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Main issues and definitions

» Eco-design : Integrating environmental aspects during the

design, e.g. of a new construction or a renovation project
» Environmental aspects :
= Preservation of resources (energy, water, materials, land),

= Protection of ecosystems at different scales : planetary
(climate, ozone layer), regional (forests, rivers...), local

(waste, air quality...)
= Links between environment and health

» LCA (life cycle assessment) : accounting substances taken from
and emitted to the environment, deriving environmental

indicators, e.g. global warming potential, interpreting the results




Possible applications of life cycle assessment

» manufacturers can study the eco-design of building
materials and equipment,

» Architects and building consultants can compare various
alternatives during the design phase in order to reduce the
environmental impacts of a renovation project,

» facility managers can study the influence of the users
behaviour and advise appropriate measures during the
operation phase of a building,

» building owners and local communities can require and
check the environmental performance level of projects.




Example LCA application : renovation of a social housing block near Paris

Construction : 1969
not insulated, single glazing

heating load : 150 kWh/m2/an

Comparison of
renovation
alternatives
using EQUER o

(WWW AZ U b af I‘) before renovation standard renovation REGEN LINK wood fuel district
renovation heating

kg of CO2 per m2 per year

CO2 emissions per m? and per year




Contents

» Introduction
» Presentation of the method, assumptions,

» list of tools and web sites, tool validation and inter-

comparison,

» example application in the retrofit of social housing
. reduction of the environmental impacts obtained

with various technical measures,
» sensitivity studies

» Conclusions
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Introduction

» Important environmental problems : climate change,

toxic emissions, resource depletion, waste...

» High contribution of the building sector, e.g. 40% of
the energy consumption, 30% of raw material

consumption, 30% of solid waste generation

» Need of integrating environmental issues in design,

largely influencing the performance of buildings

» Life cycle assessment constitutes a relevant tool, in

new constructions but also in renovation
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Contribution of the building sector to environmental burden

» 40% of the total energy consumption (United
Nations Environment Programme), 45% in Europe

» 30% of raw materials use (UNEP data)

» 20% of the total water consumption and effluents
(UNEP)

» 40% of CO, emissions (UNEP)
» 30% of solid waste generation (UNEP)

» Essential effects on human health (we spend 90%

of our time in buildings) : air quality, noise...
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Eco-design of buildings
» Integrating environmental aspects during the design
of a new construction or a renovation project

» Preservation of resources (energy, water, materials,
land),

» Protection of ecosystems at different scales :
planetary (climate, ozone layer), regional (forests,
rivers...), local (waste, air quality...)

» Links between environment and health

» LCA (life cycle assessment) is a method to assess
these issues
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Possible applications of life cycle assessment

» manufacturers can study the eco-design of building
materials and equipment,

» Architects and building consultants can compare various
alternatives during the design phase in order to reduce the
environmental impacts of a project,

» facility managers can study the influence of the users
behaviour and advise appropriate measures during the
operation phase of a building,

» building owners and local communities can require and
check the environmental performance level of projects.




» 14001 :
» 14010 :
» 14020 :
» 14030 :
» 14040 :
» 14050 :

ISO 14 000 standards

management system
audit

labels

environmental performance assessment

life cycle assessment

glossary



14040 standards (LCA)

» 14040 : general principles (1997, updated 2006)

» 14041 : goal and scope definition and inventory
analysis (1998)

» 14042 : life cycle impact assessment (2000)

» 14043 : interpretation (2000)

» 14044 : requirements and guidelines (2006)

» 14047 . examples of application of ISO 14042 (2003)
» 14048 : data documentation format (2002)

» 14049 . examples of application of ISO 14041 (2000)

| 10



Www.tc207.org

About [5Q/TC 207

ISOITC 207

Committee Structure

I5OITC 207
Work Program

Document
Development

Members Only

Frequently Asked
Questions

Met Survey

Articles & Mews

CSA

w International

Standards Council
of Canada

ISOUTE 207'= ninth plenary will be held in Kuala Lumpor, Malaysiz from July 1-8, 2001, Further details to followe..

Welcome to the official [SO/TC 207 website! This wehsite 15 the
home of the International Oreamzation for Standardization's (1500
Technical Comnittee 207 on Environmental Management--the
comntnittes responsible for developing the 150 14000 series of
standards and guidance documents. The secretanat of ISOSTC 207
1z held by the Standards Council of Canada (5CC) and admristered
by CSA International (CEA).

Late breaking news from Stockholm...

Resolutions from [SO/TC 207 s sib
plenary {in PDF format- click here)

Version francaize (format PDF - cliques
ict)

Resoluciones en Espafiol (tecleo agui)
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French standards regarding buildings (AFNOR)

» P 01-010 : iInformation about environmental

characteristics of construction products

» P 01-020 : environmental and sanitary

characteristics of buildings

» P 01-030 : environmental management of building

projects




FABRICATION OF
MATERIALS,
CONSTRUCTION

TREES

Life cycle of a building

LIFE CYCLE OF A BUILDING
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Phases of an LCA (ISO 14040)

» Goal and scope definition

= Functional unit

= Systems boundaries

» Inventory analysis

= Hypotheses regarding energy, transport, recycling etc.

» Impact assessment, eco-profile
» Interpretation

» + applications, e.g. product development and

Improvement




Goal and scope definition

» Design a building with lower impacts

» Functional unit :

= Quantity, e.g. 4,820 m2 or 1 m2 dwelling area,
= Function : apartment building,

= Quality of the function : comfort (clear, 20°C in winter and under 30°C

during a typical summer, quiet...), health (air and water quality...)

= Duration : e.g. 30 years, or 1 year

» System and boundaries (see next slide),

: » Method and hypotheses (see next slides)
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System boundaries corresponding to a building

FLUXES

INFRASTRUCTURE BOUNDARY

BOUNDARY

MATERIALS
AND COMPONENTS

{BUILDING!

