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Net Zero Whole Life Carbon Definition

A 'Net Zero Whole Life
Carbon’ Asset is one 4

where the sum total of all
asset related GHG
emissions, both
operational and
embodied, over an

asset’s life cycle (Modules
Al1-AS, B1-B7, C1-C4) are
minimised, meet local
carbon, energy and water
targets, and with residual
‘offsets’, equals zero.

Offsets
@ WLCN ECLEQG\C{% g‘te;ﬁg;m;iingineers

Minimisation through
design and construction

tCO.e

Residual
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LETI and Targets

Who is LETlI, and what they have defined as “good’” for minimisatione
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Collective
Parficipatory
mpartial
Provocative

©



Climate Emergency Design Guide

Downloaded over

40,000 times

Across 100+ countries
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https://www.leti.london/cedg
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Energy use intensity
(homes)

(schools)

Space heating
demand
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Operational Energy Targets

Separate energy targets for
TOTAL energy, and for
HEATING demand.

Energy use is measured in
kWh/mZ2.a (Gross Internall
Area, GIA).

This Is measurable in use.




Energy use intensity
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In just one year...

Operational energy targets have been
meft by:

+30,000 homes at masterplan level
+2,500 homes pre-construction
+1,000,000 m? of office space
+250,000 m? of education
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Upfront and Embodied Carbon Targets

LETI 2030
Design Target

LETI 2020
Design Target

Upfront Carbon, A1-5 (exc. sequestration) Embodied Carbon, A1-5, B1-5, C1-4 (inc. sequestration)
Retail

All values in kgCO,e/m? (GIA).

Note, a “typical” new build will be on the boundary of E & F.
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Designing for Low Carbon

How to deliver a truly low carbon building



Medium and large scale housing

Operational energy

Implement the following indicative design measures:

Heating and hot water

Implement the following measures:

Demand response

Implement the following measures to smooth energy
demand and consum ption:

Fabric U-values (W/m?.K) Window areas guide Reduce energy consumption to:

Peak reduction
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Fuel
K Ensure heating and hot water generation is

Walls 0.13-0.15 (% of wall area) -
Floor 0.08-0.10 North  10-20% E”‘;""Y Uﬁ: fossil fuel free * Reduce heating and hot water peak

' ’ oAl energy demand
Roof 0.10-0.12 East  10-15% Heat w
Exposed ceilings/floors  0.13-0.18 South  20-25% r,_,,,‘_,w;:,b[,; 2 2 2 The average carbon content of heat supplied Active demand response measures
Windows 1.0 (triple glazing) West  10-15% s [9CO,/kWh.yr) should be reported in-use Install heating set point control and
Doors 1.00 Béidnica conmton o thermal storage

daylight and Maximum 10 W/n peak heat loss (including

Efficiency measures
Air tightness
Thermal bridging
G-value of glass
MVHR

<1 (m*/h.m*@50Pa)
0.04 (y-value)
0.6-0.5

90% (efficiency)

<2m (duct length
from unit to

overheating

Include external
shading

Include openable
windows and
cross ventilation

Reduce space
heating
demand to:

e gt

°Dy %5

ventilation)

Hot water
Maximum dead leg of 1 litre for hot water
pipework

'Green' Euro Water Label should be used
for hot water outlets (e.g.: certified 6 L/min

external wall) |
Maximise / [l_l %///////A N\
B g /0 LLL)
covere
Q Fc])rg\ factor of <0.8 |:| D M
D D i %///////A ’_1
=il [=11=0)

shower head - not using flow restrictors).

