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Introduction

During life cycle building materials widely differ Ing
Impact on different areas

Environmental optimisation

Affects life cycle phases of

. Production

. Use

. Dismantling, recycling and disposal

« Comparing materials as objectively as possible
by quantitative methods => LCA
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Life Cycle Assessment (LCA) \ V4

Life Cycle Assessment (LCA) is a tool used to evaluate the potential
environmental impact of a product, process or activity throughout its
entire life cycle by quantifying the use of resources ("inputs " such as
energy, raw materials, water) and environmental emissions ("outputs " to
air, water and soil) associated with the system that is being evaluated.

ISO 14040: Environmental management — Life cycle assessment —
Principles and framework

ISO 14044: Environmental management — Life cycle assessment —
Requirements and guidelines
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Environmental model AV 4
The structural LCA model is characterised by a well defined system.

The system consists of processes (black boxes) which are measured
by their inputs and outputs.
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Environmental model

Embedded Energy

energy

emb. energy

cement

concrete i

Manufacturing of cement Manufacturing of concrete
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Life cycle of building materials
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Life cycle of building materials
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Life cycle inventory

e Compilation and documentation of the inputs and
outputs of the product system under consideration

Details see ISO 14044

« Databases

IBO - Osterreichisches Institut fir Baubiologie und -6kologie wWww.ibo.at



Life cycle In

 Compilation and dc
outputs of the prodi

Details see ISO 14044

« Databases
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Sachbilanz - Input am Beispiel Glaswolle

kg

Altglas (Aufbereitung)

Recyclingglas 370

Q kg 110 170 |Quarzsand

Feldspat (Tonerde) kg 135 108 |Quarzsand

Soda kg 84 74 |Soda

Rasorit kg 58 - |-

[Calcin kg 155 - |-

Bormineral kg - 78 |Borax

Eil las aus ProduktionsprozeB kg - 87 p:odukﬂms‘mternaril&l's f

Dolomit kg 22 |Branntkalk, Feinkalk

FluBspat kg 22 17 |FluBsdure

Mangandioxid kg 3.3 5 |Mangan

Kak " kg 96 3 talk, Feinkalk

itrat kg 3,5 1,7 |Chemikalien anorganisch

Phenolformaldehydharz kg 121 38 |Formaldehyd

Hamstoff kg 39 21 |Harnstoff

| Ammoniumsulfat kg - 5 |Chemikalien anorganisch

Olemuision kg 0,8 4 [chemikalien organisch

Ammoniak kg 2,45 1 |Ammoniak

Aminosilan kg 0,11 0,04 |Chemikalien anorganisch-

Natronlauge kg 3,5 - |-

Schwefels3ure kg 2,05 =

Mulrex

Basonyl-Rot

Wasser {Wische) m* 4.8 k.A. |nicht bilanziert

{Kahiwasser m 0.97 2.9 |Wasser isiert

Luft - ms 94100 kA. |-

Ziegel Ofen kg 2,3 kA |-

Elektrodenmaterial kg 0,013 kA |-

Energietrager i S e S :

Elektrischer Strom M) 8350 Strom Hochspannung - Bezug in UCPTE
1 1,45 Diesel in B hine
M 7260 5760 |Erdgas in'lndustriefeuetung>100 kW Euro
M

kg 13,25 0,07 |PE{LD)

kg 0,34 - |-

kg 350 -l

kg 0,29 ==
Tinte kg 0,06 -
Ldsungsmittel kg 0,01 - |-

www.ibo.at
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Impact assessment

The impact assessment assigns impacts to the materia | and
energy flows noted in the life cycle inventory

By 2 steps:
1. Classification
2. Quantification
* Global Warming Potential (100 years in relation to 199  4)
« Acidification potential
 Non-renewable energy resource requirement
Results = Numbers (quantified)

IBO - Osterreichisches Institut fiir Baubiologie und -6kologie WwWWw.ibo.at
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Global Warming Potenzial (GWP) W&

The global warming potential discribes the contribution of a
substance to climate change relative to the contribution of the
same amount of carbon dioxide.

