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Summary

Over half the energy used in commercial and public sector buildings in the UK is for heating
and cooling. Heat pumps are a low-carbon technology that can provide both heating and
cooling from a single installation, by using electrical power to pump renewable heat between
the earth or water and the building. To provide cooling, the heat pump simply operates in
reverse.

Geothermal International is one of the leading specialists in design and installation of heat
pump systems in the UK, particularly for large commercial and public sector buildings.

* Provide complete service to clients, including geological and engineering
assessment, design, borehole drilling and pump installation, and maintenance.

* All heat pumps are connected to ground or water loops, no air-source pumps used.

« Innovative Energy Piles allow the ground loop to be integrated into a buildingOs
foundation piles, which simplifies installation and can reduce costs.

* 700 domestic installations and 85 in commercial or public sector buildings.

e 100 MW of heating and cooling capacity installed since 2003, mostly in new
buildings. Growth has been rapid and 80 MW of this capacity was installed in the last
two years.

* About 60% of the capacity is for heating and 40% for cooling, with most large
systems providing both.

* Approximately 3,000 people benefit from the residential systems, and 10-15,000 from
the large-scale systems.

* Coefficient of performance (COP) is about 3.8 for heating only, which gives about
49% lower carbon emissions than a modern gas boiler. If the pump is used for
cooling as well, the emission reduction is about 60%.

* COP is about 4.2 for cooling only, which gives about 40% lower carbon emissions
than a conventional air-conditioner. If the pump is used for heating as well, the
emission reduction is about 57%.

* Estimated 25,000 tonnes/year CO, emissions avoided by systems installed to date.
* Building users like the quiet, unobtrusive technology.

Geothermal International
www.geothermalint.co.uk

slenquiries@geothermalint.co.uk
0247 667 3131
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Context

More than half the energy used in commercial and public sector buildings is to provide
heating and cooling. To reduce energy demand and carbon emissions it is essential that
buildings (both new and existing) are made more efficient, but there is still a need to use
renewable sources of energy as well. A biomass boiler can be used to provide heating, but it
cannot provide cooling, and in some urban locations it is difficult to arrange the delivery and
storage of biomass fuel. An alternative is to use a heat pump, which works like a refrigerator
in reverse, pumping heat from a renewable source outside a building in order to warm the
interior. The external source of heat is usually the ground or a body of water, although air
can also be used. With a well-designed ground- or water-sourced heat pump (GSHP or
WSHP), for every unit of electricity used, over 3.8 units of heat are supplied. A further
advantage in buildings where cooling is required is that the heat pump can operate in
reverse, cooling the building by transferring heat back into the ground or water.

Geothermal International (Gl) is one of the UKOs leadig installers of heat pumps,
specialising in projects for the commercial and public sectors.

Technology and use

A heat pump extracts low temperature heat from a source outside a building, and pumps it to
provide heat at a higher temperature to the inside of the building. The heat taken from the
ground is renewable, because over time the ground is re-warmed by the sun, either directly
or by heat conducted from adjacent earth. However, electricity is needed to run the pump,
and this may come from a renewable or non-renewable source. Using UK grid electricity, a
well-designed GSHP or WSHP can supply lower-carbon heating than using fossil fuels
directly.

A refrigerant is used within the heat pump to transfer the heat. For systems that take the
heat from the ground or water, a mixture of water and antifreeze is used in the energy-
absorbing external loop. The process uses a cycle of evaporation, compression,
condensation and expansion, as shown in the diagram below:

* Evaporation The cold, liquid refrigerant passes through a heat exchanger and absorbs
low grade (low temperature) heat brought in by the ground or water loop from the
external source. The heated refrigerant evaporates.

*» Compression A compressor raises the pressure of the refrigerant vapour, which causes
its temperature to rise. The compressor draws most of the electricity used by a heat
pump system.

