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I.  RE2020: regulatory framework
RE2020-
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Policy context and objectives

\
GRENELLE
ENVIRONNEMENT DIVIDED BY 4
FORUM GREENHOUSE GAS
2010 EMISSIONS
1990 - 2050
ENERGY
TRANSITION ACT TR
2015
1990 - 2030
NATIONAL LOW
CARBON STRATEGY ROADMAP TO
2015 CARBON NEUTRALITY
MINISTRY OF ECOLOGICAL 2050
TRANSITION

CLIMATE PLAN
2017 FRANCE N°1

GREEN ECONOMY

NATIONAL LOW RENOVATIONS,
CARBON STRATEGY 2 ENERGY REDUCTION,
2020 LOW CARBON HEATING,
MINISTRY OF ECOLOGICAL
RY O ECoL REGULATIONS
CLIMATE & RENTAL BAN
RESILIENCE LAW FOR ENERGY-INEFFICIENT
2022 DWELLINGS BASED
ON THEIR EPC RATING
ENERGY AND CLIMATE
STRATEGY SNBC 3

E SOON i i + ADAPTATION PLAN i
' MINISTRY OF ECOLOGICAL ! ' + ENERGY PROGRAM

FRCONSTRUCTION
N
INIES
FDES DATABASE
2004
1/3 146 MtCO,eq
FRENCH EMISSIONS (2016)
SCOPE1 2015 - 2030: -49%
Direct emissions 2050: Decarbonisation
SCOPE 2

Electricity, heating, cooling 2050: Decarbonisation

SCOPE 3 . o
Construction, renovation 2015 -2050: -80%
L/
E+C- E1to E3:-15% to -40%
2017 E4 : positive energy
MINISTRY OF ECOLOGICAL C1-C2: kgCO,/m?
TRANSITION
lC construction: 980 kgCOZ/m2
MINISTRY OF ECOLOGICAL .
TRANSITION (2022 office)
TERTIARY DECREE ENERGY CONSUMPTION
2022
2010 - 2030:-40%
2010 - 2040 :-50%
2010 - 2050 : -60%

» mandatory carbon threshold covering all energy uses
» whole-life carbon limits by typology, gradually tightening
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Policy context and objectives

CO. EQUIVALENT EMISSIONS IN FRANCE IN 2022 2022 CO2

396 MtCO_eq

FRANCE

total emissions

62 MtCO . eq

Energy consumed
in buildings

39 MtCO . eq 101 MtCO. eq

Construction
products

Building
value chain

2nd
highest-emitting
sector

Source: SNBC, Strategie Nationale Bas-Carbone 3, 2024
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Policy context and objectives

PROJECTION OF CO, EMISSIONS IN FRANCE IN 2030 2030 CO>

to reach carbon neutrality, based on the 2024 SNBC 2024  SNBC SNBC

271MtCO_eq

FRANCE

total emissions

40% reduction
compared to 2015

28 MtCO . eq 63 MtCO . eq

- (o)
35 MtCO_eq 80% reduction
onstruction compared to 2015
..........................

Energy consumed Building
in buildings value chain Source : SNBC, Stratégie Nationale Bas-Carbone 3, 2024
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Policy context and objectives

PROJECTION OF CO, EMISSIONS
IN FRANCE IN 2030

2030 CO2

271MtCO_eq

FRANCE

total emissions

40% reduction
compared to 2015

35 MtCO_eq

Energy consumed
in buildings

SECTORAL GUIDELINES
FOR THE BUILDING SECTOR

2015
1.  Guide the evolution of the energy mix

5 Renovation of the residential
" and tertiary building stock

3 Increase energy and carbon performance levels
' for new buildings

Carbon
storage

Aim for greater energy efficiency of equipment
and promote sobriety in uses

2030 2050

28 MtCO_eq 63 MtCO_eq

- (o)
80% reduction

Construction compared to 2015

............................ otacts

Building
value chain

Source: SNBC, Strategie Nationale Bas-Carbone 3, 2024

Laélia Vaulot for the Renewable Energy Institute

Lessons from France's RE2020 Building LCA Framework

July 7th, 2026

7


sayo6
Text Box
2030年におけるフランスのCO₂排出量予測

sayo6
Text Box
建築部門向けの分野別ガイドライン

sayo6
Typewritten Text
政策的背景と目的

sayo6
Text Box
建材

sayo6
Text Box
建物で消費したエネルギー

sayo6
Text Box
バリューチェーン


Policy context and objectives

NEW BUILD MANDATORY

VOLUNTARY

RENOVATION MANDATORY

VOLUNTARY

2005

@)

RT 2005

2012

@

RT 2012

2008

4)

