PROVEN TECHNOLOGY
According to the International
Hydropower Association, pumped
storage accounts for over 94%
(9,000 gigawatt hours) of installed
global energy storage capacity, and
retains several advantages, such as
lifetime cost, levels of sustainability
and scale.

Pumped storage is available at
almost any scale. The largest operat-
ing pumped storage plant is just
over 3,000MW and the smallest
plant is less than 1IMW. Storage



A WIN-WIN

The main attraction for developing a
pumped storage scheme at an
open-cast mine site is the utilisation
of the existing infrastructure.
Underground tunnels and caverns
can be used for the storage,
although these are not as common
as open-cast sites. Positioning an
upper storage pond on the
surrounding elevated positions at an
existing mine site can help to
develop a differential head with the
main pit. Using the main pit as the
lower storage reservoir eliminates
the need to construct a dam to form
the lower storage. The greater the
difference in elevation profile and
net hydraulic head, the less water is
required to generate the same
energy output.

As a result of previous mining
operations, mine sites have a
good chance of already being
understood geologically and geo-
technically. Additionally, the lithol-
ogy, structural and hydrogeological
aspects of mine sites are typically
documented as well, which can
expedite studies.

The transformation of a mine site
to a pumped storage facility may
also present an opportunity to
restore the land to a safe, stable and
self-sustaining condition with due
consideration to the surrounding
environment and communities.

Mine sites often have in place
suitable access, an electricity
transmission grid connection and
other site services, offering
significant cost and permitting
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benefits. Although development
costs will be required to establish
the upper and lower storage
reservoirs, the offset rehabilitation
costs could be substantial, and an
ongoing beneficial asset is
created. The development of a
pumped storage scheme could
become a central feature of the
mine closure plan.

Leveraging synergies
between mine operations and
the development of the
potential pumped storage
facility can help reduce capital
costs and minimise the lapse
between completion of mining
activities and the
commissioning of the plant.

Using the mine fleet to cut
back the pit slopes as they
develop to a profile that

meets the long-term civil
engineering design
parameters will likely cut costs
compared to revisiting and
stabilising the steep mine cut
slopes at the end of mine
operations.

The costs of additional work done
by the mine fleet should be taken
into consideration when evaluating
pumped storage economics. For
example, utilising the mine fleet to
place waste rock material in loca-
tions favourable to the construction
of the pumped storage structures,
such as an upper reservoir embank-
ment, could offer cost savings.

Integrating mine planning with
hydropower planning for a pumped
storage scheme will help address

some of these issues but
could become complex.
A clear understanding

of both aspects is
necessary to

ensure a success-

ful project. The criti-

cal path for hydro-
power projects

typically passes

through civil construction of the
powerhouse, installation and com-
missioning of the electromechanical
plant and equipment. If the earliest
commissioning date possible is the
target for an active mine site and

it is possible to commence civil
construction prior to completion of
mining activities, it is possible that
the critical path may shift to com-
pletion of the mining activities, con-
struction of the lower reservoir
intake structure and completion of
the tailrace conduit.
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pared to a mine site with two pits
with suitable elevation differential.
All of the 10 criteria should be given
additional attention as budget
permits.

AN OPPORTUNITY

The efficient use of energy resources
is a significant societal demand.
While the benefits of this energy
are recognised, achieving these
aims within an integrated electricity
grid poses a number of technical
challenges. These challenges are
often mitigated by grid operators
through systems planning, and
management via pumped stor -
age hydro.

Other forms of energy storage,
such as lithium batteries, lack the
reliability that grid operators
depend on. Mine sites come with
preceding site data and offer ideal
infrastructure for the development
of pumped storage projects post

IDEAL PUMPED STORAGE SlTdwen site, but in general all of them  closure.

The below table lists 10 basic
criteria that can be used by mine
operators to identify potential sites
and to rank one site versus another.
Some of these may not apply to a

should be considered. For example,
topography would apply to a mine
site where only one pit exists; the
other reservoirs must be created
but would not be as critical com-

Landowners are beginning to
give these sites considerable inter -
est as they may be able to extract
additional revenue from their
investment.

Characteristic

Length to head ratios

Topography

Geology

Power capacity

Energy storage potential

Construction

Water availability

Preferred Situation

Length to head — the smaller the better; less
than 10 preferred.

Gross head — the larger the better.
Ideal 200m to 600m (minimum 100m,
maximum 700m).

Varied topography.

Sound, unfractured, consistent, limited faulting.

Maximum megawatts.

MWh, increases revenue potential and opera-
tional flexibility. Typical minimum hours of stor -
age is four hours, average is 6-8 hours, but can
be 24 hours or more.

Powerhouse can be in a shaft or in a cavern.
Water transfer pipe can be a tunnel or surface
buried line.

Plentiful, available, and nearby. First fill impor -
tant, and annual top up for evaporation.

Rationale

Total waterway length from upper to lower res-

ervoir intake, divided by gross head (average
upper reservoir water elevation minus average
lower reservoir water elevation). Minimises
costs and project footprint.

Allows for reservoir construction with minimal

excavation or embankments.

Limits reservoir leakage and foundation prepa-
ration requirements; provides suitable local
construction materials.

Increases revenue potential. Pump loads are
greater than generation.

Product of plant capacity in MW and the hours
of available storage (MWh); or potential energy
associated with the upper body of water in
relation to the lower storage space.

Below 100MW often can have a shaft power -
house. Larger schemes require a cavern.

Reduces costs and risk exposure for first filling




