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A purpose -led
organization

| mpact for a fair

A For more than 120 years BSI| has benefitted
the world in a profound and unique way. Our
independence, global reach and access to
leading -edge experts sets us apart.

A Due to the unique way we are incorporated,
we reinvest our profits to foster progress
and partnership, increasing trust between
consumers, governments and organizations.

A Ultimately, we help business and society
thrive together accelerating progress towards
a fair society and a sustainable world.
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With a global presence

BSI has a presence on every
continent, with 87 offices in
31 countries housing more
than 6,000 colleagues

Our 84,000 clients in 193
countries range from globally
recognized brands to small, 84,000
local businesses e
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The global built environment

The global construction industry is undergoing significant
changes and transformations, driven by factors such as s B
di gitalization, sustainability, a/ T oEE
The industry is expected to face both opportunities and
challenges in the coming years, with advancements in
technology and a growing focus on sustainability
reshaping the way construction projects are planned and
executed. N

BSI Bs role is to support ind
entire built asset lifecycle, in meeting the many industry
challenges enabling a digitally transformed, sustainable

and safe built environment
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Our focus Is on key themes impacting the built

environment

Sustainabi | i tDigital Trustand

and Sust ai na blifarsformation

supply Chain

A GHG/Carbon A Information and Cyber
management Security

A Energy/Water A BIM and Digital Twin
Management A Smart Cities and loT

A Sustainable Materials & A Digital Innovation and
Products Technology

A Sustainable
Infrastructure

Health, Safety
and Wellbeing

A Fire/construction Safety

T

Environmental Health &
Safety (EHS)

PFAS Ecological Restoration

A Occupant Health &
Wellness

T

A Prioritizing People

Quality

™

Construction Products /
Materials (Quality and
Performance)

Digital Circular Economy

Sector specific Quality
Management

Kitemark Home
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Circular economy and the pathway
to net zero

AGENDA

A Circular economy influencers & schools of thought
A What is the circular economy, inspiration, and principles?

A Why the circular economy is about design, not recycling, or
cradle -to -grave propositions

A Net zero and circularity, funding in the latest US Acts ¥ IRA
(370B) CHIPS Act (280B) and I1JA 1.2T

A High -level overview of business models, enablers, and digital
circular economy (BIM, Al, data, etc.)

A Case studies/projects in the US/EU that show an achievable CE
and pathways to net zero

A Questions

A Close




Circular economy
Influencers and schools of
thought

A Cradle to Cradle, remaking the way we make things T
German chemist Michael Braungart and American architect
Bill McDonough, written in 2002

A The Performance Economy - Walter Stahel, architect and
economist, Product Service Systems, not ownership

A Biomimicry - Janine Benyus, author of Biomimicry:
Innovation Inspired by Nature

A Industrial Ecology - The study of material and energy flows
through industrial systems

A Blue Economy - "100 innovations that can create 100 million %
jobs within the next 10 year 5,*

A Ellen MacArthur Foundation - An economy designed to
keep materials in use, eliminate waste and regenerate
natural systems.

A Sustainable Development Goals (SDGs) - Number 12 in
particular on safe consumption calls for circularity

@



But, what Is the circular
economy?

|l t Bs driven by design, based on
A Eliminate waste and pollution, by design
A Circulate products and materials (at their highest value)

A Regenerate nature

Ban i ndust r i aréstosye: Draagengratizet by i s
imtention ancd designyn. 't 1 e mhdofclid® Tloaczept 4
restarationn, shifts towards the use of renewableécnergy)y, &
eliminates the use of‘toxiccchemicals's, which impair reuse, and
aims for the elimination ofofastete through the superiarrdeésignn
of materials/sproduttsssystemsns, and, within this, business
maodelsA .

A Circular Econdnp Wa3dTGedd man

@
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https://ellenmacarthurfoundation.org/topics/circular-economy-introduction/overview
https://www.weforum.org/agenda/2022/06/what-is-the-circular-economy/
https://www.datamintelligence.com/research-report/digital-circular-economy-market
https://www.goldmansachs.com/intelligence/pages/gs-research/gs-sustain-circular-economy/report.pdf

And why NOW?