RTGLOBAL

4-=-=3>

2017

2022

2018
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Indicators and compliance metrics

Prioritise
energy sobriety
and
energy decarbonisation

The world's first environmental

(And not only thermal)

regulation in the building sector

3 OBJECTIVES

Reduce
the carbon impact
of
building construction

no

Ensure
summer comfort
during periods of

extreme heat
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Indicators and compliance metrics

RE2020 has been mandatory since 2022 for

a
|
Single-family house Multi-family housing Office buildings
January 2022 January 2022 July 2022

Primary and
secondary schools
July 2022
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Indicators and compliance metrics

Since 2026

o
o=

Restaurants Retail Early childhood care facilities UnlverS|ty buildings

=

oooooa

>

Libraries Healthcare facilities Gymnasiums Industrial and artisanal buildings Airport terminals
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Indicators and compliance metrics

BUILDING PERMIT STAGE

COMPLETION OF WORKS
(DESIGN PHASE) (DELIVERY)
O O -

Attestation of compliance
with energy and environmental requirements

Required
e Energy study

 Design-stage LCA (RE2020 carbon calculation)
e RE2020 compliance attestation

If not compliant

> Building permit cannot be granted
Project must be redesigned

Architect's exposure

» Professional responsibility only in case of negligence
e No decennial liability at this stage

Attestation of completion of works

Required
e Updated energy study

e As-built LCA (based on materials actually installed)
e Airtightness test & final attestation

If not compliant
> Building is non-conforming
A Project must be corrected, insurance involvement

Architect's exposure

e Contractual liability engaged Source : Ordre des architectes
e Decennial liability may apply
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Indicators and compliance metrics

NEW BUILD

-

~
.
50 3
YEARS !

CARBON

INDICATOR
Unit

Scope

Cl CONSTRUCTION

Carbon impact of
construction components

2
kgCOZeq/ m and site works
Cl ENERGY Carbon impact of
kgCO,,/(m?.year) primary-energy consumption
CEP Total
kWhep/(m2.year) primary-energy consumption
CEP,NR Non-renewable
kWhep/(m2.year) primary-energy consumption
BBIO Bioclimatic needs
POINTS Heating, cooling and lighting
Degree-hours of discomfort
DH level of thermal discomfort
°Ch perceived by occupants during

the warm season

Assessment

Full Life Cycle Assessment (LCA) modules A to D
50-year reference study period
Using INIES database (EPDs)
Calculated with approved LCA softwares

Energy consumption results from CEP
RE2020 CO, emission factors for each energy vector:
electricity, gas, biomass, district heating, etc.
aggregated over the 50-year reference period

Hourly dynamic thermal simulation
Considers building envelope, systems, climate file, schedules,
and 5 uses: heating, cooling, hot water, lighting, ventilation
Delivered energy converted into primary energy using RE2020 primary-energy
factors for renewable & non-renewable vectors

Same dynamic simulation but before systems (no HVAC efficiencies)
Intrinsic building performance from architecture alone

Simulated indoor temperatures using the RE2020 dynamic climate file
Compared hourly to a comfort temperature threshold
Hours above the threshold integrated to compute cumulative discomfort
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Indicators and compliance metrics

CI PROJECT

Cl Carbon Impact

I

OFFICES
2025

ClI CONSTRUCTION
810

Cl BUILDING

CI ENERGY
200

kgCO,/m2SDP

kgCO,/m?2SDP

i - 2
Cl COMPONENTS Order of magnitude 700 - 800 kgCO,e/m=SDP 65 %
CONSTRUCTION EQUIPMENTS & MATERIALS
+
i - 2
Cl SITE WORKS Order of magnitude 20 - 30 kgCO.e/m*SDP 3%

ON-SITE ENERGY AND WATER CONSUMPTION,
WASTE REMOVAL AND TREATMENT

+

Cl ENERGY Order of magnitude 200 - 300 kgCO.e/m*SDP

OPERATIONAL ENERGY CONSUMPTION

+

Order of magnitude 60 - 80 kgCO 2SDP
Cl WATER gnrtce 9CO-e/m

WATER CONSUMPTION

7%

+

Order of magnitude 5 - 20 kgCO,e/m2SDP

ClI PLOT

PLOT USE AND OUTDOOR WATER IRRIGATION
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Regulatory context

CARBON FOOTPRINT
OFFICE BUILDING

BASED ON RE2020, 2025 CAPS
RE2020 2025

810kgCO eq/m?

EMBODIED CARBON

Extraction of raw materials

Transformation into products
Transport
Construction

Maintenance

Deconstruction

80 %

1010 kgCO_eq/m?

