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Passivhaus Trust — Certified projects update

No. of PH unit lativel

oo 0.0 units cumulatively > 470

GB CERTIFIED PROJECTS
2000

> 2200

GB CERTIFIED DWELLINGS
1500

370,600 m
1o TFA CERTIFIED
> 8000

UNITS IN DEVELOPMENT

0
:
:

2009201020112012 20132014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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1
40 years of sustainable design and data — evidence led

Diversity of scale and sector new build Passivhaus over 15 years

ol '
Prvigpunly ;‘ﬂ
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40 years of sustainable design and data — evidence led

350

300

N N
2 -

EUI, kWhi/m2/yr
g

2,030

1,990 2,000 2,010 2,020
Operational Start Year

Architype EUI reduction — 162 buildings over 40 years
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JT1

‘| would prefer if this said something like 40 years of
sustainable design’, in particular we are best known for
Passivhaus, which we know through 15 years of research to be
the most effective method to reach net zero - i.e bring it back

to their theme no yours
Jessica Taylor, 2024-10-17T709:13:00.191
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Why Entopia
IS Important

Exemplar large scale
retrofit blueprint
Successfully
demonstrates an
approach that can be
used on existing buildings
including heritage

Open knowledge sharing

212

T UNIVERSITY OF
CAMBRIDGE

INSTITUTE FOR ———
SUSTAINABILITY LEADERSHIP

“... an impact-led institute
within the University of
Cambridge that activates
leadership globally to
transform economies for

people, nature and climate.”
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(6}
Brief ngmi

INTERNATIONAL Energy Efficiency
MR tbinG SRR Passive Design BREEAMn
INSTITUTE™ ) ,
) Whole Life Costing
Mental Health Promotion Materlal Selectic In Responsible Construction
Cieadatihing Amenity Provision Safety + Security
Water Quality Active Commuting Energy Efficiency
Drinking Water Promotion Visual Comfort e
T ravel Planning
Responsible Food Sourcing + Promotion Dayligiing "
Lighting Control Water Consumption
Ongoing Monitoring (air, water, thermal comfort) i o D
Leal Water Protection of Ecology
Ergonomic + Active Furnishings Site Selection
P Impact of Refrigerants
Physical Activity Spaces + Promotion Acoustic Performance
o te ManSae] Reduction of Noise Pollution
" Am b itious an d Restorative Spaces + Access to Nature Pl Managemeht
H . Ecological Enhancement Reduction of Light Pollution
Cha”englng brlef Community Access + Engagement og, -
Consultation
Nt tioHalStandards Surface Water Management
= Overlap between Insulation i e
. . POE lood Ris| mbodis rbon
d |ffe rent Standards Hazardous Material Control ; ;
) ) Health Services s Benefits Adaptation to Climate Change
= Consistent client
New Parent Support

commitment and
advocacy
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Design team

B UNIVERSITY OF
CAMBRIDGE  Cjert
SR

Initial design team
developed scheme to Stage
3, including planning
permission, and retained
client-side

ISG-lead design team
developed design through to
practical completion

Mead Consulting — EVE WALDRON DESIGN
Passivhaus Certifier Interior esigner

215



04/03/2026

EnerPHit in the UK

Br
Brighton and Hove low energy refrofit
Hile nerPHi

= Mainly domestic-scale at
present

= Entopia is the largest
certified EnerPHit in UK

Lynn Grescent Passive House
Elfott Drive EnerPrit
Passmore Sireet EnerPHt
armabas EneiPHt
Oxford EnerPHit Plus
Adirel's Hard
rincedale Road
rodsham EnerPHit
Bowmans Lea EnerPHit
Stiey Farm (Cre Barm)
ighheld Coech House
jlands Avenue
ector Cottage
Archerton Cotage EnerPHt
Staveleigh EnerPHit
Paviion Road EnerPHt
Gloucester Place Mevs
Sauil
Magheraueely EnerPit
EnerPHt
Auchineden EnerPHL
racley Sioke EnerPit

y Foa
Melse on shrgy etoft
The Barge EnerPHt
o Park
Grove Cotlage
Barmouth Road LrerPFit

