The development of LCA based
indicators to evaluate the
pressure on mineral resources in
the building sector.

CST pog

le futur en construction .MlNES
Saint-Etienne

NADA BENDAHMANE |



00O

Summary

Introduction

|.Bibliography

I1.Study of the existing LCIA Indicators
l1l.Disucssion

Conclusion



00O

Introduction

1.Life CycleAnalysis

2.Absolute Environmental SustainabilityAssessment



00O

Introduction

Life CycleAnalysis

<
@‘%/o,' /%&
/7@@ Ssy 7. : )5
o e Extraction des matieres

Valorisation
matiere

j 1
ﬁ Fabrication

D Transport

Fin de vie

Utilisation




00O

Introduction

Life CycleAnalysis

Evaluation de l'impact de cycle de vie v



00O

Introduction

Absolute Environmental Sustainability Assessment

La méthode AESA a pour objectif de réponde a la question suivante : est-ce que les pressions environnementales du
systeme étudié peuvent étre considérées comme soutenables? Si non, quelles valeurs doivent respecter ces pressions?
Afin de répondre a cette question, la méthode AESA compare les pressions du systeme étudié a la capacité de charge
de I'environnement.

Capacité de charge: la charge environnementale maximale qu’un systeme naturel peut supporter sans subir de
changements négatifs irréversibles.

Capacite de charge Pressions environnementales

(Wolff etal., 2017)
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The identified limits from the CSTB grey literature

* The characterization factors of the heavy materials are very low;

* The existing LCIA indicators do not take into account very heavy materials such
as stones and steel, that are abundant at the global level;

* The scale of evaluation is planetary which is not suitable for local resources
such as aggregates;

 The evaluation is relative and not absolute:
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|dentified LCIAIndicators

ol

SyStematIC reV|eW Of“terature Methods Indicators Unit References
Database: Scopus CML-IA ADPelements &q. Kg Sb [Guinée et al., 1995; van Oers et al., 2002]
Languages- Engllsh and French Impact 2002 + Mineral Extraction él:l Kg Fe [lolliet et al., 2003]

EDIP Resource consumption person [Hau=chil and Potting, 2005]
Dates: 2010 - 2020 reserve
swiss Ecological Energy resources eco-point [Frischknecht and Knopfel, 2013]
SCarcity
EPS Abiotic Stock Resources Environmenta |[Steen, 2014; 2016]
| Load Units
Relipe Mineral Depletion Potential |5 [Goedkoop et al., 2008]
CExD eq. M [Bosch et al., 2007]
Impact World = Material Competition Scarcity |kg [De Bruille, 2014; Bulle and al., 2019]
Index deprived,kg
dissipated
Eco Indicator 99 Damages Resources M [Goedkoop and Spriensma, 2001)
CEEMNE eq. Ml [Dewulf et al., 2007]
ORI kg ore [ kg [Swart and Dewulf, 2013]
metal x year
Surplus Cost Potential 5 kg [Veira et al., 2016; 2018]
LIME 2 User cost 5 [Inaba and ltsubo, 2018]
Future Welfare Loss |Externality cost of exhaustion |5 [Huppertz et al., 2019]
Global Resource Indicator kg Fe-eq [Adibi et al., 2017]
AADP eq. Kg Sb [Schneider et al., 2011; 2015]
ESP Mo unit [Schneider et al., 2014]
Surplus Ore Potential 5 ke [Berger et al., 2019]
Thermaodynamic Rarity M1J [Valero and Valero, 2015]
GeoPolRisk Mo unit [Cimprich et al., 2018]
ESSEMNZ Mo unit [Bach et al., 2016]
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Study of the existing LCIA indicators

Case study

The quantities of mineral materials consumed by the new housing construction sector in France in 2015

Mass (102 t)
TOTAL 4,15E+04
Aggregates 1,80E+04
Sand 1,39E+04
Cement 4, 40E+03
Terracotta 2,83E+03
Plaster 1,34E+03
Steel 6,79E+02
Glass 9,50E+01
Mineral wool 9,70E+01
Slate 6,80E+01
Aluminium 1,80E+01
Copper 2,10E+01
Zinc 1,00E+00

Leonardon, ADEME; Laurenceau &Louerat, CSTB: 2019
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Study of the existing LCIA indicators

Analysis: inventory analysis

Case study

New housing
In France in
2015

Inventory flows

Mass (10° t)

TOTAL 4,15E+04

Aggregates 1,80E+04

Inventory analysis Sand 1,39E+04
_ Cement 4,40E+03
EXIS{E”,[% :#gitgﬁces Terracotta 2,83E+03
housing sector Plaster 1,34E+03
Steel 6,79E+02

