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Design & Analysis of a Ground Source
Heat and Power System

units of heat energy for every unit of
electrical energy required to drive the GSPH

A Ground Source Heat & Power System
(GSHP) aims to harness the thermal energy

stored in the ground to provide heat and
power. In essence, the system relies on the
fact that metres below the earth’s surface the
temperature remains relatively constant
throughout the year (due mainly to either
solar radiation or heating from the earth’s

core).

When extracting heat, a GSHP system
pumps a working fluid through boreholes to
extract heat and hence increase in fluid
temperature. A heat pump is used to extract
the heat from the fluid and to use it as useful
energy. When designed correctly, these
systems have the capability to extract four
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system. Thus GSHP should be an essential
component of a modern low carbon building
heat and power system.

The work programme aimed to develop an
optimised GSHP system design for a new
school development in South London. The
local geological characteristics of the
location and the heating/cooling demand
were used as inputs to the design exercise.

The output was a hydraulic borehole

network design capable of providing heat
and power over a 40 year cycle.

Project Summary

In the UK GSHP systems have the potential to make a significant impact reducing the carbon footprint
of domestic, commercial and public buildings. The current project aimed to develop an optimised
GSHP design for a school development in South London. Local geological characteristics and the
heating/cooling demand of the building were the inputs to the design exercise. A closed-loop
borehole system was specified. The output from the exercise was an optimised hydraulic network
design consisting of 20 boreholes that was capable of meeting transient peak load as well as long-term
= sustainability over a 40 year loading cycle.
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Information on the local geological
formation and rock type are critical inputs
to the design of a GSHP system. A test
borehole was used therefore to obtain a
detailed understanding of the geology of
the site and hence the thermal properties of
the ground. In particular the test bore
indicated a ground temperature of
approximately 13.5°C at a depth of 100m.

The design monthly thermal load of the
system was provided in the form of a base
load energy requirement in conjunction
with a peak load. The loading indicated
that a simultaneous heating/cooling demand
will exist throughout the year.

The geological information and the design
loading were then used to select an
appropriate heat pump for the GSHP
system. The specification of the heat pump
provides the remaining input. parameters
required for the development of an
optimised borehole network or Ground
Source Heat Exchanger (GSHE).

The GSHE has to provide sufficient energy
for the specified base and peak load
requirements as well as minimising the
effect of ground temperature changes due
to heating/cooling load imbalance. Thus
the system must be robust enough to
accommodate a slowly changing ground
temperature.
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Commercially available GSHP software was
used to calculate the required size of the
GSHE and the thermal response of the
ground to the design heat load over a 40
year cycle.

An iterative design process was then used to
develop an optimised hydraulic network
design. The objective of this stage of the
exercise was to ensure that the flow in the
boreholes is uniform, fully turbulent and
with the minimum resistance.

The final output from the programme of
work was the developed borehole network
design and a Bill of Materials to be passed
on to the installation company.
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