Cromvel Road CnerPHit
Lynton Aoad

Herpenden EnerPHl Plus
Sheffield EnerPHit
Modernist EnerPHt Plus
nes Passithaus

Parkands EnerFFit Plus
efor Cottage

OdByres

St Andrew's EnerPriC

iver Studio

Thombil CrerPHit

Oid Timberyerd

Lena Garden

il Park Hil

Clachan House

Castle il

Le Jardin de Bas

slow Gardens

Chagford low enery retrofit
The Barrel Store
Hegheraveely Sccaltouse
Zetland Foad EnerPHi Plus
King Street EnerPHit

lion Chapel House

Gl
Mayvile Community Cenire (Vildmay Conire)
Emeley Clos

UK EnerPHit projects (from
passivehouse-database.org and
passivhaustrust.org.uk map)

fegend

- certified EnerPHit, EnerPHitPlus o
Passivhaus Refurbishiment

W Entopia fcertified EnerPH)

uncertified EnerPHitor low energy
refurbishment with PH components

= The lowest embodied e 0
carbon EnerPHit in the UK = ! ) ! { ! ! |
0m2 500 m2 1000 m2 1500 m2 2000 m2 2500 m2 3000 m2 3500 m2
TFA (Treated floor area)
216
Result .
e S U S 86% reduction
EnerPHit v
363
Certified A2
Retrofit
Passive Housa Institute
classic
pre-retrofit EUI post-retrofit EUI

BREEAM®

OUTSTANDING

ok k ok
90.0%

Design Stage

pending Post Construction Review

pending certification

A+ 1 30 kgCO2e/m2

A 409

kgCO2e/m2

34.

biobased material by mass
o

ARLHI[YPE
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Before

Originally built in 1939 as a
telephone exchange

Photo from BT Archives of a
Cambridge telephone
exchange — may not be 1
Regent Street, but gives
sense of original use

220

Most recent use before CISL
acquired the building was as
offices for Cambridge
Assesment

Previous refurbishment in
1998

Dark interior due to windows
being partially covered by
dropped ceiling

221
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Before

« Owned by the University
* Refurbished in 1998 as an office

» Mostly solid brick walls, with single
glazed sash windows with some
secondary glazing

Higher heritage value:

- Addressing the street
- West / South facing

Lower heritage value:

- Servicing zone

- Addressing back of
neighbouring building
- East / North facing

- Value of 1998 West
extension debatable

222




04/03/2026

e — R T T e
4:l~-=uﬂa-_n————mmﬁ=s =,
O ‘ e T ] i’

224

225



04/03/2026

Initial strategy

Complex plant and §
duct system installed and ~ Dormer: very difficult
difficult to retrofit insulation ~ to retrofit

Complex roof structure
to retrofit

Thermal bridge Thermal bridge

226

Developed strategy

Internal wall Triple-glazed Task-based lighting Exposed ductwork distributes Suspended cellings removed
insulation wrapped o " with intefligent fresh air, tempered through heat to increase height (+daylight)
around building lighting controls recovery and peak-lop cooling - abserbent finish proposed

Alrtightness F 4 FF+E strategy being developed Plants promote access Low impact floor finishes L4 J Existing ralsed access floor retained,
detailing aiming fo reuse existing (o nature (effect on lAQ proposed for functional and exposed in lower traffic areas to
furniture where possible s minimal) reasons, and feature areas reduce embodied carbon

227
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Windows

second

groung

bassment

4D View - Existing Window Bay Elevation - Existing Window Bay
1:100

3D View - Proposed Window Bay

ground

Elovation - Proposed Window Bay
1:100

228
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o

Treated Timber Packer
Iso-Cherie so-Top Winframer nsulated window ~~
supportframe installed intemally o postion windows

H withi the insulation plane and mitigate cold bridging ~
e a | sssocaled i tadiona metalbrackts fseps

Iso-Connect Outside EPDM weather tight
eveiopmen DT

40mm thick Diasen Diathori fm, cork and clay

insulating air ighiness layer.

