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A recent report by the US Department of Energy, Office of Federal Energy Management Programs finds 

that Thermal Energy Storage for space cooling is a mature technology that continues to improve through 

design advances.  Thermal storage technology is used to allow energy-intensive, electrically driven 

cooling equipment to be predominately operated during off-peak hours when electricity rates are lower.   

 

The Association of Energy Engineers offers the following definition of Thermal Storage in its Guide to 

Energy Management: 

 
Thermal energy storage offers one of the most promising technologies for effective electrical peak load management 

in building and other facilities.  Heating and cooling energy needs provided by electrically powered equipment 

usually correspond to the time of a facility’s peak demand and contribute to increased electric costs that occur from 

the demand charge.  A thermal energy storage system may produce chilled water or ice off-peak for later use in 

cooling a facility. 

 

Cool storage systems operate by producing and storing chilled water or ice during the evening and night when 

electric rates are low, and drawing on that stored water or ice during the day when the cooling load is greatest.  

The high-demand electrically powered chillers are shifted to operation during off-peak periods and are especially 

cost effective for facilities that have time-of-day rates which offer low-cost energy during the night.  The storage of 

chilled water or ice also allows the facility to operate with smaller-sized chillers since the peak cooling load is 

handled with the combination of the small chiller and the cool storage.  For new building or facilities, this reduction 

in the size of the chillers often pays most of the cost for the cool storage system.  Other cooling system operating 

cost savings also result from this approach because of the downsizing of fans, pumps and ducts due to the lower 

temperatures of distributed air because of the very low temperatures of the stored water or ice. 

 

A thermal storage system consists of an insulated tank for the storage or ice, chilled water or some other 

thermal medium, which is produced during off-peak periods.   

 

The following diagram shows a simple chilled water storage application: 
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The chiller needs electricity to operate but it can be run on peak or off peak.  As it runs off peak, the costs 

of making the chilled water is less since the cost of off peak electric is less. 

 

One of the common misconceptions about thermal storage is that it is only a cost saving technique, not an 

energy saving technique.  The reasoning is that it takes the same number of kwh to make a gallon of 

chilled water whether it is made at noon or at midnight and as such although the midnight electricity is 

cheaper, we aren’t really saving energy (BTU’s).   

 

In reality, many are beginning to understand and accept that thermal storage does in fact save energy.   

We save energy for several reasons: 

 

1. When power generators are generating power during peak hours, they have a variety of types of 

power generators making the load.  These types of generators include base load nuclear and coal 

plants, mid-merit or intermediate load combined cycle steam generating plants and straight 

natural gas or oil fueled peaking plants.  Each of these types of plants have different conversion 

efficiencies (efficiency of converting BTU’s of fuel to BTU’s of electricity) and of course a 

generator will run his most efficient plants first to save fuel costs.  Only when the efficient plant 

reaches its generating capacity limit will the power generator move to his next most efficient unit.  

During non-peak times, the electricity demand on the overall utility system is much lower than 

peak times and as such, only the most efficient generating stations are running.  The weighted 

average heat rate (fuel requirements in BTU’s) of these generators are lower in off peak times 

when compared to on peak periods.  Even though a chiller may need the same amount of kwh’s to 

make a gallon of chilled water, the power supplier of the kwh’s is using less energy to make those 

kwh’s and given this, the use of thermal storage for cooling is in fact more energy efficient. 

2. Once a kwh is made, it needs to be transported to the energy end user, in the case of thermal 

storage, the power end user is the chiller that is going to make the chilled water or ice to be 

stored.  Line losses (a loss of generated electric during transportation of that electric power to the 

customer) on transmission and distribution utility lines vary with outdoor temperature.  The 

higher the temperature, the greater the line loss.  Since the electric power for running a chiller that 

is sending chilled water to a thermal storage system occurs in the evening and early morning 

when it is cooler and less kwh are being transported on the line, kwh’s are saved because more of 

the kwh’s that enter the T&D system at the generating station end up at the chiller.  We don’t 

need to compensate as much for line losses and as such this is another example of energy savings 

from thermal storage. 