Circularity is included in the latest US legislative Acts T Inflation Reduction Act, CHIPS and Science Act,
and Bipartisan Infrastructure Law worth Over 1 Trillion

Recirculating Materials: Federal Buy Clean Initiative: Extending Lifecycles:

CHIPS Act reduces pressure Devel ops cl eaner prSawsiresourcesnreduces

on resources like EV batteries & recycling for matwaste, lawlers GHG elissions

and clean energy tech steel and concrete

Creating New Jobs & Industries Net -Zero Game Changers The Takeaway:

Enhance community resilience Collaboration between Circularity is written into
government agencies, these acts (legitimizing CE)
industry, and academia on and funding is available
research
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Visualizing the circular economy systems approach -the
CE Butterfly

FINITE MATERIALS

RENEWABLES '
RENEWABLES FLOW MANAGEMENT '

o

PARTS MANUFACTURER

v

PRODUCT MANUFACTURER

2R

SERVICE PROVIDER Links to firms with business

I ey L models for reverse logistics
CASCADES @

and take -back systems 7 Old
COLLECTION

STOCK MANAGEMENT

NG/COLLECTION'

BIOCHEMICAL
FEEDSTOCK

REGENERATION BIOSPHERE

tile becomes new tile, and
similarly, carpeting

Armstrong

CEILING & WALL SOLUTIONS

ShawContract®

— (O Tarkett
1 Hunting and fishing o

2 Can take both post-harvest and post-consumer waste as an input

DIGESTION

SOURCE 4 v

Ellen MacArthur Foundation :

Circular economy systems diagram (February 2019) R MINIMISE SYSTEMATIC

www.ellenmacarthurfoundation.org LEAKAGE AND NEGATIVE Esbs'rbx_ﬁgﬁm“un
Drawing based on Braungart & McDonough, EXTERNALITIES k

Cradle to Cradie (C2C) H

Explainer videoCircular Economy and How Society CantRak Progress
©202BAS| GCoturpi ctly @dhWwd&nhghabk Reserver



https://www.armstrongceilings.com/commercial/en/performance/sustainable-building-design/ceiling-recycling-program.html
https://www.shawcontract.com/en-US/Sustainability/re-TURN
https://commercial.tarkett.com/en_US/node/restart-recycling-take-back-programme-10069
https://www.youtube.com/watch?v=zCRKvDyyHmI

Biomimicry - the forest

A perfectly designed eco -system for carbon
sinks, vegetation, animals, pollinators,

water systems, fungi, bacteria and
mycorrhizal networks, soil preservation and
regeneration .

A There is no waste in Nature & everything
equals food for something else

A A cradle-to-cradle closed -loop system

A A circular economy seeks to mimic nature at
its most symbiotic level by design. Not
optimize waste afteri t 7s been des
systems, buildings, and products.

Photo credits: Pexels.co



https://www.pexels.com/photo/aerial-photo-of-river-between-green-mountain-2591408/

Biomimicry -the humble
banana
A Entire product is usable by all consumer

markets as well as business -to-business
applications for nutraceuticals, etc.

A perfectly designed package for mobility, life
stage information, ease of use and nutrition

A In a landfill, bananas facilitate decomposing
of adjacent organics

There is no waste in Nature ¢ By Design % of )
2 Y
BBusinesses throw away hundre%’

materials because they are not designed for recovery. What is
gained on the front end through convenient bonding is lost on
the back end through destructive mixing of materials that e R . . gy .
. K SourcesBanana peels as a bioactive ingredient and its potential application the food industry
de gr a des t h-eMulmall adeBIalungarty AN Recovery of Banana Wasdt®ss from Production and Processing: A Contribution to a Circular Ecol

Photo credits: Pexels.com


https://www.sciencedirect.com/science/article/pii/S1756464622001244
https://pubmed.ncbi.nlm.nih.gov/34500714/

How we currently design products for  us

BYou don?t fi1 1l ter smokestacks or wat er

and design the problem out of existence.
William McDonough, Architect

&y A )

Valuable materials Negative Long -term risk of
discarded through externalities for finite resources
poorly designed communities Viability and

processes for unrelated to the negative branding
recovery or original creator/ impacts
remanufacture and designer,
re-sale thousands of miles
away.

Photo credits: Pexel s. com
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https://www.youtube.com/watch?v=PU-hevOX0Qo

What Is the linear economy?
A dichotomy ¢ good and not-so-good!

