
RooFs

E M B O D I E D  C A R B O N  I M P A C T S

Estimation of upfront embodied carbon impacts.

Calculated per m2 of horizontal projection area (or 
footprint area to be covered with a roof including 
external walls) to a common U-value of 0.11W/m2K. 

Includes timber trusses or rafters, insulation,  
internal lining, membranes and roof finish.

Excludes fascias, sole plates, rainwater goods. 

Medium to large format concrete tiles have been 
assumed for all options. An allowance has been 
made for fixings. 

The roof pitch has been assumed at 30°, with a 
structural span of 8m for trusses.

1m2   

projected 
footprint 

area

RooFs

Based on a notional detached 
2-storey 3B house of 80m2We focus on Upfront carbon as they are most likely the majority of 

embodied carbon impacts associated with a  project. 
Included are Product stages A1-A3, plus Transport A4 to wales and  
Material waste from Construction installation A5W.  
Excluded are emissions due to energy usage on site during construction 
installation A5a. 

All Figures are sensitive to assumptions and exclusions, 
 which is why it is important to critically review every figure 
and understand its parameters and system boundaries!
A key information is the functional unit as the basis for 
comparisons - here we have taken 1 square meter of projected 
footprint area in order to directly compare the impact of the  
different roof constructions and build-ups against each other.
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EMBODIED CARBON: EXAMPLE OF ROOF BUILD UPS
0.11W/m2K

Pitched Trussed Cold Roof 
Mineral Wool

Pitched Warm Roof 
Cellulose between I-Beams

Pitched Warm Roof 
PIR between Rafters

Pitched Trussed Cold Roof 
Cellulose

Estimated 
Upfront  Carbon  
Impacts  
per m2  of  
projected  
footprint area

A1-A5w
upfront carbon

A1-A5w
upfront carbon

A1-A5w
upfront carbon

A1-A5w
upfront carbon

Cold Trusses Mineral Wool Cold Trusses Cellulose Warm TImber PIR Warm Ibeam Cellulose

Biogenic
carbon storedBiogenic

carbon stored

Biogenic
carbon storedBiogenic

carbon stored

kgCO2e/m²
35

kgCO2e/m²
80

kgCO2e/m²
3535 50 40

kgCO2e/m² kgCO2e/m² kgCO2e/m²kgCO2e/m²
65

kgCO2e/m²
50

A1-A4 plus A5w site wastage (excludes A5a)

Internal lining

Roof structure

Roof structure biogenic stored

Insulation

Insulation biogenic stored

Cladding

Cladding biogenic stored
(roofing battens)

Membranes

Fixtures etc

Truss - Mineral Wool Truss - Cellulose Rafter -  Timber PIR Rafter - Ibeam Cellulose

4.5

10.2

5.6

13.4

1.2

1.3

0.0

4.5

4.5 4.5

10.2

6.8

13.4

1.1

1.3

4.5 4.5 4.5

9.7

5.8

15.4

13.4

0.6

1.3

0.0

25.6

9.6

9.4

13.4

0.6

1.3

24.2

41.545.045.0

15.0

Internal lining

Roof structure

Roof structure biogenic stored

Insulation

Insulation biogenic stored

Cladding

Cladding biogenic stored
(roofing battens)

Membranes

Fixtures etc

Truss - Mineral Wool Truss - Cellulose Rafter -  Timber PIR Rafter - Ibeam Cellulose

4.5

10.2

5.6

13.4

1.2

1.3

0.0

4.5

4.5 4.5

10.2

6.8

13.4

1.1

1.3

4.5 4.5 4.5

9.7

5.8

15.4

13.4

0.6

1.3

0.0

25.6

9.6

9.4

13.4

0.6

1.3

24.2

41.545.045.0

15.0

Internal lining

Roof structure

Roof structure biogenic stored

Insulation

Insulation biogenic stored

Cladding

Cladding biogenic stored
(roofing battens)

Membranes

Fixtures etc

Truss - Mineral Wool Truss - Cellulose Rafter -  Timber PIR Rafter - Ibeam Cellulose