Glass 9,50E+01

Mineral wool 9,70E+01

Slate 6,80E+01

Aluminium 1,80E+01

Copper 2,10E+01

Zinc 1,00E+00

Substance Unite Total

Total kg 4,57E+10
Gravel ke 3,39E+10
Calcite kg 5, 15E+09
Clay, unspecified ke 4 63EHIS
Gypsum ke 1,47EHD9
Shale kg 1,37E+08
Gangue, bauxite ke 1,25E+H03
Mitrogen, atmospheric (kg L, 87E+07
Iron kg 3,28E+07
Wermiculite ke 2, 20E+07
Magnesite kg 2, 19E+07
Perlite kg 1,98E+07
Baszalt kg 1,49E+07
Aluminium kg 1, 15E+07
Phosphorus ke &, 67EHDE
Kaolinite kg 4, 20E+06
Copper, 0.99% in sulfide,| kg 3, 94E+H06
Copper, CuJ.38%, Au9.7 kg 3, 59E+HDG
Copper, 0.52% in sulfide,| kg 2, 7T1EHDG
Copper, 1.13% in sulfide,| kg 2, 17TEHDG
Dolomite kg 1, 90E+HDG
Copper, 0.59% in sulfide,| kg 1,53EH06
Barite kg 1,43E+06
Borax kg 1, 40E+HD6
Chromium ke 1,27EHDG
Zinc kg 1,26E+D6
Copper, 2.19% in sulfide,| kg 1,13EH06
Manganese ke 7,69E+05
Lead kg 7, 03E+D5
Fluorspar ke 6, 43EHDS
Clay, bentonite kg &, 30E+HD5
Mickel, 1.98% in silicates| kg 5,7 1EHDS
Zinc, Zn0.63%, Au 3. 7E-H kg G,62EHDS
Potassium chloride kg 4 B7EHDS
Lead, Pb0.014%, Au9.7Hkg 4 34EHD5
Copper, 1.42% in sulfide,| kg 3,49E+HD5
Mickel, 1.13% in sulfide, kg 2,83E+D5
Talc kg 1,37 EHD5
Copper, 1.13% in sulfide,| kg 1,46E+H15
Copper, Cu 3. 260, Pt 2| kg 1,26E+HD5
Colemanite kg 1,04E+05
Phosphorus, 18% in apat kg 1,01E+35

>_

131 flows



Study of the exis

Analysis

Analysis

Comparison between
the substances
considered by the
Indicators and the
iInventory flows:

Inventory analysis
Existing substances
in the french
housing sector

Pn Pm

—>

Inventory flows

ting LCIA indicators

Substances considered in the LCIA indicators

CML-1A (ADPelements)

Impact 2002+ (Mineral extraction)

EDIP {Resource consumption)

Aluminium

Aluminium

Aluminium

Antimony Bauxite Antimony

Arsenic Chromium Beryllium

Barium Chromium ore Cadmium
Beryllium Cinnabar Cerium

Bismuth Copper Chromium

Boron Copper are Chromium ore
Bromine Copper, 0.52% in sulfide, Cu 0.27% a|Cinnabar

Cadmium Copper, 0.59% in sulfide, Cu 0.22% a|Coal, 18 MJ per kg
Chlorine Copper, 0.97% in sulfide, Cu 0.36% a|Coal, 26.4 Ml per kg
Chromium Copper, 0.95% in sulfide, Cu 0.36% a|Coal, 25.3 M) per kg
Cobalt Copper, 1.13% in sulfide, Cu 0.76% a|Coal, brown
Copper Copper, 1.18% in sulfide, Cu 0.39% a|Coal, brown, 10 MJ per kg

Copper, 0.52% in sulfide, C

Copper, 1.42% in sulfide, Cu 0.81% a

Coal, brown, 8 M) per kg

Copper, 0.59% in sulfide, C

Copper, 2.19% in sulfide, Cu 1.83% a

Coal, feedstock, 26.4 M) per kg

Copper, 0.97% in sulfide, C

Copper, Cu 0.2%, in mixed ore

Coal, hard

Copper, 0.95% in sulfide, C

Copper, Cu 0.38%, Au 9.7E-4%, Ag 9.]

