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1. Describe why the cost of electricity is much less during off 
peak hours and how renewable wind and solar energy will 
reinforce this.

2. Describe why energy storage is a vital component for large 
scale deployment of renewables

3. Recognize the two major types of storage and how and 
where they are best applied in commercial buildings

4. Explain how energy storage relates to LEED and Zero 
Energy Buildings

Learning Objectives
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Big Picture
• Electrical Grid is changing

- Remote, smaller sources of generation
- Direction of current
- Ownership of inputs
- More microgrids
- More off the grid customers
- More ‘Net Zero’ buildings
- PV & Wind
- Electric Cars

• Electricity is cheaper when?
- When there is an abundance of supply – off peak
- Now and in the future



6

Old Grid
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Modern Grid
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Stored Energy Renewable Energy

Where is the
storage?
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zero

Solar Panel

Thermal

Off Grid Building
Wind Turbine

Fossil Fuels

Batteries

The grid becomes responsible 
for

backup energy when the wind
stops blowing or the sun is not 

shining

Fossil fuel is a form of 
stored energy

Designers tend to remove building 
sited renewable back up equipment

Net Zero Grid Building
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Net Zero Building

ASHRAE Research Paper 1607:
Thermal energy storage increases

utilization of renewable energy 
by as much as 50%.
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Florida Electricity costs
FPL1 TECO5 Duke4 GRU3

On peak energy charge $0.055/kwh $0.067/kwh $0.07/kwh $0.13/kwh

Off peak energy charge $0.0348/kwh $0.067/kwh $0.07/kwh $0.03/kwh

On peak demand charge $13.48/kW $11.87/kW $15.58/kW $10.15/kW

Off Peak demand charge $0/kW $0/kW $0/kW $0.0/kW

Blended on peak energy 
charge2

$0.167/kwh $0.165/kwh $.20/kwh $0.21/kwh

Off peak energy charge $0.0348/kwh $0.067/kwh $0.07/kwh $0.03/kwh

Discount for off peak 79% 59% 65% 87%

1 – GSLDT rate (TOU)
2 – blend on peak demand charge into energy charge
3 – GSDT rate (TOU)
4 – GSD rate (non TOU)
5 – GSD rate (non TOU)
6 – does not include franchise fees, taxes
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When Would you Fill-up?

Daytime

$ 3.00/gallon

Nighttime

$ 1.20/gallon
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Utility Rebates to use MORE off 
peak (less on peak) Energy with 
Thermal Batteries

• FPL
- $600/kW (pays for most or all of the cost of the 

thermal batteries!)

• TECO
- $200/kW

• Duke
- $350/kW
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Stable Electric Rates

Edison Electric Institute stated that 
the only form of Energy that has 

stayed the same cost or gone down 
in last 30 to 40 years has been   

Off-Peak Electricity
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Texas – Free energy

• RTP pricing option; pricing can go negative when 
there’s too much wind power being added to the grid!
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How to use more energy off 
peak - Basic Thermal Storage



17

Thermal Storage Basics
How many lbs. of ice do you need for each 
person for a party?

Engineer           300 ft2/ton       400 ft2/ton         500 ft2/ton

Architect        100 ft2/per person 200 ft2/per person 

100 ft2/pp / 400 x 8hr = 2 ton-hrs    = 160 lbs of Ice/Person/Day
200 ft2/pp / 400 x 10hr. = 5 ton-hrs  = 400 lbs of Ice/Person/Day

~1 lbs. 
How many lbs. of ice do you need each day to cool each 
person in a typical office building? 
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Stored Energy Renewable Energy

Where is the
storage?
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Energy Storage Types

*Energy Storage Association
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TESLA
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Thermal Energy Storage 
(TES) Hot, Cold or Ice, Active or PassiveBattery

Customer Side (of meter) Energy Storage 
Technologies

100 kW
700 kwh storage
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Comparison: Energy Storage Options

Thermal Energy Storage (TES) has low initial cost, high efficiency, and longer useful life
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Electric Load Profile – Energy 
Intensity
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Electric Load Profile
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Cool Storage Systems
Two Basic Systems:
• Water
• Ice
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Water Storage
Storage Tank 
Keeping System delta T is a must
Open System

40

56

Load

Chiller

40

Warm Water
56  F

Cold Water
40 F

Thermocline

So what is “Different”?
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Ice Storage Systems

Control Logic

Temperature
Control Valves

Chiller Based System

Closed System

Storage Tank

Heat Transfer FluidSo What is Different?
Load



28

Thermal Battery: Ice-on-Coil Internal Melt

Tank

Insulation

Expansion 
Chamber

Heat 
Exchanger
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Ice Making
Coil  & 
Glycol

Temperature
Control Valves

500 ton chiller

1000 ton
Load

25

25 31

31

Ice



30

Direct Cooling – Chiller

Ice

Temperature
Control Valves

Coil  & 
Glycol 500 ton chiller

500 ton
Load

44 54
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Direct Cooling – Ice

Ice

Temperature
Control Valves

Coil  & 
Glycol 500 ton chiller

500 ton
Load

54 54

44
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Chiller & Ice Cooling

Melted
Ice

Temperature
Control Valves

Coil  & 
Glycol 500 ton chiller

52 60

34-44 44

52

1000 ton
Load

Ice

Centrifugal
Screw 
Scroll

Reciprocating
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School Installations in 
Florida – over 150 by 
CALMAC 

• Sarasota County
• St Lucie County
• Lee County
• Collier County
• Hillsborough County
• St. Lucie County
• Martin County
• Palm Beach County
• Broward County
• Flagler County
• St. John’s County
• Charlotte County
• Brevard County
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For more on Renewables and Thermal Batteries & 
LEED

Go to www.calmac.com for pdf of 
article

http://www.calmac.com/
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Questions?

Joe Neri: joe.neri@trane.com
Mark Johnson: mjohnson@calmac.com

Bruce Lindsay: Lindsay.Bruce@brevardschools.org
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