4.5

10.2

5.6

13.4

1.2

1.3

0.0

4.5

4.5 4.5

10.2

6.8

13.4

1.1

1.3

4.5 4.5 4.5

9.7

5.8

15.4

13.4

0.6

1.3

0.0

25.6

9.6

9.4

13.4

0.6

1.3

24.2

41.545.045.0

15.0

Internal lining

Roof structure

Roof structure biogenic stored

Insulation

Insulation biogenic stored

Cladding

Cladding biogenic stored
(roofing battens)

Membranes

Fixtures etc

Truss - Mineral Wool Truss - Cellulose Rafter -  Timber PIR Rafter - Ibeam Cellulose

4.5

10.2

5.6

13.4

1.2

1.3

0.0

4.5

4.5 4.5

10.2

6.8

13.4

1.1

1.3

4.5 4.5 4.5

9.7

5.8

15.4

13.4

0.6

1.3

0.0

25.6

9.6

9.4

13.4

0.6

1.3

24.2

41.545.045.0

15.0

Internal lining

Roof structure

Roof structure biogenic stored

Insulation

Insulation biogenic stored

Cladding

Cladding biogenic stored
(roofing battens)

Membranes

Fixtures etc

Truss - Mineral Wool Truss - Cellulose Rafter -  Timber PIR Rafter - Ibeam Cellulose

4.5

10.2

5.6

13.4

1.2

1.3

0.0

4.5

4.5 4.5

10.2

6.8

13.4

1.1

1.3

4.5 4.5 4.5

9.7

5.8

15.4

13.4

0.6

1.3

0.0

25.6

9.6

9.4

13.4

0.6

1.3

24.2

41.545.045.0

15.0

400 m
m

350 m
m

233 m
m

424 m
m
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EMBODIED CARBON: EXAMPLE OF ROOF BUILD UPS

Pitched Trussed Cold Roof - Mineral Wool at Loft Level

Combined upfront embodied carbon per m²

0.11W/m2K

A1-A5w carbon impact Biogenic carbon stored

Medium to large format interlocking concrete roof tiles

25mm roofing battens 

25mm counter battens

Roofing membrane

Trussed rafter (assumed 8m span) @ 600mm ctrs

400mm mineral wool batts (11kg/m3) above and between joists

Vapour control layer

15mm plasterboard

3mm plaster skim

Transport of trusses and cladding tiles 
contribute a fair amount to the emissions.

Internal lining

Roof structure

Roof structure biogenic stored

Insulation

Insulation biogenic stored

Cladding

Cladding biogenic stored
(roofing battens)

Membranes

Fixtures etc

Truss - Mineral Wool Truss - Cellulose Rafter -  Timber PIR Rafter - Ibeam Cellulose

4.5

10.2

5.6

13.4

1.2

1.3

0.0

4.5

4.5 4.5

10.2

6.8

13.4

1.1

1.3

4.5 4.5 4.5

9.7

5.8

15.4

13.4

0.6

1.3

0.0

25.6

9.6

9.4

13.4

0.6

1.3

24.2

41.545.045.0

15.0

Internal lining

A1-A3
A4
A5 Site wastage only

Question - prefab timber frame????
Assumptions

Cellulose from Poland
Bricks from blabla etc?