AW

o
AW
L1

o o D [

]

Electricity generation and storage
Consider battery storage

Electric vehicle (EV) charging
Electric vehicle turn down

Behaviour change

Incentives to reduce power consumption
and peak grid constraints.

ol A

Embodied carbon

Focus on reducing embodied carbon -
for the largest uses:

Average split of embodied carbon

Products/materials (A1-A3) per building element:

Transport (A4) — 46%- Superstructure

Construction (AS5)
“‘7 64%
Maintenance and

replacements (B1-BS)

Reduce
embodied
carbon by

40% or to:

21% - substructure
16% - Internal finishes

13% - Fagade

§ 22y h

End of life disposal (C1-C4) ’a% 4% - MEP

Area in GIA

Data disclosure

Meter and disclose energy consumption as follows:

/_' I‘ _\ Metering

1. Submeter renewables for energy generation
2. Submeter electric vehicle charging

3. Submeter heating fuel (e.g. heat pump
consumption)

4. Continuously monitor with a smart meter
5. Consider monitoring internal temperatures

6. For multiple properties include a data logger
alongside the smart meter to make data
sharing possible.

Disclosure

Collect annual building energy consumption
and generation

Aggregate average operational reporting
e.g. by post code for anonymity or upstream
meters from part or whole of apartment block

Collect water consumption meter readings

Upload five years of data to GLA and/or
CarbonBuzz online platform

Consider uploading to Low Energy Building
Database.

https://www.letilondon/cedg
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Medium and large scale housing

Operational energy

Implement the following indicative design measures:

Fabric U-values (W/m?2.K) Window areas guide Reduce energy consumption to:
Wallls 0.13-0.15 (% of wall areq) . 5
Floor 0.08-0.10 Hepty 10205 g by
Roof 0.10-0.12 East  10-15% (EUY in GIA,
ludli
Exposed ceilings/floors  0.13-0.18 South  20-25% ik
Windows 1.0 (triple glazing) West  10-15% energy
confribufion
Doors 1.00 Balance

@: daylight and

; overheatin
Efficiency measures 9

Air tightness <1 (m*/h.m*@50Pa) HEITHE ESHaHEaE] Redt{ce space
Thermal bridging 0.04 (y-value) shading ZZ?r’:Qr?d o
G-value of glass 0.6- 0.5 ’

<2m (duct length
from unit to
external wall)

Maximise
% renewables so that /
70% of the roofis

covered

cross ventilation ——— it it

iA,'
:"71:
IEE] Include openable

L I j% N

Q Form factor of <0.8

L]
=15 |:| N
|:| —
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Passivhaus Standard

https://www.passivhaustrust.o
Tpical rg.uk/quidance detail.pohpeg
new build” ld=51
v v . - — - e

10 20 30 40 50 60 70 80 S0 100 MO 120 130 140 150 160 170 180 190 200 210
Space heating demand (kWh/mZ.a)

EnerPHit
component
method”

Dwellings (millions)
1N

AECB/LETI
retrofit”®

Passivhaus
new build

Feillden
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M Flat M Mid-terrace M Semi-detached M Detached M Bungalow
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Low Embodied Carbon

Challenge the brief
Is construction the answer?

Repurpose / refurbish / reuse
Maximise space utilisation

Appropriate structural configurations
Appropriate design criteria

Highly-utilised structures
Carbon-efficient materials, used appropriately

Prefabricate components
Improve construction practices
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The Institution of




Material Pyramid

choose impact category
Global Warming Potential (GWP) 282050

| GWP [kg GO, ¢q /M3

choose unit
i)
filter by material group 265888 22023
Roof panel (stesl) 4
no fiiter Galvanised steel

filter and sort by "functional unit"

according to declared unit M 12209.4
Zinc

Copper sheet

10000ka CO5 .n/m?

‘ ’ 2351.
5733 00 Paint, matte

Structural steel

Vinyl flooring (PVC)

Det

" 1727
Kongelige e
A window
Akademi
1000k CO> ./m®
Arkitektur
Design
Konservering
5181
Clinker — stoneware ~ 595-
am red, single-
4744 ‘ ‘ 366.1 .
Wood ﬁam: ‘window 415. 5 oncrete
420.1 4078 375 1
Flud clay brick -~ Glass pane, triple- Roofing felt V60 < e
glazed
2884 PP roofing 229 0
double- 2063 2443 F 2023
Concrete C30/37 membrane “ 2 ponency PE film (vapour Lime sandstone e Lightweight concrete
barrier) elements
1906 / 180.0 \’ o
. !! I PUR insulation
Lodd e - ; 696 v Poroton bricks s
blocks il
100kq CO5 o./m*
oo 9‘ 2 9(2\/ ' 704
" Expanded 216 192
XPS insulation Unfired clay brick Clay plaster (nﬂw) 2‘;5 ity Stuseol Clemx o] Hlemp fleeca [ PE