* Condensation The hot refrigerant vapour passes through a second heat exchanger, this
time transferring heat to water to be used in heating the building. During this process the
refrigerant condenses to a liquid.

* Expansion The liquid refrigerant passes through an expansion valve, cooling in the
process, and returns to the evaporation heat exchanger to start the cycle again.
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Figure 1: Ground source heat pump (courtesey of Geothermal International).

When the heat pump is required to provide cooling, the cycle is reversed.

The coefficient of performance (COP) of a heat pump system is the number of units of heat
pumped divided by the units of electricity used. In theory and practice the COP decreases as
the temperature difference between the heat source (ground or water) and the heat delivery
(inside of building) increases. Thus heat pumps are most efficient when transferring heat
through small temperature differences.

Ground and water loop technology

Gl uses a range of different methods to extract heat from external sources, sometimes
incorporating more than one method in a large heat pump scheme. Heat can be extracted
from water sources using a closed loop, where a fluid is passed through a heat exchanger
submerged in the water. Alternatively, in open loop systems water is pumped from the
external source through the heat exchanger around the evaporator of the heat pump. The
water source can be a lake, river or underground aquifer. An abstraction licence from the
Environment Agency is required in order to use an open loop.

Ground sources are used more frequently, and always with closed loops. Where there is
sufficient space a system of horizontal trenches is dug, the ground loop laid in, and the
trench refilled. If space is more restricted, then vertical boreholes are drilled to accommodate
the ground loops, often to a depth of 100 m.

In urban areas, an entire plot of land is often occupied by a building, leaving no area to lay a
trench or even drill a borehole. In new urban developments, Gl often uses Energy Piles,
where the ground loop is embedded into the concrete piles used to form the foundation of
the building. The advantage is that the holes for the piles are being drilled anyway, and the
insertion of the ground loop during pouring of the concrete does not significantly disrupt the
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building schedule, so minimising the installation cost. The output of an Energy Pile system is
limited by the number and depth of the piles used in the building, but can usually deliver
about 50% of the buildingOs heating and cooling demands. Energy Piles can also be
supplemented by additional bore holes or water loops, allowing 100% of the heating and
cooling demands to be met. The Energy Piles technique was developed by Gl in partnership
with Cementation Foundations Skanska, and some aspects are patented.

Heat management

When a GSHP is used solely for heating, the earth is treated as a source of heat, which is
extracted by the pump. Locally, the temperature of the earth decreases over the winter, and
recovers gradually during the summer as the sun warms it or adjacent ground. If the heat
pump is also used for air conditioning in the summer, the COP is improved as the earth
starts cool as a result of heat extraction during the winter. Likewise, during the following
winter the COP for heating is improved because the earth starts off warmer, due to the heat
that was dumped by the air conditioning in the summer. Thus the earth is treated as a
reservoir of heat, not just a source, allowing energy production and storage to be managed
over the seasons.

For buildings where there is a combination of open loop water sources and closed loop
ground sources, there is also the option of pumping the water from the underground aquifer
to manage the temperature in the boreholes or energy piles. This reduces their temperature
to improve the efficiency of the air conditioning the following day.

Installation and performance

Gl provides the complete service for installing a heat pump, including geological assessment
of the site, engineering assessment, in-house design, borehole drilling and ground-loop,
heat pump installation, system commissioning and maintenance. In most cases Gl operates
as a sub-contractor for the main building contractor. Ideally Gl is involved from an early
stage in the building design, so that the best possible heat pump system can be provided for
the particular site and building.

Gl installs systems with heating and cooling capacities ranging from 6 kW to 6 MW. Large
systems will include multiple heat pumps and can have many ground or water loops. For
instance, the system at One New Change (a huge mixed retail/office/residential development
currently under construction in London) uses 219 Energy Piles containing 800 individual
ground loops; two open water loops from aquifers; and 13 heat pumps each rated at 130
kW. This provides 1.6 MW of heating and 1.6 MW of cooling capacity. Using multiple heat
pumps gives flexibility for maintenance and repair.