40mm fibre insulaton

80

U,
22,
]
22,
AU,
272
A
222

Existng eised access floor reained. Insulation
provided t foor and soffto buiing perimeter

o reduce cold bridging through existing wal
and floor slabinterace.

i

Blowerproofliquid appled airght membrane
appied o existing floor s 1 seal exising

i

= Detailed modelling of I
thermal bridges and

moisture risks

= Development of detail to

include 40mm Diathonite sy mainonons— | AN
insulating render and PR —
40mm Gutex woodfibre Fop ittt i
board to minimise
. interface to mitigate thermal bridging.

embodied carbon and - — ;

. support frame installed nternaily to posiion windows Il
manage moisture S

reveals and reflect daylight into the building. ‘ |§|
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Tricky junctions — Steel frame

ARLAIYHE

232
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i

B ey

234

Certfied ratrott sign Lid,

Certificate mE b - QMM

‘EnesPHa Classi »
" e [ ‘:""‘:‘“"E':L;“‘"“"“’E'E] A u..”w"uf-’f“é’.'m Feist
64263 Darmstadt
nerrnit certmcation S
The Entopia Building
1 Regent Street, CB2 1GG Cambridge, United
Kingdom/ Britain
lesent |nwversity of Gamixidge
;) |Greemwien House. Magingley Road
EnerPHit\v (AchTiect — [Archtype  Feliden and Mawson
Certified [Builang [Max Fornam LLP | BOF Lig
- |Services
Retrofit [Eneray IWiax Favdham LLP.
Passive House [nstitute |[Conzumant
[Main Ea)
classic |Contractor
o ¥ alr qualtty il year
round. Dus 1o thair high 28 greenhouse

The design of the above-mentioned bulding meets the criteria defined by
the

standard:
PEr—" i oy e P
— T —
e
e -
e T — W
FRenewable primary energy (FER] PERdemand  [WVhimAal] & < El ™
oo il oo )
‘Componem quaty
e
st e | &
Windovwes Exberior doors (Uwrslaled) [l W) 083 <
B M ol
[P cat i S M (L
POkt i :
= |SG team achieved impressively low air leakage rate - e TR
1.33 m3/(h.m2)@50Pa or 0.605 ach@50Pa . s st o5 st
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238

Steel making has to change STEEL

Global carbon dioxide (CO,) emissions were 36.2 billion tonnes in 2017

Asia North America [EV[{]e]:
19 billion tCO, 6.5 billion tCO, 6.1 billion tCOz
53% global emissions 18% global 17% global 3.6 billion
emissions emissions tCO
2

10% global
emissions

International aviation
& shipping

1.2 billion tCO,

3.2% global emissions

Africa South
13biliontco, ~ America
3.7% global 1.1 billion tCO,

emissions 3.2% global
emissions

Oceania
0.5 billion tCO,

1.3% global emissions

239
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Scrap EAF low carbon steel helps us, but not the planet

Steel industry CO? emissions /year

I\

Billion tonnes CO?

~
~

2022

2000 2004 2007 2011 2015 2018

I

HEYNE

We can buy recycled steel to
reduce our carbon, but that
doesn’t increase the total amount
of steel recycled - it's already at
its max due to limited scrap supply

90% of the emissions come from
making new steel, and if we get the
recycled steel, someone else gets
the new steel - the result is the
same for the planet

240

Scrap EAF low carbon steel helps us, but not the planet STEEL
Recycled Using green electricity for recycling steel
steel == — — ], Green electricity - 50% can reduce embodied carbon by 50%, but
carbon h has a small impact on the big picture
To fix things, we need to decarbonise
new steel
DRI -50% ,
DRI production can reduce the carbon
of new steel by 50%
New
steel
carbon

o -50%

=
| Green electricity

The process is powered by natural gas but
could be later adapted to Hydrogen for even
greater carbon reductions

Renewable energy can save more carbon
from the EAF phase

-87% Overall

241
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TILLETT
STEEL

The case for steel re-use

= Re-fabrication guidance
= Develop a design process to facilitate re-use
= 7000 tonnes available via Cleveland Steel end of 2025

Resources:
Deconstruction Specification

242

Wl ===
Reused steel=

RRLEIYPE
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Reused steel

ISG procured secondhand steel
section from Cleveland Steel,
who acquired the sections from
a Marvel film set

Original documentation made
reuse straightforward

3.79 tonnes reused, saving an
estimated 2,000 kgCO2e

244

Key insights
= Key role of contractor and stockholder
= Early engagement
= Lower cost for reused steel

= Smaller sections, greater flexibility with
sequencing and installation

= Original test certificates were obtained, & no
warranty impacts
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Reused lights

= |SG sourced 350 light
fittings from CAT A fit out in
London, and persuaded the
original manufacturer to test
and honour the remaining
warranty period