RECYCLING CIRCULAR

ONEARTLONRY ECONOMHY ECONOHY

The industrial revolution
resulted in %me)u "
with many bene smg‘w
g economic transfoyﬂon

knOVMn aS ‘the qMass produced goods

Llné‘ar Economy
of Take -Make =
- Waste

qAbundance and we

q Millions pulled ach \\ §
poverty { \

¢ Reductions i thlrd
status and hunge i {
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@ Explainer videoCircular Economy and How Society CantRak Progress .


https://www.youtube.com/watch?v=zCRKvDyyHmI

The | 1 near economy and circul ar
togetMMAernet operoatunity for chang

REMEY ABLES FINITE MATERIALS
REHEW ABLES FLOW MAMAGEMENT STOCK MANAGEMENT

_“m__[ ‘\

RECYCLING IS A LINEAR

.,f"‘ BARTS HANUEACTUBER ECONOMY OPERATION
o » -
I|'" -; r'{/" m PRODUCT ACTURER H I n a. p r O
! built circular economy,

one should rather focus
: . on avoiding the recycling
stage at all costs.
It may sound
straightforward, but
preventing waste from
being created in the first
place is the only realistic
strateg
- World Economic Forum

COLLECTION COLLECTION

' ELLEH MACARTHUR
FOUNDATION
.© 2024 BSI Group q Strictly Confidenti
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https://www.youtube.com/watch?v=KIp7Bjexf3Y

Circular construction approach
¥ linear and circular

Linear economy vs. circular economy approaches in the construction supply chain

ae 0
e s Make and Use Waste m
; Distribute g A ‘ 7
Linear Economy 1 :
Value Loss: Burning and
—
landfill of waste
® ®
'Y 1. I
— 5 5 B
.
Circular Economy Manufacturing, production,  Construction service providers: Circular economy service providers:
—/ Resourceextractionand and distribution of ~Circular Design, engineering, management, Collectors, dismantlers, converters, re-processors, Operation and usage by End-of-service buildings
raw material supply building materials procurement, construction, ... maintenanceand de-commissioning contractors, .. end-users End-of-life products

e HW} &N f ) U/ .
— ) < Reduce system leakage and
&q é ‘!Eﬂ]ﬂ @“@ h“g g @ g /\‘k[ E ? = negative externalities

Value
\agij recovery %
@ Repair assets/
AN kg QJ Sharing unused assets
Decreasing resource '. bl
extraction ' Maintain /
A\ Repurpose Recondition
Recycle /

Reuse
Remanufacture / Redistribute
Refurbish /
Recompose

@ Hf | had asked the public what they wanted, they would have said a faster horse. E © 2024 BS|
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a%20title=%22Scholartop,%20CC%20BY-SA%204.0%20&lt;https:/creativecommons.org/licenses/by-sa/4.0&gt;,%20via%20Wikimedia%20Commons%22%20href=%22https:/commons.wikimedia.org/wiki/File:Construction_supply_chain.jpg%22%3e%3cimg%20width=%22512%22%20alt=%22Construction%20supply%20chain%22%20src=%22https:/upload.wikimedia.org/wikipedia/commons/thumb/3/3b/Construction_supply_chain.jpg/512px-Construction_supply_chain.jpg?20221001154906%22%3e%3c/a
https://www.youtube.com/watch?v=A5wn_iinbxw
https://www.youtube.com/watch?v=A5wn_iinbxw
https://www.youtube.com/watch?v=A5wn_iinbxw
https://www.youtube.com/watch?v=A5wn_iinbxw
https://www.youtube.com/watch?v=A5wn_iinbxw

Business models and enablers for a circular economy and sustainability
In the built environment rely on design, data and information

Digitally enabled circular economy for AECO/built environment

A A smart circular economy framework establishes

links between digital technologies and sustainable Prescriptive
resource management. s How can use of the resource be optimised dynamically?
g
A Tracking, materials passports, managing material ; @ Predictive : 2
life cycles, locations, manufacturers, environmental g e Y D
product declarations, etc. becomes critical for future g D : Discovery AI‘[“ﬁ‘."‘f"’j_'f 13
considerations with ESG Scope 1, 2 and 3. And Wo Whatbeteruecanbemadecftheresouce e T B | 8
Extended Producer Responsibility, regulation and g My R Deepleaning ec. | 5
compliance. ¢ I . Diagnostic )
3 given‘meaning nowledge Why/how did X happen to the resource? :
3 . oy ;
A Digitalization like BIM makes possible future use of Hl scrptie ime%mion*“
new technologies leveraging data and analytics to 5 > hercin sDeta Coud | 3
optimize functionality, usage intensity, maintenance, Information Fog Computing, et
location visibility, as well as reverse logistics to = Jo
supplier feedstocks. : i Data
> D'at.a collection
A Digital Twins, 3D models, Building Information & Ute Ay
Modelling Training, Asset Management, Universal N
Standards, Al, Internet of Things, Sensors, etc. a
Connected resources
A Recommended reading referenced in webinar: Data transformation levels  Resource optimization capabilties Data flow processes

