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BUILDINGS ARE
40% of energy
RESPONSIBLE consumption
FORAROUND...

36% of CO2 emissions.

‘ 50% of all extracted

material

35% of the EU’s total waste



Mission critical

To meet Europe’s climate goals , both operational and embodied
carbon (‘whole life carbon’) must be considered together and
countries must adopt whole life carbon targets in the sector by

2030.

Few countries are currently on track.




Carbon currently under a pricing regime
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KEY STATISTICS FOR 2020 ON INITIATIVE(S)
IMPLEMENTED OR SCHEDULED FOR
IMPLEMENTATION

61 Carbon pricing initiatives selected

National jurisdictions are covered by
46 the initiatives selected

Subnational jurisdictions are covered
32 by the initiatives selected

In 2020, these initiatives would cover
12 GtCO3e, representing 22.3% of global

GHG emissions

Data last updated April, 01 2020

Summary map of regional, national and subnational carbon pricing initiatives LA
B 'mplemented

3 Scheduled

B Under consideration

TYPE OF INSTRUMENT
B3 carbon tax

| ets
3 Undecided

TYPE OF JURISDICTION
u National

B Regional
3 Ssubnational

@ ETS implemented or scheduled for implementation @ carbon tax implemented or scheduled for implementation
ETS or carbon tax under consideration @ ETS and carbon tax implemented or scheduled
® ETS implemented or scheduled, ETS or carbon tax under con... & Carbon tax implemented or scheduled, ETS under considera...

Note: Carban pricing initiatives are considered "scheduled for implementation” once they have been formally adopted through legislation and have an official, planned start date.

Carbon pricing initiatives are considered “under consideration” if the government has announced its intention to work towards the implementation of a carbon pricing initiative and this has
been formally confirmed by official government sources.

Jurisdictions that only mention carbon pricing in their NDCs are not included as different interpretations of the NDC text are possible. The carbon pricing initiatives have been classified in
ETSs and carbon taxes according to how they operate technically. ETS does not only refer to cap-and-trade systems, but also baseline-and-credit systems such as in British Columbia and
baseline-and-offset systems such as in Australia. Carbon pricing has evolved over the years and initiatives do not necessarily follow the two categories in a strict sense. Due to the dynamic
approach to cantinuously improve data quality, changes to the map do not anly reflect new developments, but also corrections following new information from official government sources.

Image reproduced from the World Bank website (https://carbonpricingdashboard.worldbank.org/map_data), October 2020



Carbon currently under a pricing regime
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Map & Data

Displaying Map for the YEAR 2020, for multiple STATUSES, for multiple INSTRUMENTS, far multiple JURISDICTIONS

MAP GHG EMISSION COVERAGE PRICE REVENUE DOWNLOAD GRAPH & DOWNL(
e
=] — o m < n &) ~ ) o\ = — o~ Jia) < n o ~ © @ =) — o~ m < L o] r~ ) )
(o)l (=2l ay [=nl (=2l a [o)J [=al v [*AJ (=] o [ [l [l o o (=] o o - -— — - -— — -— — — -
a a a a a a a a a a [=) [=] [=] [=) [=] [=] [=) [=] [=) [=] (=] [=) [=] (=] [=) [=] (=] [=) [=] (=]
— — — — — — — — — — ™~ ™~ o~ ™~ ™~ o~ ™~ ~ ~ (] ~ ~ (] ~ ~ (] ~ ~ (] ~
Data

Regional, national and subnational carbon pricing initiatives selected: share of global greenhouse gas emissions covered
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BuildingLife vision

By 2030, all new buildings, infrastructure and
renovations will have at least 40% less embodied carbon
with significant upfront carbon reduction, and all new
buildings must be net zero operational carbon.

By 2050, new buildings, infrastructure and renovations
will have net zero embodied carbon, and all buildings,
including existing buildings, must be net zero
operational carbon.



L Currently the EU Energy Performance of
Buildings Directive only considers the
performance of buildings in Operation




....but a building has many stages in its
lifecycle...




Model of a typical house

C1-C4 End of
life
2%

B6 Operational Al1-A3
Energy Materials
45% 45% A4
Transportation
0.77%
B4-B5 AS ,
Construction
Replacement —
3%

4%

Carbon Emissions: New A2 rated home over 50 years - Upfront Embodied Carbon (A1 — A5) now
constitutes 49% of lifetime emissions.



