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¸ Teams and Roles:

Å Geology and Geotechnical:  Assess Geology at the locations noted 
and determine geotechnical limitations associated with the various 
sites and primary ability to be an actual host site  (NRRI, UMD Civil 
Eng)

Å Facilities:  Assess the modular and larger scale systems and 
determine rough facility costs for implementing the technology (St. 
Anthony Falls Laboratory)

Å Policy and Economics:  Assess key governmental policies and their 
impact on economical technology implementation  (Humphrey 
Institute)

Å Environmental:  Determine key issues that need to be assessed for 
each site to understand the consequences of implementing the 
technology (UMD Civil Eng)



Ibrahim, H., Ilinca, A., and Perron, J., 2008, Energy storage systems ïcharacteristics and comparisons: Renewable and Sustainable Energy Reviews.
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Source: Schoenung, S. M., and Hassenzahl, W. V., 2003, Long- vs. short-term energy storage technologies analysis: A

life cycle cost study:

A study for the DOE Energy Storage Systems Program: Sandia National Laboratories Report SAND2003-2783, 60 p.



¸ Allow firming of overall 
capacity from renewable 
sources

¸ Significant capacity per 
unit capital cost

¸ Long term facility life
¸ Can follow load 

requirement
¸ Provide a fast acting spin 

reserve
¸ Help regulate system 

voltage requirements

¸ Provide transmission 
systems support and 
buffer possible 
congestion

¸ Employ time of use 
energy cost management

¸ Demand charge 
management

¸ Add soaking capabilities

¸ Provide reliable power 
quality



¸ Known technology
¸ Very high capacity
¸ Predictable capital and operating costs
¸ Easily integrated into the grid management system
¸ Requires significant water resource
¸ Requires power source to move water from lower to 

upper reservoir
¸ Modern variable speed systems now achieve 86% overall 

efficiency

It should be viewed as a facilitation technology for 
renewable energy implementation



http://upload.wikimedia.org/wikipedia/commons/9/9a/Pumpstor_racoon_mtn.jpg]



¸¢ŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƻƴ abΩǎ LǊƻƴ 
Range (MIR) from abandoned mine pits

¸/ƭƻǎŜ ǇǊƻȄƛƳƛǘȅ ǘƻ aƛƴƴŜǎƻǘŀ tƻǿŜǊΩǎ 5/ 
transmission line from North Dakota wind resources

¸ Great River Energy and Minnesota Power have 
ample transmission line capability near the various 
mining sites

¸ Allow potential large scale energy storage using a 
proven technology to aid in adoption of renewable 
energy from wind