Buildings As Material Banks (BAMB),
Source: Wikipedia.com

Buildings as material banks using RFID and building information . . .
© 2024 BSI Group q Strictly Confidenti

modeling in a circular economy - ScienceDirect
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https://www.bsigroup.com/en-GB/capabilities/buildings-and-construction/iso-19650-building-information-modelling-bim/
https://www.bsigroup.com/en-GB/capabilities/buildings-and-construction/iso-19650-building-information-modelling-bim/
https://www.bamb2020.eu/
https://www.sciencedirect.com/science/article/pii/S2212827120302572
https://www.sciencedirect.com/science/article/pii/S2212827120302572
https://en.wikipedia.org/wiki/Circular_economy#cite_note-:4-89

Business models and enablers for a circular economy and sustainability

In the built environment rely on

Reverse Logistics and Supply Chains
Take Back Systems
Silo Elimination
Re-Manufacture

Material Selection
Recycled Material Banks

Data and Supply Chains
Data and the Building Life Cycle
Data and Building Operations

Material Passports

design, data and information

Product Service systen
Bui |l d-AsAgSser vi ce
Buil dings As MaBRAMB al Bar

Creation of Digital Est a
Capture of Building Stocl
Conditions

3D Model s

Pre-Fabrication Off -Site
Modular Buildings

Design for Manufacture and
Assembly

Design for Disassembly

Standards

Building Information Modeling (BIM)
719650

3D Models
Artificial Intelligence
0T, Sensors
QR codes, RFID, Identifiers

FForever¢g Digital Twins/

Re-Certification of secondary
materials

Secondary materials marketplace

Environmental Product Declarations
(EPDs)

@
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https://www.bamb2020.eu/

Case study 1 ¢ Circl,
Amsterdam

A Use of Reclaimed Materialsincluding wood, steel, and glass

A Circular Design a green roof, rainwater harvesting system,
and composting toilets

A Energy Efficiency insulation made from recycled denim,
smart heating/cooling/lighting

A Supply Chaincircular firms chosen at the design stage

A Innovative Construction Techniquesnodular construction
and prefabrication

A Collaborative Approachincluding architects, builders, supply /i e e
chain and tenants 2

A The Making of Cirg) A very interesting case study because it
includes the decision points and arguments between the
teams.

A { dzO K DurigXheébrainstorm sessions, the architect had
occasional doubts about whether the new design wouldn't be
too 'rugged' for the bankers. At a certain point, he suggested
painting the beams white to create a more refined look. But
that would have involved unnecessary paint and, moreover,
make it more difficult to reuse the beams.

Photo credits: Circl



https://circl.nl/themakingof/en/
https://circl.nl/themakingof/en/

Case LbdHdyd
Center, Dear

A Use of Reclaimed Materials - including wood, steel,
and glass

A Circular Design - rainwater harvesting, natural
ventilation, and a 10.5 acre living roof

A building materials were selected for their
environmental performance and ability to be safely
recycled or reused at the end of their useful life

A Roof membrane is fully recyclable and C2C
certified

A Steel used in building structure sources are
recycled

A Challenges - balancing the environmental
performance of the building materials with the cost
and practical considerations of the construction
process

A Early Design Decisions incorporate cradle to cradle
considerations

A Within five days of the roof going down, local
killdeere had nested and laid their eggs in the sedum

A Ford Rouge Center Master Plan

Photo credits:Mcdonough


https://mcdonoughpartners.com/projects/ford-rouge-center-landscape-master-plan/
https://mcdonoughpartners.com/projects/ford-rouge-center-landscape-master-plan/

Rabla Charef

Researcher, Circular Economy and
Digitalization Expert, Architect

T Lancaster University, UK

4 case studies from Europe




UNBALANCED SYSTEM

Standarg of Iiving

Need for housing

Population growth

~ A
Supply 5SYIl YR
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be part of the solution
part of the problem



DO MORE WITH LESS

Need for housing

Supply Demand



1- DESIGN FOR DISASSEMBLY _

Architect 3XN Architects, Lendager Group, Vandkunsten
TH E CI RCLE H O Main PartnersLejerbo (Client), GXN Innovation, MT Hgjgaard,

Danish Building Research Institute (SBi), The Danish Associati

C CANBG a2O0A LINE & £ B S § 13 odAt i T OO2NRR
LINA Yy DA RS & &

C cazOAlt K2 99 Precastconcrete elements

G -t G BeAn¥s Withfteth¥ica fointé
YEUSNRE Modular building systems, etc.

C LY UKA

A Showcase théeasibility of
circularity in architecture
A Contribute to areduction in

carbon footprint

A Promotecircular economy
practiceswithin the
construction industry.

© RUM i architecture in a circle of sustainability
il Group q Strictly Confidenti






