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The concept of shifting energy use away from peak demand periods 
to reduce costs is rooted in the understanding that power is used 
immediately upon generation. The inability to store energy for later 
use results in increased costs during high demand periods when 
there is not enough capacity, since power companies want to 
create disincentives for customers to use too much power during 
the peak times. As a result, those with an eye on efficiency are 
increasingly looking for ways to shift energy usage to non-peak 
periods when it is cheaper.

Load shifting allows businesses, organisations and residential 
consumers to use energy when it costs less, as opposed to 
using it during more expensive peak demand periods. This may 

mean programming thermostats to run air-conditioners cooler in the 
morning and adjust the set-point higher during peak afternoon periods 
when extra demand charges may apply. Simpler examples might include 
waiting until bedtime to run the dishwasher or turning non-critical lights 
or equipment off during the afternoons.

Demand charges or penalties can be a major concern for many 
commercial building owners. Utilities typically bill demand charges 
based on the highest amount of energy used in any 15 minute period 
over a billing cycle or possibly over an entire year. So even if that peak 
demand level was only achieved during one 15 minute period in the last 
12 months you can get penalised for it every single month. The utilities 
can also set a contracted demand level, and may assess penalties if 
the demand exceeds that figure at any time.

This becomes even more concerning as the costs of power rise 
and usage expands - making load shifting and other energy-saving tech-
niques important considerations for businesses and facility managers.

Staying efficient
Cooling is top of mind when it comes to energy usage. With the summer 
of 2012 on record as one of the hottest to date (in the United States of 
America it was the hottest July in recorded history), air-conditioners in 
the northern hemisphere certainly received a workout.  

Businesses that deal with extreme heat need to find a way to keep 
fully occupied facilities comfortable as temperatures spike, without 
going bankrupt by giving all of their money to the power company. 
The method of running air-conditioners at a lower set-point through 
the morning and then dialing it back during the peak afternoon hours 
has tremendous downsides. It is terribly inefficient, and creates an 
environment where everyone is cold in the mornings and becomes 
gradually hotter through the afternoon. 

A better solution is to store cooling energy for use at a later time 
- a practice that has been implemented in a small number of facilities 

around the world. These systems typically use tanks of ice to store 
cooling; that cooling is gradually released into the building at specific 
times in the day (usually during peak demand periods). Referred to 
as ‘thermal storage’, the process involves creating cooling energy 
at night or in the morning when temperatures are low and power is 
cheap, and storing that cooling energy for use during the hotter peak 
demand periods. This would allow facilities to disable or supplement 
air-conditioning when rates are most expensive. 

How do we get there? 
The proof of concept for thermal storage - with a unique twist - exists 
at my home near the Twin Cities. Minnesota summers are a far cry 
from the Mojave Desert, but the temperatures often exceed 32ºC and 
occasionally break the 38ºC mark. Residential homes in this region 
rarely face demand-related charges, but such penalties are common in 
public and commercial facilities. This will become more widespread as 
power companies work to keep their peak loads at manageable levels - a 
growing concern as more power companies struggle to remain within 
the boundaries of their electrical distribution framework.

My concept uses the free cooling potential from my home’s water 
supply to charge a thermal battery, which stores cooling energy to sup-
plement or replace the cooling provided by the air-conditioner. 

The thermal battery is powered with a phase change material (PCM) 
rather than water since water has a prohibitively low freezing point 
(0ºC), among other negative attributes that complicated the process. 

A fixed amount of liquid stores much more energy with each 
one-degree drop in temperature as it transitions completely through 
its phase change from liquid to solid compared to when it is cooled by 
one degree in the liquid phase. If we use water as an example, it takes 
144 times the amount of energy to cool a tank of water from 0ºC to 
-0,5ºC and turn it into a block of ice than it does to cool the same tank 
of water from 0,5ºC to 0ºC as a liquid. 

