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• Results and discussion
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Recent developments
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Who cares about whole life carbon?
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Life cycle influence of construction
materials



Life cycle perspective

• What guidance and measurement tools
are currently available?
• BREEAM / LEED

• BRE Green Guide / Environmental Profiles

• Site Waste Management Plans

• Environment Agency Carbon Calculator

• Invest2 Software…

• Currently, no widely applied tool to allow thinking of
material flows in the same way as detailed operational
demands
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Challenges of building life cycle assessment

Where do we draw the boundaries of analysis?

What are the environmental impacts of a particular material?

How much material have we got in the first place?

How do we assess this in the early stages of design?

Knowledge – Analysis
precision

Ability to implement
change

Time – the design process
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Structuring the building life cycle
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Building up the lifecycle
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Building category Emissions per £ project value /
tonnes CO2eq/£million

New Domestic 23

New Infrastructure 34

New Shops 8

New Office 16

New Education 10

New Health 12

New Other non domestic 20

Refurbishment and maintenance 11
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Building up the lifecycle
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Operational
Phase
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Operational emissions
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Case Study
Snowhill2, Birmingham
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Snowhill2
Case Study

Parameter Value

Curtain Walling U-value 1.9 W/m²K

Roof U-value 0.2 W/m²K

Window U-Value 1.9 W/m²K

Office Occupant Heat Gain
75 W/person (sensible); 55 W/person
(latent); 10 m²/person

Retail Occupant Heat Gain
80 W/person (sensible); 80 W/person
(latent); 6 m²/person

Office Lighting Heat Gain 12 W/m²

Retail Lighting Heat Gain 20 W/m²

Office Equipment Heat Gain 20 W/m²

Retail Equipment Heat Gain 10 W/m²

Heating set point temperature 21°C (06:00-20:00); 12°C out of hours

Cooling set point temperature 24°C (07:00-20:00) 50%RH ±10

Mechanical ventilation rate 12 litres/s/person (occupied hours only)

Heating system seasonal efficiency 90%

Cooling system seasonal energy
efficiency ratio

2.5

Natural gas carbon intensity (for
heating)

0.198 kgCO2eq/kWh

Electricity carbon intensity (for cooling) 0.517 kgCO2eq/kWh
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Snowhill2
Case Study

48% of ‘cradle-to-gate’ GHG emissions in
upper floors and frame

Small mass items and building services
generally have a diminishing influence on
‘cradle-to-gate emissions
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Material Transportation
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On-site construction
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(cradle-to-gate)

Material
transportation

On-site
Construction

Operation

Building category
Emissions per £ project value /
tonnes CO2eq/£million

New Domestic 23

New Infrastructure 34

New Shops 8

New Office 16

New Education 10

New Health 12

New Other non domestic 20

Refurbishment and maintenance 11

Size of Project tCO2 / month

Very large
Construction cost more than £10 million, more than 25 people
permanently on site

25

Large
Construction cost £5 to £10 million, between 16 and 25 people
permanently on site

12

Medium
Construction cost £1.5 to £5 million, between 9 and 15 people
permanently on site

5

Small
Construction cost less than £1.5 million, fewer than 8 people
permanently on site

2
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Building operation
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Lifecycle performance
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Lifecycle performance – Potential design modifications

Manufacturing
(cradle-to-gate)

Material
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Base case design –

117,729 tonnes CO2eq
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Improved lighting scheme–

89,570 tonnes CO2eq

(23.9% lifecycle
improvement)

Improvement 1

Change fluorescent lighting
to LED and include daylight
dimming

Improvement 2

Change cement product to
50% Blast Furnace Slag
Replacement

Use of cement replacement–

87,982 tonnes CO2eq

(25.3% lifecycle
improvement)
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Discussion

• Focus on ‘hotspots’ can address the majority of embodied carbon:

• Approximately 77% of manufacturing emissions are due to only five
components

• Almost half of embodied emissions in the fabric are found in the primary
concrete and steel elements. Making improvements to these elements will have
significant impact.

• Embodied emissions within flooring and finishes was also shown to be
significant and worthy of focused improvement

• Excessive detail on smaller elements could lead to ‘analysis paralysis’

• In the context of a complete building lifecycle, material transportation and onsite
construction are relatively negligible

• Despite this, across the sector, these issues are significant



Conclusions

• Government objectives, client concerns and polarised focus
on operational lifecycle phases has driven the need for whole
life carbon analysis

• To be effective, this must be integral to the design process and
completed at a project stage that is able to influence design
decisions

• The developed tool achieves this by ‘bolting’ on to existing
analysis processes and requiring minimal effort to produce
high level results
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