Carbon dioxide is called the lead substance of GWP.
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Acidification (AP) \ Y 4

Acidification is caused by the interaction between nitrogen oxides
(NOx) and sulphure dioxide with other parts of the air as e.g.

hydroxyl radicals.

Lead substance: sulphure dioxide

Substance

AP in kg SO ,-eq

SO,

1

NO

1,07

N,O

0,7

NO,

0.7

NH;

1,88

HCI

0,88

HF
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Limits of LCA
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Building Material Assessment

- by means of cumulative-step life cycle assessment
up to the ex-factory point in time

- For each step calculated

- Inputs: material, transportation, energy

- Outputs: into air, soil, water, waste
- Data sources:

- Scientific publications

- Manufactorer or distributor specifications

- Information from experts

IBO - Osterreichisches Institut fiir Baubiologie und -6kologie WwWWw.ibo.at
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OI3 Base Indicators

OI3 .,
DOI3 (delta OI3)

« OI3,,, consists of subindicators:

e Olpgenr --- €nvironmental indicator of non-renewable primary
energy content, PEC n.r.

e Olgyp --- €nvironmental indicator of global warming potential
GWP

« Ol,s ... environmental indicator of acidification potential AP

IBO - Osterreichisches Institut fir Baubiologie und -okologie www.ibo.at



Calculating the sub-indicators A
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Olpecnr Olowes Olap

To convert the MJ per 1 m2 of structure into Ol ., points, the
linear function f(x) = 1/10*(x-500) is used:

C)IPECnr

200
150
100

50

Points

-50
-100

PECnrin MJ/m?2
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Calculating the sub-indicators
Olpecnrs Olowe: Olap

To convert the kg CO ,eq. per 1 m? of structure into Ol
the linear function f(x) = 1/2*(x+50) is used:

A\
AV 4

cwp points,

Points

Olewe

GWPin kg CO2eq./m2

IBO - Osterreichisches Institut fiir Baubiologie und -6kologie

www.ibo.at



Calculating the sub-indicators
Olpecnrs Olgwp, Olgp

To convert the kg SO ,eq. per 1 m? of structure into Ol
the linear function f(x) = 100/0.25*(x+0.21) is used

200

150

100

Points

50

-50

Olap

APin kg SO2eq./m?2
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cwp points,
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Scale of values of the OI3 c
Indicators

e OI3 indicator on a scale between 0 and 100 points

(100 points means that the building envelope is
highly polluting, while 0 points can only be attain ed
by extremely optimised structures)

e OI3 indicator similar to heating requirements:
15 kWh/m?2a vs. 15 OI3 points

IBO - Osterreichisches Institut fir Baubiologie und -okologie www.ibo.at
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Flexible envelope boundaries

- Buildings consist of a multitude of different struc turs
- To capture all dato lasts too long in practical ter ms
- OI3 mainly for Thermal building envelope (TGH)

BG 0: TGH + intermediate floors — roof claddering, damp proofing,
facade elements

BG 1: Entire TGH + intermediate floors

BG 2: BG 1 + inside walls

BG 3: BG 2 + complete basement

BG 4: BG 3 + direct accesses (stairways, walkways etc.)
BG 5: BG 4 + housing technology

BG 6: BG 5 + all access + all adjoining buildings

IBO - Osterreichisches Institut fur Baubiologie und -6kologie www.ibo.at
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Flexible envelope boundaries A Y 4

N
| - A >O|3KON,i
0I3,,, ==

N

A fing,
1=1
A ...Areasof the structuresin n?

Ol3,on; -- Ol 3oy Of thel - thstructure

N
A ...Structurearea(KOF)
1=1
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ENVIRONMENTAL INDICATORS FOR A\
BUILDINGS

The following OI3 indicators for buildings have bee n defined:

« Indicator OI3 5, of a building, which depends on the chosen BGx
envelope boundary (area-weighted OI3 |, indicator of the area of
the structural elements considered)

* Indicator OI3 g, . (area-weighted OI3 . of the building, in which the
corresponding BGx envelope boundary is corrected to take into
account the typical length of the building)

* Indicator OI3 g, ¢ (area-weighted OI3 ., of the building, in which
the corresponding BGx envelope boundary is correcte d to take into
account the gross surface area of a storey)

