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The problem: Can heat pumps enable electricity network load shifting?

There have been iterative improvements to heat pump technology since James Harrison
patented the highly successful refrigeration circuit design in 1856. Now, peaks in
electrical demand from many users plugging in a variety of technologies at the same

time, including electrical heating, is causing stress on the electricity grid, requiring a step
change in heat pump technology.

The solution




Enabling electricity network load shifting by heat pumps

What are we going to do?

Two heat pump product designs will be developed and commercialised, both combining
electrically-driven heat pumps with heat storing batteries which use phase change
material to store heat. Product 1 is for outdoor use, utilising natural refrigerants that
offer greatly reduced Global Warming Potential (GWP) but require a high level of
venting. Product 2 utilises standard non-flammable non-toxic refrigerant with higher
GWP than naturally occurring alternatives but requiring less ventilation.

The project will optimise the design and assess efficiencies for high volume
manufacture, assembly, installation, maintenance, supply chain and sustainability. The
project will also assess the beneficial impact on the electricity distribution network.

How will this project help towards the
target of installing 600,000 heat pumps per
year by 20287

Why is this an improvement on current solutions?

Targets to increase installation of heat pumps will add significant strain on the electrical
grid during times of peak load. Heat storage offers an opportunity to decouple the time of
heat production from times of peak electricity use. However, previous attempts at
integrating Phase Change Material heat storage with heat pumps have failed to provide
sufficiently high charge efficiency.

The design of the Highly Flexible Storage Heat Pump (HFSHP) aims to overcome
previous problems to allow use of low carbon electricity during times of lower demand to
generate heat. As well as ensuring best value for the end user, this will also reduce the
need for infrastructure development and help meet national carbon reduction
commitments.

What would success look like?

There will be two working prototypes of the HFSHP (for internal and external use). The
proposed increase in efficiency and ability to load shift will be demonstrated.
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Key Findings

* Phase change material is more efficient than

water in storing heat, giving an increased
Coefficient of Performance (COP) for the heat
pump.

The highly flexible storage heat pump unit will
need two different temperature phase change
materials to balance the domestic hot water
and space heating needs.

Phase change materials have specific
properties; we wanted to pick two that have
sufficiently different heat capacities in order for
the two-stage process to work most effectively
but are now investigating how two similar
PCMs could work.
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What progress have we made so far?

We have been working on modelling and simulating the prototype flexible storage
heat pump, using an off-the-shelf existing Kensa heat pump as a reference case for
comparison. Throughout the project we have investigated phase change components
from leading manufacturers PhaseStor and Sunamp.

We started phase change material (PCM) testing at a temperature of 58°C which is
higher than planned. Using this higher temperature material means this heat pump
design could plug and play into an existing heating system. From initial conversations
it seems installers are on board with this higher temperature approach.

Octopus Energy have now invested in Kensa which secures funding for growth and
also brings on board an industry partner who have the potential to offer suitable
flexible tariffs. This could be a major advantage when implementing the project and
gives a louder voice when it comes to discussing the concept of flexible tariffs.

What barriers have we identified, and how has this changed our approach to
delivering our project?

The 50°C phase change material we intended to use was withdrawn from the market
and the only available alternative turned out to be unsuitable.

We continue our research of the two-stage process, preparing for the expected future
availability of 48°C PCMs. The commercial unit providing the benefits of a highly
flexible storage heat pump at the end of this project will utilise two 58°C PCMs.
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