Lights adapted to be hung
suspended, with additional
LED strip for uplight

246

Finishes

= 25% of wall paint was made
of 35% recycled paint: 10%
lower embodied carbon
compared to standard

Raised access floor re-used
and carpet tiles re-used

Sonaspray cellulose
acoustic insulation used
instead of additive solutions
like panels

247
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Floor finishes — carbon & cost benefit

Carpet tles - generic

350 ey o
Rubber - Nora Norament range (incl. Arage) 3. 5mm gg
i~
200 H
g E% 200
% 250 -
g8
§ i §
§ = E

. % =

.
———— HITVL
AT
X n

248

Reused reception
desk

Sourced by ISG from the
Copyright Building, London

Removed in 2021 and taken
back to original manufacturer’s
workshop to be stored and
adjusted

Lower wheelchair accessible
added and linear bench seats
created from excess desk
length

249
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Kintsugi Repair

= Travertine stone top cracked
during removal and repaired
in the spirit of the Japanese
Kintsugi technique

= Breakage and repair treated
as part of the history of the
object - to be celebrated
rather than hidden

Manufacturer now designing
for disassembly

250

90,000 kg

Bio-based materi

70,000 kg
60,000 kg
50,000 kg
= 35% bio based
materials 0.0kg
= Cellulose acoustic
insulation, gutex N
wood fibre, diathonite
hemp fibre Warmcel oo

and linoleum

10,000 kg

0kg

Bio-based material by mass, by material grouped by type

als

biobased

59% 22%
biobased  biobased 66%
biobased

98%
biobased

SPIROGIBISEI]
uogejnsy|
1a15eld
sjaueg
Jaquiy

0%
biobased

ssejg

0%
biobased

93108 3 8}910U07)

78%
biobased

sawely

0%
biobased

aueIquIBy

0%
biobased

[N

biobased

38%

Buyool

0%
biobased - pighased

=
®
3

0%

wied
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Minimising Waste

=Finishes and furniture not
used from previous fit out
were passed to community via
CollectEco.

KEY RESULTS

£100,225

Value Donated To The Community

21,119kg

CO2e Avoided

21,648kg

Diverted From Landfill

CISL REUSABLES ON SITE
Basement

Description Approx. | Approx. | Location
Quantity | Weight | on plans

Sash window panels — T 186 Various

frames will not come out in

reusable condition

Secondary glazing and 5 7 Various

frames

Tntemal doors ) 1258 Various

(single/double). Complete

with hinges, closers,

handles, kick/push plates

and other hardware

Tailet cubicles (not 2 700 Toilets

backboards or casing behind

toilet pans)

Tollel pans, cistems and 3 75 Toilels

associated

Toilet sinks, taps, waste, etc | 3 S Toilets.

(happy for these fo stay on

the plinth if easier)

Mirrors in toilets 3 23 Toilets

Hot water boilers in tollets 3 255 Toilets

Toilet roll holders, paper Varous |10 Toilets

towel holders and

associated

Hand dryers in toilets 3 135 Toilets.

252

FF&E embodied -

Floor finishes
carbon st ——
Frame

Upper floors

Ceiling finishes

Lowest floor
MEP

Roof

External walls

Windows and
external doors

Upfront carbon

Stairs and ramps

Wall finishes

Frame

Internal walls and partitions

Ceiling finishes
Internal doors
External walls _lay

Roof

Floor finishes

Lowest floor

Windows and
external doors

Upper floors

MEP

Lifecycle embodied carbon

253
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“FF&E embodied
~carhon

1,200

1,000

Carbon (kgCO2e)

400

200

0
L T S O~ SR S - SO ST I SRS S G
Year

I secondhand chair, 15 year lifecycle (with 5 year reupholstery) [l new chair, 5 year lifecycle

254

Furniture

Total;

&)

s N

il S
il 1
A | N

1

|
|
= Furniture also followed same | ? {

brief, although a separate ok Hokh(‘jusemmmtype ]
contract. ‘ ‘

255



Embodied carbon

= Comparison between a
‘demolish and build new’
scenario, and the retrofit of
Entopia

= Embodied carbon of retrofit
is significantly lower

256
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new build construction

estimate of embodied carbon
©.635 kgCO2e/m2

LETI 2030 target
350 kgCO2e/m2
LETI 2020 target
600 kgCO2e/m2
LETI ‘Business as usual
1,000 kgCOZe/m2

existing building demolished

new materials:

+ internal wall insulation

+ tiple glazed windows refurbishment
 partitions

» minimal floor finishes

+ cellngs

+ MEP services

estimate of embodied carbon
©.535 kgCO2e/m2

[estimate of embodied
Jcarbon retained

|c.285 kgCO2e/m2

removed materials: estimate of embodied emboled carbon added

» single glazed windows & carbon removed 130 kgCO2e/m2
secondary glazing ©.250 kgCO2e/m2

> partitions

> floor finishes

» celings

» MEP services

Note: Embodied carbon figures are for buiiding ife cycle Stages A1-AS. Figures for 1 Regent Strest and LETI targets include substructure,
superstructure, intemal finishes and MEP. Figures for 1 Regent Strest are from Stage 5 design (May 22 update),

consumptan

W genmration

300
i 2

200
K2 2

100
KiNhim2 3

140
KWn/m2.a

0
K2 2

modslied design

Entopia In-use performance — saving £100,000 a year in costs

86% reduction

363

kWh/m2

91.5

kWh/m2

pre-retrofit EUI post-retrofit EUI
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258

= Early collaborative involvement of contractor

Sharing lessons
learnt = Opening up — always do as much as is feasible

= \Whole life carbon lack of data around FFE and MEP

= Conservation / heritage tensions and policies based on
science-based energy targets — need the right outcome

= Client leadership in setting an ambitious brief — need not
cost more, challenge and be persistent

= Costs - RIBA stage 1 suggested 25% overall additional cos
Overall project estimated 8% and within the RICS upper
benchmarking values for refurbishment

259
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son | 3PM | ISG

_Enuely 45U HeING |

Sharing lessons
learnt

Zhar= ]
ISTINGHE
ILDINGS

ASB

Lreuse now

29.09.2022 |1200-1345

CISL Entopia Building
Material Learnings and Reuse

RIBA

Long Life, Low Energy
Long Life, Low Energy: -1 Exchange
Designing for a circular h Y 7 of purpose

economy

18: Circular economy

260

Resources

» CISL’s summary case study (2022):

« https://www.cisl.cam.ac.uk/files/cis| _entopia_report short
version.pdf

» CISL’s full case study (2022):

» https://www.cisl.cam.ac.uk/files/entopia_case study.pdf

» RIBA Journal PoW Stages (2021-22):

« https://www.ribaj.com/intelligence/sustainable-retrofit-
cambridge-institute-for-sustainability-leadership-riba-

plan-of-work

» UKGBC ‘How Circular Economy Principles can impact

carbon and value’ (2022):
( ) © Cambridge Institute for Sustainability Leadership (CISL)

 https://www.ukgbc.org/ukgbc-work/how-circular-economy-
principles-can-impact-carbon-and-value/

ARLHIYHE
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Entopia

Thank you

i assivhaus

Trust
BE-ST board member Vit

e MARCHYPER
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QUEEN'S
UNIVERSITY
BELFAST

Thank You

QUEEN'S
UNIVERSITY
BELFAST

Dr Fragkoulis Kanavaris
Global Lead, Concrete Materials and Decarbonisation, ARUP

Can Concrete Decarbonise?
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Introduction

A global firm with global influence

We are a global collective of designers, engineers and technical experts. We
use imagination, technology and rigour to shape a more sustainable world.

ARUP

e ~20,000 staff *  Buildings, bridges, road and metro tunnels, nuclear,

e 94 offices in 34 countries

engagement

*  Diverse portfolio

maritime, energy, policy, strategic leadership, community

266

Introduction & background

Fragkoulis Kanavaris - LinkedIn
8%gbal Lead - Concrete Materials and Decarbonisation at ARUP, London,

Contributed to 400+ projects since then (buildings, bridges, tunnels, nuclear,
maritime, offshore, energy, research).

MEng in Civil & Structural Engineering; PhD in 2017 Concrete Tech

Focus on; Lower carbon concrete materials and structures, durability, structural
optimisation concrete technology and others.