* Indicator OI3S .5, for rehabilitated buildings (depreciation model for
the environmental pollution caused by production)

IBO - Osterreichisches Institut fiir Baubiologie und -6kologie www.ibo.at
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ecosoft

e Software by IBO
e Basing on MS Xcel

e (Calculation of ecolgical indicators as well as key
Indicators

e Levels: structural components and entire buildings

 Demonstration of one calculation (timber light)
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outside

Doppel-T-Trager-AuBenwand, hinterliiftet

w 11

Bauphysik = Building physics

Einheit Gangi Alternative
Unit Usua Alternative

Gesamtdicke » Total thicknass [om] 49 48
Warmedurchgangskoeffizient «
Thermal transmission coefficient [wim?Kl] 0,12 0,12
Bewertetes SchalldammmaB R, =
Rated sound insulation value Ry, [d8] o0 1]
Feuchtetechnische Sicherheit
Maisture safety [kg/m?a] 0,003/0,003 o
Wirksame Warmesoeicherkapazitat »
Effective heat capacity [kdimeK )] 24 24

[em] (-iiingiger Aufbau von auBen nach innen

Usual construction from outside to inside

[cm] Alternativer Aufbau von auBen nach innen

Alternative construction from outside to inside

1 25 Holzschalung = Wood shuttering 1 25 Holsschalung » Wood shuttering

2 5 HinterlGftung zw. senkrechten Holzlatten™ = Rear ventilation bet. upright 2 5 Hinterdiftung zw. senkrechten Holzlatten™ = Rear ventilation bet. upright
wood lathes™ waood lathes”

3 1,6 Spanpiatte « Chipboard 3 16 MDF-Platte « MDF panel

4 30 Mineratwolleplatien zwischen vertikalen Doppel-T-Tréagern = Mineral 4 30  Zellulose zwischen vertikalen Doppel-T-Tragern = Cellulose bet. vertical
wool panels bet. vertical double T-beams double T-beams

5 2,2 Spanplatte mit innenseitiger Dampfbremse =« Chipboard with interiorla- 5 1,8 O5B-Platte » 058 panel
teral vapar barier 5 Schafwolle zwischen horizontalen Latten {Installationsebens) = Lambs-

& 5 M;n.erahnmilenlatten zmsa:hgn horizontalen I_.::!:ten (Installationsebene) wool panels bet. horizontal lathes (services level)
= Mineral wool panels bet. horizontal lathes (services level) T 25 2L Giosfaseralatten » Zayes qypsum Rbetboa]

7 3 2lg. Gipskarton-Brandschutzplatten = 2-layer gypsum plasterboard fire

protection panel




Leichtbau-Kellerdecke

aben Bauphysik = Building physics
above
Einheit Gangig Alternative
Unit Usual Alternative
1 Gesamtdicke » Total thickness fem] 1 88
Warmedurchgangskoeffizient -
Thermal transmission coefficient [Wim?Kl] 0,15 0,15
Bewertetes Schalldammmal Ry, «
Rated sound insulation value Ry, [da] g | 68
Bewerteter Standard-Trittschallpegel Lyry »
Standzrd impact sound Insulzation
level rating Lygw [dB] 41 45
Feuchtetechnische Sicherheit «
Maisture safaty [ka/ma) 0/0 0/
Wirksame Warmespeicherkapazitat «
unten Effective heat capadty [kltm?KH 100 99
below
[em] Gangiger Aufbau von oben nach unten [em] Alternativer Aufbau von oben nach unten
Usual construction from above to below Alternative construction from above to below
1 i FuBbodenbelag = Floor surface 1 1 FuBbodenbelzg » Hoor surface
2 5 Zementestrich » Cement screed 2 L Zementestrich » Cement screed
3 - PE-Folie = PE foil 3 - Baupapier = Building paper
4 3 Mineralwolle-Trittschallddmmplatten (MW-5 35/30) « Mineral woal 4 36 HolzfaserTnttschallddmmplatte » Wood fiberboard impact sound insulati-
impact sound insulation parels (MW-5 25/30) an panel
5 4 Splittschittung » Crushed rock filler 5 4 Splittschittung = Crashed rock filler
6 - PE-Dampfsperre = PE vapor barrer 6 - PE-Dampfspere = PE vapor barrier
7 22 O5B Piatte « (5B panel 7 2,2 0O5B Platie » O5E panel
& 24 Sparren 6724, dazw. Mineralwolle » Spars 6/24, with mineral wool in 8 24 Sparren 624, dazw. Flachs = Spars £/24, with flax in between
il 0 24 Holzschalung « Wood shuttering
9 24 Holzschalung » Wood shuttering 10 1,5 Gipskarton-Feuchtraumplatte = Gypsum plasterboard wet room panel

