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• How does a heat pump work

• Why use heat pumps

• Types of heat pumps

• Heat pump advantages & disadvantages

Source: www.adrianos.gr
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See video: “01 What is a Heat Pump.mp4”

Source: https://mechanicalboost.com/heat-pump/

Heat Pumps
What is it?



What is a Heat Pump



source
sink



In cool mode, the heat pump utilises the same refrigeration cycle as any typical HVAC equipment.
In heat mode, the heat pump uses the same circuit used for cooling, but reverses the refrigerant flow.  
Reversing the flow of the units refrigeration circuit allows the indoor coil to be used for heating.

Source: https://www.lghvacstory.com/heat-pumps-the-new-high-tech-energy-source/



•Energy Savings specifically 
Heating Efficiency
•Efficiency is shown in two forms 
EER or COP

•Energy Efficiency Ratio- EER 
used for cooling

•Coefficient of Performance -
COP used for heating

Efficient Gas-fired Heaters 
typically yield a 82 to 92 range in 
heating efficiency (COP 0.82
to 0.92) COP Capacity Out / 
Power In

•Electric-resistance Heaters typically yield even
more, up to 100 heating efficiency (COP 1.00)

•Heat Pumps typically yield 300 to 400 heating
efficiency (COP 3.00 to 4.00 and even higher!)

Source: https://www.engineeringtoolbox.com/heat-pump-efficiency-ratings-d_1117.html

Why use heat pumps (HP) ?



•Water to Water (Water Source HP)
Utilizes two water coils as the 
condenser and the evaporator

•Air to Air (ductless)
Utilizes the typical refrigeration system 
with two fan coils

•Air to Water
Utilizes a fan coil for the supply air and 
a water coil for rejecting heat in the 
cool mode and obtaining heat in the 
heat mode

Source: https://www.aboutcivil.org/geological-factors-affecting-gshp-installation



•Water to Water (Water Source HP)
Utilizes two water coils as the 
condenser and the evaporator
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Utilizes a fan coil for the supply air and 
a water coil for rejecting heat in the 
cool mode and obtaining heat in the 
heat mode



•Water to Water (Water Source HP)
Utilizes two water coils as the 
condenser and the evaporator

•Air to Air (ductless)
Utilizes the typical refrigeration system 
with two fan coils

•Air to Water
Utilizes a fan coil for the supply air and 
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•Solar Assisted Heat Pump
is coupled with a field of hybrid 
photovoltaic-thermal solar collectors

•Hybrid
uses a heat pump alongside another 
heat source. Typically, it describes 
fitting a heat pump alongside a fossil 
fuel (gas, oil or LPG) boiler.

•Exhaust Air Heat Pump
obtains heat from the room’s exhaust 
air and supplies it inside the room or 
building.

Source: https://www.knowledge-share.eu/en/patent/solar-assisted-heat-pump/



•Solar Assisted Heat Pump
is coupled with a field of hybrid 
photovoltaic-thermal solar collectors

•Hybrid (heating system)
uses a heat pump alongside another 
heat source. Typically, it describes 
fitting a heat pump alongside a fossil 
fuel (gas, oil or LPG) boiler.

•Exhaust Air Heat Pump
obtains heat from the room’s exhaust 
air and supplies it inside the room or 
building.

Source: 
https://www.researchgate.net/publication/345341436_Smart_and_Flexible_Electric_Heat_A
n_Energy_Futures_Lab_Briefing_Paper/figures?lo=1



•Solar Assisted Heat Pump
is coupled with a field of hybrid 
photovoltaic-thermal solar collectors

•Hybrid
uses a heat pump alongside another 
heat source. Typically, it describes 
fitting a heat pump alongside a fossil 
fuel (gas, oil or LPG) boiler.

•Exhaust Air Heat Pump
obtains heat from the room’s exhaust 
air and supplies it inside the room or 
building.

