Regenerative design and Whole Life Carbon:
Challenges beyond assessment

Ann-Mari|e Fallon




40 years of sustainable design and data

Diversity of scale and sector new build Passivhaus over 15 years
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Evidence based performance

Architype’s accumulative societal impact 20,000 — _
Projecting a saving of over 15,000

tonnes of operational carbon

 Delivery of 198 certified & through Passivhaus design
8 15,000
: =
Passivhaus homes and = .
. S
= e
: : L O
» 2 EnerPHit retrofits 5 o
2 =
@ o
: O N~
« 10 Passivhaus schools = 5,000
°
« 2 Passivhaus Plus projects
. +
24+ Passivhaus designers 0023 2025 2030
* 90% projects are Passivhaus ® Architype 26x Completed PHI Projects - CO2 Emissions

® Typica CO2 Emissions from equivalent CIBSE TM46b Data of 26x Projects



Our sectors

Residential

Arts, culture and heritage
Office and workspace
Community

Further Education

Primary, Secondary and
SEN

Archives and passive stores

“The Architype team is professional, systematic and highly creative in
approach. Our scheme is benefiting significantly from their approach to
design and their collaborative working. | would have no hesitation in
recommending them.”

John French, Executive Director / Cambridge Institute for Sustainability Leadership
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Environmental consultancy

Solving the building
performance gap

Providing evidence for
climate action

Supporting excellence in
sustainable design — no
greenwashing

24% of our turnover




PERFO RM+ In Use Performance beyond Net Zero

In Use Energy against UK NZCBS operational targets

100%
Consulta ncy 23% 25% 35% 51% 66% 70%
better better better better better better
80% l
60%
v
S 40%
\
v
20%
0%

Riverside Harris Academy Hereford Enterprise Centre Entopia Edwards Court Paper Store
Primary School Sutton Archive and
ARLHITYPE /BERE RN Records

Collection



PERFORM*
Consultancy

= Embodied and operational
carbon analysis

= Passivhaus and EnerPHit
design

= B|M to PHPP Coordination

= Wellbeing: temperature,
light, CO,

= Hygrothermal modelling
(WUFI)

= Thermal Bridge Assessment

‘ Demolition Carbon
. A1-AS5 excl biogenic
B1-B5

. C1-c4

‘ Biogenic Carbon

Existing
' SB1 EnerPHit 100% High Embodied
SB1 EnerPHit 100% Low Embodied
SB1 EnerPHit 74% High Embodied
SB1 EnerPHit 74% Low Embodied
SB1 New 70% Linear Concrete

SB1 New 70% Linear CLT

SB1 New 70% L-Shape Concrete

|
|

| .

|

1 ' )
[TTTTTTT] B

3000 2500 2000 1500 1000 500 0 -500
1C02e tC02e tC02e 1C02e 1C02e tC02e 1C02e tC02e

SB1 New 70% L-Shape CLT

Fig.72 Embodied Carbon over the next 60 years, tonnes CO2e - SB1



Regenerative Design —
Our Approach



Architypes
approach

Passivhaus as design
methodology

= Energy
= Comfort/health

* Design and site quality
verification process




Continuous Super-

ArC h Itypes o - Insulation
approach @

Passivhaus as design -
methodology

Efficient [~ Z
: : Services >
= |terative design approach 7

Airtight
; Construction

= Design for spatial &
material sufficiency

Optional
Renewables




Architypes
approach

Passivhaus as design
methodology

Form factor is
significant in whole life
carbon assessment

Form factor < 2: cost
per m2 same as
building regulations?!

Embodied Carbon Emisisons

(60 years) [kgC02e/m2]
800 —

600 —

400 —

200 —

. Example Case B

- NAM Case 2

. Example Case A

I I I I I
0.5 1 15 2 2.5

Form Factor [HLA / TFA]

Lower form factor is better:

A

Example Case B: 3,000m? L-shaped plan

NHM Case 2 [current]: 30,000m? to current
massing

Example Case A: 30,000m? rectangular plan



Architypes
approach

Passivhaus as design
methodology

= Material choice & form
factor combined can
give significant results

Case 1: Initial Massing

July 2020

Case 2: Revised Massing

March 2021

Case 3: Low Carbon Variant

March 2021



5,000

‘Business as Usual'
Case

A rC h I ty p e S As operational carbon emissions are
approach

reduced substantially from adopting the
4,000 Passivhaus Standard, the significance
of embodied emissions increases.