Transport

Product stages

Cold Trusses Mineral Wool Warm Timber PIR

Roof structure

Insulation

Cladding

Membranes

Fixtures etc

Internal lining

Insulation

Cladding

Membranes

Fixtures etc

Internal lining

Insulation

Membranes

Fixtures etc

Internal lining

Membranes

Fixtures etc

Cold Trusses Cellulose Warm Ibeam Cellulose

Biogenic stored
kgCO2e/m² kgCO2e/m² 502525

A1-A5w 50

Biogenic stored 
kgCO2e/m² kgCO2e/m² 502525

A1-A5w Biogenic stored 
kgCO2e/m² kgCO2e/m² 502525

A1-A5w 

4.5

10.2

5.6

13.4

1.2
1.3

11.2

6.7

11.0

29.6Roof structure

45.0

4.5

17.8

10.9

0.6
1.3

5.2

27.9

0.6
1.3

Roof structure

Insulation

15.0 Insulation

Internal lining

Cladding

Membranes

Fixtures etc

Biogenic stored 
kgCO2e/m² kgCO2e/m² 502525

A1-A5w 50

4.5

10.2

6.8

13.4

1.2
1.3

Roof structure

45.0

4.5 Cladding

13.4

4.5 Cladding

13.4

4.5

50 50

Roof structure

47.9
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47.9

A1-A4 plus A5w site wastage (excludes A5a)

Low density mineral wool is actually very 
good in terms of upfront embodied carbon! 
This is not the case for higher density 
rainscreen slabs. 

Common Roof structures such  
as trusses and battens made 
from timber store carbon.

A1-A5w
upfront carbon

A1-A5w
upfront carbon

A1-A5w
upfront carbon

A1-A5w
upfront carbon

Cold Trusses Mineral Wool Cold Trusses Cellulose Warm TImber PIR Warm Ibeam Cellulose

Biogenic
carbon storedBiogenic

carbon stored

Biogenic
carbon storedBiogenic

carbon stored

kgCO2e/m²
36.2

kgCO2e/m²
80.3

kgCO2e/m²
34.137.3 50.9 42.4

kgCO2e/m² kgCO2e/m² kgCO2e/m²kgCO2e/m²
64.5

kgCO2e/m²
49.5 A1-A5w

upfront carbon
A1-A5w

upfront carbon
A1-A5w

upfront carbon
A1-A5w

upfront carbon

Cold Trusses Mineral Wool Cold Trusses Cellulose Warm TImber PIR Warm Ibeam Cellulose

Biogenic
carbon storedBiogenic

carbon stored

Biogenic
carbon storedBiogenic

carbon stored

kgCO2e/m²
36.2

kgCO2e/m²
80.3

kgCO2e/m²
34.137.3 50.9 42.4

kgCO2e/m² kgCO2e/m² kgCO2e/m²kgCO2e/m²
64.5

kgCO2e/m²
49.5

40
0 

m
m
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EMBODIED CARBON: EXAMPLE OF ROOF BUILD UPS

Combined upfront embodied carbon per m²

0.11W/m2K

Pitched Trussed Cold Roof - Cellulose at Loft Level

Medium to large format interlocking concrete roof tiles

25mm roofing battens 

25mm counter battens

Roofing membrane

Trussed rafters (assumed 8m span)  @ 600mm ctrs

350mm cellulose insulation above and between joists (40kg/m3)

Vapour control layer

15mm plasterboard

3mm plaster skim Loose Cellulose at loft level  
is usually installed at A lower  
density than inside a Frame,  
which reduces the carbon emissions  
(but also storage) per square meter.

Bio-based materials like  
Cellulose store carbon !

Despite its lower a1-a3 emissions, the added 
transport impacts of cellulose manufactured 
in Europe mean that, overall, it has a slightly  
higher impact than low density mineral wool.  

Internal lining

A1-A3
A4
A5 Site wastage only

Question - prefab timber frame????
Assumptions

Cellulose from Poland
Bricks from blabla etc?