Source: http://www.energimyndigheten.se/en/sustainability/households/other-energy-
consumption-in-your-home/ventilation/exhaust-and-supply-air-ventilation-with-heat-
recovery-ftx-system/



The ground is a heat source in the
winter and heat sink in the summer.

A geothermal heat pump on the same
day uses a source of 55 deg and a sink
of 70 deg (15 deg difference).

Halving the difference in temperature
greatly increases the efficiency.

During the summer season, these
pumps process in the reverse direction
(i.e., the heat is extracted from the
room or building and released into the
external cold water). The cooling heat
pumps have high efficiency than the
heating cycle heat pumps.

Closed loop system

& 

Open loop system

Source: 
https://www.researchgate.net/publication/286358619_A_renewable_
heat_solution_for_water_ingress_in_the_Glasgow_subway_tunnel_s
ystem/figures?lo=1

Closed horiz.

Closed vert.

Closed well

Open well



Source: https://basix.nsw.gov.au/iframe/energy-help/heating-and-cooling/ground-source-heat-pump.html



Source: https://www.hannabery.com/geothermal-heating-air-conditioning.shtml



Source: http://www.pet.ie/how-do-heat-pumps-work.html



Source: 
https://iea.imgix.net/244255
7e-bfba-4b13-94c6-
5114fab94977/HeatPumps.p
ng?auto=compress%2Cforma
t&fit=min&q=80&rect=0%2C0
%2C1890%2C2188



A heat pump is an electrical equipment that delivers heat from a source (low-temperature 
area) to a sink (high-temperature area). A heat pump works on the heat transfer principle.

Source: https://theengineeringmindset.com/heat-pumps-explained/



An air source heat pump heats on a moderate winter day using a heat source of 40 deg and 
a sink of 70 deg (30 deg difference).

Source: https://theengineeringmindset.com/heat-pumps-explained/



A heat pump is an electrical equipment that delivers heat from a source (low-temperature 
area) to a sink (high-temperature area). A heat pump works on the heat transfer principle.

Source: https://theengineeringmindset.com/heat-pumps-explained/



Some useful figures and conversions

1 kWh (kilowatt hour) is a quantity of energy per time (hour)

1 kWh= 1 unit of electricity = (1 kW use for 1 hour)
A 1 kW heater would use 24 kWh each day. 
1 kJ x 3,600 = 1 kWh.

Note heat pumps are rated by their heat output, not their electrical power input.

1 kW (kilowatt) is a unit of Power or a rate of energy. 

(A typical small electric heater consumes 1 to 2 kW)
There are 3,411 Btu’s in 1 kW. i.e. 10kW = 31,400 Btu/hr.
There are 860 kcal/hr in 1 kW
A normal immersion heater uses 3kW when heating



Calculating the power output of a HP

G = Z ∗ Δθ ∗ Svc wat

Where

G = Heat Energy Flux (kW)
Z = Flow rate (Ls-1)
Δθ = Temperature Drop (°K) 
Svc wat = Specific heat capacity of water= 4180 (JL-1K-1)

This gives how much heat can be extracted from the groundwater in kW. 

Example:

If Z=1Ls-1, and Δθ=4°K then:

G=1Ls-1*4K*4180 JL-1K-1=16.720 Js-1=16.7kW.

This is the heat energy flux (heat energy output) from a water flow of 1Ls-1.



Calculating the power output of a HP

Where

H = Total Heating Effect (kW)
G = Heat Energy Flux (kW)   
𝐶𝑂𝑃𝐻= Coefficient of Performance (dimensionless) 

Example:

If 𝐶𝑂𝑃𝐻 =4 then:

H =
G

1−
1

𝐶𝑂𝑃𝐻

= 
16.7

1−
1

4

= 
16.7
4

4
−
1

4

= 
16.7
3

4

= 16.7* 4/3=22.3 kW

Once the ground heat flux has been derived,  
a value must be worked out for the total heating effect of the process. 

