Ice Is Nice: Thermal Energy Storage
by Gene Fry
	May 30, 2007 (adapted from Wikipedia) - Ice is the favored choice to store thermal energy for later cooling.   Eutectic salts can also be used.  The technology is used to reduce cooling demand during summer days.  This will become increasingly important as Earth’s air warms for decades to come.  Thermal storage, generally in rock walls warmed by the sun, can also be used to store heat during the day for use at night.  Passive solar energy has been used in that way for millennia.  A small but growing number of sites store summer heat for winter use or vice versa.  This is a function long performed by lakes for their denizens.
	High peak demand for cooling (air conditioning) on hot summer days drives much of the spending by electric utilities.  They meet these peak loads with low-efficiency peaking power plants, usually gas-fired combustion turbines, which cost less to buy but lots to operate.  Utilities can make electricity much cheaper at night, using power plants that cost more to build but much less to operate.  Utilities sometimes pass these peak costs to consumers, with general Time of Use or very specific Real Time Pricing rates.
	Thermal energy storage relies on the large heat of fusion for water, virtually the highest of any known substance.   By turning from cold liquid to solid ice, just one cubic meter of water can store 317,000 BTUs (93 kWh or 26.4 ton-hours).  Ice was originally hauled from mountains to cities for cooling, or stored under sawdust or hay in icehouses to cool things in summer.  A "ton" of cooling capacity was defined as the heat to melt one ton of ice every 24 hours, equal to the summer heat flow in a 3,000 square foot house in Boston.  A small storage facility can hold enough ice to cool a large building for a day or a week, whether that ice is produced by anhydrous ammonia chillers or hauled in by horse-drawn carts.
	Thermal storage in ice is used mostly in large buildings or campus-wide air conditioning or chilled water systems.  Air conditioning, especially in stores and offices, is the biggest contributor to peak electric loads on hot summer days.  A fairly standard chiller runs at night to make a pile of ice.  Water is circulated through the pile during the day to produce chilled water, which would normally be the daytime output of the chillers.
	A partial storage system minimizes capital cost by running the chillers 24 hours a day.  At night it produces ice for storage.  During the day it chills water for the air conditioning system, but its cooling is augmented by water circulating through the melting ice.  A partial storage system usually runs in ice-making mode for 16 to 18 hours a day, and in ice-melting mode for 6 hours a day.  Capital costs are minimized because the chillers are just 40 to 50% as big as conventional designs.
	A full storage system minimizes the cost of energy to run the system by shutting off the chillers entirely during peak load hours.  This requires larger chillers than a partial storage system, and a larger ice storage system.  Thus, the capital costs are higher.  Ice storage is cheap enough that full thermal storage is often competitive with conventional air conditioning.
	Thermal storage can reduce emissions from making power for air conditioners.  Inefficient and polluting peaker plants can be replaced by baseload plants at night.  Baseload plants are 30-100% more efficient.  Because the load factor for the plants is higher, fewer plants are needed to serve the load.  Emission reductions are high if a baseload plant is powered not by coal, but by nuclear, wind, falling water, wood, or geothermal energy.
	Thermal storage can also use ice as a condensing medium for a refrigerant. Regular refrigerant is pumped to coils where it is used.  Instead of using a compressor to convert it back in to a liquid, the cold ice chills the refrigerant back into a liquid.  This allows existing refrigerant-based HVAC equipment to be converted to Thermal Energy Storage systems, something that could not previously be done easily with chilled water technology.  This damps out the efficiency difference from day to night for air-cooled condensing units.  Where peak daytime temperatures differ a lot from off-peak temperatures, this type of unit is more efficient than the equipment it is replaces.
	For more information, see http://en.wikipedia.org/wiki/Thermal_energy_storage.