Monitoring carried out by Water Furnace, the USA supplier of the heat pumps, suggests that
the heating COP achieved by a well designed heat-only system is about 3.8. However, if the
system is used for cooling as well (so that the ground is warmer at the beginning of the
heating season) then the heating COP increases to about 4.8. The cooling COP achieved by
a well designed cooling-only system is between 4.0 and 4.4, but this can increase to 5.8 if
the system is used for heating as well. In some systems even higher COP values have been
measured.

How the work is financed
The installed cost for Gl heat pump systems ranges from about £450/kW to £1,200/kW,
depending on the size of the systems, the local geology and the complexity of the site. This

initial cost is higher than for biomass heating systems (around £250/kW) but running and
maintenance costs are lower.
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Gl is currently trying an Energy Service Company (ESCo) model, to make it easier for clients
to afford the initial cost of a heat pump system. There are two models that have been
developed. The first involves the ESCo funding all the capital costs of the GSHP system,
and in the second the client purchases the heat pump, but rents the use of the ground loop,
which is owned by GI. This transfers all or part of the capital cost to a running cost, which
may be more suitable for the financial structure of the client. GI currently has two projects
that have been signed off with this funding in place.

Limited grants are available for ground source heat pumps at commercial installations from
the Low Carbon Buildings Programme (LCBP), covering the first 45 kW of installed capacity.
However, these grants are not available for systems that can provide cooling as well as
heating, even if the design of a building is such that air conditioning is essential at certain
times of year. Another alternative that is available to profitable businesses that install heat
pumps to provide heating and cooling is to use the Enhanced Capital Allowance from
HMRC, through which the business can use a portion of the cost of the heat pump (but not
ground works) to reduce their tax bill. In the residential sector a LCBP of up to £1,200 is
available, but this is often only 10-15% of the system cost.

Training, support and quality control

To ensure quality, Gl only takes on whole projects including both the ground loop and the
heat pump, having found that using two different contractors for the work introduces
opportunities for mistakes. A sub-contractor is sometimes used for drilling boreholes, but
only under GI supervision. Gl has recently purchased drilling equipment and will now drill
more boreholes directly. Owning the drilling equipment also allows test boreholes to be
drilled at short notice for prospective customers.

Geothermal International has either a five or 10-year maintenance contracts for all its heat
pumps, and has recently set up a specialist maintenance and service division to handle the
work. Gl will warrant the output of the ground loop. All training in installation and
maintenance is carried out in-house, as there are few external training courses available.

Benefits

Since 2003, Gl has installed 700 domestic heat pump systems, and 85 in commercial or
public sector buildings. The main market is in new buildings, with only about 20% of heat
pumps retrofitted. About 3,000 people benefit from the residential systems, and 10-15,000
from the large-scale systems.

The total installed capacity is over 100 MW, of which about 60% is for heating and 40%
cooling. Over time, the Gl market has moved to increasingly large systems, most of which
combine heating and cooling. Over 80 MW of the total capacity was installed during the past
year, mostly in 40 large projects. The largest system installed to date is at Kings Mill hospital
in Mansfield, where a nearby lake is used as the heat source for a closed loop system,
providing 5.0 MW of heating and 5.4 MW of cooling.

Environmental benefits
Gl does not own installations once completed, so monitoring is limited, and greenhouse gas
savings therefore have to be estimated.

The conventional method of heating a large building is using natural gas. With a modern,
high-efficiency boiler, the carbon emission is about 0.22 kg CO; per delivered kWh of heat
(from 0.19 kg CO, per kWh at 85% efficiency). Providing heat using a heat pump with a COP
of 3.8, powered by UK grid electricity (0.43 kg CO, per kWh), gives emissions of about 0.11
kg CO, per delivered kWh, a reduction of 49%. If the pump is used for cooling as well, so
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that the COP increases to 4.8, then the reduction in emissions during the heating season is
even greater, about 60%.