Cobalt

Copper, 1.13% in sulfide, C

Copper, Cu 3.2E+0%, Pt 2.5E-4%, Pd ]

Copper

Copper, 1.18% in sulfide, C

Copper, Cu 5.2E-2%, Pt 4.8E-4%, Pd 2

Copper, 0.52% in sulfide, Cu 0.2]

Copper, 1.42% in sulfide, C

Iron

Copper, 0.55% in sulfide, Cu 0.2

Copper, 2.19% in sulfide, C

Irom ore

Copper, 0.97% in sulfide, Cu 0.34

Copper, Cu 0.2%, in mixed

Lead

Copper, 0.95% in sulfide, Cu 0.34

Copper, Cu 0.38%, Au 9.7E-

Lead ore

Copper, 1.13% in sulfide, Cu 0.74

Copper, Cu 3.2E+0%, Pt 2.5i

Lead, Pb 0.014%, Au 9.7E-4%, Ag 9.7E

Copper, 1.18% in sulfide, Cu 0.3

Copper, Cu 5.2E-2%, Pt 4.8

Lead, Pb 3.6E-1%, in mixed ore

Copper, 1.42% in sulfide, Cu 0.8]

Gallium Manganese Copper, 2.19% in sulfide, Cu 1.8
Germanium Manganese ore Copper, Cu 0.2%, in mixed ore
Gold Mercury Copper, Cu 0.38%, Au 5.7E-4%, A

Gold, Au 1.1E-4%, Ag 4,2E-3

Molybdenum

Copper, Cu 3.2E+0%, Pt 2.5E-4%,

Gold, Au 1.3E-4%, Ag 4.6E-3

Molybdenum ore

Copper, Cu 5.2E-2%, Pt 4.8E-4%,

Gold, Au 1.8E-4%, in mixed

Molybdenum, 0.010% in sulfide, Mo

Energy, from coal

Gold, Au 2.1E-4%, Ag 2.1E-4

Molybdenum, 0.014% in sulfide, Mo

Energy, from coal, brown

Gold, Au 4.3E-4%, in ore

Molybdenum, 0.016% in sulfide, Mo

Energy, from gas, natural

Gold, Au 4.9E-5%, in ore

Molybdenum, 0.022% in sulfide, Mo

Energy, from oil

Substance Unité Total

Total kg 4,57E+10
Gravel ke 3, 39E+10
Calcite kg 5, 15E+09
Clay, unspecified ke 4 6IEHDIS
Gypsum ke 1,47E+D9
Shale kg 1,37+08
Gangue, bauxite ke 1,25E+08
Mitrogen, atmospheric | kg 5, B7EHDT
Iron kg 3,88E+07
Wermiculite ke 2, 20E+07
Magnesite ke 2, 19E+07
Perlite kg 1,98E+07
Basalt kg 1,49E+07
Aluminium ke 1,13E+07
Phosphorus ke &, &7 EHDG
Kaolinite kg 4, 20E+06
Copper, 0.99% in sulfide,| kg 3, 94E+HD6
Copper, Cu 0.33%, AuS.7 ks 3,59E+HD6
Copper, 0.52% in sulfide, | kg 2 T1ED6
Copper, 1.18% in sulfide,| kg 2, 17E+HDG
Dolomite ke 1, 90E+HD6
Copper, 0.59% in sulfide, | kg 1,53E+06
Barite kg 1,43E06
Borax ke 1, 40E+D6
Chromium kg 1,27E+D6
Zinc kg 1,26E+06
Copper, 2.19% in sulfide,| kg 1,13E+06
Manganesze kg 7,69E+HD5
Lead kg 7,03E+05
Fluorspar ke &, 44E+HD5
Clay, bentonite ke &, 30EHD5
Mickel, 1.98% in silicates| kg 5, 71EHDS
Zinc, Zn 0.63%, AuS.TE-H kg 5,62E+05
Potassium chloride ke 4, 37EHDS
Lead, Pb0.014%, AuS.7H kg 4,34E+05
Copper, 1.42% in sulfide,| kg 3, 49E+HD5
Mickel, 1.13% in sulfide, N kg 2,83E+05
Talc ke 1,87EHDS
Copper, 1.13% in sulfide,| kg 1,46E+05
Copper, Cu 3.2E+0%, Pt 2| kg 1,26E+D5
Colemanite kg 1,04E+HD5
Phosphorus, 18% in apat kg 1,01E+D5