Total Embodied,

3,000 60 years [mod.
: : A-C]
Passivhaus as design Toal Operaione
years
methOdOk)gy 2,000 Offsetting
= Demand reduction
ﬂ rSt 1,000 Aspirational
= Design for sufficiency
. : 0 .
IN materials Qessivhay,
0
¢ > However, offsetting does not
. . settin necessarily yield the results it
= THEN offset remaining 1,000 eeting suggests [seasonal storage,
. . etc] and the reality is difficult to
emissIions quantify.

Fig. 19 / Lifecycle Emissions comparison




Life cycle
analysis

/Capital & Lifecycle\ / Energy & Services\ / Embodied Carbon\
Cost Model Model Model

>
ECCOLAB i

™

4 Certification 4 Materials Library\ 4 Optioneer ing h
O 6
(ey + C v || EPD v
J N J J J

Rapidly and simultaneously optimise the Energy, Cost, and Carbon of a project’s lifecycle



Whole life carlbon — challenges
beyond assessment



Challenges
beyond
assessment

Some factors outside of assessment control:

= Assessment tools and their availability

= Structural material choice

=  Services over a building life

= Renewables end of life of physical components
= Materials scarcity - example

= Fitted furniture FFE and finishes



Assessment tools

¥ Underestimated Estimation

and availability B

Tool Error

Requires expert Knowledge | y Eol. Scenarios of
it il - Skils User Interpretati Unverified Timber & Timber

' Material B A e Informati : :
tO Nnavi g ate We | | Selection - Required & Error Lt Based Products

* |nterpretation

Methodological Reporting Outdated Assumption

= Data ava”abl“ty Approach Standards Information }_ Differences

= \erified information

Interpretation

Databases Availability of v “ Scope of

= Biogenic storage B oreroaa e Loy et
Inconsistencies .




Life cycle

analysis
mass (kg) |
volume (m3) X P . environmental
cost (£) actor — impact
energy (kWh)

how much stuff how bad stuff is how bad it is

(be careful that units match)



cradle to practical completion

Assessment

Scope
S upfrontcarbon |
Typically, the scope can be: “‘*“’a.f'?““"
Upfront carbon %E%
- i i
= Emissions from ' 5 |
materials/construction : :

processes up to practical
completion

= Modules A1-A5

= Sequestration excluded
and reported separately”

*RICS UK guidance




Assessment
Scope

(lifecycle) embodied carbon

A B

Or:
Life cycle embodied carbon

Pre-construction Construction In- Use Stage

B1 B2 B3 B4 BS

= GHG emissions & removals
from materials/processes
throughout the whole life
cycle of an asset

constuction - generally

assumed 1o be ero for
5,

Mon-phyical processes before

- e e e e e e e e e e

Modules A1-A5 B1-5,C1-4

Sequestration included
only when fairly accounted
In end of life emissions™

*RICS UK guidance



Assessment —
Scope

whole life carbon

circular
economy

Or:

Whole life carbon %gggg
i
= Modules AO-5, B1-7, C1-4 iig:

- O O S e e
\------------’

iIncluding operational &
biogenic carbon

Separately report the

L4
I
]
]
]
] BY
]
1
1
-

benefits or loads from operational carbon

future energy/material JooIzIzzzi

recovery (D1,D2) | B
:\ user carbon :

*RICS UK gujdance . O O O O S S S S S S O S R S S S R S S S S S S S e e e e e e . -



Assessment
Scope - Circularity

VIRGIN MATERIALS
consumed in the United Kingdom

20.6% ADDED TO RESERVES

G EIRCLE Deloitte™
AND STOCKS

13.0% NON-CIRCULAR INPUTS
(fossil fuels for energy use)

< 10% of journey from linear
to circular in UK

41.7% NON-RENEWABLE INPUTS
(for materia! use - most of which are from
extraction happening abroad)

= 90% of UK material use
from virgin sources

1.4% NON-RENEWABLE BIOMASS INPUTS

15.6% ECOLOGICAL CYCLING POTENTIAL
(carbon neutral biomass)

UNITED KNG,
M

= 80% of these materials are

extracted from abroad SOCIOECONOMIC

CYCLING

(cycled technical materials)

= Context should impact
material decision making s LA TS

» at mal 7 ; ’, ; y -  ' N https://www.circularity-gap.world/united-kingdom
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Option 1A: Option 2A:

Current Design* Current Design

Steel Frame & Metal Timber Frame & Metal 200
Partitions 140 Partitions

120

+ I] —
100
Steel Frame with Precast - Timber Frame on Concrete Raft.
Concrete Floors & SFS Infill on 80 — o
Concrete Raft & __E_
S : S
© 60 : g
== n c
440 ; 362
kgC0-e/m? S 4 kgCO-e/m? ©
[A1-AS5] : [A1-AS5] 0
20 E
791 670 <0
kgCO-e/m? : kgCO0.e/m?
[A-C. 60 yr lifecycle] [A-C. 60 yr lifecycle]
-20 -100
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I A1-5 Upfront Carbon [l B1-5 Use Embodied Carbon [ C1-4 End-of-Life
I A1-3 Product (Sequestered)

NET (Including sequestration)



Option 1A: Option 2A:

Current Design* Current Design

Steel Frame & Metal Timber Frame & Metal 200
Partitions 140 Partitions

120 150

|

—

20

791 670 <
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100
Steel Frame with Precast - Timber Frame on Concrete Raft.
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E 2
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© 60 B 50
< €
440 § — 36 2 %
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I A1-3 Product (Sequestered)

NET (Including sequestration)



Option 1A: Option 2A:

Current Design* Current Design

Steel Frame & Metal Timber Frame & Metal 200
Partitions 140 Partitions

120 120

150

100
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Option 1A:
Current Design*

Steel Frame & Metal
Partitions

i

Steel Frame with Precast
Concrete Floors & SFS Infill on
Concrete Raft

440
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Option 2A:
Current Design

Timber Frame & Metal 200
Partitions
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CONSTRUCTION

DE-CONSTRUCTION

il <






Services

Construction site scenarios

5.8.Electrical installations

5.7.Ventilation systems

5.6.Space heating and Airconditioning
5.4.Water installations

5.3.Disposal installations

5.13.2.Specialist refrigeration systems
5.11.Fire and lightning protection

5.10.Lift and conveyor installations/systems
3.3.Ceiling finishes

3.2.Floor finishes

3.1.Wall finishes

2.7.1.Walls and Partitions

2.6.2.External doors

2.6.1.External Windows

2.5.2.External enclosing walls below ground level
2.5.1.External enclosing walls above ground level
2.3.2.Roof coverings

2.2.1.Floors

2.1.4.Concrete frames

2.1.1.5teel frames

1.1.3.Lowest floor construction
1.1.1.Standard foundations

0.

=]

10.0

30.0

 MEP embodied carbon can be
double the structural upfront
carbon

* Replacements and upgrades to
distribution systems contribute the
highest

40.0 50.0 60.0 70.0 80.0
kgCO2e/m? of GIA

NVHAAOd XVIN



Global resource consumption has tripled in the last 50 years

SerV|CeS Resource efficiency of what we have in the system is key

TM65 ASSESSMENT: REMANUFACTURED VS NEW EQUIVALENT

Remanufactured Product -I

0.0 5.0 10.0 15.0 20.0 25.0 30.0
W Al: Material extraction W A2: Transport to factory m A3: Manufacturing
A4: Transport to site B C2: Transport to waste disposal M C3: Waste processing energy use

B C4: Disposal to landfill

NVHAAOd XVIN
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Solar panels - an eco-disaster
waiting to happen?

@© 3 days ago

Renewables at
end of life

No global solutions for end of
life of renewable components

= 15t PV recycling plant
in 2023 Grenoble
France globally

LAURENT JULLIAND == .

By Daniel Gordon
The Climate Question podcast, BBC Sounds

= Wind nacelles re-use/
recycle potential —
maintaining value of
materials in circular
economy

LAURENT JULLIAND

| Solar panels are delaminated in order to recover precious materials
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environment

M ate rl a ‘8 by Sand and Sustainability: PR

10 strategic recommendations

SCa rCIty - _:.{4’“ . | to avert a crisis
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FF & E

Fittings furniture & equipment . et

Internal walls and partitions Ceiling finishes
Internal doors

External walls
Roof :

Upper floors

» (Generally, not modelled in —_—
whole life carbon o -
assessments -

Floor finishes

Lowest floor

Windows and
external doors

Major impact _—

External walls
- Upper floors

Entopia EnerPHit — Up to
40% of whole life carbon e
over 100 years even with |[[REEEEsrEReEr——— B3 e e BB
re-used elements