CARBON FOOTPRINT OF AN
OFFICE BUILDING OVER 50 YEARS

200kgCO eq/m?

OPERATIONAL CARBON

Energy

Water

20 %

20 000 M2BUILDING

EE 20200 tCO,

PARIS-TOKYO RETURN FLIGHT

x 251CO,

(8 000 RETURN FLIGHTS)
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Indicators and compliance metrics

IC CONSTRUCTION 13 standardized construction lots

Technical work Lot 8 HVAC (heating, ventilation, cooling) Lot 11 : Communication networks (low voltage)

Lot 12 : Lifts and other transport equipment

§ 8889

Lot 9 : Sanitary installations (plumbing)

Lot 10 : Power distribution (high voltage) Lot 13 : On-site electricity generation equipment

S Lot 5 : Partitions, linings, suspended ceilings,
Finishing work interior joinery

Lot 7 : Floor, wall and ceiling finishes

Lot 1: External works (buried networks and parking) Lot 6 : Facades and external joinery
Structural work

Lot 2 : Foundations and substructures

Lot 3 : Superstructure — masonry
Detailed calculation

Lot 4 : Roofing — waterproofing | Fixed / lump-sum values

Source: ObservatoireRE2020, IFPEB, 2023
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Indicators and compliance metrics

IC CONSTRUCTION 13 standardized construction lots

. Lot 8 : HVAC (heating, ventilation, cooling)
Technical work J J

Lot 9 : Sanitary installations (plumbing)

§ 8889

Lot 10 : Power distribution (high voltage)

S Lot 5 : Partitions, linings, suspended ceilings,
Finishing work interior joinery

Lot 7 : Floor, wall and ceiling finishes

Lot 1: External works (buried networks and parking)
Structural work

Lot 11 : Communication networks (low voltage)

Lot 12 : Lifts and other transport equipment

Lot 13 : On-site electricity generation equipment

Lot 6 : Facades and external joinery

Lot 2 : Foundations and substructures

Lot 3 : Superstructure — masonry

Lot 4 : Roofing — waterproofing

[ 1 To study in priority

Source: ObservatoireRE2020, IFPEB, 2023
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Performance thresholds

Cl CONSTRUCTION

kgCO,, /m?
A I
|
1200 | T ————————
| I
i '
$ |
I -
|
1000 | 980 el
OFFICES J | |
: | |
---------------- :
900 I ‘
m 200 : -34439%
e 1
---------------- 1 770 i
I ;
EDUCATIONAL 740 T —— booooooe e -:
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" g fs oo fonifosfonifon sl
| | 580 i 590
| e e e e e e e e e e ————-
| 490
400 | T ——————
HOUSING !
|
|
|
|
200 |- e s ] fd”d B e #€l6l6l v
1
|
|
|
|
i >

2023 2024 2026 2027 2029 2030 2032 2033 2034

Laélia Vaulot for the Renewable Energy Institute Lessons from France's RE2020 Building LCA Framework July 7th, 2026 18


sayo6
Typewritten Text
設備

sayo6
Typewritten Text
内装

sayo6
Typewritten Text
上限基準値


Dynamic LCA: principles and limitations LcA

LIFE CYCLE ASSESSMENT
(LCA)

Source : RIBA 2030 Climate Challenge Target Benchmarks Review
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Dynamic LCA: principles and limitations LcA

Pre-delivery emissions Post-delivery emissions
STATIC LCA

-+t

LCA LCA
classic LCA approach, used internationally Extraction  Manufacturing  Transport Construction  Operation End of life
1ton of CO, emitted today = 1ton emitted in 40 years I 5
CO2 1 40 COz 1 . . o . % o X x . X
e p t c ex fdv

DYNAMIC LCA : .. : ..
Pre-delivery emissions Post-delivery emissions

LCA
Extraction Manufacturing  Transport Construction  Operation End of life
The later an emission occurs, the lower its impact. I
» Emissions before delivery and during operation have full impact X, + X + X, X & X & Xy
e Emissions at end of life are discounted .
X
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Dynamic LCA: principles and limitations LcA

WEIGHTING COEFFICIENT

WHY ?

Dynamic LCA

Climate change must be
addressed with a sense of urgency

End-of-life scenarios are uncertain

Taking into account the kinetic
degradation of greenhouse gases
in the atmosphere

e Controversial method
o Arbitrary coefficient
A o Gas emitted in the future will

still have an impact on future
generations

Weighting coefficient

1o 0N S [ e e
075§ A e —— T T
0,50 | ______________________________
0,25- ..............................

