production price in the US [ ] : comparison 
between the yearly Energy Information Administration (EIA) Annual Energy Outlook 
(AEO) price forecasts and the actual values for the years 1985-2015 [1].
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We are always wrong in our predictions!

Few costly evaluations of the 
deterministic model

Independent uncertain 
parameters

Will to provide robust and 
optimised scenarii
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