Feilden v s S
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0ka CO5 ./m®

731 ) BZ-I -53 I ‘ 564.0 56 -680. c; ‘777 -106’
Wood fibre insulation  Wood fibre board 51 Parquetfoor 14mm oo 5490 Cross-laminated- Mor

Construction timber
Glulam Piywood Ok tree
Modified wood EAREE
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FCBS CARBON

Making carbon part of the decision making process
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FCBS CARBON Approach

Building an accurate Whole Life Carbon model requires a
detailed bill of materials.

But as designers we need to know the impact of our
decisions quickly and BoMs are time consuming.

Instead, in FCBS CARBON we have a library of standard
construction build-ups that can be applied to an
algorithmically described building.



The role of FCBS CARBON

We developed a tool:

- To record the details of our projects
- To estimate the whole life of our projects
- To understand how our buildings emit carbon

We need to understand direction & magnitude at the
early stages, keeping carbon in the discussion.
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Building Details

Disfribution of Embodied Carbon of Mew Building by Building RIEA 2030 Challenge
Aspact -
Example Building
Housing Subsiructure
Tulti-Familu 16 - 15 storeys) 18% 1000
3600 m2 m Superstructure

m Upper floors

- - BOE .
Foo * Embeodied carbon over the

Em =
1 Extarnal walls lifecycle [A1-C4]
Domestic . ~ e M
15 khmz indows 2 * Including potential offssts
User inputs requined u ntemal walls - 2 from saquesterad carbon
u ntemal finizhes
Ewilding perimeter 30 m .
Buildina Footprint B0 m2 2% Services
Euilding width 20 m -
Floor-to-floor height 25 m 2% pog
Mo, storeys ground & abowe E
Mo, stareys below ground 1 o
Gilazing ratio a0 FCBS CARBOM FCBS CARBOM
. . . Existing fAgeif  Adjustment Component Designed for - _|e _
Building Azpect Building Element Material fabric? ewiming? Factor(] Lifelvesrs) disassembly? |ELEL0 Urit= ) . _ mptions
Substructure File= FiC 32040 (S0kafma reir”  hlew a0 I Mo 2248 m3 47 0.0 0.0 15 m depth, 600 mm diameter, 500 kM per pilz
Substructure File caps RiC 32040 (200kaim3 re”  Mew a0 I Mo 158 m3 33 oo 00 07582 s 15 meaps
Substructure Capping beamsz RiC 32040 (200kaim3 re”  Mew a0 I Mo 405 m3 g8 oo 0.0 760 % 600 mm beam sections
Substructure Basement wallz RiC 32040 (125katm3 rei”  Mew a0 I Mo 2020 m3 4.0 oo 0.0 300 mm wall thickness
Substructure Lowest floor slab RC 32040 (150kafm3 rei”  Mew a0 I Mo 1800 m3 28.8 oo 0.0 300 mm =lab thickness
Superstructure Core structure Precast BT 32040 1100k"  Rlew a0 I Mo 2ERE M3 427 oo 0.0 200 mm wall thickness
Superstructure Columns Stee| " Mew a0 i Mo ED m3 438 oo 00 UC 254 5 254
Superstructure Beams Stee| " Mew a0 i Mo 0.8 m3 T4 oo 00 UE 5335 210
Superstructure Secondary beams  Steel " Mew an i Mo 105 m3 v0.4 oo 0.0 75+ of material in primary beam
Upper flocrs Floor slab CLT " Mew an i Mo G000 m3 496 -140.4 0.0 200 mm =slab thickness
Fioof Foof CLT " Mew an I’ Mo 1000 m3 8.3 -2a4 0.0 200 mm =slab thickness
Fioof Fioof insulation Fockwool " Mew a0 I’ Mo 1260 m3 T2 oo 0.0 250 mm insulation thickness
Fioof Fioof finishes A=phalt [Mastic] " Mew 30 I’ Mo B000 m2 17 oo 00 20mm thickness
External walls Fazade Timber " Mew 40 I’ Mo 13230 m2 5.4 122 00 See "Build-ups" sheet
External walls Wallinsulation Fockwool " Mew 30 I’ Mo 3308 m3 141 oo 0.0 250 mm insulation thickness
Windows Glazing Ciouble Glazing " Mew 40 I Mo El m3 154 oo 00 Twopanes of B mm glass
wWindows Window frames AlTimber Compazite ™ Mew 40 I Mo 21263 m 19.8 -27 00 See "Build-ups" sheet
Internal walls Partitions CLT " Mew a0 I Mo 788 m3 478 -135.4 0.0 120 mm wall thickness
Internal finishes Ceilings Exposed Soffit " Mew a0 I Mo 38000 mz2 0.0 oo 00 kone
Internal finishes Floors Carpet " Mew O 20 I Mo 26000 m2 264 0o 0.0 12 mm carpet thickness
Internal finishes Floars wirml " hew 20 20 I Mo 36000 m2 0.2 0o 0.0 3 mm vinyl thickness
Internal finishes Floars Stoneware tile " hew 05 20 I Mo 36000 m2 V.2 0o 0.0 10 mim tile thickness
Services Services Medium " hew 20 I Mo 36000 m2 2310 0o 0.0 E0kgCOZedm Hat rate estimate
I I 0 0.0 0o 0o
I I 0 0.0 0o 0o
i i 0 0.0 0.0 0.0