EMISSIONS AND

NATURAL FINAL WASTE

RESOURCES
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Hypotheses regarding energy, transport, recycling...

» How Is energy consumption calculated (correlation,
simulation) ?

» IS renewable energy included ?

» How Is the transport of materials modelled (load
calculated according to the quantity and density of
the material, assuming empty return of vehicles ? )

» How Is recycling accounted for, e.g. bonus at both
the fabrication and end of life phases, « value
corrected substitution method », International iron
and steel Institute method

17




Inventory phase

» Substances taken from and emitted to the

environment (input and output fluxes) :
» Raw materials, primary energy...
» Emissions into air
» Emissions into water
» Emissions into the ground, waste

» Including upstream processes (e.g. extraction and

transport of energy, raw materials...)

» Including downstream processes (waste)

i TREES 40



Exemple inventories : several hundreds of data

Oekoinventare, ETH Zurich

Laine Minerai de  Mousse dure
minérale Manganése Fer PUR NacCl NaOH
Cd Cadmium m kg 1.26E-10 5.65E-11 1.98E-11 4.14E-10 1.11E-10 8.94E-11
Cd Cadmium p kg 1.96E-08 1.53E-08 1.15E-09 1.21E-08 3.61E-10 2.50E-09
Cd Cadmium s kg 2.08E-08 1.05E-07 3.40E-09 8.81E-07 1.03E-08 2.32E-08
CF4p kg 1.70E-08 2.58E-07 1.21E-08 1.72E-07 5.31E-09 4.25E-08
CH3Br p kg 0 0 0 0 0 0
CH4 Methan m kg 9.74E-07 2.94E-06 6.66E-06 7.12E-06 3.51E-07 6.72E-07
CH4 Methan p kg 0.00379 0.00929 0.000246 0.00871 0.000196 0.00153
CH4 Methan s kg 1.41E-05 0.000116 3.25E-06 0.000176 4.88E-06 2.03E-05
CN Cyanide p kg 3.60E-16 1.73E-15 1.41E-16 2.80E-08 2.88E-15 2.39E-15
CN Cyanide s kg 1.56E-08 1.09E-08 9.56E-10 8.79E-09 2.24E-10 1.74E-09
Co Cobaltm kg 6.74E-10 4.63E-09 7.27E-09 4.89E-09 1.01E-10 7.58E-10
Co Cobalt p kg 1.56E-09 1.83E-09 3.06E-10 1.60E-09 6.12E-11 2.73E-10
Co Cobalt s kg 4.03E-08 6.38E-07 6.63E-09 1.17E-06 1.24E-08 1.05E-07
CO Kohlenmonoxid m kg 3.03E-05 7.73E-05 0.000139 0.000146 1.86E-05 2.50E-05
CO Kohlenmonoxid p kg 0.0747 0.000314 7.71E-05 0.00774 7.58E-06 3.54E-05
CO Kohlenmonoxid s kg 0.000453 0.00141 0.000126 0.00142 5.30E-05 0.000193
CO2 Kohlendioxid m kg 0.0135 0.0412 0.0647 0.0699 0.0073 0.0114
CO2 Kohlendioxid p kg 0.975 0.0342 0.00517 0.174 0.00161 0.00518
CO2 Kohlendioxid s kg 0.39 5.03 0.0591 491 0.0854 0.809
Cr Chrom m kg 5.32E-10 3.65E-09 5.74E-09 3.86E-09 7.99E-11 5.98E-10
Cr Chrom p kg 3.88E-08 1.77E-08 3.18E-09 1.77E-08 7.04E-10 2.98E-09
Cr Chrom s kg 2.76E-08 4.82E-07 4.51E-09 6.65E-07 1.14E-08 8.09E-08
Cu Kupfer m kg 1.15E-07 3.44E-07 5.10E-07 8.11E-07 6.36E-09 5.56E-08
Cu Kupfer p kg 1.11E-08 3.50E-08 1.64E-09 2.55E-08 8.37E-10 5.81E-09
Cu Kupfer s kg 1.02E-07 1.03E-06 2.88E-08 1.82E-06 2.28E-08 1.71E-07
: Cycloalkane p kg 0 0 0 0 0 0 %
) M TRE E Dichlormethan p kg 1.27E-09 4.11E-09 5.54E-11 1.16E-07 2.68E-11 3.80E-06 ;j P
) Dichlormonofluormethan p kg 4.44E-08 3.17E-08 6.46E-09 3.07E-07 3.65E-08 5.43E-06 " MINES PARIS e-...ef
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Other data bases

» Www.ecoinvent.ch (Switzerland, hundreds of

materials and processes)

» www.ivam.uva.nl/uk/ (The Netherlands, data base
compatible with the SIMA PRO LCA tool)

» www.inies.fr (France, no process and fewer

materials : concrete blocks, timber, gypsum, PVC
tiles, aluminium, polystyrene, reflecting

Insulation...)


http://www.ecoinvent.ch/
http://www.ivam.uva.nl/uk/
http://www.inies.fr/

Aggregation in environmental indicators, examples

environmental theme unit

enerqgy consmption MJ

water consumption m’

depletion of abiotic 10° (1/1 billion), dimensionless, calculated by dividing
resources used resources by known resources

waste creation tons

radioactive waste creation | dn?®

global warming ton COQ equivalent

depletion of the ozone layaikg CFCG11 equivalent

acidification kg SO equivalent

eutrophication kg me%— equivalent

aguatic ecotoxicity m° of polluted water

human toxicity kg, human weight

photochemical oxidant kg CH4 equivalent

formation

malodorous air m° of contaminated air (ammonia is used as a referengg)

) TREES V40
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Indicators, example : contribution to climate change

' » Global Warming Potential Source : schoolliElLC iSRS

# » depends on optical properties of gases

| » equivalent CO2, over a 100 years duration

| » GWP,y, = kg CO2 + 25 x kg CHa + 320 x kg N2O
+ Y GWPix kg CFC ou HCFCi

» effect (potential) and no impact (real)