Initiated and managed several innovations in the concrete materials sector
2022 Engineer of the Year (Royal Academy of Eng.) and Fellow of oMMM

2024 Sir Henry Royce Medal from IET
2025 Gustavo Colonnetti Medal from RILEM

267
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First — some facts

The global warming issue

X% CO, emissions ... Daily
difference average
to previous years in 2019
w- (g M R SR R
3 =~ 120 i 5
5 o
% o 100! P s
ey} / ¥
Eg 80 | : Vol
T gl 353Gt 333Gt 349Gt | s
Jan-1  Jull Jan-l  Jull Jan-l Juld ! 7
2019 2020 021 //»»7
—————————————————————————————————— Ay
ot MY
# /
S o »
o >
o

N
5
§

A
B

Global carbon emissions (GtCO, eq yr)

7% yr! +0.7%yr " +0.3%yr*

+2.1% yr*

ARUP

1.5°C scenarios,
~
CHO \
" Liu et al. 2022. Nature Reviews Earth &
Environment 3, 217-219

2000

1
2010

T 1
2020 2030 2040 2050

268

Concrete — “bad’” news

Climate change: The massive CO2 emitter

you may not know about

Cement and concrete industry’s
emissions ‘have doubled in 20
years’

ARUP

Concrete needs to lose its colossal
carbon footprint

Concrete will be crucial for much-needed climate-resilient construction. But the cement
industry must set out its plan for decarbonization.

269
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Concrete — the “problem’ material

CO, emissions associated with cement

e (Cementitious materials account for 8%
of global emissions (more than India!) I

chemical breakdown of limestone to
CcO2

Net CO2 emissions
* ~60% of emissions come from the Gigatonnes per year

ARUP

75
60

“Business
as usual” 45

‘
* 30
CaCO; + heat —> CaO + CO, 1L5°C . S .
.5°Cwarming S
scenario oo
* Demand for concrete is set to increase in RS o L
next decade...
* To keep to 1.5°C warming, the economy
needs to be carbon neutral by 2050
270

Global cement production

Il China [ India WM EU EEUS Vietnam Il Turkey

I Egypt Other countries
Amount of cement produced CO2 emissions from cement process
(millions of tonnes) (millions of tonnes CO2)

5,000 2,000

4,000

1,500

3,000
1,000

2,000
500

1,000
0 0

2010 2011 2012 2013 2014 2015 2016 2017 2010 2011 2012 2013 2014 20152016 2017

“Source: PBL Netherlands Environmental Assessment Agency B[a]C]
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ARUP

A localised view

UK concrete & industrial decarbonisation

HM Government Industrial Decarbonisation Pathway

[
[ =1
[=ER=]

500
450

£
N
=]
S

@
S
>

!

Cradle-to-gate embodied carbon of concrete (kgCO;e/ma)
w
o
=3

o o
=3

IS
N
a
=]

N
=3
S

150

Embodied carbon of concrete produced in the UK
Mt COye [ year
2
S

2015 2020 2025 2030 2035 2040 2045 2050

Kanavaris & Martin, Concrete, 2025
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ARUP

UK concrete decarbonisation progress

UK concrete & industrial decarbonisation

@ o~
P =T T~
S & &8 & &8 &

&
=]

=3
S

&
=3

SN W oW s B
8 g
=3

Cradle-to-gate embodied carbon of concrete (kgCOze/ms)
i
o o
S &

Cradle-to-gate embodied carbon of concrete (kgCOe/m®)
o

e @

Kanavaris, Concrete, 2026

273



04/03/2026

. Bekngneers . @ ARUP
Approaches & Opportunities

Reducing the embodied carbon of concrete

* Partial replacement and reduction of Portland cement

* Supplementary cementitious materials

 Performance improvers — e.g., graphene?

* Total replacement of Portland cement

* Alkali-activated materials

* Use of alternative cements, e.g., Magnesium based
* Use carbon sequestering technologies

* Carbon negative “binders’-cements

* Carbon negative aggregates, biochar

Even more special technologies exist - all cannot be covered

Uround ~150 startups on cement/concrete technology ... 10% will survive

274

o ARUP
CO, emissions related to concrete

Concrete carbon dioxide emissions breakdown

Standard concrete mix - C30/37 Standard concrete mix - C30/37 Embodied Carbon

0%,\ 6“% 1% 0% 2%

13% = Water [175 kg/m3]

m Coarse and fine aggregate [1875

kg/m3]
m Binder (Cement type CEM 1) [340
kg/m3] )
m Chemical admixtures [4 Itrs] / PORTLAND
CEMENT
m Rebar [150 kg/m3]
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Aluminum
Fibreglass
Brass

