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➢ Line of Reasoning

➢ Context: Best

➢ Research Questions

➢ Energy Storage Technologies
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➢ Key Findings
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➢ Future Research 



Line of Reasoning

❑Renewable Energy Sources

❑ Intermittency

❑Excessive Energy in Peak 

Periods

❑Seasonal Variations

❑Seasonal Perspective in 

Literature

❑Conceptual Modelling



❑Southern Netherlands

❑Seasonal Variations

❑Simplified Need

❑Charge and Discharge Periods

❑Observation and Interviews 

❑High Building Density

❑Political and Social

Best
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Question 3

What are the key 

considerations to 

account for when 

evaluating seasonal 

storage 

technologies in 

Best?

Question 1 Question 2

Research Questions

How can conceptual 

modelling contribute 

to the comparison 

and evaluation of 

storage 

technologies?

How do the various 

storage 

technologies 

perform based on 

the key 

considerations?



Power-to-Gas Liquid Air Sensible Water

Energy Storage Technologies

MethaneHydrogen

Selection Process

➢ Compressed Air

➢ Power- to  Gas

➢ Thermal

➢ Sal twater  Bat tery

➢ Pumped Hydro

➢ Flywheels

➢ Super  capaci ta tors

➢ Super  capaci ta tors  Magnet ic

➢ Lead-Acid  Bat tery

➢ Sodium-Sulphur  Bat tery

➢ Flow Bat tery  Nickel  Bat tery

➢ Li th ium- ion Bat tery

➢ Liquid  Air  Storage

➢ Vanadium Renox Bat tery

➢ Green Hydrogen

➢ Load Shi f t ing

➢ Molten Sal t  Storage

➢ Compressed Air

➢ Power- to  Gas

➢ Thermal

➢ Sal twater  Bat tery

➢ Liquid  Air  Storage

➢ Vanadium Renox Bat tery

➢ Green Hydrogen



Conceptual Models

❑ Simplified Visualizations

❑ Calculations

❑ Comparison and Evaluation

❑ Heat Pumps (COP 3)

❑ Cost of Stored Energy 

(COSE)





Functional and Physical Models

Sens ib le  Water  S torageLiqu id  A i r  S toragePower - to -Gas



Energy Flow from Storage
S e n s i b l e  Wa t e r  S t o r a g e P o w e r - t o - G a s

L i q u i d  A i r  S t o r a g e



Economics



Tr a n s p o r t  a n d  D i s t r i b u t i o n R e q u i r e d  S o l a r  P a n e l  A r e a

S e n s i b l e  W a t e r

P o w e r - t o - G a s

L i q u i d  A i r



Storage CostsStored Power Energy Density

Key Findings

82 kWh/m3

107 kWh/m3



Power-to-Gas (Methane)Models Combined with Data

Key ConsiderationsConceptual Models

Key Findings

Comparison of Technologies

Conclusion



❑Move up in the model hierarchy

❑ Combination of technologies

❑ Communication to stakeholders

Future Research

Learnings

➢ Simplifying requires more knowledge

➢ Focus on the models not the technology

➢ Seasonal perspective
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