
LU7 Heat Loss Calculations



Steps for Heat Pump Installations

Heat Loss CalculationsStep 1
ωFabric Heat loss & Ventilation Losses

ωRoom by Room

Heat pump SelectionStep 2
ωDesign Parameters

ωSCOP and COP

Emitters SelectionStep 3
ωSizing

ωSystem Balancing 



Affects of Heat Pump Sizing
Boilers for heating systems are usually oversized relative to the design heating and hot water load!! Heat pumps are 
different. 

1. Bigger Heat pumps are more expensive, Cost proportional to capacity.

2. An oversized heat pump will:
a) Low COP 
b) High compressor Cycling (shorter life)

3. An undersized Heat pump will: 
a) Not be able to heat the home
b) Not be able to provide DHW



Heat Pump Capacity Sizing
Carefully consider for domestic buildings:

Å Room by room heat loss calculations (SEAI Tool or BER assessor Tool)

Å Interior temperature requirement at a good design 

Å allowance for DHW (55 Deg C or above for Legionella and zoned)

Å Design flow temperature 45 to 55. 

Å Split Vs Mono is site specific. Mono is easier to install, and neater, splits offer versatility. 



Fabric Heat Loss Calculations

Fabric heat losses are losses directly through the 
walls, windows, doors, floors and ceiling of the 
room (assumed that these losses are at a uniform 
rate).

Fabric Heat Loss (Watts) = 
ώ!ǊŜŀ όƳчύϐ Ȅ ώΨ¦Ω ±ŀƭǳŜ ό²κƳчȄ°/ύϐ Ȅ ώɲ¢ ό°C)]

¢ƘŜ Ψ¦Ω ǾŀƭǳŜ ƻŦ ŀ ƳŀǘŜǊƛŀƭ Ŏŀƴ ōŜ ŦƻǳƴŘ ŦǊƻƳ ǘƘŜ 
manufacturer or from tables such as that TGD Part 
L Appendix B 

Fabric First Approach is important as you can lower 
the heat loss of the building to levels that suit a 
heat pump

Source: Architectural Technology



TGD Part L Appendix B (p76 ïp94)



Fabric heat loss calculation (An example using the SEAI Heat Loss Tool) 

https://berassessors.com/wp-content/uploads/2020/05/MIKE-TEAHAN-VER.-SR50-Heat-Loss-
Calculations.xlsx

https://www.seai.ie/publications/HPAI%20Heat%20Pump%20Code%20of%20Practice

https://www.seai.ie/tools/SEAI-Room-Heat-Loss-and-Radiator-Sizing-Guidance.xlsx

https://berassessors.com/wp-content/uploads/2020/05/MIKE-TEAHAN-VER.-SR50-Heat-Loss-Calculations.xlsx
https://www.seai.ie/publications/HPAI Heat Pump Code of Practice
https://www.seai.ie/tools/SEAI-Room-Heat-Loss-and-Radiator-Sizing-Guidance.xlsx


Heat loss calculation (Room by Room)

Design Room Temp 21

External Design Temp -3

Design Temp Difference 24

Start with the design Room Temperature using an external design temperature of -3  



Fabric heat loss calculation (Room by Room)

Fabric Heat Loss
Length 

(m)
Width 

(m)
Height 

(m)
Area     
(m

2
)

U-Value 
(W/m

2
.K)

Design 
Temp 
5ƛŦŦ х/

Heat Loss     
(Watts)

External Floor 4.9 2.7 13.23 0.77 24 244.4904

External  Wall (Gross area) 7.6 2.4 18.24

Window 1.1 1.05 1.155 1.6 24 44.352

Window 1.1 1.05 1.155 1.6 24 44.352

External Door 1.75 2.1 3.675 1.6 24 141.12

External  Wall (Nett area)
(Subtract glazing and door areas from gross 

external wall area)
12.255 0.27 24 79.4124

External Roof (Gross area) 0 0 0

Rooflights 0 0 0 0 24 0

External Roof (Nett area) (Subtract roof glazing area from gross roof area) 0 0 24 0.000

Party Wall Adjoining unheated space 2.7 2.4 6.48 1.02 11 72.706

Total - - - - - - 626.432



Ventilation Loss calculation

Ventilation Heat Loss

No. of air 
changes 
per hour 

ac/h

Room Volume 
(meters) Amount 

of air to 
be heated 
per hour 

m
3
/h

Air 
change 
factor 

W/m
3
.K

Design 
Temp Diff 
х/

Heat Loss     Watts

Length 
(m)