Lead

Zinc
Plastic
Steel
Copper
Viyl
Insulation
Cement
Glass
Ceramics
Plasterboard
Timber
Bricks
Concrete
Straw
Stone

ARUP

Embodied carbon of construction materials

All figures in kg CO2/kg of building material

&
I C. 1
I 25

I 32

I -9

I .7

I 2.7

I 2.7

I 2.6

I 19

N 1.0

Il 09

I o7

H 04

Ho3

i o2

101

1 01

] 0.1

Source: Inventory of Carbon & Energy (ICE) database.
Download: http:/fwww.circularecology.com/ice-database.html
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Total consumption of materials

Goppe

aspha
aluminiur.,
ceramic tiles
lime
timber
steel
clay fired bricks

cementitious

To replace 25% of cementitious with timber would require
planting a forest 1,5 x the size of India

w -
.
i : B | . :
Cementitious materials make up >50% £ S0 Plastics
; g N
of everything we produce. 3 o & L4 .
. . =l LI %o e
It is only for this reason they account for = - o8 ®
0, " o T L
8% of CO, annually. é . . °.. . Secsoanduw .
a o . - e
Low intrinsic environmental impact £ < P . bay
= A Bitumen
| o
I 3
=
g J
=4
I T T T T T T T T 1
05 1 2 5 0 20 50 100 200
- Energy (MJ/kg)

o
3]

10 Billionfons 20 25
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The Institution ol_ )
Structural=ngineers ,_, ¥

Availability of SCMs

Diminishing availability of traditionally used SCMs
structz [EE) Qe B BT

Clays
(with potential for calcination) ‘
Rice husk ash Figures from ~2013
Silica fume
Burnt shale /W Used in cement
Reserve
Natural pozzolana
Fly ash F I Fly ash: significant volumes with low performance I
s b i #
. % Cement
of GGBS in reducing . ! ! ! !
global emissions Mill. tons/year 1000 2000 3000 4000
Limestone [l >

Source: Scrivener et al. Calcined clay limestone cements (LC3), CCR, Volume 114, December 2018, Pages 49-56
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Leading calcined clay innovation

Using calcined clay from waste clay in the UK
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Concrete decarbonisation roadmaps - MP

UK Mineral Products Association (MPA) - 2020

250%

61% on CCUS
inw% .
100% B 40/ -—
: e el
o ) €0z reduction —1 6%
CO: reduction
co’tm;‘is _1 2%
& [Further COz
- -449,
Further CO2
e reduction

Low carbon Fuel switching
cementsand
concretes
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Concrete decarbonisation roadmaps - GCCA

Global Cement and Concrete Association (GCCA) - 2022

| Societies need for concrete (in the absence of any |

% | action) is forecast to result in 3.8Gt COs in 2050. : f:r:"';ﬂ::!;ot-; ::

Efficiency in design

CONCRETE

Efficiency in concrete ° F U .'r. U .
= duction 8 D
6 pro N - .
O 25 ]
- Savin 1t & bind c The GCCA 2050 Cement and
g avings in cement INGErs 2 Concrets industry
> c for Net Zero Concrete
g Savings in clinker production o
S 2 2
2
£ "
o
-
15
3}

Carbon capture and
utilisation/ storage (CCUS)

36% on CCUS

De isation of electricity

COx sink: recarbonation

Total reduction
2020 2030 2050

— vz 72z

Net zero pathway CO1 emissions from electricity Direct net CO2 emissions (Direct CO2
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Concrete decarbonisation roadmaps - CEMBUREAU

European Cement Association -

Cacmanim sy SG-Consruction
co. rbonation
wﬁ?;hm‘:n":eﬂ 51 -116
® 2017 emissions
5C-Concrete
Concretemix
Carbon neutral transport
~ 1990 emissions '
~ 7 8 3 ‘ 5C - Clinker
-117 kg CO,/t of cement
5C- Cement - - @ Decsbonatod raw matorisis 27
' Blomass Fuels 71
Clinker substitution- 72 (@) — S50 i - :-‘:.m:njcc ng
m;m:ﬁa SmEs0ne H, & Electrification 19
‘Carbon neutral transport -10

C[vp._m:’_:b.-‘

Cementing
the European
Green Deal

REACHING CLIMATE NEUTRALITY ALONG THE CEMENT

AND CONCRETE VALUE CHAIN BY 2050

36% on CCUS
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Effective but expensive!