) TREES A
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Contribution to acidification

» Acidification Potential (eq. SOz or H+)

» Potential effect (real impact depends on background
concentration)

AAAAAAA



Contribution to eutrophication

Photo : Halte aux marées vertes

» Eutrophication Potential (eq. PO,*)
» Increase of a natural phenomenon

» Potential impact (real impact depends on dilution, e.g.

greater in a small lake than in a large river)




Air guality and ozone

Source : Frederic Cherqui, Doctorate thesis

» 0zone and altitude, 2 different problems :

» Stratospheric level (30 km), Ozone depletion potential (eq.
CFC-11)

» Tropospheric level (ground level), Summer smog
(photochemical ozone formation), eq. C2Ha




Critical volumes method

» maximum tolerable concentration Cm at which 95%
of individuals are preserved in water (kg/m?3)

» critical volume (m?3) = Emissions / Cm
» aquatic ecotoxicity indicator :

Y critical volumes (m?3 of polluted water)
» same method for terrestrial ecotoxicity

» Human toxicity : dose instead of concentration, e.g.
threshold = dose at which the risk of cancer is
1/10, 000 , average human weight, planetary

average and not local indicator

R 24
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Other critical volume indicator : odours

» Odours, detection threshold = concentration Cs at
which 50% of a representative sample detects the

product
» critical volume = Emission / Cs
» Odours indicator (m? of polluted air) =

Y critical volumes




>

>

>

Primary energy

1 kWh electricity needs more energy to be produced than 1 kWh
heat (related to the efficiency of electricity plants and grid)

The primary energy indicator allows different types of energy to
be integrated on a homogeneous basis

Upstream processes should be included (e.g. extraction and
transportation of gas) otherwise displacement of pollution
would not be accounted (e.g. replacing a boiler by electric
heating reduces emissions inside a building but increases them
upstream in electricity plants)

Higher heating value is preferable

Renewable energies are preferably included

R 24
& TREES A0




Other Indicators

» Exhaust of resources, for instance :

> Mi / available reserves i
» Water consumption, e.g. expressed in m?3
» Produced waste, e.g; expressed in tonnes

» Radioactive waste, dm?3

Photo : PNUE




Example result, EcolLogis exhibition in Paris

Impacts of this innovative project have been compared
To a standard house in the same site
- TREES =

I MINES PARIS ~ ARMINES
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EcolLogis exhibition, comparison with a reference

radioactive waste

water

\"

global warming

~-

\

energy

\

eutrophication

acidification

smog

— — — - EcoLogis
Reference

Each axis corresponds to an indicator. The reference value is 1 and
N relative values are given for the project, e.g. the
.,TREES contribution to global warming is reduced by 20%




Normalisation

» Collect average impact per person and year, e.g. 13

tons CO, per person and per year in Europe

» Divide the indicator value by this average in order

to derive normalised values in equivalent persons

» Example : if the CO2 emissions are 1,300 tons for a

building, the normalised value is 100 eq. Persons

» Normalising all indicators for which average data is
available helps to define priorities (in general,

higher priorities for higher normalised values)

32




Limits of the approach

» uncertainties concerning data (inventories) and indicators : for
Instance, the global warming potential (GWP) of other gases

than CO2 is known with 35% uncertainty

» processe like electricity production may vary -> one year

functional unit corresponding to near future

» processes occurring at the end of the building life cycle

difficult to foresee -> scenarios and possibly probabilities

» multi-criteria decision making -> define priorities in

agreement with concerned actors (owner...)

33




Presentation and comparison of various building LCA tools

Work performed in the frame of the PRESCO
European thematic network

Objectives of this work :

» Assist a more environmentally friendly approach in
building design

» Exchange between tool developers

» Benchmarking and intercomparison

» Definition of a common baseline for assessment
methodologies

‘ “‘;ll T R E E S . .\\IQH‘\I\'I.‘? ﬂh’"“
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Participants and tools

» W/E, NL, ECO-QUANTUM

» EMPA, CH, LTE OGIP

» ARMINES, F, EQUER

» BRE, UK, ENVEST 2

» VTT, FI, BECOST

» CSTB, F, ESCALE

» IBO, A, ECOSoft

» ASCONA and IFIB, D, LEGEP



PRESENTATION OF EQUER, www.izuba.fr
First step : 2D — 3D Description using ALCYONE

E: B A ge  Aide
[ s e amnse
Données de construction EI Plat | [% Exporter vers F'Is\ades-wl:umhsl O 3D|

2w |=|®|a]: ERx O]
E \ =

=

scalie)

Vide sur séminaire

39 Prints / 48 segments

MINES PARIS ~ ARMINES
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Building model

Description of
the site and
climate

I
£ Graghics | [T Descipion

Surthasic G
mmmmmmmm | 1 Gemstnopot | ] b | ] nkensl verdisien:

& ™ ar

= Relative height o the shading

h[ED |

Arwaih A 3000 5
Azevath B 4000 At
Dastance A8"  [20.00 m

DatsncaBl' [ m
it

[ |

Choice of materials
and components

WE-OFRe s

) TREES 2

MINES PARIS ~ ARMINES
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Link with thermal simulation, COMFIE

[

Fie Windows Took 2

loom|aoe||ean &bk (Clally

-
= ) Fooms and ontacts | BB Walls characteristics
=) ﬂa"\f"‘:ﬂ”?ﬂ 18 nteqrated shadings | Il imported companents | Walls fist

