Air-Source Heat Pumps Energy from Thin Air

It's only recently that alternatives to conventional space heating have become
more useful in light of rising fuel prices, environmental concerns and energy
security. Our transition to a low carbon society is underpinned by the development

and implementation of alternative technologies.

The potential low/zero carbon technologies for providing space heating include
solar water heating, heat pumps, biomass and CHP. Each has a suitable

application where others do not and finding this is the key to success.

Heat pumps have been in our homes for decades, working in our refrigerators to
keep our food chilled and frozen. The technology has been around since the 19"
Century and found its most common use in refrigerators and air conditioning units.
Air-source heat pumps are simply air conditioning units working in reverse to heat

the room instead of cool it.

Whilst other technologies work from renewable energy sources, the air-source
heat pump is powered by grid electricity. Its margin for success is narrower than
other technologies which means its applications must be selected carefully. It has
the potential to reduce CO, emissions under certain conditions, but “should not be

seen as a guaranteed low-carbon technology for all scenarios. 5"
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Technology

The heat pump device moves heat around from a source (input) to a sink (output). In
the case of an air-source heat pump, the source is the air outside the building and the

sink is inside the building. By moving heat, or thermal energy, from one place to another,

the device must do work which uses electricity.

It may be odd to think that heat can be extracted from the air outdoors even when it's as

low as -15<C! But air still contains some thermal e nergy right down to -273TC, and it's

possible to mine this energy and move it to the sink.

If your desired room temperature is 18C and the outside temperature is 8C, the
temperature differential, or lift, is 10C. The lift is related to how hard the heat pump

needs to work, i.e. a larger lift means more work, more electricity and so a lower

Coefficient of Performance
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The Coefficient of Performance, CoP, can be thought of as the device efficiency —

_ Heat Output
Work Input

CoP

Air-Source Heat Pump 18T
,  Temperature
Lift \ to sink
8C oo '
Outside air
temperature
Ground-Source Heat Pump
18T
Temperature
12C — e to sink
Ground
temperature

A lower lift means less energy input for the same
output, and so a higher efficiency

For a heat pump supplying 3kW of heat and consuming 1kW of electricity, the coefficient
of performance is 3. A typical good range for heat pumps is between 3 and 4, or an

efficiency of between 300 and 400%.

Refrigerators in our homes are the most common use for heat pumps. The pump
extracts the heat from inside the box and dumps it out the back. Whenever you open the
door the temperature starts to rise to room level and you hear the compressor turn on to
compensate. This is exactly how an air source heat pump works, only in reverse. The
room you want heated is equivalent to the back of the fridge, and the outdoors is

equivalent to the cooler inside of the fridge.

Nottingham Energy Partnership © 2008 3



Heat Pump Cycle
The liquid refrigerant is a fundamental part of the heat pump as it runs around and
around within the system, absorbing and releasing energy.

A liquids’ boiling point is directly related to its pressure. By raising the pressure you
raise its boiling point, and vice versa. This means you can force a gas to condense if
you pressurise it enough.

When a liquid boils it changes state to a gas and in doing so it absorbs a lot of energy
without a significant change in temperature. When it changes back to a liquid it
releases all of this energy again. A refrigerant has a very high capacity for storing
heat, meaning it can carry a lot of energy within itself. This makes it ideal for moving
heat around.

By compressing and de-compressing the refrigerant you allow it to absorb and
release energy. By doing this in different places you can effectively move heat.

For a greater lift, you need to compress the refrigerant harder to absorb more heat
from outside. This needs more electricity and reduces the CoP.

The four key components of the heat pump are:
The evaporator coil which absorbs heat from outside (a fan sucks air in and
blows it across the coil)
The compressor pressurises the refrigerant and keeps it flowing around
The heat exchanger , or condenser, releases the heat inside the room

The expansion valve depressurises the refrigerant.

Thermodynamic cycle of the heat pump.
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Average Monthly UK Air Temperature g

The variation of air temperature is quite large, ranging from an average monthly low of
1T in January to an average high of 20T in July. This means there is a wide range of

lifts and the CoP changes throughout the year.

System Types

The heat pump can work with any combination of water, ground or air as source or sink.
There are also options as to whether it is the primary or secondary means of heating,
and whether the heat pump can work in reverse (like a refrigerator) to cool the building.
The type of system and building usually determines how the heat will be dissipated into

the room space. The options for ASHPs are:

Air-to-Air Fan and ductwork
For hot water (65C)
Air-to-Water Under floor heating (35C)

Radiators (45C)
The output temperatures of ASHPs can vary. As mentioned before, the heat pump can

produce very high temperatures (with a large lift) but at low efficiencies. A common

output temperature with a reasonable efficiency is between 35 and 55<C.
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In most cases, low temperature under floor heating is best for domestic applications
although this is not always possible, so higher temperature radiators are necessary. An
air distribution system is best for offices where it can potentially be coupled with
ventilation and cooling. It should be carefully considered what the ASHP is replacing

before determining the type of system and distribution.