0 10

20

General weighting coefficient

30

40

50
Years
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Dynamic LCA: principles and limitations

LCA

BIOGENIC CARBON

Dynamic LCA encourages

CARBON STORAGE

WHAT IS CARBON STORAGE?

/ Forests \

4

Planting

/‘

V

Growth

o

Winter harvesting
@O®—)

Wood releases CO,
at end of life

CO>

O, production

Wood stores CO,
through photosynthesis
1.5 kgCO, per kg of wood

CO2
1 kg 1.5
kg COz

STATIC LCA

DYNAMIC LCA

Production

Chantier

Utilisation

Fin de vie

Total

Production
Year O

Chantier
Year O

Utilisation
Year1a 49

Fin de vie
Year 50

Total

kgCO,eq/m?

kgCO,eq/m?

kgCO,eq/m?

700
kgCO,eq/m?

I
w )]
o

130

kgCO.eq/m?

Coeff.

-600
kgCO,eq/m?

kgCO,eq/m?

0,98 a 0,57
S kgCO,eq/m?

404,6

07 kgCO,eq/m?

w

-165

kgCO.eq/m?

Negative because wood captures
carbon during photosynthesis

Positive because wood
releases carbon when decomposing

=/00 x 0,57

Source : Cerema, Acvdynamique, comprendre les FDES, 2021
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Role of environmental databases (FDES, PEP) FDES, PEP

WHERE TO FIND DATA ?

THE FRENCH CONSTRUCTION SECTOR
USES

Data base for the construction sector
In France

WHERE
YOU WILL
FIND

Fiche de déclaration Environnementale
et Sanitaire (FDES)

Laélia Vaulot for the Renewable Energy Institute

Lessons from France's RE2020 Building LCA Framework

July 7th, 2026

23


sayo6
Typewritten Text
フランスの建設業界で使用のデータベース

sayo6
Typewritten Text
フランス建設分野の環境データベース

sayo6
Typewritten Text
建材の環境・衛生性能宣言書

sayo6
Typewritten Text
環境データベースの役割（FDES, PEP）


Role of environmental databases (FDES, PEP) FDES, PEP

https://www.inies.fr/inies-et-ses-donnees/fdes-produits-de-construction/
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Role of environmental databases (FDES, PEP) FDES, PEP

Conventional data Specific environmental declarations

DED PEP FDES

Product Environmental Environmental and Health
Profile Product Declarations

Default Environmental Data

- less reliable + more reliable

W\
V4

: ’ ~ ~ ” ~ ~ ”’ ~ ~

: N 20N g g A T'g s \r g S b |

: N : e’ Y e Ve | T T |

! Substitution data provided I I | ’ I T T I

by the Ministry in charge of l\ ,,' L ) N .’ ’,’*L:\\ .’ ’,’*'l*\\ . “ X

; construction when no A N T ‘ b ao )
i specific data (FDES/PEP) 1 T | ' n n !
i are available. ‘. O BT s~
| Environmental impacts are Ser et 1 |

increased to cover l\ ,a'

; uncertainty about the Se”

installed product. - oo, A 00,

T o # I o
i x X . . . .

! Individual Collective Individual Collective

i For electrical, electronic For construction products
and HVAC equipment and finishes
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Role of environmental databases (FDES, PEP) FDES, PEP

INFORMATIONS ON :

FICHE DE DECLARATION

ENVIRONNEMENTALE ET SANITAIRE
SELON NF EN ISO 14025, NF EN 15804+A1 ET NF EN 15804/CN

. Standardsused Prg%Lécetlson Origin of materials Global warming potential
___________ N Impact of production

N et Composition tools (machinery, Eutrophication

07 kg oq, COATE equipment...)

Carbone biogénique stocké

5,4 kg de C/m’
End of life
: : : i recyclability
: Life span : Factory location ( :

BARDAGES EN LAMES DE BOIS DE FRANCE | P | recovery...)

TOUTES ESSENCES, TOUTES CONFIGURATIONS
FEDERATION NATIONALE DU BOIS

Millésime: Décembre 2020
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Role of environmental databases (FDES, PEP) FDES, PEP

ENVIRONMENTAL PRODUCT
DECLARATION (EPD & FDES)

Wood claddingstrips from france
All species, all configurations

National wood federation

Totallife cycleimpact
Global warming potential

0,7 kg eq. CO2/m’

Source : FDES Bardage en lames de bois de France toutes essences, toutes configurations,
Féderation Nationale du Bois, Decembre 2020
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Role of environmental databases (FDES, PEP)

FDES, PEP

LIFE CYCLE ASSESSMENT
(LCA)

