i iNREL

Transforming ENERGY

This research has been submitted for publication
J. Woods et al. (2020), in review

Designing Thermal Energy
Storage Devices using the
Ragone Framework

Allison Mahvi and Jason Woods
Thermal Energy Storage Webinar

August 5, 2020
NREL/PR-5500-77581

Building Technologies Office Thermal Energy Storage Webinar Series
Novel Materials in Thermal Energy Storage for Buildings



Past Work on Phase-Change Thermal

Storage Materials
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Organic PCMs

Salt Hydrates

Phase Change Composites
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How should we design
these components?

HVAC-Integrated Thermal Storage

Phase-change composite material: J_J_J_J__I_.r_" Condenser
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Electrochemical and Phase-Change

Electrochemical Storage Phase-Change Storage
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Electrochemical and Phase-Change

Analogy

Electrochemical Storage Phase-Change Storage
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Rate Capability & Ragone Plots

Rate Capability Curves
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High temperature
fluid inlet Thermal load

Heat Exchanger Model
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Model Validation
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Thermal Battery Discharge (1C)
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Fluid outlet temperaure (°C)

Constructing Ragone Plots
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1) Generate the rate-capability curves at the
desired power rate

2) Calculate how long the system can
discharge before the outlet temperature
is no longer useful (T, .x)

3) Calculate the specific energy and power:
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Mass Mass
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Specific power (W kg
S

Constructing Ragone Plots
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Thermal Conductivity

Fluid outlet temperature (°C)
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* Increasing thermal conductivity lowers fluid outlet temperatures (1SE)

« Diminishing returns - low thermal conductivity can work fine at low discharge rates
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How much does geometry matter?

Decreasing the number of tubes will
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Conclusions and Future Work

* Leveraged battery research to develop rate capability and
Ragone plots for thermal energy storage

Can give insights into:

* Component design
* Material targets for given application
e Storage efficiency and system operation
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