ME - Tulorial / PAOJECT VARIANT - Baze

B wal 172 [ List ics of the i hading

B wal 1/ TD" Mur dentrée Nawe [ .
wall 144 6 Débord du toi T

g w:u 145 Left distance 05 m Let projestion 05 m

BB wal 16 Right distarice.  [0.5 m Right projection 05 m

-5 Floor 177 Topdistance. |05 m Top postion 05 b
Root 1/8

& B GreerHouse

[8l Shading tools [0
Lattitude H‘, = Wigualization of the effect of the shading

Orientation of the wall |0 3, 3
Slope 30 3. & 140

Wfindow twidth 100 3. cm 120

Window Height 100 2] em

I Not shaded
0 Shacked

ale Wahre §réhahkiltation + / Classes
ale Yakre § réhakiltation + F Coulair
ole Yahre § réhashilitation + § Extérieur

KN §m? f Wanth

Meteorological station
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X Close | B Fiint | B Save a5 bimap | B alues |
| (=[x
|,| | ,J 7 Graghics | Oitiew | Bhsee |
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Equer, example input window

= Equer
Fichier 2

il
j,f_:y kd atérniaus

Energie

ﬁ Eau

v Prendre en compte e tranzport quaotidien des occupants

ﬁ Déchets

Distances

4% Calcul

w Graphiques

o Comparatif

I [=] E3

Défaut : Urbain ‘ Défaut : Banlieu ‘

> — . -
@ Diztance domicile-commerce 10000 m
Distance au rézeau de transport 8n commLn |EDDD m

Distance domicile-travail 10000 m

|zagers

hode de transport

v Prézence de pistes cyclables

Dé&faut : Rural ‘

Défaut : [zolé

j

!‘.!jln T ]

f* Urbain i Banlieu

" Rural

" Site izolé

AT 4

MINES PARIS

ARMINES
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Equer, example data window

= Equer 0 X
W . Saisie caractéristiques EI @ e

| Caractéristigusz
E Trarsport E-; Calcul

ﬁ E}  MNom Béton B25 g

Catéqgorie |Mat

Iv Simplg
Etape |FAB

Surpluz d Pratede |N ISD— ans

Digtance Unité |kg enks |'|5— anz

Distance [~ Pollution ondance avec la bibliothegue Pleiades
Hom B Effet de zeme (kg COZ) |D.'I 23000 Unité e
Batan B25 EMat Acidification (kg S02] |D.EIEIEIEE-4 kg
P%C double vitrags Com Energie conzommeée [bJ] |1 000oo0 2
|zolant tranzparent 10 cm Com Eau utilizee [lires] |D-EBBE“:":I 2
Isolant transparent 5 cm Com [Dechets inertes produits (kg eg) |D.EIEI?'E3EI 2
Aocier de constiuchion b at E puisement dez reszources abiotiques [E-15] |D.24DEDD kg
Felystyrire b at E utrophization [kg PO4] |D.DDDDdE %
Beiz - planche b at Production d'ozone photochirmigue (kg C2H4] |D.DDDDS4 kg
BRI bk dareia Wt E cotoxicite aguatique [m3) |D.EIEIEIEIEIE 7
trarsport M 25t Tid Dechets radioactifs [dm3) |D.EIEIEIEIEIB i
trarsport M train ik Towicite hurnaine [ka) |D.EIEIEIEIE-4 e
Palystyréne bt Odeur (m3) |0.000000 kg
i W X Fermer kg

| [ N PP ¥ PR A -k - e
TREES Oekoinventare 1996 data base (ETHZ) &z
| : New version using www.ecoinvent.ch
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Life cycle assessment tool, EQUER

Cronstruction Lhiamantling
Pl q | l
new heating, water, finaf
products air conditionhing, W aste
electriicity,
domestic wasthe,
recycled daily transports
products v
recyclable
prodct 4 et
replacing & mainten. proGuets

Simlation with a vearly time step

Simulation of the life cycle, accounting impacts year by year
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EQUER, example quantitative results

= Fquer M=]
Fichier 2
Transport ] Eau ] E nergie ] Déchets ] batériaus  Caloul l Comparatif ]
Durée de 'analyse L [ Equality console |
Lancer le calcul | E quer conzole |
Rézultat 3 afficher
[]
Impact Congtruction | Uhilization R &nowation Démolition Total
Energie consammee [MJ) 1010451 46549 36280675.88702 319335.12472 111654.34318 | 37722159.82042
E au utilizee [m3] 940.97307 F5194.76972 3511.86744 2159.00561 E1806.61584
Utilization des reszources abiotiques 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.00000
Drechets sterils produits [t eq) £0858. 24260 4273526 1B601.10105 591113.34123 EE3E15.42014
Dechets radioactifs (dm3) 021718 002402 0.00026 0.00042 030243
Effet de serme (kg COZ2) 113903.75428 273082.45213 14912.054592 11635.59858 419536.830H
Acidification [kg 502) 52828276 75309125 4873526 4575189 1375.86516
Eutraphization [kg PO4) 70.65370 £4.86307 E.347E4 B.34285 160.20726
Ezotoxicite aquatigue [m3) 1836042 29354 5428963.43335 521158.06157 359311.60214 8145975 46260
Tosicite humaine [ka) 205773184.20388 96361531 411545124.86232 £4.00523 £17319336. 70678
Production d'ozone photochimique (kg C2H4) 457 9221 33219333 27 92867 4825344 92E6.29880
Ddeur [m3] 4182496587.33300 | 3924453154.07812 | 1272308642838 4484683.18815  4359310611.02820

AT 4

MINES PARIS ~ ARMINES
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EQUER, example comparison of alternatives

% EQUER - NOM DU PROJET :Futura Wood / NOM DE LA VARIANTE : 0 =3
Fichier ?
E Transport ﬁ Eau ‘ :i," Energie ‘ @ Déchets ‘ ﬁ M atériaums ‘g) Calcul
T o . -
w Graphiques S Comparatif @ E co-Prafil
Lizte des résultatz Fiézultats & atficher
transpart 1000 km L Effacer les rézultats & afficher ‘ =I- Futura wood
tranzpart & km transport 1000 km
wiood fuel 3 vitres
+- PRE5SCO-cube o i i ECO eau
+- Swartlamon Imprimer le graphigue ecs zolaire
+- Test Sauver le graphique
+- Tutarial W

Taicite humaine [ka)

Ecotawicite aquatique [m3)
1M74321.02

oduction d'azone phatachimigue (kg C2H4)
1500.97

Eutraphization [ka PO4]

Odeur (Mm3) | |
243,92

E177.91

Acidification (kg S02)

Energie conzommee (3]
201778

44.45

Eau utilizee (m3)

Effet de seme [t COZ)
BE3.57 17825.56

Dechets radioactifz [dm3] puizement dez rezzources abiotiques (E-9)

2248 Dechetz inertes produits [t eq) 595

T (e

MINES PARIS
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 Equer
Fichier ?