Carbon flows

Sankey diagram, Global warming

Elect use Utilit
Energy

floo

s and ramps

Ready—mix concr'

1.5.2 Weaiherproofing
1.7 Foundatiens=(substructure)

-A4 Transportat




The Carbon Burp

Visualisation of the annual impacts

@ A1-A3 Materials @ A4 Transportation @ A5 Construction @ B4-B5 Replacement B6 Energy @ B7 Water

@ C1-C4 End of life @ B1 Use Phase
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The Carbon Burp
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The problem

Currently building designers specify materials in great
guantities but with very little access to data on the

environmental impacts of the production processes
involved.

122g CO2e / KM



Carbon counting
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Carbon counting

kgCO,e Walls
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Carbon counting

kgCO,e Walls
0.5

0.45

0.4

0.35

0.3

0.25
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0.15

0.1

0.05

1km Car 1 kg Concrete (typical) 1 brick

1km Car m 1 kg Concrete (typical) ™1 brick



Carbon counting

kgCO,e Walls
0.7

0.6

0.5

0.4

0.3

0.2

) .
0

1km Car 1 kg Concrete (typical) 1 brick 1kg mortar

1km Car ® 1 kg Concrete (typical) m1brick m1kgmortar



Carbon counting

kgCO,e Walls
6

: —_— [ L

1km Car 1 kg Concrete (typical) 1 brick 1kg mortar 1 block

1km Car ®1 kg Concrete (typical) ™ 1brick ™ 1lkgmortar ™1 block

Lightweight concrete block, with expanded clay aggregate, generic, 18 kg/block , 0.5x0.3x0.185 mm



Carbon counting
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Carbon counting

kgCO,e Structural steel
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Carbon counting
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Carbon counting

kgCO,e Structural steel
4

. . I —

1km Car lkg rebar (97%  1kg structural steel 1kg structural steel 1kg structural steel 1kg Structural
recycled) (0% recycled) (60% recycled) (100% recyc) timber



Carbon counting

kgCO,e Driving
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Carbon counting

kgCO,e Kg CO2e

14

12

10

1km Car 1kg aluminium (Europe ave.) 1kg aluminium (World ave.)

Aluminium data taken from ICE database — assumes a 31% scrap input.



Carbon counting
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Carbon counting

kgCO,e Insulation 1,188km
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Wh at el S e? E:LT VI\Dlral:ed timber lathes;

120 %

100 %

80 %

60 %

40 %

20%

0%

*  200mm glasswool insulation
*  Vapour barrier

*  140mm CLT panels

*  12.5mm gypsum plasterboard
. Paint

@ 2-100m2 CLT wall build up

Concrete block Wall:

*  20mm render

* 100mm concrete block

. Masonry mortar

*  100mm rockwool insulation panels
*  215mm concrete block

. Masonry mortar

* 12.5mm gypsum plasterboard

*  3mm Gypsum plaster

@ 2 - 100m2 Concrete block wall build up

POCP Nonrenewables Bio-CO2 storage



When do | decide?

'
—— r

| A
Cost reduction ' | Resistance o
potential ’

change

Cost

; : O : — >
Concept Development Design Construction Operation Replacement
and
maintenance

Time and Life

Figure 7 Relationship between cost and opportunity of change through the project life cycle (Source
Kirkham, 2014)




. Where do | find this information?

IRELAND
THE ENVIRONMENTAL PRODUCT DECLARATION PROGRAMME
circular c
www.igbc.ie/epd-home/ e C o I'O 9y
www.eco-platform.org/epd-data.html
www.circularecology.com/embodied-carbon-footprint-database.html




Growth in EPDs

Growth in numbers of Construction Product EPD to EN 15804

* EPD Programmes not previously surveyed so no data provided before 2019.
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@ rDES (France) @ UL Environment (USA) @ 1BU (Germany) @) EPD Norge (Norway) @ International EPD (SE/ANZ/TU/BR/LA)
@ PcPecopassport (France) @ S5CS Global (USA) @ BRE EN 15804 EPD (UK) @ NSF (EN 15804) @@ IFT Rosenheim™ @ MRPI (Metherlands)
@ 178 (Poland) @ GlobalEPD (Spain) @ EPD iwly @ RTSEPD (Finland) @ EPD Danmark (Denmark) @ DAPcons (Spain)
@ 55 Oko-Garantie® @) EAAEPD (Aluminium) @@ Bau EPD (Austriz) @ EPD Belge (Belgium) @@ EPD Ireland @ Tata Steel EPD

