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ÅProject:  Motivation, Background and Goals

ÅInvestigation:  Thermal Storage Strategy for a 

Distributed Energy Storage System

ÅAnalysis:  Thermal Battery Model & CFD

ÅExperiment:  Model Validation

ÅConclusions:  

2



3



Storage Basics

ÅRange of energy storage 

-from watts to megawatts 

-e.g. from small batteries to pumped hydropower

ÅModes of energy storage 

-potential energy (pumped hydro , CAES) 

-kinetic (mechanical flywheels) 

-thermal (sensible and latent heat) 

-chemical (heats of reaction and combustion

for biomass, fossil, hydrogen, etc.) 

-electrical (electrochemical, electrostatic, electromagnetic

batteries, fuel cells, super capacitors, and SMES) 

ÅPower density versus energy density (weight and volume)

Typical costs (capital & operating)

P.D. Lund and J.V. Paatero 2006
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Connected Efficiencies and Energy Chains

ÅAn important aspect of supplying energy is that each step in the process 

carries some losses. For example, the transmission of electricity in the 

Canada national grid loses about 7 % of the generated electricity before it 

ever reaches the consumer. These effects are cumulative:

ÅRelevant performance metrics also include the efficiency of work 

exchange processes, such as pumped hydropower or compressed air energy 

storage where the cycle efficiency is given by:

ÅIn typical applications of pumped hydropower and compressed air storage,  

ɖcyclecan approach 0.6 or more as ɖinand ɖout generally are in the range of 

0.8 to 0.9. 5



Motivation ðThermodynamic Inefficiency

Å Process inefficiency results in 

waste thermal energy production

Å Steam Turbine Generation

Å Power Conversion 

Å Combustion Exhaust

Å Transmission Losses

AND Storage

Å Waste heat is usually expelled to 

the environment
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