H =
G

1 −
1

𝐶𝑂𝑃𝐻

𝐺 = 𝑍 ∗ 𝛥𝜃 ∗ 𝑆𝑣𝑐 𝑤𝑎𝑡 = 16.7

In order to achieve this value of H a 
constant power supply (E) is required,

E= 22.3kW/4=5.6 kW

COP =
Η

E
=

Ηeat delivered

Electrical power input



The seasonal performance of heat pumps

The typical seasonal performance factor (SPF) of heat pumps – an indicator of average
annual energy performance – has increased steadily since 2010 to nearly 4 today for
most space heating applications.

It is common to reach factors of 4.5 and up to 7, especially in relatively mild climates
such as the Mediterranean region and central and southern China. Conversely, in very
cold climates such as part of Canada, low outside temperatures could reduce the
energy performance of currently available technologies to 3 on average over the
winter season.

The transition from non-inverter to inverter technologies in recent decades has
boosted efficiency. Today, inverter technologies avoid much of the energy loss that
results from the stops and starts of non-inverter units, while also reducing the
temperature life for the compressor.



The seasonal performance of heat pumps

Remember that the SPF of the heating system is different from that of the DHW heating 
system.

Example calculations by type of heat pump:
The following examples for the different types of heat pump assume heating requirements 
of 10,000 kWh/year. We also assume that 60% of the energy will be used for the heating 
and 40% for the DHW. That means 6000 kWh/year for the heating and 4000 kWh/year for 
the hot water.



The cost of electricity consumed by heat pumps

The electricity costs of a heat pump can be calculated as follows:
Total electricity consumption of the heat pump x electricity price

Example calculations by type of heat pump:
We assume an electricity price of 21 cents/kWh. In our examples, the resulting electricity 
costs would be as follows.



•Radiant heating systems, such as underfloor heating, use low flow temperatures 
so the heat pump uses less electricity as a result.

•Solar thermal technology can cover DHW heating, at least in the summer. This 
means that you only need to use the heat pump in the winter and thus use less 
electricity.

•Good insulation of the house is the most effective measure for lowering the 
required heating output as far as possible and reducing the electricity 
consumption of heat pumps.

•Correct design and sizing of the heating system. 



China’s Ministry of Environmental Protection established financial subsidies,
ranging from £8000 to 3.500 (CNY 7.400 to 29.000) for households purchasing
air-source heat pumps in 2020 in Beijing, Tianjin, Shanxi, Hebei and Shandong.
Japan’s Energy Conservation Plan is a similar scheme.

Other programmes specifically target ground-source heat pumps.
The United States recently extended the 26% federal tax credit for new
residential ground source heat pump until the end of 2022. In Beijing, 30% of
the initial investment cost is also covered by the state. To help achieve its
ground-source heat pump deployment target of 700 million m2, China has
proposed complementary subsidies (CNY 35/m2 to CNY 70/m2) for other areas
such as Jilin, Chongqing and Nanjing.



Heat Pump’s emissions reduction

Source: 
https://www.iea.org/reports/heat-pumps

Air-source heat pump CO2 emissions 
reductions by country relative to the most 
efficient condensing gas boilers (2020).



Source: https://www.greenmatch.co.uk/heat-pump



One of the advantages of a heat pump is that they use electricity, reducing the need
to have access to natural gas or keeping a propane tank.
Because heat pumps use a whole home duct system the warmth produced is evenly
distributed throughout the house, reducing the number of cold spots and keeping
everyone comfortable.
Efficiency is also a great advantage to a heat pump, particularly ground source heat
pumps. Generally, heat pumps put out more cool and warm air by volume than the
amount of energy it takes to run them (efficiency). Heat pumps are also more
advantageous to maintain because, during the maintenance, the technician will look
at both parts of the system to keep everything running smoothly.

