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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)

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

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.

water
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emissions into water

emissions into air
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energy (waste heat, radiation)

raw-materials



IBO - Österreichisches Institut für Baubiologie und -ökologie www.ibo.at 

Environmental model

Embedded Energy

Manufacturing of cement Manufacturing of concrete

cement concrete

embedded energy emb. energy

energy

energy
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LCA for the entire life cycle
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LCA for the entire life cycle

LCA-module cumulated 
for production processes 

LCA-module for one life stageproduction
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Life cycle inventory

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

Details see ISO 14044

• Databases
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Impact assessment

The impact assessment assigns impacts to the materia l 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)
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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.

Global Warming Potenzial (GWP)
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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 2-eq

SO2 1

NO 1,07

N2O 0,7

NOx 0.7

NH3 1,88

HCl 0,88

HF 1,6

Acidification (AP)
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Limits of LCA

Emissions into indoor air

Toxic sludge catastrophe in Hungary

Dust during construction process 
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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
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OI3 Base Indicators

� OI3 kon

� DDDDOI3 (delta OI3)

• OI3 kon consists of subindicators:

• OIPECnr … environmental indicator of non-renewable primary 
energy content, PEC n.r. 

• OIGWP … environmental indicator of global warming potential 
GWP

• OIAP … environmental indicator of acidification potential AP

• OI3KON = 1/3 OIPECnr + 1/3 OIGWP + 1/3 OIAP
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Calculating the sub-indicators 
OIPECnr, OIGWP, OIAP

To convert the MJ per 1 m² of structure into OI PECnr points, the 
linear function f(x) = 1/10*(x-500) is used:
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Calculating the sub-indicators 
OIPECnr, OIGWP, OIAP

To convert the kg CO 2 eq. per 1 m² of structure into OI GWP points, 

the linear function f(x) = 1/2*(x+50) is used:
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Calculating the sub-indicators 
OIPECnr, OIGWP, OIAP

To convert the kg SO 2 eq. per 1 m² of structure into OI GWP points, 
the linear function f(x) = 100/0.25*(x+0.21) is used :
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Scale of values of the OI3
indicators

• 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)

• OI3 indicator similar to heating requirements: 

15 kWh/m²a vs. 15 OI3 points
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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
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ENVIRONMENTAL INDICATORS FOR 
BUILDINGS

The following OI3 indicators for buildings have bee n defined: 

• Indicator OI3 BGX of a building, which depends on the chosen BGx 
envelope boundary (area-weighted OI3 KON indicator of the area of 

the structural elements considered)

• Indicator OI3 BGx,lc (area-weighted OI3 KON of the building, in which the 

corresponding BGx envelope boundary is corrected to  take into 
account the typical length of the building)

• Indicator OI3 BGx,BGF (area-weighted OI3 KON 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 TGH for rehabilitated buildings (depreciation model for  

the environmental pollution caused by production)
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ecosoft

• Software by IBO

• Basing on MS Xcel

• Calculation of ecolgical indicators as well as key 
indicators

• Levels: structural components and entire buildings

• Demonstration of one calculation (timber light)
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Basics of the calculations -
Model houses

• Representative for different regions

• Simple design! 

• Identical basics: housing technology, unheated 
cellar, orientation …

• Single family houses with 3 roof types

• Multiple dwelling house
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Sfh with flat und pent roof
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Sfh with flat und pent roof
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Sfh 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/m²a

< 100 kWh/m²a
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Calculation

- Sfh and mdh

- 3 Roof types sfh

- 2 Energy levels

- 5 Structural components

- Conventional and ecological

-------------------------------------------

SSSS 72 different model houses

RESULTS
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OI3 of sfh with flatroof
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OI3 of the sfh on average
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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 
sfh [year]
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Conclusion

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

• Energy level influence on OI3

• Ecological optimisation

• Roof types

• Structural components

• Masses

• Amortisation

• Evaluation
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Thank you!

Contact:

DI Robert Stanek

Öst. Institut für Baubiologie und –ökolgie GmbH

Alserbachstr. 5

A-1090 Wien

robert.stanek@ibo.at
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