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Sustainable design in a climate emergency

How to calculate embodied carbon

We will seek to:

—— Raise awareness of the climate and
biodiversity emergencies and the urgent need for
action amongst our clients, collaborators and
supply chains.

—— Advocate for faster change in our industry
towards regenerative design practices and a higher
Governmental funding priority to support this.

—— Establish climate and biodiversity mitigation
principles as a key measure of our industry’s
success: demonstrated through awards, prizes and
listings.

—— Share knowledge and research to that end on
an open source basis.

—— Evaluate all new projects against the
aspiration to contribute positively to mitigating
climate breakdown, and encourage our clients to
adopt this approach.

—— Upgrade existing buildings for extended use
as a more carbon efficient alternative to demolition
and new build whenever there is a viable choice.

—— Include life cycle costing, whole life carbon
modelling and post occupancy evaluation as part of
the basic scope of work, to reduce both embodied
and operational resource use.

—— Adopt more regenerative design principles in
practice, with the aim of providing structural
engineering design that achieves the standard of
net zero carbon.

—— Collaborate with clients, architects, engineers
and contractors to further reduce construction
waste.

—— Accelerate the shift to low embodied carbon
materials in all our work.

—— Minimise wasteful use of resources in our
structural engineering design, both in quantum and
in detail.

We hope that every structural engineering practice
operating in the UK will join us in making this
commitment.

We will seek to:

- Share knowledge and research to that end on an open source basis

- Include life cycle costing, whole life carbon modelling and post-occupancy
evaluation as part of the basic scope of work, to reduce both embodied and
operational resource use.

- Accelerate the shift to low embodied carbon materials in all our work

- Minimise wasteful use of resources in our structural engineering design, both in
quantum and in detalil
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Sustainable design in a climate emergency
Purpose

The Institution of

* Provide a common calculation method StructurakEngineers

* Enable meaningful design comparisons How to calculate
embodied carbon

* Improve our understanding of embodied carbon

* Support material demand reduction

Help us find new ways to reach net zero.
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Principles

2050
Net Zero OO
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Sustainable design in a climate emergency
Impact

Cut one return flight to @
New York in economy Save 1,000 kgCO,e

Cut meat, dairy, and Save 2,000 kgCO,e per year
beer from your diet
Stop driving (22 | Save 3,000 kgCO.e per year
your car ’ sk
20% structural embodied
carbon reduction achieved Sene 200N kgCOze per year
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The Guide

The Institution of

Structuralzngineers

How to calculate
embodied carbon

Inputs

Select embodied
carbon data

[default A1-A3: ICE
V3.0, all other stages
RICS, 2017]

Material quantities
[default: substructure
and superstructure]

Select benchmark
comparator projects
[default: RICS data]
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Process

Consider the brief and undertake an option study
[default: do nothing, vary materials, change grids, challenge loadings, minimise intervention
in existing structures, reuse existing materials, create direct load paths]

Identify EC hotspots

fnalyse and opportunities for reduction

Discuss with design team
Compare to relevant benchmarks

v

Pursue lowest carbon option(s)

Communicate

Select

Improve design based on hotspot and

Reduce : (
opportunity analysis
Refine Refine inputs as design stages progress and

material data improves

Outputs

Report final design to
industry database
[default: RICS]

Learning

Compare and contrast
design to equivalent
assets

Identify lessons learned
and opportunities for
future design

v

Report findings, both
internally and externally

v

Geed into next proje@
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The Guide: Contents

Contents

Foreword
Purpose, principles and impact

1 Introduction to carbon calculations

1:1 Life cycle stages and modules

1.2 Terminology

2 Calculating embodied carb

21 Minimum scope of calculation
211 Minimum scope: life cycle stages and modules
232 Minimum scope: building eements

22 Inputs
2241 Material quantities

222 Inputs for A1-A5 calculation

223 Module A4 carbon factors

224 Moduie A5 carbon factors

225 Additional inputs for A-C calculations

226 Additional inputs for A-D calculations
23 Process

231 Calculation

23.2 Normalising results

233 Sense check

234 Uncertainty

235 Communicate and discuss embodied carbon

236 Calculation tools

23.7 Reducing embodied carbon
2.4 Outputs

241 Reporting publicly

242 As-built calkculation

243 Share case studies

3 Conclusions
Appendix: Carbon factor databases
References
Further reading
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» Guide follows the process diagram
* Inputs
* Process (calculation)
* Qutputs

« Easy to navigate
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Sustainable design in a climate emergency
The Guide: Scope
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Sustainable design in a climate emergency
The Guide: Minimum calculation

BEYOND THE LIFE
LIFE CYCLE INFORMATION CYCLE
Stage: PRODUCT CONSTRUCTION USE ENDOFLIFE | [ BENErmsanoLoaos
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ECFaswi = WEF x (ECFa3; + ECFas; + ECFey )

WF = Waste Factor

Sustainable design in a climate emergency v ()

Ca I C u I atio n using the WRAP UK Net waste tool

ECF_,, = transportation from site
(calculated in the same way as ECF,, )

Obtain from the ICE V3 Default distance is 50km by road if taken for reuse or
database or other similar recycling elsewhere (or the average distance between
database the two closest landfill sites for landfill or incineration).
ECFA13,/ = ECFA5WV,- =
Embodied carbon factor, Modules On site construction waste carbon factor
A1-A3, for the /" material (part of Module A5) for the i*” material
(kgCO_e/kg) (kgCO,e/kg)
Embodied n ECF,,, =
e e ——> ECa15 = ¥ [Qi (ECFas i + ECFas; + ECFasy )] + EC a5, < Corsiustonacivies Emisson rat
project
AT-AS i—1 4 (kgCOe)
Sum for ECF,, = T
materials Embodied carbon factor for transport
Tton (Module A4) of the /" material ECsa = CAEF x e
Q= (kgCO,e/kg) 100, 000
Quantity of /" CAEF = construction activities
material T emissions factor of
(kg) 700kgCO,e/£100,000 for
ECE Ay = Z (T'Dyode X TEE 04 superstructure and substructure only
mode and £1400kgCO,e/£100,000 for the
Obtain from your D, . = Transport Distance (in km) whole building.
calculations Default values: PC = Project Cost (in £)
Scenario Road (km) Sea (km)
Local 50
National 300
European 1,500
Global 200 10,000
TEF . = Transport emission factor
(in gCO_e/km)
Default Values:
Istruct= Road, fully laden = 0.10650 gCO,e/kg/km
— Sea = 0.01614 gCO e/kg/km




Sustainable design in a climate emergency
Reporting

RICS Building Carbon Database e uk
: mas
My homepage | Update my details | Logout ‘:&LQ,B,‘__:

RICS Building Carbon Database Results Summary
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https:/Iwlcarbon.rics.org
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Sustainable design in a climate emergency
What’s next

« Evening Seminar Wednesday 7th October 2020
* Orlando Gibbons (Arup) and John Orr

* https://www.istructe.org/events/hqg/launch-calculate-carbon/

* Download the guide and read it!

* https://carbon.tips/h2c
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