Source: https://www.greenmatch.co.uk/heat-pump

Typical cost of a heat pump



Heat pumps cost more than furnaces to purchase and install. Longevity is
another disadvantage to a heat pump. Clogging issues may arise in GSHP.
There are a lot of variables that influence an HVAC system life expectancy,
with the biggest one being how often it is used. Because heat pumps are
used year-round vs seasonally, they tend to wear out more quickly, usually
lasting about 25 years.

Source: https://www.kensaheatpumps.com/accessory/complete-unit/



Choosing the right size heat pump for your home is critical to a well-functioning and
efficient heating and cooling system. If your heat pump is too small then it will
struggle to keep your home cool and warm. On the other hand, if it is too big it will
waste energy by producing too much hot or cool air, cycling on and off constantly, and
stressing out the motor. There are a number of factors that go into sizing your unit
properly.

•Local climate
•Home square footage
•Window and doors
•Insulation in the home
•How many people are in the 
home
•Temperature preferences of 
home residents
•Other appliances that can 
generate heat
•Existence of resources 
nearby Source: https://www.hpac.co.nz/tipsandadvice/how-to-choose-the-right-size-heat-pump/



Source: Hamburg Port Authority

Source: Budapest Metro System

Source: gshp.org.uk

http://www.gshp.org.uk/pdf/Ralf_Winterling_REHAU_Tunnelling.pdf


Comparison 
between an 
electric fired 
heating 
system and a 
HP system



Comparison 
between an 
electric fired 
heating 
system and a 
HP system



Heating an old building with a HP and a peak boiler



Application in retrofitting





Thermal energy storage means heating or cooling a medium to use the energy when needed 
later. 

Source: https://www.senmatic.com/sensors/knowledge/thermal-energy-storage



While battery storage technology is developing rapidly, there are alternatives that help meet 
the challenges of renewable energy intermittence and grid stability.

Source: https://www.timesofisrael.com/israeli-green-thermal-storage-company-enters-the-brazilian-market/



Underground Thermal Energy Storage (UTES) systems store energy by pumping heat into an 
underground space, typically using water as storage medium. In general, large-scale 
underground systems of more than 4,000-5,000 cubic meters are a cost-effective option, 
while tanks are the smarter alternative for smaller capacity systems. 

Source: https://www.senmatic.com/sensors/knowledge/thermal-energy-storage

Pit Thermal Energy Storage (PTES)



Source: https://www.senmatic.com/sensors/knowledge/thermal-energy-storage

BTES – Borehole Thermal Energy Storage



Phase changing materials (PCM)

Source: https://thermtest.com/phase-change-material-pcm



Storing electricity for cooling or heating

Source: https://www.unisa.edu.au/contentassets/2bc25769d2c046db9f287607a305901b/iff-20171108-unisa.pdf



Energy storage for solar power plants

Source: https://www.unisa.edu.au/contentassets/2bc25769d2c046db9f287607a305901b/iff-20171108-unisa.pdf



Volume reduction with PCMs

Source: https://www.unisa.edu.au/contentassets/2bc25769d2c046db9f287607a305901b/iff-20171108-unisa.pdf



Economics

Source: https://www.unisa.edu.au/contentassets/2bc25769d2c046db9f287607a305901b/iff-20171108-unisa.pdf

• Li ion batteries storage: 760 – 1800 £/kWh  
• PCM thermal storage for refrigeration 200 £/kWh 

Advantages • Cheaper
• Longer life (batteries: 10-15 years / TES: 30 years
• Higher power capacity
• Can operate at higher ambient temperatures
• Provides backup when heating or cooling generating equipment fails 



Source: https://ase.mit.edu/projects/thermal-energy-grid-storage-tegs/

TEGS is a low-cost, long duration, 
grid-scale energy storage 
technology. This technology acts 
like a battery where electricity 
flows in and out of the system as 
it charges and discharges. 



Source: https://ase.mit.edu/projects/thermal-energy-grid-storage-tegs/



Source: https://www.energy-storage.news/million-cubic-metre-90gwh-thermal-storage-project-in-finland-could-begin-construction-next-year/