3. As a chiller operates, it brings the temperature of some medium (water, air, etc.) down.  The 

greater the change in temperature, or delta T, required for that medium, the more energy is 

required.  When outdoor temperatures are high, the delta T is greater for the medium being 

cooled.  Since thermal storage chillers operate in the cooler temperatures of the evening, the delta 

T is lower and the energy needed to bring it to the cooler target temperature is lower.  This is 

another way that Thermal Energy Storage produces a savings in energy (BTU’s) and not just 

energy cost. 

 

A simple example will be helpful in getting a sense for the economics for this type of project. 

 

Assume a substantial college campus is looking to displace 5600 tons of air conditioning with a thermal 

storage system.  The air conditioning they are displacing has an energy efficiency rating “EER” of 12.  

EER is a ratio of energy output divided by energy input, in the case of an electrically driven chiller, the 

ratio is BTU of cooling output divided by watts of electric input.   

 

Another key ratio with regard to air conditioning is Coefficient of Performance or “COP”.  The COP is 

the ratio of heat output divided by heat input.  The COP on our example is EER/BTU per watt or 12/3.412 



= 3.5.  A COP of 3.5 is relatively efficient.  From these figures we can deduce that electric use for our air 

conditioner is one kw per ton or one kwh per ton hr. 

 

Now, let’s use the same electric rates for this thermal storage example that we used in the peak shaving 

example using distributed generation.  In that example there was a peak demand charge per month of 

$4.25 per max kw of demand during the year, and energy rates were $0.155 per kwh during peak times, 

and $0.11 during off peak times. 

 

Assume the chillers at the building run pretty much round the clock in the summer but they make chilled 

water during the 10 hour off peak period in order to replenish the stored chilled water that is used to 

supplement the chiller made cooling during peak periods.   Finally assume that during the four summer 

months, the thermal storage replenishment occurs 20 days per month.  The savings from the energy 

charge difference (off peak versus on peak) is 20 days per month times 10 hours per day times 5600 kwh 

times a difference of $0.045 per kwh, or $50,400 per month.  

 

In addition to these energy charge savings, the peak demand has been cut by 5600 kw during the 

historical summer peak period and given this, there is a peak demand charge reduction for each month 

during the whole year which totals  $23,800 or $285,600 for the year.  So for each year we have demand 

charge savings of $285,600 plus energy charge savings of $201,600 for a grand total savings of $487,200.   

 

Capital costs for a storage system this large would be around $1.8 million so the payback would be 

around 3.7 years.   This example uses current time of day rates.  It is very likely that the demand charge 

and the difference between on peak and off peak energy rates will become greater in the next few years as 

utilities and their regulators move to more time of use pricing.  When this occurs,  the payback on a 

thermal storage project will only improve.      

 

With this type of arrangement, conventional air conditioning together with thermal storage is used to meet 

peak cooling loads and the daytime peak load which is the basis for the monthly demand charge is 

significantly reduced.  There are other economic benefits to thermal storage besides the savings in 

demand charges and energy charges.  The chiller has the advantage of running 24 hours per day and the 

chiller plant is much smaller since it is supplemented by the thermal storage.  This type of approach tends 

to be very cost effective for new construction where the thermal storage is built into the design initially.   

 

A chilled water thermal energy storage system is simple but it requires large tanks, almost 4 to 5 times the 

cubic footage that would be required if ice storage were used instead.  A chilled water storage tank sized 

to offset 5600 tons would require about 93,000 cubic feet of space but it is often buried in the ground so 

the square footage requirements aren’t as extensive.  An ice tank would take much less space probably as 

little as 28,000 cubic feet but the capital costs would be slightly higher. 

 

As previously discussed, there is also a deferred capital aspect of the thermal storage alternative.  A well 

designed thermal energy storage system that is factored into a building’s design as it is being built, will 

result in a lower first costs (capital costs) for the building since the chillers can often be downsized and 

the capacity being replaced with thermal storage is less expensive than chiller capacity.   

 

 