Benefits

In opposition to other renewable technologies, ASHPs and GSHPs have no intermittency
of supply. They are not dependent on the wind blowing or the sun shining! They also do

not need any fuel storage, only a connection to the electricity grid.

They fall in the same category as GSHPs since they implement the same technology,
only they harvest the heat in different ways. So why choose an air-source over a
generally more effective ground source heat pump? They don't require the digging of
boreholes or trenches which can be very expensive and energy intensive, and they

require less space which makes them more suitable for urban use.

Drawbacks

The significant drawback with ASHP is that you must consider what fuel it is replacing. If
it is in place of a conventional gas system it could actually be worse since the change
from gas to electricity as a primary fuel source means an increase of CO, concentration
per kWh. Gas has 0.194kg of CO, related to every kWh used, whereas electricity has
0.56kg per kWh (as of 2006)s, this is 290% more! The system improvements have to

counter this before any savings can be made.

Lower CO;impact
gas engine driven heat pump
gas fired absorption heat pump
electric ground source heat pump
electric air-source heat pump
gas-fired boiler
oil-fired boiler
direct electrical resistance heating
Higher CO , impact

Hierarchy of indicative CO, impacts for domestic heating
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Suitability
The applicability of ASHPs is determined by the following

Domestic Commercial

Is the building well-insulated, draught-proofed and running efficiently? These are the

first steps to take before investing in any renewable technology.

There must be space on an external wall for the unit and outlet. These are ideally far
apart or separated to avoid short circuiting (this is where the air blowing out goes

directly back in at a low temperature, causing inefficiencies).

Heat pumps are best suited to where gas is unavailable. If there is no gas connection,
a dedicated ASHP is needed with an electric instantaneous water heater. Otherwise,

a dual-mode system works well with conventional gas heating.

Combining the installation with any other building work will reduce costs.

Switching to a green electricity supplier will further reduce your emissions

www.greenelectricity.org

Air-to-water systems are best as they do no require Air-to-air is most suitable
air ductwork and fans, which is unsuitable for most where it can potentially be
homes. It can also potentially be linked into an coupled with ventilation and

existing conventional heating system. Under floor cooling, ideal for offices.

heating is the most effective air-to-water system

since it is best suited to lower temperatures.

System Sizing
To roughly size the necessary heat supply from the system you must estimate the

heating load for the building. For houses, the loads areyq:

Energy efficient house 10W/sgm
Low energy house 40W/sgm
New build (good thermal insulation) 50W/sgm
Typical house (normal thermal insulation) 80W/sgm
Older house (without insulation) 120W/sgm
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For example, a new house with a heated surface area of 200m?, has an estimated heat
demand of 10kW. Multiply this figure by 1.2 for building inertia and possible off-periods,
the peak load is now actually 12kW.

Output
in KW
A

100% Peak Load -

Dual-mode point -
50-70% of peak load

Source Air Temperature

10 5 0 5 10 15 20 25  °©

Heating load: decreases with increasing air temperature
Electrical consumption stays constant

Heating output increases with increasing air temperature
Supplementary secondary heating required below 0'c
Primary heating supplied by ASHP

Taking the minimum outside temperature as -10C, yo u can apply the heating output line
which is product specific. The heating load line is set for the property, i.e. the worst case,
or maximum demand, is at -10C when it's coldest. W hen the heating lost from the
house is the same as the output of the heat pump, this is called the dual-mode point , or

balance point.
A typical ASHP system is designed to meet 50 — 70% of the maximum peak heat
demand of the building. By meeting this portion of the peak load, you are in actuality

meeting 75 — 92% of the total annual heating load. The majority of the yearly demand
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(green part of the graph) is met by the ASHP, with a minor section being provided for by

a secondary system.

This dual-mode operation is the most common and versatile setup: it is ideal for working

alongside existing boiler systems.

Mono-energetic systems use the ASHP as the primary and only heat source. As such
they are well suited for new buildings where the cost of installing a ‘wet’ network can be
avoided, or where there is an electricity connection rather than a gas one. These would

be sized to meet 100% of the hot water and heating load.

The Low Carbon Buildings Programme has a list of certified products suitable for the UK.
Calorex ASHPs are the only products available if you are looking to get a grant. The

data has been taken from their website.

Calorex ASHPsg —
External Air Desired Output
Temperature (C) Temperature (C)  4.5kW unit CoP ~ 9kW unit CoP ~ 12kW unit CoP
2.97/1.54 = 6.0/3.12 = 8.2/4.26 =
0 55 1.93 1.92 1.92
3.39/1.11 = 7.0/2.31 = 9.5/3.14 =
0 35 3.05 3.03 3.03
6.1/1.78 = 12.2/3.57 = 16.6/4.85 =
20 55 3.43 3.42 3.42
6.3/1.37 = 12.6/2.75 = 17.2/3.75 =
20 35 4.60 4.58 4.59

CoP = Heat Output / Electricity Input

The CoP is clearly better at the lower output temperature since the lift is a lot lower. For
the following calculations, a yearly average external temperature of 10C is taken. A
CoP value between the above figures has been taken, i.e. the midpoint between 1.93
and 3.43 is 2.67. This assumption has been taken because there is no product data for a

range of temperatures.