Overall

carbon
weight

t CO.,eq
90

80

Unitary carbon weight

S

kgCO_ eq/mi ml

material quantity number of replacements overall carbon weight

X 10 X 2 = 100

kgCO.eq

/1

/0

60

50

40

30

20

10

26

13

8.1 /.6
o.] 5.0

Materials

Laélia Vaulot for the Renewable Energy Institute

Lessons from France's RE2020 Building LCA Framework

July 7th, 2026
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Role of environmental databases (FDES, PEP) FDES, PEP

VARIABILITY OF
ENVIRONMENTAL DATA

Timber structure Concrete structure Mixed timber—-concrete structure Fired bricks structure
RC RC

Laélia Vaulot for the Renewable Energy Institute Lessons from France's RE2020 Building LCA Framework July 7th, 2026 29
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II. Implementation in practice
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Lessons learned from case studies

LIFE CYCLE ASSESSMENT
(LCA)

iC CONSTRUCTION
2
kgCO, . /m

RE 2025
663 kgCO2eq/m?

RE 2028
544 kgCO2eq/m?

RE 2031
454 kgCO2eq/m?

Chantier
PV

600

Ascenseurs

CFA

500
CFO

400

CVC

300
Revétements
intérieurs

200
Facades

100 Cloisonnement

Couverture
Superstructure

Fondation
0 VRD

nstal sanitaires

35

15

90

120

55

118

50

13

42

Le projet atteint des Eges PCE
neuf de 598 kgCO2/m?2SDP (avant
prise en compte du contributeur
D), soit une marge de 18,6% vis-
a-vis du seuil de 735 fixé par le
label. Le programme
environnemental fixe un seuil de
718 kgC0O2/m?2SDP

Note :
L’ensemble des lots (hors lots forfaitaires) ont été évalués sur la base des quantitatifs issus des DPGF.
Les émissions des lot 5 et 7, si estimées, pour des bdtiments livrés en blancs, devront étre intégrés aux
exigences du cahier des charges preneurs

Emissions de Gaz a effet de serre contributeur PCE Neuf (Eges PCE Neuf)

800

735

700

600

kgCO2eq/m?Sdp
N [
o o
o o

w
o
o

200

100

63

46

mmm | ot 14. Fluides frigorigenes
Lot 13. Equipement de production d'électricité

Lot 12. Appareils élévateurs

e e ~,
! Lot 11. CFA 3
! Lot 10. CFO

1~ Lot 9. Installations sanitaires !
1

wozzlasove L S

mmmm | ot 7. Finitions intérieures
Lot 6. Fagades et menuiseries extérieures
Lot 5. Cloisonnement - Doublage

mmmm | ot 4. Couverture - Etanchéité

mmmm | ot 3. Superstructure - Magonnerie
Lot 2. Fondations et infrastructure

= | ot 1. VRD

e==Eges PCE max

®
Valeurs forfaitaires

Résultat ACV

1250 o e =

1050
835

850

650

kg CO2/m?SDP

450

649

250

50

Extension

-150

Impact carbone projet

Seuil projet :
1292 kgCO2/m?gp,

Seuil PCE :
900 kgCO2/m?,

1062

301

Seuil projet :
1400 kgCO2/m?p,

- - Seuil PCE :
735 kgCO2/m?p,

555

Rénovation

Eau
B Chantier
Energie
HPCENA

PCE

Stockage carbone

Le projet satisfait les exigences BBCA

Les marges les plus faibles portent sur
le contributeur PCE. Elles restent tres
confortables

Pour I'extension :

La marge sur le contributeur PCE est de 251
kgéqCO2/m?2SDP, soit 76% du poids des lots 1 & 7
(lots non forfaitaires)

Pour la rénovation :

La marge sur le contributeur PCE est de 140
kgéqC0O2/m?SDP, soit 51% du poids deslots 1 a 7
(lots non forfaitaires)

*Apparaissent dans I'épaisseur du trait : les contributeurs Eau (10 kgCO2/m?,,) et Chantier (5 kgCO2/m%,,)
** Pour I'extension, écart entre I’axe des abscises et le total du projet est du au stockage carbone négatif

—

ARTELIA

Passion & Solutions

Laélia Vaulot for the Renewable Energy Institute

Lessons from France's RE2020 Building LCA Framework

July 7th, 2026
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LCA

STUDY TIMING
LCA

LIFE CYCL(EL éifESSMENT DESIGN COMPETITION Simplified calculation, if possible

Carbon impact

CONCEPT DESIGN Simplified calculation focused on the most carbon-intensive work lots:

e Foundations + structure
e Facade
e External works (VRD)

To be benchmarked against the relative weight of these lots in projects complying with the same overall carbon
threshold, using the IFPEB database for example.

