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Embodied carbon and building services

2000 sqm 25 Tonnes

R410a

2,088
kgCO2e/kg

R134a

1,430
kgCO2e/kg

High impact materials

Big quantities High replacement rates

Refrigerant impact



TM65 (2021)



CIBSE TM65



CIBSE TM65 - process summary



CIBSE TM65 – Manufacturer form



CIBSE TM65 – Basic calculation method



CIBSE TM65 – Mid level calculation method



CIBSE TM65.1
AIM & SCOPE



Aim – Explore embodied carbon of residential heating
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30 products 13 design strategies



Scope – Residential Typologies



Scope – building fabric & system sizing 

• U-value walls: 0.13 W/m2·K
• U-value roof: 0.10 W/m2·K
• U-value ground: 0.08 W/m2·K
• U-value windows: 0.8 W/m2·K 

(triple glazing)
• air permeability: <1 m3/h·m2 at 50 Pa.

Thermal performanceUltra-low energy building fabric 
(Passivhaus level)



Process

Manufacturer 
outreach: TM65 
manufacturer 

form

Creating Generic 
data points

TM65 Product 
Calculation

Generic data 
points used in 
System-level 
calculations

Product level
+ results

System level
+ results



CIBSE TM65.1
PRODUCT 
FINDINGS



Process

Manufacturer 
outreach: TM65 
manufacturer 

form

Creating Generic 
data points

TM65 Product 
Calculation

Generic data 
points used in 
System-level 
calculations

Product level
+ results

System level
+ results

29 
manufacturers

70 
datapoints



ASHP 2-pager

R² = 0.4225
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1. ASHP - Results by kW 
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2. ASHP - Results by kW 
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3. ASHP - Absolute results against capacity (kW) 

R² = 0.9427
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4. ASHP - Absolute results against weight (kg)
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CIBSE TM65.1
SYSTEM 

FINDINGS



Methodology – Creating generic data points

Manufacturer 
outreach: TM65 
manufacturer 

form

Creating Generic 
data points

TM65 Product 
Calculation

Generic data 
points used in 
System-level 
calculations

Product level
+ results

System level
+ results



Quantities

CIBSE 
TM65 
result 

without 
refrigerant

Number of 
replacement 
during study 

period

Refrigerant 
leakage impact 
over the whole 
study period

x x +

CIBSE Guide M CIBSE TM65 
assumptions

Generic datapoint
Per functional unit

Methodology – system level calculations



Individual 
ASHP  

Generic ASHP
kgCO2e/kW

Number of 
replacement 
during study 

period-
(CIBSE Guide 

M)

Refrigerant 
leakage 

impact over the 

whole study period
(60 x annual 

leakage rate) +
(4 x end of life 

decommissioning)

x x +3 kW

Radiator
Generic radiator

kgCO2e/kW0.5 kW

Heating 
pipes

Copper pipes
kgCO2e/kg 30 kg

1

3 x x

x

x

x

Hot water 
pipes

plastic pipes
kgCO2e/kg 2 kg x

TRV- 15 mm

LST- 15 mm

Generic TRV - 15 mm
kgCO2e

Generic LST- 15 mm
kgCO2e

3

3

x

x

x

x

x

x

Pipe 
insulation

Pipes insulation
kgCO2e/m32 m3 x x

Methodology - example



Results and findings



Results - 100 unit multi residential scheme
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System findings – Embodied carbon of heating design matters

Embodied carbon of heating and hot water systems 
compared to the whole building (800 kgCO2e/m2) 

25%

3%

Space heating & 
hot water

Rest of the 
building



System findings – there is a big impact variance between 
systems



System findings – Refrigerant leakage impact is significant

Above our current 
building target



System findings – Refrigerant leakage impact is significant

 -

 100

 200

 300

 400

 500

 600

 700

R410a R134a R32

C
a

rb
o

n
 e

m
is

si
o

n
s 

k
g

C
O

2
e

/m
2

Terraced House - VRF system
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88%
84%

77%

Go to Appendix D.1



System findings – good building fabric reduces the embodied 

carbon of your heating system by 40%

Go to Appendix D.3



System findings - Increasing the thermal performance of the 
building fabric can balance out the increase in embodied carbon 
from gas boiler to heat pump.



System conclusion – both operational & embodied carbon need 
to be considered when making decisions
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CIBSE TM65.2 -
Coming soon



CIBSE TM65.2 - Aim & scope

10,000 m2 office
building

Fabric (refurbished 
to new building 

regulations 
standard)

1 person per 8 m2 Heating/Cooling/
Ventilation

Glazing ratio – 60%



Product level 
summary
• Dot represents the GWP/kg value 

for the given product. 

• The error bars give an indication 
of the confidence of the data-
point.

• The dots without error bars have 
too few data points to be able to 
predict the likely variance of the 
data-point.
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Questions?