@ CeechVUPSEPD @ ZAG (Sloveniz) @) DAPHabitst (Portugal) @ Cemsuisse® @ Eurima” @ Cembureau” @@ SUGE" @@ Stora Enso”

@ sHC

Source: Jane Anderson - constructionlca.co.uk




Simple carbon inventor

oy | X [impacts |- o

Quantities of materials and Estimate of carbon intensity Carbon emissions
processes in building

E.G

100 kg steel X 0.43 kg CO,e/kg = 43 kg CO,e

50 kg glass X 1.064 kg CO,e/kg = 53.2kg CO,e
1000kWh grid electricity X 0.23 kg CO,e/kwh = 230kg CO,e
TOTAL 326.2 kg CO,e

Simple example of LCA calculation process adapted from Carbon leadership forum practice guide 2019 (p11)
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Introducing Level(s)

JRC SCIENCE FOR POLICY REPORT

Level(s) - A common EU
framework of core sustainability
indicators for office and
residential buildings

Part 3: How to make
performance assessments
using Level(s)

(Beta v1.0)

Nicholas Dodd, Mauro Cordelia, Marzia
Traverso, Shane Donatelo (Unit BS)

= A first step towards a Sustainable Performance of
Buildings directive in Europe

»Includes Life Cycle Assessment and Life Cycle
Costing.

»Piloted across Europe over the past two years
*"Intended for use in Green Public Procurement and
regulations across Europe

»"|GBC supporting industry through Life for Level(s)
with 8 other GBCs to mainstream the use of LCA
and LCC over the next 3 years.

https://susproc.jrc.ec.europa.eu/product-
bureau//product-groups/412/documents

O U FE Level(s)



https://susproc.jrc.ec.europa.eu/product-bureau/product-groups/412/documents

Level(s) Macro-objectives

3

5

Green house gas
emissions along a
building’s life cycle

Efficient use of
water resources

Adaptation +
Resilience

C U,

Resource efficient
+ circular material
lifecycles

Healthy + comfortable
spaces

Optimised life cycle
cost and value



Level(s) Key indicators O UFE

Level(s)

1 1
1 q
Green house gas 11 Use stage | kilowatt hours per 1.2 Life cycle Global i kgCO, equivalents
emissions alona a energy | square metre per Warming Potential | lpEriEgesls metre
S, g performancei year [KWh/m?/yr] | peryear
building's life cycle : |
1
i i ! i
.. o " 2.2 Construction i kg of waste + : ] i : I :
Resource efficient 21Bill of ! Unit quantities i ! n’?aterials er mm? 2.3 Design f9r.' ) Adaptability score 2.4 Design for . ! Deconstruction
: : quantities | mass + years i adaptability | deconstruction, | score
+ circular material I waste | use : reuse + recycling;
. +materials | ! H
1 1 ! 1
1
1 3
Hp 3.1Usestage ! m’/yr
Efficient use of ter | water per
water resources consumption | occupant
i
!
1 I - 1
Healthy + 41 Indoor air | Parametersfor Targetlistof pollutants: 4.2 Time outside ; % of thetime out of 4.3 Lighting i Level1 4.4 Acoustics | Level1
quality ! ventilation, CO, TVOC, formaldehyde, of thermal | range during the +visual | check list + protection | hecklist
comfortable i + humidity ﬁ::&_ﬁﬁztﬁle_rat'°' comfort rangei heating and cooling comfort ! against noisei checkd
spaces H particulates, radon | EEEELE use i )
1 1 H 1
Adabtation + 5.1 Protection of Projected % time out 5.2 Increasedrisk = Level1 53 Increasedrisk = Level 1
aptation occupier health of range in the years of extreme checklist of flood events  checklist
Resilience + thermal comfort [203018'12 31050 weather events  [under development] [under development]
See also 4.

