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2. Method1. Introduction

3. Results

Thermal losses

Pressure losses

Packed bed thermal storages offer a

convenient and cheap option to store energy

at very high/cold temperatures. Energy is

stored as the sensible ΔT of a matrix of solid

beads, crossed by a heat transfer fluid (HTF).

1.1 Present investigation

 A cold packed bed of quartzite operating at

cryogenic temperatures was studied, as

part of a Liquid Air Energy Storage (LAES)

system.

2.2 Experimental characterisation 

of rock properties

 Thermo-physical properties of rocks

experience significant variations in the

cryogenic range [4]. Hence, they were

experimentally characterised.

2.1 1-D, transient numerical model

 The main heat transfer mechanisms were

considered.

 The thermal profile inside the storage was

determined as a function of time and axial

coordinate, by solving a set of PDEs [2].

 Δp were evaluated, using the correlation

suggested by Ergun [3].

 Each loss mechanism was quantified, in terms of exergy

destruction in the system [5].

2.3 Model validation

 Validation was performed by comparing

model predictions with the experimental

measurements, operated on the LAES

pilot plant of University of Birmingham.

The thermal evolution inside one single cell of the cryogenic packed bed storage

was simulated over 30 daily cycles of operation of LAES.

 An efficient cold recycle is

critical for achieving high

values of LAES round trip

efficiency [1].

3.1 Thermal profile evolution

3.2 Thermodynamic losses

Thermal losses

 A thermocline builds-up. It becomes gradually less abrupt and it interests an

increasing portion of the storage, due to the effect of axial conduction.

 Evolution leads towards a steady cyclic profile.

 Dimensionless loss coefficients

were computed, as a share of the

total availability.

 Effect of cycles is mostly influencing

the thermal share of losses.

 The pressure term depends upon

beads diameter and HTF properties.

 In absolute terms, total losses are

restricted to a satisfactory value.

 The evolution with cycles of each

mechanism together with its relative

influence give plenty of information.

 Relative contributions depend upon

the chosen design parameters.

 Axial conduction is predominant

(as exergy destructed; but not rate).
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Thermal vs pressure losses

4. Conclusions

 It can operate in a stable and efficient manner, provided a careful design.

 It needs improved materials and design solutions, oriented towards the

minimisation of the most relevant loss sources.

 A trade-off between enhanced heat transfer and low pressure losses must be

achieved.

 Axial conduction degrades the performance. Possibilities to alleviate the issue:

• ad hoc design solutions

• storage media with lower thermal conductivity (in the limit Bi < 0.1 [6])

Cryogenic packed bed storage

Results from the present investigation might provide guidelines for optimal 

design and performance improvements of cold packed bed thermal storages
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