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The challenge of the energy transition

IRENA, World Energy Transitions Outlook:  
1.5º C Pathway (2021) 



Storage is to play a central role in this transition

• Demand shifting 
• Variable supply integration 
• Sector integration 
• Network management



Electric energy demand in Spain.  
Data from REE, 6/09/24 

https://demanda.ree.es



Electric energy demand in Spain.  
Data from REE, 6/09/24 

https://demanda.ree.es



https://pronos.adme.com.uy

Curvas de demanda y generación en Uruguay



A particular example

A.J. Carrillo et al., Chem. Rev. 119, 
4777 (2019) 

Daily electricity household demand (in kW)  
and solar production in Melbourne



Although investments on renewable energy are strong and continuous in time, 
storage is still very far away

Worldwide investments in key elements of the Energy Transition

CCS: carbon capture and storage



IRENA forecast for required investments in the 1.5ºC scenario



Technological advances are imperative
• New concepts: research 
• Development of already proven technologies

A. Large scale capacity and high energy 
density 

B. Good efficiency 
C. Flexible storing periods 
D. To avoid the use of critical materials 
E. Large number of operation cycles 
F. Economically affordable for investors 

and stakeholders

Desirable requirements for storage concepts:



Thermal Energy Storage (TES) has a privileged position among other technologies because in 
principle is capable to achieve the mentioned requirements 

+CSP



What is Thermal Energy Storage (TES)?
It is the temporary storage of energy by heating or cooling a storage medium, so that the 

stored energy can be used at a later time for power generation, heating or cooling applications 
(European Association for Storage of Energy, 2017)

Where is it used nowadays?
Today TES is tested and deployed in a variety of applications as: power 
generation, district heating, cold chain logistics 



Thermal Energy Storage provides the essential flexibility to integrate high shares of  
wind and solar PV power

Irena projections for installed TES capacity 

Renewable energies share evolution: 
• 2018: 10% power share worldwide 
• 2030: 35% 
• 2050: probably up to 50%



Some types of TES 
Technologies 

(power applications)

(A jungle of acronyms)



TES examples:
1. Concentrated solar power (CSP) 
2. Compressed air energy storage (CAES, A-CAES…) 
3. Liquid air energy storage (LAES)
4. Pumped heat energy storage (PTES, PHES…) 



TES technologies



1.- Concentrated solar power (CSP) 
Rankine cycles with molten salt storage



1.- Concentrated solar power (CSP) 
High temperature Brayton cycles with solid storage



1.- Concentrated solar power (CSP) 
High temperature Brayton cycles with solid storage



2.- Compressed air energy storage (CAES) 
Diabatic CAES

Huntorf plant, Germany. In operation from 1978, efficiency about 42%. 290 MW



2.- Compressed air energy storage (CAES) 
Diabatic CAES

Huntorf plant scheme



2.- Compressed air energy storage (CAES) 
Adiabatic CAES (A_CAES)

Packed bed solid storage



High temperature storage (over 800ºC) 
Packed bed media

A. Gautam et al., J. Ener. Storage 27 (2020) 101046 



ADELE A-CAES project, Germany (2017)

200 MW 
Maximum T: 600ºC 

Maximum pressure: 100 bar 
Efficiencies: 60-70%



3.- Liquid Air Energy Storage (LAES) 



4.- Pumped Heat Energy Storage (PHES, PTES…) 
(storage in solids)
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D. Pérez-Gallego et al., Entropy. 23 (2021) 1564 

Pump and engine coupled Brayton cycles
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Still R&D&i required: only pre-commercial scale prototypes

Newcastle University, 2019 

Packed bed (sand, gravel) 
Working fluid, Ar 
Inlet pressure, 12 bar 
Tmax: 750 K 
Round-trip efficiency: 75~80%



Material properties are essential

a. High specific heat 

b. High density 

c. High thermal conductivity 

d. Wide thermal stability 

e. Chemical stability 

f. Low thermal expansions

I. Non-toxic 

II. Non-flammable 

III. Eco-friendly 

IV. Low cost and availability

Thermophysical requirements Practical issues



Thermophysical properties of several TES materials



Brayton-like 
cycles 

for both modes: 
pump and heat 

engine

4.- PHES with liquid storage 
Rankine or Brayton cycles



2.- PHES with liquid storage 
Rankine or Brayton cycles



Charge (heat pump) mode