Width 
(m)

Height (m)

1.5 4.9 2.7 2.4 47.628 0.33 24 377.21376

Additional air changes due to 
Chimneys or Flues

3
For additional air changes see table in section 2.2. 

Ventilation Heat Loss 95.256 0.33 24 754.42752

TOTAL

The difference between the inside temperature and OAT and the rate at which
the air enters and leaves the building will affect the ventilation heat loss.

wŀǘŜ ƻŦ IŜŀǘ [ƻǎǎ Ґ ± ϝ b ϝ ɲ¢ ϝ лΦоо



CIBSE Guide A ïEnvironmental Design
For a Kitchen with Volume 100m3
[1 m3 of Air = 1000 L of Air]
[1 seconds = 1/3600 Hours]

Equation 1: (60 L/s) / (1000 L / m3) = 0.06 m3 / s

Equation 2: 0.06 x 3600 (hours / seconds) = 216 m3 / h

Equation 3: 216 / 100 = 2.16 Air Changes per hour



LU8 Heat Pump Design Parameters & Pipe Sizing



Steps for Heat Pump Installations

Heat Loss CalculationsStep 1
ωFabric Heat loss & Ventilation Losses

ωRoom by Room

Heat pump SelectionStep 2
ωDesign Parameters

ωSCOP and COP

Emitters SelectionStep 3
ωSizing

ωSystem Balancing 



Affects of Heat Pump Sizing
Boilers for heating systems are usually oversized relative to the design heating and hot water load!! Heat pumps are 
different. 

1. Bigger Heat pumps are more expensive, Cost proportional to capacity.

2. When dT is too lowthe heat pump may be oversized and will lead to:
a) Reduced COP 
b) High compressor Cycling (EN15450 suggest a target maximum of three compressor starts per hour.)
c) Burn out, reduced lifespan

3. When dT is too High the heat pump may be undersized and will lead to:
a) may not maintain the required comfort levels in the building during cold weather
b) Not be able to provide DHW
c) Increased Defrost events



Heat Pump vs Traditional Boiler
Heat Pump Traditional Boiler Comments

Operates on Electricity Operates on Fossil Fuel ! ƘŜŀǘ ǇǳƳǇ ƛǎƴΩǘ ǊŜƭƛŀƴǘ ƻƴ hƛƭκ[tD ŘŜƭƛǾŜǊƛŜǎΣ ƴƻǊ ŘƻŜǎ ƛǘ ƴŜŜŘ ǘƻ ōŜ ƻƴ ǘƘŜ 
Gas network. 

Low Flow Temperature High Flow Temperature Heat Pumps usually Operate around 45ϲC for heating only and 55ϲCfor DHW 
production. 

Boilers operate above 65ϲC

Low Temperature 
difference (45/40ϲC)

High Temperature 
difference (75/65ϲC)

A heat pump operates at ǤT5 (ǤT8 in England).
ƛΦŜΦ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǊŜǉǳƛǊŜƳŜƴǘ ƛǎ ŀ ƴƻƳƛƴŀƭ р°/ ҟ¢ ŀŎǊƻǎǎ ǘƘŜ ŎƻƴŘŜƴǎŜǊ

A boiler will operate above ǤT8  (usually ǤT10 or ǤT15) which works for 
radiators very well.

300% - 500% Efficient 90%-95% efficient For every 1 unit of electricity, the heat pump will produce 3 to 5 units of heat. 

ϵуΣллл -ϵмуΣллл ϵоллл ƻƴ ŀǾŜǊŀƎŜ¢ƘŜǊŜ ƛǎ ŀ {9!L ƎǊŀƴǘ ƻŦ ϵсΣллл ŦƻǊ ƘŜŀǘ ǇǳƳǇǎ ŀǾŀƛƭŀōƭŜΦ 
The prices include installation fees. All depends on the level of works required to 
create a heat pump friendly system.



Design Flow & OAT Temperatures
With an air source heat pump:

Å The output of the system will vary with the OAT (colder heat source, higher thermal lift) 

Å Lowest OAT (design conditions) will have the highest load!

Å SCOP = Seasonal COP is the Average COP over a year at a design flow temperature.