The goal was to find a simple way to turn a tank of water into ice, 
ensuring it could store a very large amount of cooling energy that could 
be used to cool my home. The challenge was that water has a freezing 
point of 0ºC under normal conditions, and I could not think of any free 
ways to cool a tank of water down to 0ºC in the summer when my 
home actually needs the cooling energy.

The solution was to find a substance with a higher ‘freezing’ point, 
so that I could convert it from liquid to solid phase using only the 
temperature of my home’s water supply as the cooling mechanism. 
By doing this I would be able to take advantage of the additional en-
ergy storage capacities that exist when a substance changes phase 
from liquid to solid - and store a large amount of cooling energy in the 
thermal battery.

I selected HTF Exotherm technology to achieve this goal. This 
technology is an unusual phase change material (PCM): exceptionally 
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stable, non-caustic/toxic, and capable of storing and releasing large 
amounts of energy. It does not have to be ‘encapsulated’ to protect 
ancillary equipment and is capable of transitioning back and forth from 
solid to liquid a virtually unlimited number of times without degrading. 

Unlike water, it does not expand when it freezes, so the thermal 
battery could be made without engineering in the extra materials needed 
to handle the expansion. Plus, it is an Food and Drug Administration 
(FDA)-registered material that can be recycled and safely disposed of.

It can be formulated to target a specific transitional temperature 
where the material changes phase from liquid to solid. This means I 
could fill a thermal battery tank with a specific HTF formulation designed 
to freeze at 16ºC, and successfully charge by using only the cooling 
energy available through the incoming household water supply. 

System design
The system design is simple, comprising an insulated holding tank, 
some piping, two small pumps, a collection of sensors and coils, and a 
couple of controllers, with a tank of specific temperature HTF Exotherm 
PCM at its core. My home system benefits from having a free source 
of cooling energy flowing through the house at all times, courtesy of 
the city water supply. The water enters the home at approximately 
13ºC degrees, with slight fluctuations depending on the time of year. It 
resembles a natural geothermal loop, with underground pipes producing 
naturally cooled water. 

The water enters the insulated holding tank and proceeds to a 
150-quart thermal battery tank containing the PCM. The water then 
circulates through a copper coil inside of the tank, which enables heat 
transfer between the water and the PCM. The water flows through 
this tank every time the shower runs, the toilet flushes, or the outside 
hose or sprinklers run. 

Free cooling energy is captured from the water supply and stored 
in the thermal battery prior to the water going through the home. This 
allows us to store free cooling potential for later use rather than wasting 
it as cold water runs down a drain or is spread across a lawn.

The purpose of the holding tank is to circulate water through the 
thermal battery even if there is no water flowing to my home. Without 
the holding tank, I would only have one chance to capture cooling 
energy from the water. With it, I can circulate the cold water in the 
tank through the thermal battery multiple times until all of the available 
cooling potential is extracted from the water.

On the other side of the tank, liquid circulates through another 
copper coil and is sent to a cooling coil in the supply ductwork. Air is 
cooled as it passes through this coil, helping to cool the home with 
extremely minimal costs. 

The only associated cost is the tiny amount of power required by 
the two small pumps to circulate the fluid from the tank up through the 
cooling coil in the ductwork, and to circulate water from the holding 
tank through the coils in the thermal battery. 

The water leaving the tank and going out to the house is warmer 
since the PCM has captured cooling energy from it and stored it in the 
thermal battery. So the actual benefit of my system is twofold:
•	 Cooling	energy	from	the	water	supply	is	now	helping	to	cool	the	

home.
•	 The	amount	of	work	traditionally	required	by	the	hot	water	heater	

to heat water for showers and other purposes has been reduced.

Associated components
The complete system incorporates a variety of control and automation 
components to assist with general operation and real-time monitoring. 
Temperature sensors are positioned throughout the system. Two sen-
sors measure primary incoming and outgoing water supply temperature. 
Using these sensors, along with an associated flow meter, we can 
determine how much energy is captured as the water moves through 
the tank and out to the home. 