PRELIMINARY DESIGN Full LCA + iterations on project design options LCA+ LCA

DETAILED DESIGN Quantification of design options + final full LCA LCA
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設計案ごと定量評価＋最終建築物LCA


LCA

Architect

Coordination of stakeholders
Bioclimatic architectural design
Building massing
Programmatic layout
Orientation
Materiality / thermal inertia
Solar protection

Environmental Engineering

LCA calculations
DTS & DLA modelling
Proposal of project improvement strategies

Mechanical Engineering

Definition of heating and cooling systems
Thermal strategies by space
Insulation design
Regulatory energy consumption calculations

Facade Engineering

Design of solar protection systems
Elimination of thermal bridges
Quantity take-offs of fagade materials for LCA

Structural Engineering

Use of structural thermal inertia

Quantity take-offs of structural materials for LCA

I | :

- Cost & Financial Analysis

—————————————————————————————————————

Cost Consultant

Quantities for LCA
Costing of design options / variants
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ARCHITECT

ENVIRONMENTAL
ENGINEERING

MECHANICAL
ENGINEERING

FACADE
ENGINEERING

2022
|
. . 1
()] > : L !
S 5 o 9 g .
3 5 2 8 O
i i |

2023
853 8
R0 Z 8:

March
April

LCA

2024
g O L
i>‘ C L1 5 |"C—‘l —
(O 11 1 O
> S 1128 O

Nov

Dec

2025/2026

L I
I
COMPETITION CONCEPT PRELIMINARY DESIGN , DEVELOPED DESIGN TENDER DETAILED D JEXE H
| | ! ! ! 1 1 1 1 1 1 1 1 ! ! !
I T ! [ ] : | :0 I 0: :I | : | : :0 | I | I |
, Arbitration of
architectural oroject PERMIT
design improvement i .
options I
|
Building massing Check the
Programmatic impacts of
layout variants with
Orientation consultants
Materiality /
thermal inertia
Solar protection
I
Performance LCA
thresholds Simplified LCA "(QXT;LZ‘aYVJJLer'?f DTS & DLAT1 DTS & DLA2
CO,, kW, T° and DLA structure / fagade)
' I I | I
DLA complete LCA ) ) LCA, DLAet DTS final
DTS &DLA on a sample of Basagt%na%%sga%%gseu/ltam LCA.lteratlo.ns last iterations LCA, DLAet DTS
critical spaces structure engineers inputs on project options on project options full model
Cooling Calculation of Heating and : Final
objectives Bbio, Cep, DH cooling systems QhOICe. of RT 2012 . consumptions
by space and photovoltaic defined per space insulation computing for permit computation

production

Glazing strategy
Solar protection

of facades based

on orientation

Elimination of
thermal
bridges

LCA : LifeCycle Analysis
DTS : Dynamic Thermal Simulation

DLA : Day Light Analysis
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施工段階
施工図


Project 1

CONCEPT DESIGN

CARBON IMPACT ESTIMATION

LCA

INPUTS Material quantities Environmental data
estimates provided o Determined: individual EPDs (FDES)
by the technical consultants e Most likely determination: collective EPDs (FDES)
. .o e Undetermined: DED (default environmental data)
Carry out a simplified LCA on the
main building lots to ensurea ooy ooy
balance between thermal inertia, METHOD ; Assessment of the carbon impact ;
. ‘ of the most impactful building lots :
solar protections, and carbon ; Generic database : INIES :
. : Concrete :BETie ;
| m p a Ct . : External blinds : DE-Baie :
LCA ' { '
TOTAL
FONDATIONS &
DATA STRUCTURE FAGADE LANDSCAPING II;/I(,QA\JIEPRI\IA%L'\]STg
STRUCTURAL FACADE COST
ENGINEER ENGINEER CONSULTANT
200 (19%) 130 (12%) 10 (1%) 1050
THRESHOLDS kgCO, ., /My, kgCO, ., /m?sp kgCoO, ., /My, kgCO, ., /M’
+25,4 (13%) +211 (16%) +22 (220%)
225,4* 1511 32
ESTIMATIONS kgCOZ,éq / mzsop kgCOZ,éq / mzsop kgCOZ,éq / mstP
-384 -23.3 -N.4
ESTIMATION . 187 . 1278 . 206
WITH VARIANTS i kgCO,, /m*, | i kgCO,, /m*, | i kgCO,, /m*, |