FF&E

MEP




Finishes

Floor finishes example

The Enterprise Centre
University of East Anglia UK

= Concrete floor chosen for
longevity over timber floor

|




Finishes

Floor finishes example

Emissions (kgCO2e) over time (years) per m2 floor finish

The Enterprise Centre
University of East Anglia UK

= Concrete floor chosen for
longevity over timber floor

= Timber assessment
excluded biogenic storage
on a 15-year replacement
rate for heavy trafficked

a re a e Hardwood floor (exc bio) 20.5mm s Hardwood floor (exc bio) 20.5mm e Poli shed concrete (50mm ground down)




kgCO2e [100 yearsy'm2

FInishes

Entopia example

500
700 1
# Carpet tiles - generic
450
600 -
400 80077
c % 400 -
350 g g
9 Rubber - Nora Norament range (incl. Arago) 3.5mm 3 E 300kgCO2e [100 years)/m2 NIA maximum level for entire refurbishment
300
s
300 § % 200 -
100
250
; B - . |
floor finishes ceiling finishes wall fimishes internal partitions  internal wall insulation
200 1 > Rubber - generic
Rubber - Noraplan range (incl. Sentica) 2mm
Iftecface carpets - Biosfera Boude -100 1
inyl - gene
150 -200
Bolon - woven floor
Multilayer hardwood flooring - generic
100 Lino = generic
Weitzer Parkett mulmayer hardwood flooring
Lino - Marmoleul ‘e“m %
no moleum mm
'etam,\'1 aie - generic
Cork - generic
50 Existing screed topped with microconcrete . I v
Existing raised access floor - exposed ‘ { I\ :
0 , HI\ LT

Floor Finishes



Regenerative Design and Whole
Life Carbon — Conclusions



1. Use LCA Analysis as a Design Tool 4. Focus on Carbon Hotspots

» Approximately 50% of main carbon impacts will be typically down to a
small number of key elements.

> Appoint a Lifecycle Carbon Assessment [LCA] specialist or design
team member for whole life carbon assessments moving forward. This

SEEI 2 1772 e 2 D2 TELVE EESERE IEis) B &y S 23IE 1 BEgEs, » Elements such as foundations and structure will represent the biggest

contribution to Embodied Carbon, largely due to the ‘quantity’ of
material required.

» Avoid seeing the analysis as a ‘tick-box’ exercise, instead use the tool
to inform key design decisions.

A4

» There are several standards which should be met when carrying out SUESIRCEIAE » Therefore, focus on these main elements for replacements with
LCA analysis, this includes the RICS Professional Statement on Whole lower carbon materials or further optimisation, to achieve significant
Life Carbon. reductions.

BASE CASE
DESIGN CASE 1
DESIGN CASE 2
DESIGN CASE 3

2. Build Light and Wise 5. Set Achievable Reduction Targets

» Whilst we can track and reduce the impacts of Embodied Carbon, the
best principle is to only build what is necessary, with as little material as
possible.

» Benchmarks are a useful way to check performance, however careful
targets should be used to ensure useful and comparable data.

> We recommend that each new iteration of the model should be
compared to the previous carbon studies for this project, with the aim
of reducing where possible, and accounting for any increases (eg from

» Optimising structure at very early stage is essential for understanding
where the greatest reductions can be achieved in structural design

optimisation. increased scope, or greater detail).
3. Early Assessment = Greater Reduction Potential T 6. Aim for a Circular Economy Principles
100% > The earlier embodied carbon is considered, the greater the ability to iéj » Design for disassembly where possible, so that elements could be
reduce it. reused or recycled in the future, supporting a circular economy.

> Assess whether existing or recycled materials local to the site could be
used, in full or in part, in the design.

> Whilst many design elements have not been developed yet, it is
important to assess the impact of these elements at early stage to
understand the ‘carbon consequences’.

REUSE & RECYCLE
MATERIALS
K1aN3ssysia
H0d N9IS3a

\@/

23 2 =] 7
% & E z > A carbon policy including Embodied and Operational Carbon for (‘6;,
= E E C&BRP should be agreed, with requirements for reducing Upfront and

3 E Embodied Carbon included in project briefs. DESIGN OUT WASTE

& POLLUTION



IT NEEDS T0 BE.

The time is now.
Togeﬂlawewnbeemaaﬂm.logeumwem § a better world.
shuildingChasge | SEatapla | GUSL Camiridge
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London | Hereford | Edinburgh

Ann-Marie Fallon Associate Director

PERFORM* Consultancy Lead
t: +44 131 516 1861 m: +44 7958 222140 ¢
e: ann-marie.fallon@architype.co.uk
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