E Transport

Résultat & afficher

v Energie consommee [GJ]

[ Eau utilizes [m3)

ﬁ Eau

L _.:'
L

wvartlamon / Oc

[~ Epuizement des ressources [E-3)

J@ M ateriaus

[ Dechetz inertes produits [teq] [ Acidification kg S02)
I Dechets radioactifs [dm3)
[~ Effet de seme [t COZ)

Q Déchets

Contribution of life cycle phases

Imprimer ‘

s Caloul w Graphiques

Sauwver |

[ Eutrophization [kg PO4)
[ Ecotosicite aguatigue [m3)

[ Tosicite humaine [kg)

e Comparatif

Construction, operation, renovation and demolition

O

[ Production d'ozone photochimique (kg C2H4)

[ Odewr [Mm3)

| Il Energie consommee (GJ)

45 000
40 0004

35 000 4

3o ooot”

25 0004

20 0004 "

15000 Construction 9 293 254

10 oo0t”

Utilization 43 530,504 |

Construction

Rénovation

Démolition




EQUER, example eco-profile

Fichier ?

a Transpork | ﬁ Eau ‘ a‘ Energie ‘ @ Déchets \ .ﬂ&? b atériaus | c;a. Calcul l

w Graphiques ‘ e Comparatif

Fiésultat & afficher [N By Imprimer |

@ Eco-Profi

Eco-profil (en année-habitant)

|I Construction @l Utiisation [0 Rénowvation

804 |
751

70-
654 |
604"

554 7).
504

45
401
35+
304
25-
204
15-
10-

g
=

o4

Eau utiieée §1.87 |~~~ """t
--------| Déchets inertes produits 47.26 | ==~~~

Déchets radicactifs 37.14

90 ¢ :
8s-

9.JEnergieu::u:lns.umrnéeEsﬁ.?ﬂ [ e s R R e e e e e e

—eFma--r-a--r

e 46,

TREES  equivalent-person-year

Normalisation -> same unit for all indicators :
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ENVEST, United Kingdom

www.bre.co.uk/services/ENVEST.html

ENVEST Ii

; ” Environmental Impact Assessment & Whole Life Cost

Plan depth §_r 1 ——
— w —F . Bullding width =
) 1 ) Mimber of storeys F _
T - Bullding helght Fia
| Storey height ;1_ L
| . Perimeter |.' 200
hod a Elewation 1 g i
| | Ela'l.rut.mrl 2 K Ground floor area | &
+ L A— Elevation 3 §_ i [ —— s
W Width Elevation 4 2 Total floor area { OB
b Helght Tatal wall area | 1
Roof area | &0
&
Eco-points | i
|:| Whaole life cost foo
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R

Envest, normalized profile

Issues One UK Citizen Normalised Data
Climate Change 12270 kgCO2 eq (100yr)  |0.022
Acid Deposition 58.88 kgSO2 eq 0.037
Ozone Depletion 0.2859% kgCFC11 eq 0

Pallution to Air: Human Taoxicity 90.7 kg.tox 0.036
Pollution to Air: Low Level Ozone Creation 32.23 kg ethene eq (POCP) [0.0024
Fossil Fuel Depletion and Extraction 4.085toe 0.012
Pollution to Water: Human Toxicity 0.02746 kg.tox 0.000021
Pollution to Water: Ecotoxicity 837600 m3 tox 0.0000013
Pallution to Water: Eutrophication 8.006 kg.PO4 eq. 0.022
Minerals Extraction 5.04 tonnes 0.2

Water Extraction 417600 litres 0.0036
Waste Disposal 7.194 tonnes 0.015
Transport Pollution & Congestion: Freight 4140.84 tonne.km 0.062

%TREES

AT 4
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LTE OGIP, http://www.ogip.ch/

I B auwerksteil definieren =]
Datei  Hilfe
B auwerkzteil - Bezeichnung Bauwerksteil - Eigengchaften
B auteilart [E4 [+ and Referenzmenge 1.00 Referenzeinheit 2 -
Arwenderenyeiterung | ket
[dertifik.skar [E4-0Zm -2 et
Beschreibung | Glazanteil [w “orwerte
F.ataloge Filter
(* Morm-BEE.  Freie-BEK. " Alle-BEK ¢ Projekt-BEK.  Sonderelemente | H HH R Bl srmmrsrekm
|T - Umgebung j EK.G-Grafik Schichtung des Bauwerkzteils
@ M2 - Schutzelemente - ID-Nr. | Suchtitel Menge m2Kfw ]
@ M3 -Bodenbelags M4 111,111 | 1% Tief 1.000 |
] @ M4 - Wandbekleidungen L : I leomm -
B &g 100 -wandbekl Verputze Anstiche 2 |[E4141.123 Mauerdicke 1.000
B &g 110 - Verputze mAnstrich 3 |E4 247214 Plattendick« 1.000
B 3 111 - Grundputz D eckputz Anstrich 4 |E4141.122 Mauerdicke 1.000
B &g 100 - Untergrund kiinstl. Steine i
B &g 110 - Gips-Kalkgrundp.miner. Dec - 5 |E4311.112 [1x Organosi 1.000 =
W11 - 1= Tiefgrund, ispErs J M "T | A -
29 112 - 2u Digpersion - ma - 35
2o 113 - 2% Silikon - m2 - 33.-
iﬁl Eg ’ g!ps-,Ea:::grunjputz,m!n.gt Grundputz, mineralizzher Deckputz und &nstrich, ﬂ
 (E Pz~ f.alkgrundputz,min.Lis Untergrund kiinstliche Steine sowie Damm- oder Putztrager-
] [Fg 200 - Untergr.kiinst. Steine Treppenh, platten, W ande eben.
H (&g 300 - Untergrund Beton Gips- oder Gipskalkgrundputz, Putzdicke mm 10. Deckputz au
T g 400 - Untergiund Beton Treppenhaus Weisskalkmlrt.el mit Zementzusatz. Komgrkeze mm 1.6
biz 2.0, abgerieben.
1 | | 4 1 Anstrich Tiefgrund, 1 Anstrich Dizpersionsfarbe, matt.
[v “ollext -

