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A Project:

A Investigation:

A Analysis:

A Experiment:

A Conclusions:

Motivation, Background and Goals

Thermal Storage Strategy for a

Distributed Energy Storage System
Thermal Battery Model

Model Validation,
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Motivation d Thermodynamic Inefficiency

Process inefficiency results in
waste thermal energy production

A Steam Turbine Generation

A Power Conversion
A Combustion Exhaust
A Transmission Losses

Waste heat is usually expelled to
the environment

A Nuclear Power - Lakes
A Fossil Fuel Combustion - Air
A Wind/Solar - Air

A Hydroelectric - Rivers

,
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Thermal Energy Storage Options:

Sensible Heat Latent Heat Chemical Storage

Thermal Storage Material
eleases Heat & Solidifies

Rel .
Ammaonia
Charging Cycle ‘ @ -

Thermal Storage Material

Hydrogen and Nitrogen

Discharging Cycle - ‘ - To Cooling Coil
SOURCE: Otto Bock ComforT

Solid-
Hot Wate

Reversible
Thermochemical
Processes

Liquid-Vapour
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Thermal Energy Storage Options

Sensible Latent
100 kg of Water from 20 C to 70 C 100 kg of Ice from -4 Cto 4 C
=20.9 MJ = 36.7 MJ

66 6
Chemical

100 kg of Water to H, and O,
=13.4 MJ
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Backgroundo H ,Green Energy Corporation

AStorage of energy during times of low demand and cost
AVarious storage technologies available based on system size

ASmall system using hydrogen storage medium investigated

Low Electricity Cost / High Availability

Hydrogen & Oxygen
Electricity § Hydrogen
Production
. Waste Heat Thermal

Energy
Storage
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High Electricity Cost / Low Availability

Hydrogen

Electricity
Production §\yaste Heat

Thermal
Energy
Storage
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Project Goals and Expected Contributions

A Investigate technical and economic feasibility of a
specific thermal energy storage systemforH,Gr ee n 0 s
proposed Distributed Storage System

A Sizing model for Phase Change Material (PCM) storage
systems for widespread use

A Validation of model using experimental data and
Computational Fluid Dynamics (CFD)




lcMaste thermal management research laboratony
o TIVYRLE
V]

PCM Selection

Balancing Capture and Recovery

Waste Heat Capture

Capture Fluid Electrolyte
Temperature 90 C
Temperature Change -1C
Thermal Energy 174 kW
Generation Time 61%
Longest Generation Period 59 hr

Waste Heat Recovery

Recovery Fluid Air
Temperature Input -30Cto +15C
Temperature Output 30 C
Thermal Energy Variable
Heating Time 29%

Longest Heating Period 10 hr

Selection Process

1. Appropriate melt temperature
for capture and recovery
systems

2. Chemical Stability

3. Balance high heat of fusion,

high thermal conductivity,
good corrosion properties,
desirable health and safety
and environmental impact,
low density change with
phase change and PCM cost
based on overall system cost
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Investigation 8 Economic Analysis of DSS

January 2009 Pricing Ratio = 8.8/4 = 2.2
Operating Breakeven Efficiency = 1/2.2 = 45%

kWh/Nm? KWh/Nm?®

Hydrogen With Hydrogen
Generation Compression
(Electrolysis) (for Storage)
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Energy Storage

Efficiency
=1.8/6.4 = 28%

Additional Sources of Revenue are Required
(Heating Fuel Displacement, Oxygen Sales,
Feed-In Tariffs, etc.)

McMaster Innovation Park heating fuel cost
during 2008 was $45,000.
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