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 The artwork is Shift to shape an even better world  
by Gilimbaa Artist Tarni O'Shea.

I would like to acknowledge the 
Traditional Custodians of the land 
on which we are meeting today and 
pay my respects to Elders past and 
present. I acknowledge and respect 
their continuing culture and the 
contribution they make to the life 
of this city and beyond.

Acknowledgement of country
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About Arup



Together, we shape a better world

Dedicated to 
sustainable 
development, Arup is 
a collective of 16,000 
designers, engineers 
and advisors working 
across 150 countries. 

Images top to bottom, left to right: Thomson-East Coast Line 1, Mindano Railway, MRT Blue line (top and bottom), Arup virtual train



Global presence, local delivery

Americas

Europe

UKIMEA

East Asia

Australasia

£1.72bn 
Revenue*

75 years
of profitable trading debt free

41,000
Hours contributed to 

community projects*

as at Mar 2021 *19/2020 financial year



Sustainable
Development 

is everything



Sustainable development

For Arup, creating a better world is all about creating a 
more sustainable future.   

Our work in the built environment leaves a significant 
legacy to subsequent generations. We contribute 
meaningfully to the UN Sustainable Development Goals, 
creating better outcomes for people, places and planet.



Fuelling imaginations 
for 75 years

Arup University is the in-house intelligence hub 
at Arup.

It facilitates, safeguards, shares and generates 
knowledge. It develops people at Arup. It nurtures 
creativity. Globally. 

By fostering intelligence, the smarter Arup people 
can be at creating a brighter future, for clients and 
communities. 

Arup University



Our markets
Cities 
Transport
Energy
Water 

Rail 
Highways
Aviation
Intelligent Mobility 
Maritime



Supporting excellence in end-to-end rail journey

From the first and last 
mile to the core journey 
in between, our integrated 
team works with clients 
to shape an excellent 
people-centred journey to 
encourage a modal shift 
to rail.



What is circular economy?



What is circular economy?

“ A Circular 
Economy is one 
that is restorative 
and regenerative 
by design”

- Ellen MacArthur Foundation



The three principles
15

Regenerating 
natural systems

Designing out 
waste and 
pollution

Keeping products 
and materials in 

use
…at their highest 

possible value 



Tackling climate change

45%
Products 
and food

55%
Energy

Breakdown of current global greenhouse gas 
(GHG) emissions by origin

Circular economy principles and their action on 
GHG emissions

Eliminate waste and 
pollution to reduce GHG 
emissions across the 
value chain

Keep products and 
materials in use to retain 
the energy embodied 
within them

Regenerate natural 
systems to 
sequester carbon in 
soil products



Why we need to embrace the circular 
economy…

Human wellbeing

Economic activity (GDP)

Resource use

Environment impact

Time

Impact decoupling

Resource decoupling



Circular Economy 
As a cohesive strategy

Materials and 
Design 

Strategy

Business 
strategy

Life Cycle 
Assessment



Materials 
and Design 

Strategy

Reduce 
resource 

consumption

Reduce costs

Life 
extension

Design for 
deconstruction 
and flexibility

Design for 
offsite 

construction

Design for 
waste-efficient 
procurement

Cradle-to-
cradle 

materials and 
products

Design for 
reuse and 
recovery

Design for 
materials 

optimisation

Circular Economy
As a materials and design strategy 



Business 
strategy

Value 
creation

Keep 
assets in 

use at 
highest 
value

Systemic 
change

Residual 
value

Flexible 
assets

Relocatable 
assets

Performance 
procurement

Product as a 
service

Circular Economy
As a business strategy



Life Cycle 
Assessment

Human 
Health 

Returns

Environmental 
Returns

Whole Life 
Returns on 
Investments

Environmental 
Product 

Declarations

Human 
Toxicity 
Potential 

Reductions

Optimise 
Investments 
& Returns

Embodied 
and whole 
life carbon 
reduction

Maintenance 
Cost 

Reduction

User Cost 
Reduction

Circular Economy
As a life cycle assessment strategy



What has been achieved in other sectors?



Re-engineering 
of Systems

Ensure asset optimisation is considered at outset 
of projects. Implement layers design concept, to 
enable design for deconstruction and ease of 
maintenance to lengthen asset life. 

Life Cycle Assessment

Consider operation and 
maintenance at the early 
project phases. Use new/ 
appropriate models which 
strike a balance between 

economic and social costs.

Asset Management

TII as an asset 
management 

organisation through 
mindset change and re-

engineering.

Stakeholder 
Engagement

TII can engage with the 
supply chain and other 

agencies to influence UN 
SDG implementation and 

vice versa.

The use of whole life 
costing in procurement, 

taking account 
of environmental and 

social criteria. 

Information and Materials 
Management

Gather asset management data 
to inform timing of (re) design, 

investments/ divestments 
etc. Material passport-type data 

gathering for assets, 
components and materials

Procurement

TII Circular Economy Plan
Overview of Outcomes



Layers of Change
Buildings and stations

Stuff is the rest of the fitout, including furniture, lighting ICT and 

signage

Space Plan is the solid fitout including walls and floors

Services are the pipes, wires, energy, heating and ventilation systems

Skin is the façade and exterior

Structure is the station’s skeleton including foundations and load 

bearing elements

Site is the fixed location of the building

It lets us look at: which design strategy is appropriate for each layer of the system? 