) TREES INPUT pos
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LTE OGIP, OUTPUT

“HLTE ... _ 18] %]
Datel Werkzeuge Datenaustausch Fenster Extra
@® ) a0 | e ®a
*#< Projektanalysen ... FF E
rAuswertung I’Basisdaten rDeﬁnition rBaum rSumme rSumme PDF |
l Name Il Summe
[ Beschreibungan ®
[T |Definition (1) £ Diagramme .. x|
[T |Basisdaten (1) (] Allgemein |
[ Wierte - Basisdaten (Baurm) @ gem 1 2 3 4 5 5 7 8 El 1 11 12 12 44 45 48 47 13
] Werte - Basizdaten (Surnme) = our ! e IAII L L L
v Surnme OF S gemein
i [
2 — Remassiv.Ite
B N B Bl reminergie ite
3 —
il EEIES
Fenster Extra
N A- Erstellung (CHF); Erstellung
S B - Emeusrung (CHF); Erneuerung lysen ... | e Pa
N o e . —
N C - Betrieh (CHF); Betrigh | | ; 4 : ; : : FrE @
i D - EI 99 (points); Erstellung Wrs—w
. _ E- EI99 (points); Erneuerung on aun amme \ume |
_} F - EI 99 (points); Abriss ® Summe
. g \ G - E1 99 (points); Betrieh @ 3, Diagramme _._ |
-} = Aligemein |
T o T T R O T T A T T S L A A A A T
= = = 1 I 1 I 1 I I 1 1 I I I 1 I 1 I
677 (328 = 2= - ® Hor. () Ver. WA~ [0-1- 0 .
[s77_Jaze |[ s o= | | i [ | 5 | Aligemein
1 — v
g | (%P ‘ ! B . ‘ 2 : EI'99 (points); Erstellung
1 M e (points); Erneverung
R
%] : — Bl £ 99 (points); Abriss
] 1P
4

B - Reminergie.te

[CO% @®Hor. COVer. [W.aA. [0-1-

A- Remassiv.lte ‘
“

@ @ [+ Koordinieren
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BECOST, Finland : http://www.vit.fi/environ

GO, kg | 0.757
GO kg 1 0.179
MO % g e 21
S0, g 2521
VOC s tot g g 0-239
Dust a F 0147
Elactricity he.J B 3.22
Fossil fusl M. L
Heavy metals tot g g 3-17E-006
Hinkaarianalyysi voidaan esitida ymparisioprofiilina - ioiminnallisen
Vesikan raikilukserna YIarisioon.

TREES s
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http://www.vtt.fi/environ

ECO-QUANTUM, The Netherlands, www.ecoguantum.nl

5] A o [Fa W |3s|=w) 2

Bestand Ontwerp Beeld oPties Help

blejela]Een| 8 <[] 2|

| €| | o | = FE| | 2 |1 8 | T[] |

= BV |E|H2[&] DA L] S]]
I: we
ﬂ Materiaalverbruik 4 Buitenblad
i Vorige | o volgene |
== Buit den alternatieven |huevee|eenheid |Ievenst|s
y d: ¥ volkern; bekleding,platen 0 m2 [25] IA
e Gevelisolatie /. baksteen; metselwerk 0 mZ [¥5] [X
= Binnenblad Z kalkzandsteen; metselwerk 0 m2 [75] [
-l Buitenwandopeningen /. betonsteen; metselwerk 0 m2 [75] A
. Stelkozijnen 4 multiplex; bekleding,platen; +schilderwerk@. 0 m2 [20] [A
¢ Kozijnen, buitengevel £ beton; element,prefab@ {0%puin} 0 m2 [75] [A
¢ Buitendeur, met glasopening 7 hout,duurzaam; bekleding; +schilderwe rki@{c 0 m2 [40] I
K+ Buitendeur, zonder glasopening 1% pgut,niet duurzaam; bekleding; +schildenwer 0 m2 [30] I
= Beglazing J cement,gemodificeerd; pleisterwerki®{gesch 0 m2 [40] [
- Ramen, buitengevel

b Puivulling
b Ventilatieschuif
- Vensterbank
b= Waterslagfraamdorpel
- Lateien
- Waterkering
+-{|-- Binnenwanden
+§ Vloeren

+- %" Daken =
il I;l_‘

-
-

S TREES INPUT pos
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Eco-Quantum, output

MILIEU-EFFECTEN
Uitputting | (Broeikagzeffe |Dzonlaagaa) [Smogyormin| |Humane tox| |Ecotox. wat] |[Ecotos. sedi| |Ecotox, tern Yerzuring | | Yermes tirg Energie Aifval Gevaaililk a

EE
=20
3—13

3_.
g o=
o L

b

[ ]Materiaalverbruik
. Energiegebruik
[ o aterver hirviik

Contribution of different elements (floors, walls...)

