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Course aims and objectives
Introduction
The course material is designed to meet the requirements of the National Occupational Standards, 
Microgeneration Installation Standard MIS 3005v4.0 and manufacturers’ requirements for the installation to wet 
central heating systems of ground, air and exhaust air heat pumps currently available in the UK having a design 
output that does not exceed 45kW thermal, or where multiple heat pumps are installed, the heat load for any 
given area does not exceed 70kW thermal.

The installation of these domestic heat pumps is work that can be carried out by competent plumbing operatives 
and heating engineers, and the aim of the training course is to ensure individuals have the knowledge and 
required skills to carry out this work.

This training material will serve both as a means of learning, as well as a tool of reference for future use.

Training course objectives
The objectives of this training course are to enable delegates to:

• Install any of the common types of domestic heat pumps in the UK which are connected to a collector 
system and a “wet” heating system in a safe and workmanlike manner.

• To be competent to review and verify that the HP system would meet the design requirements.

This course does not cover the design and installation of underfloor heating which is covered in a separate training 
course. It does cover connection to radiators with a guide on how to size radiators for a heat pump system.

This course covers the detailed design of a ground heat exchanger using industry approved tools, techniques 
and guidance. There are limits to the design capabilities of the information from this course and it is advised to 
seek professional assistance when designing systems greater than 30kW.

This course does not cover systems which can also provide cooling.

This course does not cover drilling or ground works in any detail, nor the use of heavy plant or the handling of 
refrigerants as these topics are covered by other industries.

How to use this training manual
BPEC recommends that you use this training manual as a pre-course study pack to prepare you for training and 
assessment at a BPEC approved training and assessment centre.

The training manual allows you to study the material in your own time, at your own pace, to reduce the time spent 
on the training course to a minimum. It is important that you study the content of the manual prior to attending 
the course to ensure that you are properly prepared and can take part in discussions during the course.

Most modules contain self assessment questions, which enable you to check your progress as you work your 
way through the manual. You are strongly encouraged to attempt each question and you should only progress 
from one module to the next once you feel comfortable with its content. Please make note of any areas where 
you feel uncertain, so these can be raised with the tutor during the training/assessment course.

Course training and assessment
The training and assessment will run over four days, and will include both theoretical training as well as 
practical exercises.
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Heat pumps in context

Module objectives
The aim of this module is to provide a brief overview describing what a HP system is, its main advantages and 
limitations compared to a conventional heating system and the current market situation.

On completion of this module you should be able to:

• understand how the ground and air can act as a source of renewable energy

• name the main elements in a HP system

• explain the advantages of the various collector types and emitter types with a HP

• identify appropriate applications for the various HP systems

REMEMBER – Module 9 contains a Heat Pump Glossary, so if you are unsure of the terms used in this or any of 
the other modules, please refer to it.

If after reading this module and completing the self assessment questions you are unsure about items of the 
module content, just make a note of the topic and discuss it with your trainer when you attend the course.

Introduction
A heat pump (HP) system takes low temperature energy 
from its collector system and upgrades it to a higher, more 
useful temperature. It can provide an energy efficient, low 
carbon form of space heating because typically for every 
kWh of electrical energy used to operate the heat pump 
the resulting useful heat output is three to four kWh. The 
cost of energy provided by a HP can be less than the cost 
of heat provided by a gas boiler, even though the cost of 
electricity is higher than the cost of gas.

The heat in the collector originates mainly from solar 
energy, which is absorbed at the earth’s surface and then 
stored or it is present in the air. The ground acts like a 
battery; it is charged up with solar energy particularly 
during the summer and this heat can be used by the GSHP. 
The air works in a similar manner but is capable of higher 
temperature swings, both maximum and minimum. Providing no more heat is extracted from the ground than 
can be replenished the ground can provide a sustainable source of renewable energy. Providing that the 
outdoor temperature is above the minimum threshold of the ASHP the ASHP will continue to provide a 
sustainable source of energy.

Figure 1 Principle of heat pump
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Heat Pump Types
Heat Pump systems are available in an array of types and combinations that can suit almost any application.

For heating purposes, they can be divided into basic types, determined by the source and the destination of the 
heat and the medium that the heat pump uses to either absorb or utilise the heat in each of these locations.