The conventional method of cooling is using an air-conditioner with an average COP of
typically 2.5. This gives a carbon emission of about 0.17 kg CO, per removed kWh of heat. A
cooling-only heat pump with a COP of 4.2 reduces this by 40%. If the pump is used for
heating as well, achieving a COP of 5.8, then the reduction during the cooling season is
about 57%.

The 100 MW heat pump capacity already installed by Geothermal International is avoiding
the emission of an estimated 25,000 tonnes/year CO,. The estimate depends on the building
profile, how it is used and how much of the peak load is handled by the heat pump. The
technology is quiet and produces no gaseous emissions at the point of use. Both these
benefits are particularly valuable in urban areas.

Direct benefits to users

Heat pumps provide a number of benefits to building owners. They give a straightforward
way to supply a percentage of a buildingOs energy from a renewable sourceD a requirement
to gain planning permission in many cases Heat pumps are more compact than conventional
boilers, and do not require intrusive, roof-mounted heat exchangers like conventional air-
conditioning units. As most of the commercial buildings are new, many clients have also
benefitted from the use of Energy Piles, which reduce installation costs and do not delay
construction of the building. Gl has recently started working in social housing, where having
a reliable and regulated source of heat is particularly important for the tenants.

Economic and employment benefits

Geothermal International currently employs 80 people and is growing fast, having taken on
20 people in the last year. It also operates a network of accredited installers for domestic
customers, currently with twelve members and also growing. The installations have lower
operating and maintenance costs than conventional boilers and air-conditioners.

Potential for growth and replication

Gl has expanded rapidly in the past year, especially in large heat pump installations.
Although the current economic downturn has reduced the demand for new commercial
buildings, Gl still have opportunities for both new and retrofitted systems, in public sector
buildings and social housing. Gl is also developing its international business with joint
venture partnerships in eight European countries, most notably Spain and Italy. The need to
reduce carbon emissions has led to a large increase in the use of biomass boilers over the
past few years. Once the limits of sustainable supply of biomass fuel in the UK are reached,
heat pumps are currently the only other practical renewable heat source, so their future is
promising. The use of ESCo contracts may bring customers to Gl who could not handle the
up-front financial costs.

Management, finance and partnerships

The business was started by Brian Davidson in 2000. New investment by a number of
private shareholders in 2006 led to the formation of the present business, Geothermal
International Ltd. The energy supply company Scottish and Southern Energy (SSE) took a
20% stake in the business in 2008. SSE has a particular interest in volume residential and
commercial installations of heat pumps, and setting up ESCOs to supply heat and cooling.
GIOs turnover has increased from £6m two years ago t€14m in 2008-09.

The key partner for heat pump hardware is Water Furnace, a US-based company that
produces the heat pumps used by GI. Gl has exclusive rights to market these pumps in
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Europe, although sometimes uses other makes of heat pump for particular sites. For the
Energy Piles technology, the key partner is Skanska Cementation Foundations, with whom
Geothermal International works on many projects.

Geothermal International
Spencer Court

143 Albany Road
Coventry
CV5 6ND

www.geothermalint.co.uk
slenquiries@geothermalint.co.uk
0247 667 3131

This report is based on information provided to the Ashden Awards judges by Geothermal International, and findings from a
visit by one of the judging team to see their work.

Dr Mike Pepler, Technical Manager, Ashden Awards
Dr Anne Wheldon, Technical Director, Ashden Awards
May 2009

The Ashden Awards have taken all reasonable care to ensure that the information contained in this report is full and accurate.
However, no warranty or representation is given by The Ashden Awards that the information contained in this report is free from
errors or inaccuracies. To the extent permitted by applicable laws, The Ashden Awards accept no liability for any direct, indirect
or consequential damages however caused resulting from reliance on the information contained in this report.
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