
What’s the project idea?
As shown the ARUP Guide to Energy Storage (Figure 1), there are
multiple technologies which can store electrical energy. One of the
most promising for grid-scale storage is Pumped Heat Energy
Storage (PHES).

•The Swan Centre at Newcastle University is currently in the
process of completing the world’s first €18m grid-scale (PHES)
demonstration system.
•This demonstrator is a 150kW/600kWh system which will be
sufficient in size to demonstrate all the critical systems of a full
10MW system.
•A PHES system (Figure 2) is based on the First Ericcson cycle and
uses a heat pump to store electricity in thermal form. The storage
system uses two large containers of gravel, one hot (500oC) and
one cold (-150oC).

The system has a number of distinctive advantages over other
electrical energy storage technologies including:
•Low-cost: The relative costs of PHES are very favourable with
respect to its competitive solutions. Independent analysis estimates
the energy storage cost: 18 – 22 €/kWh and capital cost=550-
800€/kW.
•High-efficiency: A round trip efficiency of 67-72% is expected.
•Small-size: Similar to lead-acid, approx. 1:300 of pumped hydro.
•Response time: Only limited by electrical machine constraints
(ms).
•Flexibility: Storing heat, cold and recovering as electricity.

The world’s first grid-scale demonstration of 
PHES Energy Storage 

Summary
Pumped Heat Energy Storage (PHES) is a low-cost and flexible means to store electrical and thermal energy at grid-scale. Independent analysis 
has shown that PHES is price competitive with the market dominant solution, pumped-hydro technology but has the distinctive advantage that it 
can be deployed anywhere.

Reflecting this, Newcastle University together with the ETI (Energy Technology Institute) is currently in the process of co-funding a €18m 
investment into the world’s first grid-scale demonstration of PHES.

We would like to join a project which will enable for us to continue the development of the world’s first grid-scale PHES demonstrator and has the 
requirement to store either electricity, heat or cold.

More info on the technology can be found here: https://www.youtube.com/watch?v=sIxt6nMf-IQ

Contact Information
For more information about this project please contact Dr Andrew Smallbone, 
andrew.smallbone@ncl.ac.uk.

What do we want to do?
•Operate our grid-scale first-of-a-kind demonstrator for the first time.
•Obtain further technical evidence supporting the technology.
•Improve the technical design of the system, its round-trip efficiency
and robustness.
•Develop the business case and opportunities for applications.
•Understand how our energy storage technology would fit into a
mid-21st century integrated multi-vector energy system.

Figure 2: Summary of Pumped Heat Energy Storage

Figure 1: Energy storage technologies (ARUP)

Figure 3 Overview of Grid scale demonstrator

Figure 4 Photos of the Grid-scale demonstrator

What partners do we need?
•We hope to join a project to provide a novel and highly efficient
energy storage solution (heat, cold or electricity).
•Meet experienced companies, research organisations and individuals
who can enable for us to advance the technology toward deployment.
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