Å Heat Pump operation range: Manufacturer specific (Daikin Altherma, -20ϲC)



Design Flow & OAT Temperatures

Source: Mitsubishi ECODAN
Source: Grant Aerona, 55 Deg C.Flow temp

!{It ŘŜǎƛƎƴ ƘŜŀǘƛƴƎ ƻǳǘǇǳǘǎ ŀǊŜ ǳǎǳŀƭƭȅ ƎƛǾŜƴ ōȅ Ψ!нκ²орΩ ƻǊ Ψ!тκ²орΩ ƳŜŀƴƛƴƎ ŀƛǊ ŀǘ н °C or 7 °C, water flow 
temperature at 35 °C

Or SCOP at a design temperatures (55 or 35)



Demand Curve (flow temperature)

OAT, deg. C

Flow Temperature, deg. C

7 ϲC 15.5ϲC  OAT Cut off

35 ϲC

System Load, kW



Outside Air Temperature ïAvg. Minimum 

{ŀȅ ǿŜ ǘŀƪŜ ǘƘŜ !ǾŜǊŀƎŜ aƛƴƛƳǳƳ ¢ŜƳǇŜǊŀǘǳǊŜ ƻŦ ŜŀŎƘ ƳƻƴǘƘ ŦƻǊ нллн ǘƻ нлнн ŦƻǊ {Ƙŀƴƴƻƴ !ƛǊǇƻǊǘΧ
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48% Datapoints 
under 7 ϲC.



Outside Air Temperature ïLowest Recorded temperatures
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57% Datapoints 
under 2 ϲC.

7 ϲC



Design Outside Temperature ïCheck

Option 1: CISBSE Guide A provides a method that uses either a 24-hour or a 48-hour mean temperature and then 
carrying out a risk analysis of the likelihood of the design outside temperature being exceeded. (Section 2.3 Winter 
Design Temperatures)

Option 2: Check using Heating Degree Days (degreedays.net), and use design temperature as base temperature.

Example:
In the last 12 months, there have been no heating degree days with a base temperature of -4ϲC

There have been 156.6heating degree days, at base temperature 7ϲC, in the last 12 months



Heat Pump 
Operation

Heat Pump and Immersion

OAT, deg. C

Full Load, kW

-11 deg. C 15.5 deg. C
OAT Cut off

Immersion/external heat source kicks in at 7/35ϲC
(Bivalent Point)

It slopes down as the 
external heat source 
takes over to meet the 
load



Immersion vs Heat Pump Cost
They are a bit like giant kettles in that a conductive element is used to heat 
the water and an electric Kettle is ~80% efficient.

So say for 50L of water to be heated to 45ϲC from the Cold water feed (5 ϲC)

50L x 4.2 x (45-5) = 8.4 kW of heat required

Heat Pump @ COP 2.1 (very poor COP)
п ƪ² ŜƭŜŎǘǊƛŎŀƭ ƛƴǇǳǘ Ϫ нуŎ ǇŜǊ ƪ²Ƙ Ґ ϵмΦмн ŀŦǘŜǊ ŀƴ ƘƻǳǊ

Immersion @ 90% efficiency 
фΦо ƪ² ŜƭŜŎǘǊƛŎŀƭ ƛƴǇǳǘ Ϫ нуŎ ǇŜǊ ƪ²Ƙ Ґ ϵнΦс ŀŦǘŜǊ ŀƴ ƘƻǳǊ

We want to reduce or remove the amount of time the immersion is used



Optimal Design Flow & OAT Temperatures

OAT, ϲC

Flow Temperature, ϲC

-3 ϲC 15.5 ϲC OAT Cut off

48 ϲC SH2.0 Project: Suggest -3/48

Supplier or Designer will 
specify

System Load, kW



OAT vs COP



OAT vs Cost Savings



Nominal Flow rate and ȹT

¢ƘŜ ƴƻƳƛƴŀƭ ƘŜŀǘ ǇǳƳǇ Ŧƭƻǿ ǊŀǘŜ ǾŀǊƛŜǎ ōǳǘ ǘƘŜ Ƴŀƛƴ Ǝƻŀƭ ƛǎ ǘƻ ƘŀǾŜ ŀ ҟ¢ ŀǘ ǘƘŜ ŎƻƴŘŜƴǎŜǊ ƻŦ р°C meanwhile the 
ŘŜǎƛƎƴŜŘ ҟ¢ ŦƻǊ ǊŀŘƛŀǘƻǊǎ ƛǎ мл°C. 