______________
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Project 1

PREMIMINARY & DEVELOPED DESIGN MATERIALS & EQUIPMENT |PRELIMINARY RESULTS
|

LCA EGES PCE - Répartition par lot Contribution of Construction Products and Equipment
157 kgCO, . /m?.,
(lump-sum values)
1030 mm o e o o om mm 8 - HVAC 9 - Plumbing 10 - Power distribution 11 - Communication networks
Carry out a full LCA at the beginning S NTEROR 14% 12~ Flevators
Of P D tO ve r|fy com plla Nce W|th FINISHES 13 -On-site electricity
. . eneration equipment
thresholds or identify exceedances. 12% ° P
C2 125 kgCOzléq/mzsnP
] ] ] 14 -Refrigerant fluids
Run LCA iterations on project
- - 5 1-External works
variants to identify the most relevant
options. |
2 -Foundations
6- FACADES
Carry out the final full LCA during DD 6 N
once the selected variants are 281kgCO,  jm?,,, SUPERSTRUCTURE
COan 'm ed . l 5 - Partions, linings 4= Roofing 12%
138 kgCO, , /m?
LCA o  Fixed aluminum louvers :
64 % |178,6 kgCO, . /m?,
o Steel curtain wall :
1% | 316 kgCO, , /M2,
LCA e Motorized interior roller blind
+43kgCo, , /M2, 8% | 21,8 kgCO, , /M2,

avec le seuil C1(3,9%) SDP : 20800 m?2
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基本設計初期にLCAを実施して基準値適合を確認
          ___________________________
複数案の評価を通じて最適な選択肢を特定
          ___________________________
選定案の確定後、実施設計段階で最終LCAを実施する。
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Project 1

PREMIMINARY & DEVELOPED DESIGN FACADE

LCA

Breakdown of Environmental Data
for Lot 6 — Facade

Carry out a full LCA at the beginning pouble-glazed windows and
of PD to verify compliance with manufactured n France,
thresholds or identify exceedances. vt Ao A

from Africa, South America,
South Asia or Southeast Asia

. . , 13,9 kgCO2 gq/M?spp Fixed aluminum sunshades, ~ —»
Run LCA iterations on pI‘OJeCt = E)C(’i%osntal installation, including account for the highest embodied
0 0 C % carbon within Lot 6, representing
variants to identify the most relevant 342 k9003, aq/Msp 35% of its total Inpact,

options.

Carry out the final full LCA during DD
once the selected variants are
confirmed.

LCA

LCA

Motorized interior
fabric roller blind

Mixed timber—aluminum
curtain wall and glazed
facade, RAICO THERM+
H-I system

24,7 kgCO2 gg/M*spp

Aluminum guardrails with
bar infill

31,5kgCO2 ¢q/m?spp
13 %

Single-skin aluminum cladding
(thickness = 2—6 mm)

36,8 kgCO2 gq/Mm*spP

They alone account for 8% of the
project's total embodied carbon
(Building Component LCASs).
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          ___________________________
複数案の評価を通じて最適な選択肢を特定
          ___________________________
選定案の確定後、実施設計段階で最終LCAを実施する。
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Project 1

PREMIMINARY & DEVELOPED DESIGN

VARIANTS
LCA
Reduction vs. : Total Carbon Margin to
Variant Baseline DL ?e)ductlon Impact Threshold
C3 rry out a full LCA at the be gin ning (kgCO2e/m?SDP) (kgCO2e/m?SDP) = (kgCO2e/m?SDP)
. . . Replace 15% of slabs with 23 0.2
of PD to verify compliance with ow-carbon concrete slab , 2%
i i STRUCTURE + ]
thresholds or identify exceedances. N RUCTURE | 1 sCarb steel bearms 3,6 Substructure 19
-6,4 Superstructure
. . . Replace 50% of structural steel with -2,6 Substructure 0.8%
Run LCA iterations on project | | sneam 5.7 Superstructure 0,67
variants to identify the most relevant T | 50% of carpet from reuse
0 ptl ONs :l\lﬂ FSRI_'I%E (offices, meeting rooms and pantry) 4.4 -0,4%
T Use French timber (MEX Bois de 2 0.2
Carry out the final full LCA during DD France) instead of generic timber ’
once the Selected variants are onoe Remove sunshades from the atrium 112 11%
Confirm ed . Use the MESIMAALU EPD for
aluminum cladding (instead of the -35 -34 %
LCA 1 1 generic aluminum cladding dataset)
Combined impact of all variants -73,2 -1, 1% 957 -93

LCA
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          ___________________________
複数案の評価を通じて最適な選択肢を特定
          ___________________________
選定案の確定後、実施設計段階で最終LCAを実施する。
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Lessons learned from case studies Project 1

LIFE CYCLE ASSESSMENT
(LCA)
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Existing Frame Materials Heritage
Steel frames - 14% Listed facades
Aluminum frames - 17% and courtyards