10 1,5 Gipskarton-Feuchtraumplatte « Gypsum plasterboard wet room panel

* Caboulations based on the use of ready-to-install parquet
*Far die Berechnung wurde Fertigparkett verwendeat



Doppel-T-Trager-Flachdach

Bauphysik = Building physics

Einheit Gangig Alternative
Unit Usual Alternative
Gesamtdicke = Total thickness [cm] 56
Warmedurchgangskoeffizient «
Thermal transmission coefficient [WimrK)] 0.10
Bewertetes Schallddmmmak R, =
Rated sound insulation value By, [dB] 5
Feuchtetechnische Sicherheit «
Moisture safety [kg/m’a] 0,00210,002
Wirksame Warmespeicherkapazitat -
Effective heat capacity [{m KN 28
nnarn
inside
[em] Géangiger Aufbau von auBen nach innen [em] Alternativer Aufbau von auBen nach innen
Usual construction from outside to inside Alternative construction from outside to inside
1 [ Kies 16/32 = Gravel 1632 i f Kies 16/32 » Gravel 16/32
2 - Filtervlies (Polypropylen) = Filter fleece {palypropylene) 2 - Filervlies (Polypropylen) = Filter fleece (polypropyiene)
3 2 Extrudiertes Polystyrol, COz-geschiumt » Extruded polystyrene, C03 3 B Extrudiertes Polystyrol, COp-geschaumt = Extruded polystyrene, C0;
foamed foamed
4 1 Polymerbrtumen-Abdichtung 2 Lg. mit Dampfdruckausgleichsschicht = 4 i PE-Abdichtung und PP-Schutzvlies = PE-sealing and PP protective fleece
2-layer polymer bitumen seal with vapor pressure compensation layer 5 1,8 (OSB-Platte » 058 panel
5 1,8 Spanplatie « Chipboard 30  Zelluloseflocken zw. Doppel-T-Tragern « Cellulose flakes bet. double
6 30  Mineralwollepl. zw. Doppel-T-Trégern = Mineral wool panel bet. double T-beams
T-Beams 7 18 (OSB-Platte s 0SB panel
7 18 Spanplatte Chipboard 8 -  PE-Dampfbremse, selbstklebend « Self-adhesive PE-vapor barrier
8 - Alu-Dampfsperre, selostklebend » Self-adhesive aluminum vapor barrier g L & hafwolle Zwschen Latten » |ambswanl between [athes
9 L Mineralwolle awischen Latten = Mineral wool bet. lathes 10 2,5 2 Lo Gipsfaserplatten » 2-layer gypsum fiberboard
10 3 2lg. Gipskarton-Brandschutzplatten » 2-layer gypsum plasterboard fire