The version released is in excel so there are few barriers o adoption.
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OPERATIONAL ENERQY

I | =

2030 2025 2020

Blectncal Energy Demand

Domestic RIEA 2030 Challenge
106 14

N Innonative:
= Boct prciics
Typical

MNon-Elsctric Energy Deamand

B K
4]

20 40 &0 a0

Total Energy Demand

LIFECYCLE EMBODIED CARBON Domestic BIEA 2030 Challenge

I e | - | oio

20350 2025 2020 Pre - 2020
CBS CARBO™

Embodied carbon owver the lif
ices
Intermal fnshes
Internal walk
Windows
Extena wals
Roof
Upper foos
Suparstruchis
Bubstruches

-200 -160

TOTAL Embodi
TOTAL |ru::|l.4-:|ir|_

WHOLE LIFE CARBON 1
L . |

36 kgCOZe!mZ [assumes net energy demand supplied at SAF 10.1 carbon factors)

EEmbodied ¥ Ogerationa Ecquestarad

A dashboard output that covers all aspects of Whole Life Carbbon

OFFSET CARBON

3.6 Hectares of mised Britizh woodland required to offset the 4155 1C02e”

Oparational carbon offsat

Total mrbon offset

i} Z 4 B B 19 12
Estimated offsat cost
Farest: £10d E32 at £25 per tC0,e [Woodland Trust)

Eztate improvement: £337 602 at £35 per tC0,e [Camden Warm & Well fund)

" barcd on projected G0y carrequerkration raker from WGG Garkon Calzulation Spreadrhect Ve
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FCBS CARBON

FCBS CARBON is a whole life carbon review tool, designed to estimate the whole life carbon of a building to inform design decisions prior to detailed
design. This makes potential carbon impacts clear to the client, architect and the whole design team from the outset of the design process. Using
benchmarked data from the ICE Database and EFDs, the tool is designed to give the design team insight into the whole life carbon impact of a building
from the very outset of a project.

Introducing
FCBS
CARBON with
Dr Joe Jack
Williams and
Joe Taylor

Fe i Id e n u Watch video

Clegg

2{3&'?8/ https://fcbstudios.com/fclbscarbon

©
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Croft Gardens, Kings College,
Cambridge

A case study in whole life carbon



Case Study — Croft Gardens

Croft Gardens, Kings
College, Cambridge

Student residential
project

Due for completion
from August 2022.

. As low carbon as possible, for as long as possible:
Feilden Passivhaus
Clegg CLT structure

Bradley True 100 year design life
Studios
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A balance
of materials

QW///\MC .

= NE =
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20

30

Taking a whole life approach

40 50 60 70 80
Years since handover

——Decarbonising grid, net energy demand, with sequestration

90

100

110

120
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Thanks for your fime

Joe.Jack.Williams@fclbstudios.com