Transport

Product stages

Cold Trusses Mineral Wool Warm Timber PIR

Roof structure

Insulation

Cladding

Membranes

Fixtures etc

Internal lining

Insulation

Cladding

Membranes

Fixtures etc

Internal lining

Insulation

Membranes

Fixtures etc

Internal lining

Membranes

Fixtures etc

Cold Trusses Cellulose Warm Ibeam Cellulose

Biogenic stored
kgCO2e/m² kgCO2e/m² 502525

A1-A5w 50

Biogenic stored 
kgCO2e/m² kgCO2e/m² 502525

A1-A5w Biogenic stored 
kgCO2e/m² kgCO2e/m² 502525

A1-A5w 

4.5

10.2

5.6

13.4

1.2
1.3

11.2

6.7

11.0

29.6Roof structure

45.0

4.5

17.8

10.9

0.6
1.3

5.2

27.9

0.6
1.3

Roof structure

Insulation

15.0 Insulation

Internal lining

Cladding

Membranes

Fixtures etc

Biogenic stored 
kgCO2e/m² kgCO2e/m² 502525

A1-A5w 50

4.5

10.2

6.8

13.4

1.2
1.3

Roof structure

45.0

4.5 Cladding

13.4

4.5 Cladding

13.4

4.5

50 50

Roof structure

47.9
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47.9

A1-A4 plus A5w site wastage (excludes A5a)

A1-A5w carbon impact Biogenic carbon stored

Internal lining

Roof structure

Roof structure biogenic stored

Insulation

Insulation biogenic stored

Cladding

Cladding biogenic stored
(roofing battens)

Membranes

Fixtures etc

Truss - Mineral Wool Truss - Cellulose Rafter -  Timber PIR Rafter - Ibeam Cellulose

4.5

10.2

5.6

13.4

1.2

1.3

0.0

4.5

4.5 4.5

10.2

6.8

13.4

1.1

1.3

4.5 4.5 4.5

9.7

5.8

15.4

13.4

0.6

1.3

0.0

25.6

9.6

9.4

13.4

0.6

1.3

24.2

41.545.045.0

15.0

A1-A5w
upfront carbon

A1-A5w
upfront carbon

A1-A5w
upfront carbon

A1-A5w
upfront carbon

Cold Trusses Mineral Wool Cold Trusses Cellulose Warm TImber PIR Warm Ibeam Cellulose

Biogenic
carbon storedBiogenic

carbon stored

Biogenic
carbon storedBiogenic

carbon stored

kgCO2e/m²
36.2

kgCO2e/m²
80.3

kgCO2e/m²
34.137.3 50.9 42.4

kgCO2e/m² kgCO2e/m² kgCO2e/m²kgCO2e/m²
64.5

kgCO2e/m²
49.5 A1-A5w

upfront carbon
A1-A5w

upfront carbon
A1-A5w

upfront carbon
A1-A5w

upfront carbon

Cold Trusses Mineral Wool Cold Trusses Cellulose Warm TImber PIR Warm Ibeam Cellulose

Biogenic
carbon storedBiogenic

carbon stored

Biogenic
carbon storedBiogenic

carbon stored

kgCO2e/m²
36.2

kgCO2e/m²
80.3

kgCO2e/m²
34.137.3 50.9 42.4

kgCO2e/m² kgCO2e/m² kgCO2e/m²kgCO2e/m²
64.5

kgCO2e/m²
49.5

35
0 

m
m
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EMBODIED CARBON: EXAMPLE OF ROOF BUILD UPS

Pitched Warm Roof - PIR between Joists

Combined upfront embodied carbon per m²

0.11W/m2K

Medium to large format interlocking concrete roof tiles

25mm roofing battens 

25mm counter battens

Roofing membrane

190mm timber rafters (assumed 4m horizontal span) @ 400mm ctrs

140mm PIR between joists

62.5mm insulated plasterboard

3mm plaster skim

Internal lining

A1-A3
A4
A5 Site wastage only

Question - prefab timber frame????
Assumptions

Cellulose from Poland
Bricks from blabla etc?