Results

Study of the existing LCIA indicators

Methods Indicators LUInit References Resources considered
Fn Pm
CML-1A ADPelements eqg. Kg Sb [Guineée et al., 1995; van Oers et al., 2002] 57,03% 0,17%
Impact 2002 + Mineral Extraction eq. Kg Fe [lolliet et al., 2003] 27.13% 0,16%
EDIP Resource consumption person [Hauschil and Potting, 2005]
reserve 55,04% 0,16%
Swiss Ecological Energy resources eco-point [Frischknecht and Knopfel, 2013]
Scarcity 76,74% 77, 75%
EPS Abiotic Stock Resources Environmenta |[Steen, 2014; 2016]
| Load Units 21,71% 0,13%
ReCipe Mineral Depletion Potential |5 [Goedkoop et al., 2008] 73,64% 13,69%
CExD eq. M [Bosch et al., 2007] 26,82% 99,72%
Impact World + Material Competition Scarcity |kg [De Bruille, 2014; Bulle and al., 2019]
Index deprived/kg
dissipated 15,50% 10,44%
Eco Indicator 99 Damages Resources M1l [Goedkoop and Spriensma, 2001] 22, 48% 0,15%
CEEME eq. Ml [Dewulf et al., 2007] 82,31% 99,73%
ORI kg ore [ kg [Swart and Dewulf, 2013]
metal x year 3,10% 0,04%
surplus Cost Potential 5 ke [Veira et al., 2016; 2018] 3,88% 0,16%
LIME 2 User cost 5 [Inaba and Itsubo, 2018] 21,71% 0,13%
Future Welfare Loss |Externality cost of exhaustion |5 [Huppertz et al., 2019] 11,63% 74,41%
Global Resource Indicator kg Fe-eq [Adibi et al., 2017] 4,65% 10,42%
AADP eq. Kg Sb [Schneider et al., 2011; 2015] 17,83% 0,16%
ESP MNo unit [3chneider et al., 2014] 12,40% 0,00%
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Discussion

1.The lack of characterisation factors
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Discussion

The lack of characterisation factors

NF EN 15804/CN (juin 2016)

Tirage (2016-06-18)

NF EN 15804/CN

juin 2016

Indice de classement : P 01-064/CN
ICS:13.020.20 ; 91.060.01; 91.100.01

Chapitre suivant

Sustainability of construction works - Environmental product declarations - Core rules for the product category

of construction - National addition to NF EN 15804+A1

E : Contribution des ouvrages de construction au développement durable - Déclarations environnementales

sur les produltq = Répln.* ranicaant lae ~atannriae Aa nradiiite da sranctnictinn

EN 15804+A1 Substances not considered in ADPe

D : Nachhaltigkeit 'Basalt
Bauprodukte - Nation C|a‘f

Correspondance .
P Clay and soil, extracted for use

English version NF E Clay, bentonite
Clay, unspecified
Granite
Gravel
Metamorphous rock, graphite containing
Natural aggregate
Olivine
Perlite
Pumice
Sand
Sand and clay
Sand and gravel
Sand, gravel and stone, extracted for use
Sand, quartz
Sand, quartz, in ground
Sand, river, in ground
Shale
Slate

MNMamnlamant natinnal a 1a NC

Proposed assimilation (EN 15804)
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon
Silicon

Assimilation

The assimilation is based on the geological

similarities of the resources

(ol
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Discussion

The characterisation of heavy materials

Substance Mass (kQ)
Gravel 3.39 E+10
Cadmium 4.22 E+4

Regionalization

Impact ADPe (kg Sbeq)
4,75 E-1
6.62 E+3

(ol



C onclusion

- Existing LCIA Indicators are not suitable for the construction sector

-Futur work: build a new LCA based indicator or adapt an existing indicator
within an AESA approach by defining a critical use for every resource



Thank you
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CSTB grey literature and the limits identified by the CSTB experts.

CSTB project

|dentified limits

Firebat project[E. Gully; S. Laurenceau, 2019]

The Ovalec project [J. Rodrigues et al., 2016]

N
Evaluation de l'impact de cycle de vie

The existing LCIA indicators do not take into account very
heavy materials such as stones and steel, that are abundant
at the globallevel.

The characterization factors of the heavy materials are very
low;

The link between waste and resources is not made, the
reuse/recovery actions at the end of life are not valued,;

The scale of evaluation is planetary which is not suitable for
local resources such asaggregates;

The social acceptability of the exploitation of the deposits,
and therefore their actual availability, is not integrated;

There are too many indicators, selecting the most suitable
indicator is noteasy.

o
o
o
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Study of the existing LCIA indicators

