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We bound our search with critiriea 
that make for good PHS: near the 
coast (<20km), not too high 
(<1500m), and not too low (>100m). 
We aggregate the results and 
produce a .kml file with pertinent 
data for use in Google Earth. 
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ABSTRACT: Large-scale electrical energy storage could accommodate 
variable, weather dependent energy resources such as wind and solar. 
Pumped hydroelectric energy storage (PHS) and compressed energy 
storage area (CAES) have life cycle energy and financial costs that are an 
order of magnitude lower than conventional electrochemical storage 
technologies. However PHS and CAES storage technologies require 
specific geologic conditions. Conventional PHS requires an upper and 
lower reservoir separated by at least 100 m of head, but no more than 10 
km in horizontal distance. Conventional PHS also impacts fresh water 
supplies, riparian ecosystems, and hydrologic environments. A PHS facility 
that uses the ocean as the lower reservoir benefits from a smaller footprint, 
minimal freshwater impact, and the potential to be located near off shore 
wind resources and population centers. Although technologically nascent, 
today one coastal PHS facility exists. The storage potential for coastal PHS 
is unknown. Can coastal PHS play a significant role in augmenting future 
power grids with a high faction of renewable energy supply? In this study 
we employ GIS-based topographic analysis to quantify the coastal PHS 
potential of several geographic locations, including California, Chile and 
Peru. We developed automated techniques that seek local topographic 
minima in 90 m spatial resolution shuttle radar topography mission (SRTM) 
digital elevation models (DEM) that satisfy the following criteria conducive 
to PHS: within 10 km from the sea; minimum elevation 150 m; maximum 
elevation 1000 m. Preliminary results suggest the global potential for 
coastal PHS could be very significant. For example, in northern Chile we 
have identified over 3500 locations that satisfy the above criteria. 52 of 
these locations could store over 10 million cubic meters of water or several 
GWh of energy. We plan to report a global database of candidate coastal 
PHS locations and to estimate their energy storage capacity.

We employ ArcGIS and GRASS GIS to locate local topographic depressions in digital elevation models (DEM) obtained 
from NASA shuttle radar topography mission (SRTM) data. We then process the found depressions with a python script 
that records depression latitude, longitude, elevation, areal extent, and potential energy storage capacity.

Pumped Hydro Storage (PHS) Methods: Using GIS to identify topographic depressions in coastal locations

Key Result: 
Detailed Results for Chile and Peru: Depression location, elevation and energy storage potential 

This work was conducted by Stanford University's Global Climate and Energy Project (GCEP). We greatly appreciate the support GCEP's sponsors provided (http://gcep.stanford.edu). We are also thankful for fruitful discussions with Drew DeWalt of Valhalla Energy, Santiago, Chile.

There is tremendous technical potential for 
coastal PHS in Chile and Peru.
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electical energy stored on invested Over 99% of storage on the grid is 
PHS. This is not surprising 
because PHS combines high 
energetic performance (figure A) 
with low financial costs (figure B). It 
is however, geographically limited. 
Coastal PHS, which uses the 
ocean as the lower reservoir, may 
open vast new storage potential.
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By subtracting A from B (C=B-A) a digital 
elevation model is generated that con-
tains the location and volume of the all 
depressions that !t the selection criteria. 
This data is than processed to estimate 
total storage potential for a region
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Future Work: We plan to continue to perform this analysis at 
coastal locations worldwide. Once an abundance of potential 
sites have been established for a region, focus needs to shift to 
secondary concerns that will determine project viability. We 
plan to further employ GIS analyses to quantify economically 
sensitive parameters like distance from cities, load centers, 
generation resources, and the ocean. Environmentally sensitive 
parameters are important too. We plan to filter out potential 
sites that reside in national parks, biological preserves and 
geologically hazardous locations like fault lines and arroyos.  

Panels A and D show head vs volume and contour lines of 
potential energy storage for depressions located in coastal 
Chile (A) and Peru (D). Panel B is a zoom of the Atacama in 
Northern Chile with an overlay of filled depressions. Panel 
C shows the dramatic coastal cliff of the Atacama.
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Chile head (m) PE (GWh)

848 2450
830 1910
865 1710
313 1260
744 1258

Peru 1251 391
1126 267
569 246
1251 239
382 229

Depressions with greatest storage potential
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