Transport

Product stages

Cold Trusses Mineral Wool Warm Timber PIR

Roof structure

Insulation

Cladding

Membranes

Fixtures etc

Internal lining

Insulation

Cladding

Membranes

Fixtures etc

Internal lining

Insulation

Membranes

Fixtures etc

Internal lining

Membranes

Fixtures etc

Cold Trusses Cellulose Warm Ibeam Cellulose

Biogenic stored
kgCO2e/m² kgCO2e/m² 502525

A1-A5w 50

Biogenic stored 
kgCO2e/m² kgCO2e/m² 502525

A1-A5w Biogenic stored 
kgCO2e/m² kgCO2e/m² 502525

A1-A5w 

4.5

10.2

5.6

13.4

1.2
1.3

11.2

6.7

11.0

29.6Roof structure

45.0

4.5

17.8

10.9

0.6
1.3

5.2

27.9

0.6
1.3

Roof structure

Insulation

15.0 Insulation

Internal lining

Cladding

Membranes

Fixtures etc

Biogenic stored 
kgCO2e/m² kgCO2e/m² 502525

A1-A5w 50

4.5

10.2

6.8

13.4

1.2
1.3

Roof structure

45.0

4.5 Cladding

13.4

4.5 Cladding

13.4

4.5

50 50

Roof structure

47.9
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A1-A4 plus A5w site wastage (excludes A5a)

There are wider considerations When choosing between 
cold and warm roofs, including usable space and area,  
structure, Prefabrication, context, MEP location ETC! 

The spacing and size of Roof tiles,as well as  
The roof pitch, make a difference!

 PIR-backed plasterboard increases the 
impact of linings and is difficult to  
recycle or re-use. 

A1-A5w carbon impact Biogenic carbon stored

Internal lining

Roof structure

Roof structure biogenic stored

Insulation

Insulation biogenic stored

Cladding

Cladding biogenic stored
(roofing battens)

Membranes

Fixtures etc

Truss - Mineral Wool Truss - Cellulose Rafter -  Timber PIR Rafter - Ibeam Cellulose

4.5

10.2

5.6

13.4

1.2

1.3

0.0
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carbon storedBiogenic

carbon stored
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kgCO2e/m² kgCO2e/m² kgCO2e/m²kgCO2e/m²
64.5

kgCO2e/m²
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EMBODIED CARBON: EXAMPLE OF ROOF BUILD UPS

Pitched Warm Roof - Cellulose between I-Beams

Combined upfront embodied carbon per m²

0.11W/m2K

Medium to large format interlocking concrete roof tiles

25mm roofing battens 

25mm counter battens

Roofing membrane

11mm OSB/3 sheathing board

360mm blown cellulose insulation (50kg/m3) between I-joists    	
    (assumed 4m horizontal span) @ 600mm ctrs 

11mm OSB/3 sheathing board

Vapour control layer

12.5mm plasterboard

3mm plaster skim

Internal lining

A1-A3
A4
A5 Site wastage only

Question - prefab timber frame????
Assumptions

Cellulose from Poland
Bricks from blabla etc?

Transport

Product stages

Cold Trusses Mineral Wool Warm Timber PIR

Roof structure

Insulation

Cladding

Membranes

Fixtures etc

Internal lining

Insulation

Cladding

Membranes

Fixtures etc

Internal lining

Insulation

Membranes

Fixtures etc

Internal lining

Membranes

Fixtures etc

Cold Trusses Cellulose Warm Ibeam Cellulose

Biogenic stored
kgCO2e/m² kgCO2e/m² 502525

A1-A5w 50
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A1-A5w Biogenic stored 
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27.9

0.6
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Roof structure
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15.0 Insulation
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Cladding

Membranes

Fixtures etc

Biogenic stored 
kgCO2e/m² kgCO2e/m² 502525
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4.5

10.2
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13.4

1.2
1.3

Roof structure

45.0

4.5 Cladding

13.4

4.5 Cladding

13.4

4.5

50 50

Roof structure

47.9
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47.9

A1-A4 plus A5w site wastage (excludes A5a)

This build up stores the most carbon from 
timber structure and cellulose insulation, 
but it also has the thickest build-up. 

I-joists as engineered timber products Made 
from LVL and OSB have a higher carbon impact 
than  solid timber joists.

A1-A5w carbon impact Biogenic carbon stored

Internal lining

Roof structure

Roof structure biogenic stored

Insulation

Insulation biogenic stored

Cladding

Cladding biogenic stored
(roofing battens)

Membranes

Fixtures etc

Truss - Mineral Wool Truss - Cellulose Rafter -  Timber PIR Rafter - Ibeam Cellulose
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