Timber frames — 69%

Reuse and Preservation of Existing Windows Frames

reused

retained in
place

Project 11

Source: PCA-stream, Stream studies, Fenétre Bergére x Paris, 2025
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T ARAZT 4 DG DIV R

CROSS-SECTION OF DOUBLE GLAZING
Glazing thermal transmittance (UQ)
1.2 W/im?K

Thickness : 24 mm

AT IV T A ] { >
Ug=1.2W/m’K c ) convection
=]
J& X 24mm . infrared
conduction
IR
Gas (Argon) Thermal conductivity
Argon : 0.016 W/(m.K)
Getter
Low-emissivity coating
Primary seal
Secondary seal
H H H H
Low-emissivity glass Gas Low-emissivity glass
4 mm 16 mm 4 mm

CROSS-SECTION OF VACUUM GLAZING
Glazing thermal transmittance (UQ)

0.7 W/m?-K
Thickness : 9 mm '

L EXT ) TTONT
HI227] 7 A : -
Ug=0.7W/m’K ﬂ
J2. X 9mm

conduction

RY
\IR

i P i

Project 11

Vacuum Thermal conductivity
Vacuum : 0 W/(m.K)

Ceramic support pillars

Getter
Low-emissivity coating

Primary seal

Secondary seal

Low-emissivity glass ~ Vacuum  Low-emissivity glass

4 mm Tmm 4 mm

Source: PCA-stream, Stream studies, Fenétre Bergere x Paris, 2025
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CONVENTIONAL GLASS | Planibel Clearlite LOW-CARBON GLASS | ow-carbon MANUFACTURING

o LPlIr?]rrwrl]bel Gl N PROCESS || ___ ENERGY __ .
MANUFACTURING (1] 5> ' High-efficiency : ! On-site renew:ble !
— | melting furnaces ,| |' €Nergy generation:,
PROCESS ENERGY RECYCLED : . | [} solarorwind |
Glass furnaces Fossil fuels CONTENT : Electro-boosting : : : Purchase of :
operating at 1600°C ! useglgg?(ﬁg\f(\;able : :renewable electricity:
Ny I : D e e e e - N === == =

~ ¥ Cullet | P I_‘ OPTIMISATION
N\ LA — I 50%recycledglass | A N bt
: \ ﬁ N . Consolidation of |
K “ 56 3 A 1 different production !
mAQ \ \ o Seges

@ \ TRANSPORT \
RAW MATERIAL NI 3
RAW MATERIAL é TRANSPORT EXTRACTION é o0
EXTRACTION MODE TRANSPORT
| Diesel road 1
COMPOSITION transport TRANSPORT
A I I MODE
and DISTANCE - s
Soda ash ! 1150 km I : Waterway :
Dolomite [ | . I 1 gas-powered
Limestone / ~ ! Low-carbon : / : road transport :
Feldspar ° : : soda ash : ° ~ : Nearest plant :
Sodium sulfate P "U—o Dolomite P D

P A DISTRIBUTION Ulezstone . »° oo
elaspar
e — _e _ - |  Fed :ulfate L= ——— _e _ - DISTRIBUTION

12,7 \

kg CO, eq/m? J

END-OF-LIFE
END-OF-LIFE SCENARIO —

Landfill disposal PRODUCT USE

SERVICE LIFE END-OF-LIFE SCENARIO
30 years Landfill disposal

——

SERVICE LIFE

30 years '45%

kg CO, eq/m? J

Source: PCA-stream, Stream studies, Fenétre Bergére x Paris, 2025



= A ART 4 INHIESTERIE

*% E\Z Composition

=] Thickness

T Zk:j; ~ ]\ 77:7 - Zk V4 Embodied Carbon

H T ADUHE

(kgCO,/m?)

SINGLE
GLAZING

DOUBLE
GLAZING
1

i DOUBLE
| cLAziNG

VACUUM + LOW
I CARBON

TRIPLE
GLAZING
1

|

Glass

4 -6 mm

20 kgGO,/m?

Glass
+
Argon or
Krypton
+

Glass

35 kgCO,/m?

1
1,2 Wim2K
i

Low-carbon
glass
+
Vacuum
+
Low-carbon
glass

Glass
+

Argon or
Krypton
+

Glass
+

Argon or
Krypton
+

Glass
1

32mm

80 kgCO,/m?

0,8 Wjm2K
i

Solution minimizing both
embodied carbon and thermal transmittance:
improved insulation with the lowest embodied
carbon footprint.

Project 11

Source: PCA-stream, Stream studies, Fenétre Bergere x Paris, 2025
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