protection panels




1% Leichtbau- (oder Tram-) GeschoBdecke, Nassestrich

above Bauphysik = Building physics

Einheit Gangig Alternative

Unit Usual Alternative
Gesamtdicke = Total thickness [cm} 47 47
Warmedurchgangskoeffizient »
Thermal transmission coefficient [Wm'K)] 0.19 0,20
Bewertetes SchalldammmaB Ry, =
Rated sound insulation value Ry [dB] i n
Bewerteter Standard-Trittschallpegel Lypy =
Standard impact sound insulation
level rating Lypw [dB] 4 1
Feuchtetechnische Sicherheit = ;
Molsture safety [kg/mial ol oo
Wirksame Warmespeicherkapazitat »
untan Effective heat capadty [ettm7K) 100/25 100i23
below
[ecm] Géngiger Aufbau von oben nach unten [cm] Alternativer Aufbau von oben nach unten
Usual construction from above to below Alternative construction from above to below
i - FuBbodenbelag = Floor surface 1 - FuBbodenbelag » Floor surface
2 5 Zementestrich = Cement screed 2 5 Zementesirich = Cement screed
3 - PE-Folie = PE foil 3 - Baupapier = Building paper
4 3 Mineralwolle-Trittschallddmmplatte (z.B. MW-5 35/30) « Mineral wool 4 3 Mineralwolle-Trittschalldammplatte {z.B. MW-5 35/30} « Mineral wool
impact sound insulation panel (2.g. MW-535/30) impact sound insulation panef (e.g. MW-5 35730}
L 5 Splitschittung, fexcht gebunden (z.B. zementgebunden) « Gravel filler, L 5 Splitschittung, leicht gebunden (z. B. zementgebunden) » Gravel filler,
lightly bonded (e.q. cement bonded}) lightly bonded (e q. cement bonded)
- Rieselschutz = Trickling protection 6 - Rieselschutz = Trickling protection
F 22 O5B-Piatie » O5B panel 7 24 Holzschalung = Wood shuttering
8 22  Holz-Sparren, dazw. 8 cm Mineralwolle « Weod rafters bet. & cm mineral & 22  Holz-5pamen, dazw. 8 cm Schafwolle = Wood rafters bet. B cm lambswaol
wool 9 2,4 Holzschalung = Wood shuttering
g 2.2 05B-Platte = O5B panel 10 1 Luftspalt = Air gap
10 1 Lufispalt= Airgap 11 4  Schafwolle s Lambswool
" 4 Mineralwolle » Mineral woal 12 25 2 lo. Gipsfaserplatten auf Schwingbdgel » 2-layer gypsum fiberboard on
12 3 2 Llg. Gipskarton-Brandschutzplatten auf Schwingbtgel = 2-layer gyp- adj. strap hangers

sum plasterboard fire protection panels on adj. strap hangers

* Calaslations based on the use of ready-to-install parguet
* HOr die Berechnung wurde Fertigparkett verwendet
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Basics of the calculations - g
Model houses

* Representative for different regions

e Simple design!

 |dentical basics: housing technology, unheated
cellar, orientation ...

e Single family houses with 3 roof types
e Multiple dwelling house

IBO - Osterreichisches Institut fur Baubiologie und -6kologie www.ibo.at
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Sfth with flat und pent roof

500

3

3400

2500

Schnltt A-A
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Sfth with flat und pent roof
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Sth with flat und steep roof
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Multiple dwelling house
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Model houses

Structural components
Autoclave cellular concrete
Concrete
Brick
Timber light
Solid timber

Energy levels
< 50 kWh/m?a
< 100 kWh/m?2a

IBO - Osterreichisches Institut fiir Baubiologie und -6kologie www.ibo.at



Calculation

Sfth and mdh
3 Roof types sfh

2 Energy levels RESULTS
5 Structural components

Conventional and ecological

S 72 different model houses
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OI13 of sfth with flatroof

OI3 flatroof

80
70
60
50 -
40 -
30 -
20 - ) M conventional
10 -

OI3 Points

“ ecological
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OI3 of the sfh on average

OI13 on average

60

5o -
_E ag -
5 o ® conventional
Q 207 M ecological

10 -

0 1 I:

flatroof pentroof  steeproof
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GWP and PEI of sfh with pent
roof and low energy level
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OI3 of mdh
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Masses of mdh
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Ecological amortisation of the
sth [year]

35

30 -

25 4

20 -

M conv

HMecol
15 -

10

¢_Ph_c tl_Ph_c ¢_Nh_c tl_Nh_e
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Conclusion

o With ecosoft it is possible to calculate ecological
key indicators of buildings

* Energy level influence on OI3
« Ecological optimisation

* Roof types

« Structural components

« Masses

e Amortisation

e Evaluation
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Thank you!

Contact:
DI Robert Stanek
Ost. Institut fiir Baubiologie und —6kolgie GmbH
Alserbachstr. 5
A-1090 Wien
robert.stanek@ibo.at
01 /319 2005-23
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