Infrastructure: Layers of change
Light rail and metro

https://www.arup.com/perspectives/how-a-layers-based-approach-can-help-design-more-sustainable-transport-infrastructure



Infrastructure: Layers of change
Highways

https://www.arup.com/perspectives/how-a-layers-based-approach-can-help-design-more-sustainable-transport-infrastructure



Publications
27

SECTORS MATERIALSASSETSCITIES PRODUCTS



See our projects and publications in the circular economy area on arup.com



Circular economy for retaining value in transport



Where is value lost? 
Understanding where value is lost across the asset life cycle

Under 
performing

Assets

Technological 
Change 

Rendering 
Assets Obsolete

Overdesign
of assets

Assets
disposed of to 

landfill or 
materials 

recycled at end 
of life

Premature 
Deterioration of 

Assets

Residual value of materials is 
less than 5% of the value of 
new manufactured products. 

Reuse at a higher value is 
preferable.

In the linear economy, assets 
are replaced at end of life. 

Life cycle thinking is limited 
resulting in premature 

deterioration/demolition of 
assets

Traditional linear design 
methods may aim for a 60-year 

design life when a 30-year 
design life may be the 

maximum utility in practice.

Decarbonisation, for example, 
is likely to result in rapid 

changes in technology. Failure 
to future proof or adapt may 

result in unintended 
obsolescence

In a linear economy intensity of 
use or sharing of assets is not 

typically maximised. 



Potential New Value Models 
Concept ideas 

Sharing and 
collaboration 

platforms

Design for
Adaptability 

& Deconstruction

Procurement 
of products as 

a service 

Targeted 
automated 

inspection and 
maintenance 

Circular 
Economy 
Plans for 
Projects

Thinking well ahead to capture 
asset value and use existing 

components as donor material 
for new assets

New and innovative circular 
business models, a different 

type of ownership can be used 
to deliver circularity and ensure 

stewardship of materials and 
products. 

Application of targeted 
automated impaction and 

maintenance will lengthen life 
of assets and reduce resource 
consumption. Facilitate data 
capture which will enable 

assets to be maintained and 
reused.

Implement circular economy 
principles throughout the life 
cycle of projects, including 

strategy development, grouping 
of assets by life duration and 

taking a layers-based approach

Digitalization and facilitation 
of collaboration with the rest of 

the industry to pooling 
resources, expertise, and share 

assets and approaches



Opportunities for circularity

Rolling stock Vehicle fleets Stations, Depots and other 
Infrastructure





Design for deconstruction: in practice
The design brief for the Circular Depot Scheme 
brief included the following requirements

“All building structures in the Infrastructure 
Maintenance Depot shall be designed and 
constructed such that they can be dismantled and 
reused in their existing form.

All mechanical, electrical and public health 
installations in the Infrastructure Maintenance 
Depot shall be removable for refurbishment and 
reuse in their existing form."

Entire depot scheme
Approx 8% 
reduction in upfront cost
Approx 10% 
reduction in virgin material use
Approx 50% 
reduction in construction and demolition waste



The 9Rs



Low-carbon materials

Arup, together with 
Metroselskabet in 
Denmark, have developed a 
concept design for a timber 
metro station. Embodied 
carbon can be reduced by 
up to 50% compared to 
concrete. 

 Image Credit: Arup

Timber station 

R2

https://www.arup.com/perspectives/material-change-can-timber-play-a-role-in-sustainable-rail-infrastructure



Nature Based Solutions

Arup together with 
Heijmans has developed 
a circular timber bridge 
concept BOLT: Bridges 
of Laminated Timber 
which will be 
showcased at COP26

 Image Credit: Arup

BOLT Timber Bridge 

R2
Reduce



Reuse and refurbishment

SBB Switzerland’s Resale 
initiative enables reuse of 
disused products and unused 
assets and components. 

Industry partnerships 
between manufacturers and 
other parties can enable 
resale and refurbishment of 
vehicles. 

Project: SBB Switzerland Real Estate end of 
first life Reuse
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Progress 
Rail Remanufacture



Modularity, replaceability 
and life extension

R3 
Reuse –

R7 
Repurpose

Design for deconstruction and 
modularity enables reuse of 
rail assets such as depots. This 
approach can be extended 
much further, to cover rolling 
stock, track assets, and station 
elements such as escalators, 
targeting quick and low cost, 
low resource replacement. 
Image Credit: Transport for London



Refurbishing and repurposing stations
Disused space in stations can be 
repurposed for retail, office and 
hospitality stage. This prevents 
construction of new buildings and 
reduces resource consumption.

They could even take on a new life. 
This project for the City of Tilburg 
repurposed an old rail depot as a 
cultural destination with library space, 
working hubs and performance spaces.
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Composite Sleepers

Arup has written recycled content 
guides for road, rail and ancillary 
infrastructure as part of the Victorian 
Government’s Ecologiq program. 
High durability composite sleepers 
have been designed and piloted by 
MTIA and Network Rail in the UK 
which incorporate recycled content, 
reducing the use of virgin materials.

 Image Credit: Network Rail & Victorian Government

R8



Further Contact
TC Chew, C.Eng, FREng, FICE 

Global Rail Business Leader
tc.chew@arup.com


