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Multi-Temperature, Multi-Module Latent Thermal Storage 
Ensembles with Artificial Neural Network Control 
 
Abstract:  Latent thermal energy storage (TES) systems which store energy in a phase 
change material (PCM) can be used to alleviate disparities in renewable energy supply and 
demand for applications such as concentrated solar plants and building heating and cooling 
systems. Performance of latent TES can be enhanced by using multiple PCMs arranged in a 
cascaded configuration to improve storage utilization, increase energy and exergy 
efficiencies, and increase rates for charging and discharging. However, because the 
efficiency benefits of cascaded systems currently rely on precise optimization of design 
parameters, there is motivation to develop technologies which can provide greater flexibility 
for such systems to be implemented in real world applications with dynamic and potentially 
unpredictable operating conditions. In this study, a new type of multiple PCM system is 
proposed called a multi-temperature, multi-module (MTMM) thermal energy storage 
ensemble which consists of multiple TES modules containing PCMs with different melt 
temperatures combined in series and parallel configurations. This study also demonstrates 
the feasibility of using an Artificial Neural Network (ANN) to dynamically select the flow path 
which optimizes for both operational reliability by meeting a desired outlet temperature 
from the ensemble and TES efficiency by minimizing the rate of exergy destruction. The 
results demonstrate that the MTMM ensemble with ANN controller achieves the exergy 
efficiency of a cascaded PCM system while also maintaining the flexibility needed to respond 
to dynamically changing operating conditions. This novel approach widens the potential 
applications of cascaded PCM by providing a means to standardize manufacturing to drive 
down system cost and adding flexibility for the system to adapt to dynamic operating 
conditions and unforeseen design parameters. 
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