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Energy storage: Macro and  
micro solution development 
Since the beginning of time people have understood the power 
of wind and sun. While we can’t literally store wind or sunlight 
in the same ways that we store coal, oil, and natural gas, we 
do have ways to store energy generated from wind and solar 
resources.

Electricity, for practical purposes, cannot be stored. That 
means we cannot accommodate decreases in demand for 
electricity without reducing supply or storing the electrical 
energy in another form, such as heat. Because wind is a 
variable resource for generating electricity, being able to store 
energy produced by the wind would offer the opportunity to 
take advantage of the wind whenever it’s available, potentially 
expanding its use.

Another way to look at it is that electricity must be used as it’s 
generated, or it must be converted immediately into another 
form of energy. Energy storage, then, is one way to balance 
supply and demand.

For much of our history electrical energy has not been converted 
and stored on a large scale. However, the 21st century is 
changing that. Researchers have been working to develop 
technologies that would allow electric utilities to store energy.

Research ramped up  
between 1980 and today
In the 1980s a number of manufacturers started researching 
thermal energy storage to meet the growing demand for air 
conditioning during peak energy-use hours. Today several 
companies manufacture thermal energy storage systems. The 
most popular form for cooling is ice storage. Ice can store more 
energy in less space than cold-water storage, and it’s less costly 
than recovering energy via fuel cells or flywheels. Thermal ice 
storage works by creating ice at night, when electricity usually is 
less costly, and then using the ice to cool the air in 
buildings during hotter daytime periods.

Underfloor heat and electrically heated water are 
other common forms of technologies that store 
energy. Many Otter Tail Power Company customers 
enjoy the benefits of these forms of low-cost heat 
storage. And energy storage has cost-effectively 
shifted gigawatts of power away from daytime peak 
energy-use periods.

To build on this thermal energy storage research 
platform, the 2009 Stimulus Plan in the United 
States helped finance research into energy storage 
and its integration with smart electrical grids.

Most of that research has focused on a range of solutions 
including high-speed flywheels, electrochemical capacitors, 
pumped hydro, and compressed-air systems. Two of the most 
familiar solutions being tested are batteries and hydrogen 
systems.

 1. With batteries, it doesn’t matter when the wind blows,  
  and they are a great solution for long-term storage. But  
  most batteries can store only so much electricity at a  
  time. Those that can store an adequate amount are  
  large and costly to install and maintain.

 2. Hydrogen-based storage delivers electricity  
  directly from wind turbines into electrolyzers,  
  which pass electricity through water to  
  split water molecules into hydrogen and  
  oxygen. The hydrogen is stored as a fuel  
  for later use in an internal combustion  
  engine or a fuel cell. 

A hydrogen-fueled engine can be used to spin a generator. A 
fuel cell generates electricity through a chemical reaction. While 
this is proven technology, the development process for using 
hydrogen as a large-scale solution for electricity storage and 
production still is in the early stages.

Grid-interactive Electric Thermal Storage
Steffes Corporation, a Dickinson, North Dakota, company is 
creating a Grid-interactive Electric Thermal Storage (GETS) 
system that the company says will skirt drawbacks of other 
large-scale storage technologies.

“GETS will provide utilities a new way to monitor energy demand 
and manage output as they divert electricity—regardless of the 
generation source—into existing thermal-storage systems,” 
said Al Takle, national sales manager at Steffes Corporation. 
The thermal-storage systems that Steffes has been making 
for more than 25 years use dense taconite bricks to absorb 
electricity during off-peak hours, store it as heat, and distribute 
it throughout a building during on-peak hours. They range  
from suitcase-sized room heaters to large centrally ducted 
forced-air furnaces.

“The difference between the GETS concept and 
existing thermal-storage systems is that 

electricity could be captured and used 24 
hours a day, taking 
advantage of the 
lowest energy-market 
prices at the time 
those prices are 
available,” said Takle.

Continued on back.
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How GETS works
The premise behind the 
new Steffes concept 
involves connecting 
existing electric thermal 
storage (ETS) units at 
end-users’ locations 
with a new cloud-based 
computer server. The 
“cloud” serves as 
central communications 
infrastructure by sending 
information between 
an ETS system and the 
utility. The information 
then populates a computer 
dashboard (pictured above). Theoretically, the system will monitor the amount of 
energy being used and how much is stored at any given time. It also will provide price, 
storage, and usage for the previous 24 hours, as well as boundaries for usage based 
on the previous day. With robust data and communications, a utility could treat all 
GETS systems in a group (based on location and/or other factors) as a single battery 
to store energy, generated at least in part by wind turbines, as heat energy.

GETS studies
Steffes has done most of the research and development on this concept on its own, 
with some input from the Electric Power Research Institute in Palo Alto, California. 
Steffes also has conducted pilot projects with utilities in Iowa, Oregon, Washington, 
and Pennsylvania. In Iowa the units are charging based on the day-ahead wholesale 
electricity price as set by the Midwest Independent Transmission System Operator 
(MISO). The units are programmed to purchase energy at the lowest cost while 
maintaining comfort for the home owner. In Washington and Oregon the units are 
charging based on a signal that varies every five minutes. The signal is based on 
the difference between predicted wind energy and actual wind energy available. In 
Pennsylvania the units are charging based on a regulation signal. This signal varies 
every four seconds and is used to maintain 60 hertz on the electric grid.

System outlook
According to Steffes Corporation, this technology can adjust actual thermal-storage unit 
usage in nearly real time, every four seconds. The ETS units can store energy when 
prices are low, in some instances tying directly to when the wind is blowing.

Tying energy storage to low market prices—and real-time pricing—is not a new 
concept. For example, Otter Tail Power Company’s fixed-time-of-delivery rate delivers 
energy to systems from 10 p.m. to 6 a.m. Energy prices during this off-peak period are 
much lower than during peak energy-use periods during the day. But developing pricing 
mechanisms that react minute by minute and that tie to the output of a wind resource 
is a relatively new idea.

Without question, energy storage has a role to play in managing our electric system. 
And as technologies continue to evolve, we look forward to creating innovative 
solutions—both large and small—for our customers and learning how we all can 
capture renewable energy together.

Resource mix keeps 
costs manageable
Many utilities in our region, 
including Otter Tail Power 
Company, belong to the Midwest 
Independent Transmission 
System Operator (MISO), which 
is a nonprofit member-based 
organization that helps ensure 
reliable, cost-effective electric 
systems and operations. MISO’s 
goal is to provide customers with 
access to the lowest electricity 
costs by:
	 •	Planning	for	access	to	a	 
  changing resources mix that  
  includes increasing levels of  
  wind power.

	 •	Identifying	a	transmission	 
  infrastructure that safeguards  
  local and regional reliability  
  and supports reliability across  
  MISO interconnections.

Communication dashboard—The Grid-interactive Electric Thermal Storage 
(GETS) dashboard will track the amount of energy being used and how 
much is stored at any given time.