Additional sensors note the tank temperature, providing clarity on 
when the PCM material is fully frozen - and therefore fully charged. 
More sensors on the outbound side of the tank offer detail on water 
temperature as it moves through the air duct and exits at a warmer 
temperature. This provides insight into how much energy is transferred 
to the air circulating into the home. Other sensors in the system include:
•	 Sensors	upstream	and	downstream	of	the	cooling	coil	in	the	supply	

air duct, which displays how much the air is cooled as it is circulated 
through the home.

•	 A	room	temperature	sensor	and	an	outdoor	air	temperature	sensor	
to help decide when the system should run.

•	 All	of	these	sensors	provide	comparisons	between	various	points,	
and determine how much the home has been cooled using the 
system.

Most of the sensors are run direct to a DataNab MBus_Io10_LCD 
programmable controller, which has a built-in LCD screen and buttons 
to scroll through connected sensors, displaying water-in temperature, 
water-out temperature, tank water temperature, cooling coil tempera-
ture and so on. The various readings can automatically flash across the 
screen one at a time, providing a simple monitoring solution without 
the need for a computer. We can also change set-points and modes 
from this interface to control when the system will run.

A Barix Barionet controller picks up some additional sensors (the 
MBus_Io10_LCD supports eight external sensors) and talks to a Wat-
tNode demand meter, which provides data on electrical power demand 
and consumption used by the home when the system is enabled versus 
when it is not running. The Barionet can collect data from the WattNode 
and the other temperature sensors and deliver it the LCD screen of the 
MBus_Io10_LCD for local monitoring purposes.

Furthermore, the Barionet offers a built-in web server to display 
all of the associated data via a webpage - essentially IP-enabling the 
entire system. The Barionet also allows me to enable and disable the 
system via the web, and delivers alarms via e-mail if the system isn’t 
functioning properly. The overall system costs are quite low.

Commercial implementation
Applying this design to commercial facilities essentially means scaling 
the system to meet the facility’s cooling requirements. The number 
and size of pumps and tank size should be determined by the cooling 
load and complexity of the facility. 

There are two ways to charge the central thermal battery tank in 
a commercial application of this system.

The first option is to tie the operation to an actual geothermal 
system. This would provide a dedicated process for circulating water 
underground for natural cooling, and then bringing it back through a 
coil in the tank to charge the phase change material. This could be an 
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adequate solution to charge the tank, depending on the temperature of 
the ground loop and the cooling requirements of the building. 

A second option is to run ac compressor coils through the tank to 
charge/freeze the substance. Large commercial spaces may require 
that the tank temperature be as low as 7ºC to properly cool the building 
during peak hours. This would require running compressors at night 
or during off-peak hours to fully charge the tank, when the exterior air 
is cooler, power is cheap, and the compressors do not need to work 
quite as hard.

Burying the tank underground is effective for either option. This 
naturally insulates the tank, shielding it from sunlight and natural heat. 
The concept is similar to how ground-source heat pumps use a ground 
loop; the ground temperature is relatively stable several feet below 
the surface. This means the temperature five or six feet below would 
remain 10 - 16ºC even on a 35ºC summer’s day. This naturally would 
require much less energy to cool the material and charge it overnight.

The overall concept is to charge the tank at the most efficient pos-
sible times. The energy can then be stored inside the thermal battery 
for use during peak demand periods, keeping the facility safe from high 
demand penalties and saving the owner money.

Conclusion
As energy continues to become more expensive, the savings associated 
with using power when it is cheap and avoiding expensive demand 
charges will make the initial cost of designing and installing a thermal 
storage system in commercial facilities worthwhile. In my home, if 
the thermal battery will enable me to run the air-conditioner even 30 
minutes less each day in the summer, it will provide significant savings 
in the long run. This is especially true considering the small amount of 
electrical power needed to power the system. The cost and energy-
savings will certainly add up over time. 
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