Nottingham Energy Partnership © 2008 9



Cost and Carbon Savings

Two examples have been taken at different ends of the spectrum to show that the
technology is not always suitable and can lead to actually quite substantial increases in
cost and emissions. Most ASHP units have a life expectancy of 15 to 20 years, and the

compressor is the critical component.

A typical domestic system, suitable for a detached
property, costs £7,000 to £10,000 installed;. An
average 1980s semi-detached property with un-
insulated cavity walls has an annual gas bill of
19000kWh. With a typical boiler efficiency of 85%,
this is 16150kWh of actual heat and hot water
supplied to the house. Of this, heating may be
11150kWh and hot water 5000kWh.

Conventionally with a gas boiler:
19000kWh x 3.14p/kWh = £597/year
19000kWh x 0.194kg CO,/kWh = 3686kg CO./year

Alternatively, an ASHP provides 83.5% of heating whilst gas provides 16.5% of heating
and all of the hot water:
83.5% of 11150kWh = 9310kWh of heat from ASHP
(16.5% of 11150kWh) + 5000kWh = 6840kWh of heat from gas boiler

ASHP CoP = 2.67. Therefore, 9310/2.67 = 3487kWh of electricity
3487kWh x 11.95p/kWh = £417
3487kWh x 0.56kg CO,/kWh = 1959kg CO,

Gas boiler is 85% efficient. Therefore, 6840/0.85 = 8047kWh of gas
8047kWh x 3.14p/kWh = £253
8047kWh x 0.194kg CO./kWh = 1561kg CO,
In total for electricity and gas, £670/year and 352 0Okg CO,

An increase of £73 per year and a saving of 166kgCO , per year
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For an off-gas-grid new house build, the annual
heating and hot water load may be 8000 and
1600kWh respectively (a total load of 9600kWh/year).
This example has electrical heating and an immersion

heater for hot water.

At the current average electricity price of 11.95p/kWh, and CO, concentration of
0.56kgCO./kWh, the cost and emissions for the property are £1147 and 5400kg
respectively. This situation would best suit a mono-energetic system that provides 100%

of the heating and an immersion provides the hot water.
8000kWh of heating: with a CoP of 2.67 this is 2996kWh of electricity.
The hot water immersion has an efficiency of 100%. So 1600kWh of heat = 1600kWh of

electricity. A total of 4596kWh: This is £549 and 2582kgCO,.

A saving of £598 and 2818kgCO

The two cases show how the fuel you are replacing is of utmost importance. Replacing

electrical systems is much more effective than a gas central heating one.

Environmental Concern over Refrigerants

Due to the chemical make-up of refrigerants they have a low boiling point and so
evaporate when released from the heat pump. In gaseous form they can harm the ozone
layer, cause acid rain and contribute to global warming. Luckily, the worst culprits have
been banned globally (namely R-12) and replaced by friendlier alternatives (commonly
Freon 134a, or R-134a). Although vastly better than its predecessor, with an insignificant
ozone depleting potential, it still has a significant global warming potential. As such, it is
illegal to release it to the atmosphere: it should be treated as a hazardous material and
disposed of correctly. It is possible to recycle refrigerants, commonly weighing in the

region of 1 to 2 kg, or a few litres, per domestic heat pump.
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There is generally no leakage from the heat pumps during their operation, only with their
disposal. There is a substantial effort at the moment to develop and market refrigerants

that are totally environmentally inert.

Products Available

For grant eligibility, the Microgeneration Certification Scheme
(MCS) ensures the Government’s money is spent effectively and
consumers are protected. This is owned by the BERR (Business,
Enterprise and Regulatory Reform, formerly the DTI). A list of
installers and products can be searched for at

http://www.greenbooklive.com.

The only company in the UK to be certified to sell ASHP under the MCS is Calorex Heat
Pumps Ltd. The setup is for a dual-mode system with a conventional boiler. The main
components are the ASHP unit itself and a buffer tank, integrated in with a conventional

system; all of this is inside the building except for the ASHP unit,.
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Grants

A maximum of £900 or 30% of the costs, whichever is the highest, is available through
the Low Carbon Building Programme subject to a few conditions. These must be
installed before considering a grant application:

- 270mm of loft insulation

- Cavity wall insulation

- Low energy lighting

- Basic heating controls
This guarantees that the technology is not wasted on low efficient properties,.

After installing the above measures, a quote must be obtained from one of the certified
installers as listed on the LCB Programme website and planning permission if
necessary. The certification of products and installers also ensures the governments’
money is spent wisely and not wasted. Once the quote is obtained, you may apply for

the grant online at www.lowcarbonbuildings.org.uk.
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