Analysis
Selected LCIAIndicators
Methods Indicators Unit References
CML-1A ADPelements eq. Kg &b [Guinee et al., 1995; van Oers et al., 2002)
Impact 2002 + Mineral Extraction eq. Kg Fe [lolliet et al., 2003]
EDIP Resource consumption person [Hauschil and Potting, 2005]
reserve
swiss Ecological Energy resources eco-point [Frischknecht and Knopfel, 2013]
Scarcity
EPS Abiotic Stock Resources Environmenta |[Steen, 2014; 2016]
I Load Units
ReCipe Mineral Depletion Potential |5 [Goedkoop et al., 2008]
- CExD eq. MJ [Bosch et al., 2007]
Impact World + Material Competition Scarcity |kg [De Bruille, 2014; Bulle and al., 2019]
Index deprived/kg
dissipated
Eco Indicator 99 Damages Resources M [Goedkoop and Spriensma, 2001]
= CEEME eq. MJ [Dewulf et al., 2007]
= ORI ke ore [ kg [Swart and Dewulf, 2013]

metal x year

surplus Cost Potential

5/kg

[Veira et al., 2016; 2018]

LIME 2 User cost 5 [Inaba and ltsubo, 201E]
Future Welfare Loss |Externality cost of exhaustion |5 [Huppenrz et al., 2019]

= Global Resource Indicator kg Fe-eq [Adibi et al., 2017)

- AADP eq. Kg Sb [Schneider et al., 2011; 2015]
= ESP MNo unit [3chneider et al., 2014)

- Surplus Ore Potential Ske [Berger et al., 2019]

= Thermodynamic Rarity {50 [Valero and Valero, 2015]

= GeoPolRisk Mo unit [Cimprich et al., 2018]

= ESSENZ Mo unit [Bach et al., 2016]

No characterisation factor available

Outside-in: Potential mineral resource

availabilit

issues for aproduct system?@
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Analysis

Selected LCIAIndicators

eco nvent

Study of the existing LCIA indicators

Methods Indicators Lnit References
CML-1A ADPelements eq. Kg Sb [Guinee et al., 1995; van Oers et al., 2002]
Impact 2002 + Mineral Extraction eq. Kg Fe [Jolliet et al., 2003]
EDIP Resource consumption person [Haus=schil and Potting, 2005]
reserve
swiss Ecological Energy resources eco-point [Frischknecht and Knopfel, 2013]
scarcity
EPS Abiotic Stock Resources Environmenta|[Steen, 2014; 2016]
| Load Units
Relipe Mineral Depletion Potential |5 [Goedkoop et al., 2008]
CExD eq. MJ [Bosch et al., 2007]
Impact World + Material Competition Scarcity |ke [De Bruille, 2014; Bulle and al., 2019]
Index deprived/kg
dissipated
Eco Indicator 99 Damages Resources MJ [Goedkoop and Spriensma, 2001)
CEEME eq. MJ [Dewulf et al., 2007]
ORI ke ore [ ke [wart and Dewulf, 2013]

metal x year

surplus Cost Potential

5k

[Veira et al., 2016; 2018]

LIME 2 User cost 5 [Inaba and Itsubo, 2018]
Future Welfare Loss |Externality cost of exhaustion |5 [Huppertz et al., 2019]
Global Resource Indicator kg Fe-eq [Adibi et al., 2017]
AADP eq. Kg Sb [Schneider et al., 2011; 2015]
ESP Mo unit [chneider et al., 2014]
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Discussion

The lack of characterisation factors

Flows of copper of the inventory analysis of the case study

eco nvent

Copper, 0.52% in sulfide, Cu0.27% and Mo 8.2E-3% in crude ore
Copper, 0.59% in sulfide, Cu 0.22% and Mo 8.2E-3% in crude ore The com p|exity of the Invento ry

Copper, 0.97% in sulfide, Cu 0.36% and Mo 4.1E-2% in crude ore ﬂ

Copper, 0.99% in sulfide, Cu 0.36% and Mo 8.2E-3% in crude ore OWS

Copper, 1.13%in sulfide, Cu 0.76% and Ni 0.76% in crude ore

Copper, 1.18%in suilfide, Cu 0.39% and Mo 8.2E-3% in crude ore 1.Data collection is difficult for this level of detail
Copper, 1.42% in sulfide, Cu 0.81% and Mo 8.2E-3% in crude ore 2 Defining a critical use for the resources is more
Copper, 2.19% in sulfide, Cu 1.83% and Mo 8.2E-3% in crude ore Complex if it has to be for this level of detalil

Copper, Cu0.2%, in mixed ore

Copper, Cu 0.38%, Au 9.7E-4%, Ag 9.7E-4%, Zn 0.63%, Pb 0.014%, in ore
Copper, Cu 3.2E+0%, Pt 2.5E-4%, Pd 7.3E-4%, Rh 2.0E-5%, Ni 2.3E+0% in ore

Copper, Cu5.2E-2%, Pt 4.8E-4%, Pd 2.0E-4%, Rh 2.4E-5%, Ni 3.7E-2% in ore

Copper, Cu 6.8E-1%, in mixedore

(ol



