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BACKGROUND

The concept of the Closed Loop Pumped Storage
Scheme (CLPSS) is not new (Figure 1). Over 30 years ago
it was put forward in a paper to the then Scottish
Development Department. At the time it was recognised
that Scotland had the renewable energy resources, the
appropriate geology, and sheltered deep water which
would enable Closed Loop Pumped Storage Schemes to
become a reality. However, the prevailing political will,
then and subsequently, was to rely on the use of existing
nuclear and coal electricity generating capacity and the
development of North Sea oil and gas. The reality now is
that energy security and climate change concerns now
top the political agenda. The rundown of North Sea oil
and gas, ageing nuclear reactors, and concerns over
carbon emissions mean that all political parties are
seeking the development of renewable energy resources.

WHAT IS A CLOSED LOOP PUMPED STORAGE

SCHEME?

A Closed Loop Pumped Storage Scheme comprises
two or more specially constructed underground rock
caverns at differing heights, which are connected by
pipes inside tunnels to a machine hall containing
reversible water turbines. Pumped storage schemes use
mature technology to change electrical energy into
potential energy when required and vice-versa. Closed
loop refers to the self-contained nature of the CLPSS,
in which the aim is to minimise the environmental
impact of storing water at differing heights. The CLPSS
differs from a classical pump storage scheme, which has
upper and lower water reservoirs that are exposed to the
elements.

ABSTRACT

At a time when energy security is increasing in political importance combined with the need to increase energy
availability from intermittent renewable energy sources, this paper proposes an elegant solution for providing
economic large scale renewable energy storage - the Closed Loop Pumped Storage Scheme (CLPSS). The concept
requires that rock caverns be specially constructed to provide the storage capacity to hold water at different levels.
These rock caverns can then be utilised to store energy (as potential energy) by using reversible water turbines.
The concept uses mature technology. It is becoming more economically feasible as technological advances reduce
the cost of rock cavern construction. It is the authors’ belief that the use of caverns for renewable energy storage and
the aggregate by-product both accord with the Scottish Executive’s and UK Government’s policies for renewable
energy and mineral planning.
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WHY DEVELOP THE CLPSS CONCEPT IN SCOTLAND?

• Scotland has a proud history of developing its
hydroelectricity technology.

• The CLPSS concept has been invented in
Scotland.

• The renewable energy potential of Scotland is
world class.

• The geology of Scotland is eminently suitable.

• Sheltered deep water is available in Scotland.

• Much of the technology and skill required to
translate the concept into a reality already exist in
Scotland.

• Scotland’s economy would benefit from increased
energy security and Scotland could become a
world leader in CLPSS technology for export.

Scotland has long been recognised as having
world-class resources for renewable energy. The focus
has so far been on intermittent renewable energy sources
primarily onshore wind. The Achilles Heel of intermittent
renewable energy sources is their inability to match
available supply with demand. National dispersion of
differing intermittent sources helps to overcome local
variations in wind, but onshore and offshore wind or
wave generators, and to a degree, tidal generators, would
all be more efficient by having the ability to store energy
until required by demand. Large-scale energy storage
allows intermittent energy resources to match the
demand curve better. This allows greater contribution to
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the energy mix, and a reduced need for conventional
backup energy generation. This should allow intermittent
renewable energy sources to become more competitive
in relation to other non-renewable energy generation.

GRID CONNECTED OR NON-GRID CONNECTED?

A grid connection would allow the CLPSS to store elec-
trical energy from the grid i.e. from non-local sources. A
grid connected CLPSS would act like a battery to store
and release energy to and from the grid. This would
allow the scheme to act as a grid balancing mechanism.

A non-grid connected CLPSS would have the ability to
store energy from local sources, but would have to
change the energy into a transportable vector to access
energy markets e.g. hydrogen. It is thought that with the
correct geology and access to a sheltered deep-water port
hydrogen could be produced and stored in similar cav-
erns then transported to markets for consumption. This
would make the local communities involved into energy
exporters without the requirement to build new electrical
power lines.

WHAT ARE THE ADVANTAGES TO THE LOCAL

COMMUNITY FOR HOSTING A CLPSS?

A legal agreement should be in place with the local
community before any planning permission is submitted.
This legal agreement would also have to be approved by
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the Land Court. The agreement should include financial
payments, community shareholdings, access to port facil-
ities and low cost energy supplies.

A sheltered deep-water port would be required to
transport the aggregate by-products of construction to
markets economically. The port should allow peripheral
communities the chance to develop their other local nat-
ural resources due to better transport links to markets.
The CLPSS is a long-term facility and economic benefits
to the local community would also be long term.

THE ADVANTAGES TO SCOTLAND FOR DEVELOPING

THE CLPSS CONCEPT?

These are as follows:-

• Improved efficiency of intermittent renewable
energy sources, which should reduce the backup
generation requirement. This would be a positive
step to help the Scottish Executive meet its
challenging targets regarding climate change, and
in addition:

• Greater energy security.

• The provision of long-term benefit for peripheral
communities.

• Development of sheltered deep water ports in
peripheral areas, to allow better transport links to
markets.

Figure 1. The closed loop pumped storage scheme concept (CLPSS). © Cavernpower Ltd 2007.
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• The potential to become the world leader in the
technology and implementation of Closed Loop
Pumped Storage Schemes around the world.

• Greater use of natural resources to reduce
dependency on imports and increase exports.

• Provide a stepping-stone towards a future
hydrogen economy.

UNDERGROUND QUARRYING

A confidential discussion paper prepared for the
Scottish Development Department in November 1974
by the lead author, and subsequently submitted to
the Scottish Development Agency in 1976, considered the
practical matters in developing large underground
caverns. The paper was an extension of a previous report
on large coastal quarries, which postulated that the future
aggregate needs of the UK and Northern Europe could
be met in part by the opening of large coastal quarries
located in the Scottish granite masses.

One of the major obstacles to quarrying many of the
coastal granites is that they are located in areas of high
environmental value, and the detrimental ecological
effect of superquarries would be too objectionable.
The question of underground quarrying for stone was
examined and rejected at that time because the additional
cost over surface quarrying was too great.

The purpose of the paper was to focus attention on
the fact that because of the requirements of underground
storage, a synergy of two separate fields has altered the
economics of producing either stone or storage space. It
is postulated is that the cost of providing underground
storage compared with surface storage is in many cases
already more economic and is even more viable if the
rock by-product has a commercial value. Conversely, the
cost of producing materials by underground quarrying is
cheaper than surface quarrying, provided that the cavern
created has a value. However, not all caverns produced
and not all rock produced have a commercial value.
Location and quality of both are critical to the synergy.

Potential uses for underground storage are storage of
oil and other liquids, storage of liquified natural gas and
liquified petroleum gas; assisting the move towards air
separation/liquefaction and the developing technology
of cryogenic storage; and creating the ability to store
electricity by providing pumped storage schemes using
underground caverns at differing levels.

One use of the quarried material is as a source of
hydraulic/sink stone (e.g. armour stone) for the building
of retaining structures of sea defence works. This is vital
in the economics of constructing new harbours and
man-made islands where up to 80% of the cost is in
constructing sea defence walls. Another use is as a source
of high quality aggregates, which can be extracted
with minimal detriment to both the immediate and
surrounding environments. The potential impact on the
Scottish economy could be very significant.

CONCLUSIONS

It is believed that Scotland has the ability to pioneer
the use of Closed Loop Pumped Storage Schemes.

The natural resources and technological expertise are
available within Scotland.

However, the development of the concept will only
happen with support at a political level. In the short term,
further research and development funding is required to
progress the concept.


