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Net Zero
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Calculate and reduce carbon impact across structures

• Create an open-source tool

• Quantify: baseline, maintenance, offsetting

• Improve awareness and understanding on carbon

• Change procurement focus to include sustainability

• Communicate and knowledge share across the sector

Main aims



Why are you looking at the embodied 

CO2e?
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Baseline approach

• Replace like-for-like, CO2e content

• Gross Replacement Carbon footprint (GRCf)

• Understand the embodied carbon on an element-by-

element basis

• Unlocks understanding on the structure

Primary deck 
material
66.46%

Secondary deck 
material
8.13%

Foundation 
material
15.41%

Pier/Column
1.14%

Cross-
head/capping 

beam
0.64%

Bearings
3.26%

Superstructure 
drainage
0.02%

Substructure 
drainage
0.04%

Waterproofing
1.56%

Expansion joints
0.65%

Handrailing
1.12%

Carriageway 
surfacing

1.42%

Footway surfacing
0.14%



Funding requests

Recent chloride testing has indicated a high 

chance of corrosion, what would be the 

replacement carbon cost if a CPS is not installed 

and the steel protected?

Asset management

How do our proactive maintenance strategies 

align with our known high-carbon structures?

Major intervention

How does replacement carbon compare to 

embodied carbon? Is strengthening really not an 

option?

Maintenance

The handrailing paint has flaked off. If the 

handrailing continues to corrode and 

deteriorates what would be the carbon cost of 

replacement?

Knowledge

How do our different construction form bridges 

compare?

Procurement stage

How does CAPCarb compare to OPCarb? Can 

we plan long term?



How do you calculate GRCf?
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Welsh Government network

• 1211 bridges

• ~ 60 types of construction form

• Automated approach to calculation

• Justifiable and usable by other asset owners

1141
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1487
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structures
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Workflow

Dimensions

Quantities of materials

Rates

Rate of each material

ICE DB V3.0

TATA guide

Etc.

CO2e

Equivalent CO2 of each 

element
X =
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Dimensions

Existing data

Structures Elements
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Bridges –

span level Structure type

Form of 

construction

Span length

Width of span

Structures
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Reference to 

structure

Element 

name

Material

Elements
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XX mm
XX mm

10500 mm

XX mm

12500 mm

XX mm

15000 mm

XX mm

XX mm

XX mm
XX mm



How do you fill in the blanks?
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Structure type

Inverted T Beams

Inputs

Outputs References to 

guide/structures
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Structure type

Filled spandrel arches

Inputs
Output References to 

guide/structures



What did you use to do this?
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Covered structure forms

• RC solid slabs (+ with edge cantilevers)

• Post tensioned (PT) slabs (+ with edge cantilevers)

• Voided slabs (+ with edge cantilevers)

• Ribbed RC 

• Composite steel/concrete (+ with edge cantilevers)

• Encased steel beams

• Steel box girders (+ with edge cantilevers)

• PT voided boxes (+ with edge cantilevers)

• PT I beams

• T, Y, U, M beams (+ with edge cantilevers)

• Single & multi cell box culverts  (+ with edge cantilevers)

• Masonry, brickwork, concrete arches

• Steel ribbed arches

• RC single & multi cell concrete box spine beams

• PT spine beams

• Encased steel spine beams

• Pre-stressed box spine beams

~60 

structure 

forms
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References

Archie-M - filled spandrel arches

Empirical - Existing 

structure data
T,Y,M, etc. beams box culverts

composite bridges



What next?
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Stage 0 – baseline

- GRCf (Gross 

Replacement Carbon 

footprint)

Stage 2 – reduction

- Comparison of techniques, 

processes and materials to 

reduce carbon impact

Extension of 

usable life

Traffic delay 

impact of a 

closure

Carbon 

saving of 

grouping 

schemes

Traffic 

management

Proactive 

asset 

management

Weight limits 

> rerouting 

HGVs

Stage 1 – impact

- Impact of maintenance 

schemes

Plant & fuel, 

Labour

Material 

choice, e.g. 

cement 

content

Speed of 

construction

EV  

construction 

machinery 

e.g. solar 

generators

Deterioration 

modelling

Sustainable 

solutions

Annual 

emissions
PAS 2080

• Tie into work by others e.g.:

• IStructE modules, TATA guide, Moata Carbon 

Portal, ICE V3.0, RICS, RSSB, and many others!

Tender stage choices

Sustainability/Cost/Quality

Stage 3 – offsetting

- Calculation

Demolition 

carbon cost

Next steps

> >
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Thank you.

Any questions?