Optimised life cycle 6.1 Life cycle costs ' Euro per square 6.2 Value creation  Level1
metre [€/m?/yr] + risk exposure checklist

cost and value Indoor air quality




Level(s) Framework for reporting

Level 1 (qualitative): Conceptual design for the
building project

JRC SCIENCE FOR POLICY REPORT Accessible entry point for the use of each
indicator, assessments are qualitative

Level 2 (quantitative): Detailed design and

Level(s) - A common EU
framework of core sustainability

indicators for office and construction of the building
residential buildings i -

o | Quantifying the performance of building
designs, common units of measurements with
reference calculation methods are provided
P Level 3 (monitoring): As-built and in-use
e performance of the building after completion

Data collection on the real performance of the
building project

Journey from initial concept design,
construction and the reality of the completed

building




Level(s) indicator 1.2 is based on the European Standard

EN15978:2011

Sustainability of construction works. Assessment of environmental performance of buildings

RICS professional statement
Irish Standard @ V‘ﬂl\Dil\S(onunm!Em

1.5. EN 15978:2011

-~ -
o S Ministry of the Environmert "‘ Rlcs
& ‘
Sustainability of construction works - \
4 v N

Assessment of environmental Mitt::dforthewholelife
performance of buildings - Calculation i
method

RICS professional standards and guidance, UK

Whole life carbon
assessment for the
built environment
1st edition, November, 2017

rics.org/guidance

https://shop.standards.ie/en-ie/standards/I-S-EN-15978-2011-875896 SAIG NSAI NSAI 2082014/
https://julkaisut.valtioneuvosto.fi/handle/10024/161796

https://www.rics.org/globalassets/rics-website/media/news/whole-life-carbon-assessment-for-the--built-environment-november-2017.pdf



https://shop.standards.ie/en-ie/standards/I-S-EN-15978-2011-875896_SAIG_NSAI_NSAI_2082014/
https://julkaisut.valtioneuvosto.fi/handle/10024/161796
https://www.rics.org/globalassets/rics-website/media/news/whole-life-carbon-assessment-for-the--built-environment-november-2017.pdf

The modules In the
methodology are
based on the full life
cycle of a building

Lifecycle of a

building




Raw Materials

Al- Raw materials extraction

Extraction

A2- Transport to factory



Manufacturing

A3- Manufacturing




Transportation

A4- Transport from
gate to site




Construction stage

A5 — Construction

Practical
Completion



Use Stage
B1- Use (refrigerants)
B2- Maintenance

B3- Repair




Use Stage

B4- Replacement
B5- Refurbishment

B6- Operational energy
use

B7- Operational water
use



Cradle to Grave

End of life

C1- Deconstruction
C2- Transport
C3- Waste processing

C4- Disposal



Reuse

D - Reuse, Recovery,
Recycling potential

Cradle to Cradle




EN15978 Reporting Modules

Building assessment information .
Building life cycle information Supplementary
' | information beyond the
' ilding li
A1-3 A4-5 B1-7 C1-4 : building life cycle
CONSTRUCTION USE stage END OF LIFE stage D
PRODUCY stage PROCESS stage
' Benefits and loads
Al A2 A3 A4 A5 B1 B2 B3 B4 B5 Ct C2 C3 cC4 |; beyond the system
= boundary
> =N o 2 ;
a a ® @ c = "
Q o 43 Ie) |
3 - g & % E E i | |Reuse-
@ € g a § = e s © > 1
S S e sl 8|2l - s ? : Recovery-
© 5 g = oL 3 ] @ ) ) L ) '
gl 2] & 2 = - s ||| ¢ || x B 8 : .
@ E @ B = e < o ' Recycling-
|| 8| & @ S w allgllall s
€ ||l+-]|| = = O£ B6 Operational energy use gl 2|l & g |
o || 8 ol 2]l
all~|| =] 6
B7 Operational water use

Reproduced from Potrc Obrecht, Tajda & Kunic, R & Jordan, Sabina & Legat, A. (2019). Roles of the reference service life (RSL) of buildings and the RSL of building
components in the environmental impacts of buildings. IOP Conference Series: Earth and Environmental Science.