Meaning the flowrate through the condenser will be double that of the radiator circuit.

aŀƴǳŦŀŎǘǳǊŜǊǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ŘŜǎƛƎƴŜǊǎ ŀƭƭƻǿ ŦƻǊ ǎȅǎǘŜƳǎ ǘƻ ƻǇŜǊŀǘŜ ǿƛǘƘ ŎƻƴŘŜƴǎŜǊ ҟ¢ ƛƴ ǘƘŜ ǊŀƴƎŜ р-8°C. 

¢ƘŜǊŜ ƛǎ ǎƻƳŜ ŜǾƛŘŜƴŎŜ ǘƘŀǘ ǎǳƎƎŜǎǘǎ ҟ¢ ŀōƻǾŜ р-10°C will lead to lower heating system mean water temperature 
όa²¢ύ ǘƘŀǘ ǿƛƭƭ ƭŜŀŘ ǘƻ ƭƻǿŜǊ ŜƳƛǎǎƛƻƴ ǎȅǎǘŜƳΩǎ ƻǳǘǇǳǘΣ ƛƴŎǊŜŀǎƛƴƎ ŎȅŎƭƛƴƎ ŀƴŘ ǳƴŀōƭŜ ǘƻ ǊŜŀŎƘ ǊƻƻƳ ǘŀǊƎŜǘ 
temperature.

LŦ Ŧƭƻǿ ǊŀǘŜ ǘƘǊƻǳƎƘ ǘƘŜ ƘŜŀǘ ǇǳƳǇ ƛǎ ǘƻƻ ƘƛƎƘ ƭŜŀŘƛƴƎ ǘƻ ҟ¢ ғр°C, a reduction in potential COP can be expected



ȹT & COP 



Pipe Sizing
Pipe sizing and circulation pumps are critical for the correct 
operation of the heat pump and the heating system.

¢ƘŜ ƴƻƳƛƴŀƭ ƘŜŀǘ ǇǳƳǇ Ŧƭƻǿ ǊŀǘŜ ƛǎ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ҟ¢ ŀǘ ǘƘŜ 
condenser is 5°/ ǿƘƛƭŜ ŘŜǎƛƎƴ ҟ¢ ŦƻǊ ǊŀŘƛŀǘƻǊǎ ƛǎ мл°C. 

This means that at full load, the flow rate through the heat pump 
should be twice that through the radiator system.

Under sizing the pipe work will have a knock-on effect: the 
building will not reach the desired comfort temperature and as a 
result will have frequent cycling of the compressor, reducing its 
life time.

IƛƎƘŜǊ Ŧƭƻǿ ǊŀǘŜ ǿƛƭƭ ŎŀǳǎŜ ŀ ǊŜŘǳŎǘƛƻƴ ƛƴ ŦƭƻǿκǊŜǘǳǊƴ ҟ¢ ŀŎǊƻǎǎ 
the radiator and lead to a higher MWT. 

The increase in MWT does not lead to a significant increase in 
output once flow rate exceeds the standard water flow rate.

Source: SigmanHeating & Air Conditioning

Source: Daikin Schematic Book



Existing Pipe work
kW/s of power the pipe can carry in the centre.

Pipe Size
Heat output 

(0.9 mps @DT5)
Heat output 

(0.9 mps @DT7)
Heat output 

(0.9 mps @DT10)
Heat output 

(0.9 mps @DT15)

mm kW kW kW kW

8 0.75 1.05 1.5 2.25

10 1.15 1.61 2.3 3.45

12 1.72 2.41 3.4 5.16

15 2.75 3.85 5.5 8.25

22 6 8.46 12 18

28 10 14.2 20 30

35 15.75 22 30.15 45.9



Water Velocity & Pressure Drop
CIBSE Guide A provide considerations when selecting the appropriate pipe size for a given design flow rate:

Å Pipework noise - If velocity is high enough it will cause vibration (noise) or erosion of the pipe material. 

Å Erosion of relatively soft metals such as copper can occur at elbows if the water velocity is excessive. 

Å Pipes must be sized such that the energy consumed by the pump is not excessive. Smaller pipes will have a greater 
resistance to flow and will therefore incur a greater pump energy consumption compared to larger pipes.

Å Pipes should be sized based on a criterion of not exceeding 200 Pa/m.

Table 1.A1.4: Recommended range of maximum water velocities.

Pipe diameter (mm) Copper Steel

15-50mm 1.0 m/s 1.5 m/s

Over 50mm 1.5 m/s 3 m/s



Example Air source Heat Pump



Example Air source Heat Pump