™~ 12 environmental effects, 4 scores, 1 indicator A
.\ TREES A
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ECOSoft, Austria

2§ AW_brick_ExternalWall xIs _ o] x|
B C D E F G H | J i L i h O = —
1 Baustnfﬂabellel Baustoffa s - Eirtrag l&achen —_—
2 Kalegurig I W ahlen Sie aus j Upidate
3 Baustoff I Wi Ehlen Sie aus J Speichem
|4
5
5
Schicht Nr. Benennung der Katalog ozone PEI
Schicht Mutz- global layer photo- nicht PEI
Mass ungs- warming depletion chemical acidifi- eutrophi- erneu erneu
7 Dicke Anteill Dichte e dauer [GWP100]) [ODP]  oxidation cation cation| erbar erbar
=] m 3 kgim* kq Jahre kq COZ eq_kq CFC-11 eq kq CZ2H2 kq 502 eq. kq PO4 eq M. hJ
9 1| Gip=putz Baustaffe.xls | 0,005 10075 1100 k] a0 0583] 1.331BE-07] 000005104 000155 0000173 11,02 0.15
10 2|Hochlochziegel hochporosi| Baustoffe.xlz | 0,25 1005 7a0 135 an 33,7500 0,000010449] 00016065 0,1404) 0010679 370,74 £.52
11 A Miortel Baustoffe.xls 1005 10 a0 2,080 0000000753 0000159  000676] 0000673 1579 072
12 A rineralizcher Kleber Baustoffe.xls 1003 5 a0 1,040 37EBE-07] 0,0000795) 000339 0000337 7.89 0.36
13 Al Holzweichfazerpl atte Baustoffe.xls | 017 10022 210 387 a0 -34.568| 1,81237E-05| 0.0028233 0243593 0011127 B8255) 731.05
14 6] Glasfaserarmierung Baustoffe.xls 1002 0.2 a0 0.312] 0,000000117] 00000223 0.001304] 0,000143 E.A0) 0.26
15 7| Silikatputz Baustaffe.xls | 0,01 1005 1800 18 a0 3.744] 1.3RR4E-06] 00002862 0012168] 0001211 2841 130
16
17
18
19
20
21
22
23
3
| 25 | Betrachtungszeit a0 | 6.941] 3.13130E-085] 0,01103484] 0409795] 0024348 1122.89] 740.37]
| 26 | hdaterialkosten
| 27 | Arbeitzkosten
28 Gezamtkosten I
| 79 | hd
4|4 » | M|\ AW_brick_Externalwall / Stafistk / |« | [P
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ESCALE, France

SAONVYWHOSH3d s

combined with INIES and SIMA-PRO

& TREES

ARMINES

Notes between O and 5 for 12 criteria

1

-
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LEGOE PRESCO

- |_|_ f Gesamtgebauds

-E f Folgekasten
[El—f Laufende Kosten

= . Jahrliche Kosten

LI_ f Monatiiche Belastung

- ¥ Kostengruppen

?g { F.ostengruppen ge...
s Abzolute Werte

2 ( F.ostengruppen ge...

1 Absolute Werte

%lé ! Kostenstellen

|_|_ 1 Absolute Werte

L 2 ¥ Pasitionen

El- ! Wame / Energie

o f Hidlilichen

|_|_ f Monatshilanz
- EEg ! Projektzpezifische Dicken
- To o Detais
- Wamellussdiagranmn (..
- Wamellussdiagranmn P
- == ¥ Heizwarmebedarf
El- ¥ Transmissionsverluste
@ ! Prozentualer Anteil

! Gesamter Verlust

- é o Wasserfluss
- ¥ Bedarf

Strom

1
)

\Wazzer

Warmwaszer
Heizung
Prozentualer Anteil
Geszamter Bedarf
s Endenergie / Primar....
S +f Energiskosten
- ] o Amortization
P - ! Kosten
E- ¥ Okologie
\El—! Stoffmasse

e o Ubersicht

v Uberzsicht grafizch

|d f Entwicklung

EEQT22

LEGEP, Germany, www.legep.de

=10l x|

| v

 Berechrungsgrundlage
Luiftung natiirlich

Luftdichtheitspridfung Mein

Photowalkaik. Mein Solarkallektoren Mein

Fegerwaszer MNein

“Warmeerzeuguhg  Strom

Rechenverfabren  Energieeinsparverordnung 2002 (Yereinfacht)

— Ergebniz
Jahresheizwarmebedarf 093 kiw/hd ahr
Arnlagenaufwandzzahl [primarenergiebez | nach DIM W 4701-10 3.23
spezif. Transmissionswarmeverlust IQQ?— Maximal zuldssia  [043 Wik
Frimarenergiebedarf CF" Faximal zuldssig IW ki J ahr

Alle Angaben
in
Ki'hdmé Jahr

Liiftung

Anlagenverluste und
Primirenergiebereitstellung

ek ks ks k[ 0 P P00 D LD

MNMhEMCOOMNEMOOMN LMCOO
oo OoOOoOOooOOoOoOOoOO
CooOOoOOOoOOoOOoOoOOoOoOOoOO

Grenzwert
151
Gewinne

Transmission

Verluste

Die Energieeinsparverordnung wird nicht erfiillt

(KN

pog
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First study : « cube »

Steel reinforced concrete, 20 cm thick
Electric heating
(E.U. electricity mix)

50 years
Transport
Construction
End of life

MINES PARIS ~ ARMINES
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Main assumptions (1)

» Transport of materials
» Quantity and management of construction waste
» Electricity production and transport

» Occupants related impacts (e.g. water
consumption, domestic appliances, home-work

transport, domestic waste)




Main assumptions (2)

» Energy calculations (EN 832, simulation)
» Refurbishment processes

» Demolition processes

» Transport of waste

» End of life processes



Example, LCI of concrete

kg CO2 eq per kg concrete

= | | m@mkg CO2 eq per kg

0,08 -
0.06 - concrete
0,04 —
0,02
O I I I I f f

or K S ©
OO R A O e, O
T LS ¢ v

O/

&

Different qualities, cement content 120-300 kg/m?
Different processes (prefabricated) and energies