EN15978 Reporting Modules

Building assessment information

A1-3

Building life cycle information

A4-5

C14

Supplementary
information beyond the
building life cycle

PRODUCT stage

CONSTRUCTION

END OF LIFE stage

PROCESS stage

Al A2 A3

g

A4 AS

C3 C4

=
g
L
©
S
B
E
o

Manufacturing

Maintenance
Refurbishment
Replacement

Construction-
installation process

Operational energy use

Operational water use

De-construction demolition

Waste processing

D

Benefits and loads
beyond the system
boundary

Reuse-
Recovery-

Recycling-

: = Embodied Carbon : = Operational Carbon : = Module D results are reported separately from the WLC

Reproduced from Potrc Obrecht, Tajda & Kunic, R & Jordan, Sabina & Legat, A. (2019). Roles of the reference service life (RSL) of buildings and the RSL of building

components in the environmental impacts of buildings. IOP Conference Series: Earth and Environmental Science.



EN15978 Reporting

IGBC Demo 2
Dublin Construction End of Life Benefits and loads beyond
Office Example Product stage process stage Use stage (EoL) stage the system boundary
5,000.00 Biogenic carbon'inegative [A] [B] €] )
walus]
[A1] [AZ] [A3])] [Ad] [A5] [B1] [B2]* [B3]* [BA]* [BS[* [B&] [B7] [C1] [C2] [C3] [C4]
0 1]
0 0
150,000 7,500 15,000 8,250 210,750 42
0 300,000 15,000 30,000 16,500 361,500 72
30,000
200,000 10,000 20,000 11,000 241,000 48
100,000 5,000 10,000 5,500 120,500 24
0 0 0 0 0 0]
0 0 0 0 0 0 0
300,000 15,000 12,000 ] 600,000 2,014 875 |' 16,500 2 858,375 592
0 0
0
0
0]
0 1,050,000 52,500 42,000 0 0 0 675,000 2,014,875 0 57,750 3,892,125 778 0
0 210 11 0 0 135 403 0 12 778 0




The Standards for building LCA

Product level EPD

« EN 15804 -Sustainability of construction works.
Environmental Product Declarations. Core rules for
the product category of construction products

+

Building level

« EN 15978 - Sustainability of construction works.
Assessment of environmental performance of
buildings. Calculation method




Target: <650 kgCO.e/m?
Ta.rg etS Scope: A1-C4 2

RIBA 2030 Climate Challenge target metrics for non-domestic buildings

RIBA Sustainable
Outcome Metrics 2020 Targets | 2025 Targets 2030 Tzargets

Operational Energy ‘
kWh/m?/y

UKGBC Net Zery
1 Fabric First
2. Efficient services, and low-
carbon heat
4. Minimum SiNG
UK schemes (CCC)

Embodied Carbon
kgCO,e/m?

Potable Water Use
Litres/person/day

Table reproduced from the RIBA 2030 Climate Challenge. https://www.architecture.com/about/policy/climate-action/2030-climate-challenge



Current benchmarks

LETI (http://www.leti.london) Target: <500 kgCO,e/m?

Scope: Al — A5 (‘upfront’)
Includes MEP

Key
Energy Use Intensity (EUI) targets outlined in jhe LETI Climate Emergency
S design guide as well as 100% renewable efiergy supply must be met
Dalanee

Embodied carbon target
(Building Life Cycle Stages
Al-AS). Includes Substructure,

‘Business as usual’ 2020 fOngf 40% reduction over baseline

RESIDENTIAL % target of total building

30% construction materials &

reused elements that are reused Superstructure, MEP, Facade &

Internal Finishes.

D00
D00
0000000000

D00 0000000
? A DI0omoo

/ % target for building Embodied carbon target,

kBO% | materials & elements 400 as above, also including
eviable designed for reuse af the W sequestration.

bullding's end of life

Iy (§
£
|
; i
e

Dp enargy
balance

SCHOOL

Figure 7.1 - LET| Embodied Carbon Reduction
Targets towards Whole Life Net Zero

Images reproduced from the LETI Embodied Carbon Primer https://www.leti.london/ecp




N CCARBON SMART MATERIALS PALETTE

~

HIGH-IMPACT MATERIALS

Predominant building materials with high-impact potential for emissions reductions

http://materialspalette.org/palette Build better! The Material Pyramid is interactive

cw =l > e . ah®
&
FE JEF 3 S e o
-

https://vandkunsten.com/en/news/material-pyramid



http://materialspalette.org/palette
https://vandkunsten.com/en/news/material-pyramid

https://www.igbc.ie/events/whole-
life-carbon-training/
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