Heidelberg
Materials

al

Complete

More investments and plants will come online

* High CAPEX and OPEX
Increase $$$ of cement x3

Carbon Capture (Utilisation) and Storage

Q Search = Menu
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Carbon hierarchy

Build clever & efficiently

Build nothing

Build less

Repurpose / refurbish buildings
(Design flexible and

adaptable structures)

Build only to meet needs of
communities / cities
Maximize utilization of buildings, Less fit-out

Build clever

Build for

Reuse materials
(Design for deconstruction and reuse)

Use low carbon materials / products

durabilit

Minimize designloads |
Use efficient forms and grids |
Maximize material utilization !

Prefabricate
Improve construction practices
Utilize reuse or recycling streams

ARUP
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PAS2080

Carbon management in infrastructure

# 100

4 80

construction required

450

Build less - maximise the use of existing assets; optimise
asset operation and management to reduce the extent of new

Build clever - design in the use of low carbon materials;
Slie del

Build nothing - challenge the root cause of the need; explore
alternative approaches to achieve the desired outcome

Possibility
to influence
Impacts and costs

ARUP

Impacts amifco;!s during use phase

and costs

2
2

ry processes;

420

eliminate waste

Carbon reduction potential

Build efficiently - embrace new construction technologies;

resource

Impacts and
costs of
construction

e
=1
&

20%
Impacts and
costs of planning

Environmental Impacts and costs

Cumulated impacts

1 I

T T
planning

Infrastructure Carbon Review, HM Treasury 2013

v

.I_

T
construction

Usé and 1
maintenance Time

Life-cycle analysis of the built environment
N Kohler, S Moffatt
Industry and environment 26 (2), 17-21
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Live load (kPa)
H ]
]
]
| |
———
H ]
] I
] I
|
|

Multi-office analysis

Structural parameters considered in design

mmmm Residential
mmmm Commercial

= === Minimum Residential Live

Load

= == = Minimum Commercial

Live Load (inc. 1kPa

Characteristic Slab strength (MPa)

ARUP

40
35

30

S I S I R R R S iti
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& TS \§§Q03&0y
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Slab efficiencies

Example of geometry optimisation

~ Post Tensioned Flat

ARUP

Two-way beam
and slab = 86%

Post-tensioned beam
and slab = 69%

Flat Slab =100% Slab =77%
100% 50%

0%
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Waffle slabs

Materials efficiency

Advanced Materials for Sustainable Infrastructure
Development

Gordon Researc!

288

Slab efficiencies

Example of geometry optimisation

The Institution of

SENISPINNY, Structural=ngineers

Arched Slab =
40% I
% 0%
Nervi-Style Post-tensioned Nervi-Style
Slab=48% Slab=43%
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Advanced Materials for Sustainable Infrastructure

Development
Gordon Research Conference

Embodied carbon reduction in buildings

Based on different scenarios

ARUP

400
350
-10
300 2 -30%
O,
+ -65%
250 +- TN - o oo socninscsasssaninace L - oo pagsssssssassassisssssasersssastssssnarataassREsaes sena
) = ETH Target - 250kgCO,/m’
§ 200
RO [N SO S [ —
150 as IStructE SCORS "A” - 150kgC0O,/m’
121
-52
100 CEM II/A-L
0,
(15%LS) CEM IIVA
50 B -
0 ulticomponent mix
40% GGBS Mult t
with low CEM 1
0
g IS L $ R4 &
g 5 e S 3 Py
P £ P & & 4
& & & g & &
$§ < $ & < &
e”s ~c‘c° N .
& £ Kanavaris et al. Structures, 2024
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Reduced emissions from
clinker manufacturing

/\‘
N

Reduced clinker
in cement

5-fold strategy to decarbonisation

Interdisciplinary and affordable

Advanced Materials for Sustainable Infrastructure

Development

Gordon Research Conference

T— /
“\\“\“
= 'ﬂ‘!ﬂ\\\l\“‘“ YO“
RNt

Design for durability —
how to be considered?

~N

Reduced cement
in concrete

T\

~

ARUP

Reduced RC volume
in structure

Overall reduced
CCS needed
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