At either of the heat exchangers the heat transfer media can be either liquid (water, or often a glycol mixture) or 
Air; sometimes it is a combination of the two. In describing the type of heat pump, generally the heat source is 
provided first, followed by the destination or sink.

Ground Source Packaged – Indoor
An indoor packaged GSHP is a heat pump unit that is installed internally within the building; this heat pump uses 
the ground as its heat source. The ground source can either be direct through the use of a refrigerant circuit or 
indirect through the use of a closed loop brine circuit. The heat to the destination is always provided indirectly.

Figure 2 Vaillant geoTHERM GSHP

Ground Source Packaged – Outdoor
An outdoor packaged GSHP is a heat pump unit that is installed externally to the building; this heat pump uses 
the ground as its heat source. The ground source can either be direct through the use of a refrigerant circuit or 
indirect through the use of a closed loop brine circuit. The heat to the destination is always provided indirectly.
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Air Source External Air Packaged – Indoor

An indoor packaged ASHP is a heat pump unit that is installed internally within the building; this heat pump 
uses the air as its heat source. The air source will be direct through the use of a refrigerant circuit. Air will be 
drawn across the evaporator by the use of a fan which is located internally; this means that a large air inlet and 
outlet must penetrate the building fabric to allow the air flow to the internal unit. The heat to the destination is 
always provided indirectly.

Figure 3 Dimplex LI-11-ME

Air Source External Air Packaged – Outdoor

An outdoor packaged ASHP is a heat pump unit that is installed externally of the building; this heat pump uses 
the air as its heat source. The air source will be direct through the use of a refrigerant circuit. Air will be drawn 
across the evaporator by the use of a fan through one elevation of the unit. The air will be driven either out of 
another elevation or the top of the unit. The heat to the destination is always provided indirectly.

Figure 4 Mitsubishi Ecodan
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Air Source External Air – Brine connecting the indoor heat pump and outdoor fan coil

Some ASHPs have an outdoor fan coil unit and an indoor heat pump unit with a brine connection between the 
units. The outdoor fan coil unit captures the energy from the air and delivers it via the brine circuit to the internal 
heat pump. The heat to the destination is always provided indirectly.

Table 1 shows possible sources of ambient energy and their typical temperatures. Each energy source has its 
own distinct advantages:

• The ground is a good source of energy because the average temperature in winter is relatively high and stable.

• The outdoor air is a good source of energy as high input temperatures can be used during the summer, 
spring and autumn periods.

• The indoor air is a good source of energy as it is always present at these high temperatures.

Overall efficiencies for all types of heat pumps will vary based on the outdoor temperature. It can be argued that 
the GSHP is more stable, whereas the ASHP gives the better results during summer and the EAHP works better 
for low energy demand properties.

Heat source Average heating season 
temperature

Heating season 
temperature range Availability

Indoor air 20°C Relatively constant Widely available

Outside air 6°C -10°C to 15°C Widely available

Ground at 1m depth 8°C 6°C to 13°C Widely available

Ground at >10m depth 12°C (typical) Relatively constant Widely available

Ground water 12°C (typical) Relatively constant Limited 

Surface water Depends on source 0°C to 12°C Limited

Table 1 Characteristics of different ambient heat sources

Heat from the ground – GSHP
The heat from the ground can be collected in different ways. The most common is a closed-loop, indirect 
system where a sealed loop of pipe is buried either horizontally in a shallow trench or vertically in a borehole. 
A water/antifreeze solution is circulated in the loop and energy is transferred from the ground to the heat pump 
refrigerant via a heat exchanger. The temperature of the water/antifreeze solution entering the heat exchanger 
will be lower than ground temperature, typically between 12°C and 0°C.

Other possibilities include circulating the heat pump refrigerant directly through the ground heat exchanger in 
a direct expansion (DX) system which can be more efficient but requires installers to be qualified to handle 
refrigerants or using an open loop circulation system where ground water is extracted, passed through a heat 
exchanger and returned to the ground or discharged. Direct systems can have high efficiencies but are dependent 
on a suitable source of ground water and are subject to increasingly stringent environmental control.

Open loop systems take the form of either drawing water from a lake, a river or through boreholes.
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