, Different indicators : IPCC, CML... + alloc. (ash)
.\ TREES A0
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Results for climate change

tons CO2 emissions

1400 -
1200 -
1000 -
800 -
600 -
400 -
200
O,
®« - Q
0<<’\<</\/‘</
<> & o S K Lo
00 & 9 &L LU« <>
FFE & ¢
o
\%

B use
B construction

+ / - 10% discrepancy except Becost

(use of Finnish electricity mix)



Uncertainties, discrepancies

» Quantities (internal / ext. Dimensions)

» Steel % in reinforced concrete 0.83 to 3%
» % surplus during construction (O to 10%)
» Transport of materials : 0 to 50 km

» Life span of materials and components

» Transport of waste : 0 to 20 km

» End of life : landfill




Second study : FUTURA House




LCI of wood production

kg CO2 eq per kg wood

0,5 -
0 = I I [ [ e
AR 1 A RS B 1503 B A R
G EN
o S S
& ¥ Pl ¢ & NV
OQ. <l K mkg CO2 eq per kg wood
&L
1,5




Comparison of LCA tools

tons CO2 eq.

mwood, end of life
W wood, operation
@ wood, construction




Comparison of wood, brick and concrete

constructions, CO:

Futura house, 80 years
2 600 -
2 500 W tons CO2 eq. for
g 400 - construction, wood
‘v 300 - Bl tons CO2 eq. for
+/' 10% é’ 200 - construction, brick
< 100 - m tons CO2 eq. for
8 0 construction, concrete
W ton CO2 eq. for operation,
A 0® AN S & & wood
S D DG SO g
ng X P @ SR W ton CO2 eq. for demolition,
O'Q <« < wood
Q/O

CO2 emissions with wood <= other materials
CO:2 with brick > CO2 with concrete ?
'\ TREES yes for 4 tools, no for 3 tools yo g 0



b TREES
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Examples of good practice

scope, assumptions and methodology should be
transparent

recent and specific data with consistent methods

promote the use of recycled materials + recycling at the end
of the life cycle

default value for transport to site and for each type of waste
treatment process (incineration, landfill, recycling, ...),
product specific values if available data

water : should be included in the results --> can promote
water saving measures

Aggregated weighting factors (e.g. ecopoints) not
recommended

MINES PARIS

ARMI
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Example LCA application, renovation of a social housing block near Paris

| i l1| [ I'| m l'l 00wy Ul

Construction : 1969, not insulated, single glazing

Ry T (o
-.TREES_ Heating load : 150 kWh/m2/an ;j'

| 67



Comparison of alternatives

» Before renovation

» Standard renovation : 6 cm external insulation,

standard double glazing

» European project REGEN LINK : 10 cm insulation,
low emissivity glazing, moisture-controlled
ventilation, air preheating in glazed balconies, low

flow rate sanitary equipment

» Use of biomass in district heating

i TREES 40
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Results of life cycle assessment, EQUER

w L) (o)) ~N o O
o o O (@) o O o
| | | | | | |

of CO2 per m2 per year

g
N
o

k

H
o o
|

before renovation standard renovation REGEN LINK wood fuel district
renovation heating

CO2 emissions per m? and per year




Results of life cycle assessment, EQUER

EQUER
GJ “r g .
ENERGY Building life cycle
. simulation tool

RESOUR.

m3
ECOTOX-W

dm3
EUTROP. RADWASTE

Montreuil before
. Montreuil reno
ACIDIF. GWP100 Montreuil euro
Montreuil wood
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Facade insulation

© 12000 &
o 0
£ 10000 {r
= o"NEmmn g m - - ¢ construction
S 8000 [™eggqe o
» ¢ ® ® ® operation
2 6000
GE)  total
8 4000
O 2000

?“00 60606 o o L 2 ?

0 ‘ ‘
0 10 20 30 40 o0
insulation thickness (cm)

Life cycle assessment, example : CO2 emissions

Optimum 20-40 cm (CO2), 10 cm (cost
& TREES| T R Cosh -




Influence of building design and occupants

behaviour on environmental performance

» 2 building designs

Standard house in France

Higher environmental quality house
» 2 types of occupants’ behaviour
« Economical »

« Spendthrift »



2 building designs

Component Reference (REF.) | "Higher environmental quality" (HEQ)
insulation § o internal 12 cm external

olazing arca 10 m2, north ortented |25 m2, south ortented

controlled venttlation | without exchanger  |heat recovery, efficiency (.5

sanifary mstallations | standard reduced water flow rate (of 50%)
waste sortimg equipment | only for glass for paper and glass




2 types of occupants’ behaviour

Parameters "Economical” "Spendthrift"

Set pomnt temperature | varying between 14°C and 19°C | 21°C constant
Ventilation 0.5 ACH 1 ACH
Electricity consumption | 150 W 300 W

Domestic hot water 40 Uperson/day™ 60 Uperson/day *
cold water 80 Uperson/day ™ 150 Uperson/day
urban waste 0.8 kg/person/day 1.5 ke/person/day
paper sorting 60%" 0%

glass sorting 80% 0%

A divided by two for the "Higher environmental quality” case, due to the reduced flow

rate.
5 0% for the reference case as there is no paper sorting possibility.

i\ TREES e

IS ARMINES
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LCA results

global warming

other wast energy

— REF spendthirft

— HEQ spendthrift

— REF economical
HEQ economical

rad. waste acidification

water smog

eutrophication

Design is not sufficient, information of residents about

propper management is essential
-\ TREES T s
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Conclusions

» Life cycle simulation is operational, though only
emerging and used by specialised architects and

consultants

» LCA could be used to determine appropriate
environmental targets according to a context, and

to check the compliance of projects

» Environmental benefit from RE in buildings,

materials become important with lower energy use

» Retrofit can be compared to rebuilding

‘ “‘;ll T R E E S . .\\IQH‘\I\'I.‘? ﬂh’"“
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