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• at least 700 mill. tons of natural resources 
(stones and aggregates) are used per year, even 
if construction activities would decrease. 

ABSTRACT 

Approximately 60 percent of the weight of all wastes 
in Germany originates from the building area. For 
construction activities usually non-renewable 
resources are used. Nevertheless so far only 
incomplete knowledge about consumption of 
resources and energy over the entire life cycle of a 
building, about effects on consumption of fossil raw 
materials and the overall ecological implications of 
the use of recycling materials is available. As the 
most important decisions are made in the very early 
design phases of a building, it is necessary to include 
long-term ecological aspects from the beginning of 
planning work. 

• about 30% of total energy demand is used for 
heating, air-conditioning and warm water in 
buildings. 

These statistics show the importance of life cycle 
referred simulation of buildings to reduce the waste 
weights and the energy demand. As the most 
significant decisions are made in early planning steps 
it is very important to enable the planners to estimate 
the ecological impact of different design scenarios at 
this stage. 

Moreover in the context of the Kyoto Protocol the 
industrialized countries committed themselves to an 
reduction of greenhouse gas emissions CO2, CH4 and 
N2O. Within the period from 2008 to 2012 it is 
required that these emissions will have been reduced 
by 5% compared to their 1990 levels. Within the 
European Union there has to be a reduction of 8%. 
According to the “EU-burden sharing” where these 
European average is split to the EU-members taking 
the national characteristics into account, Germany 
has to reduce its greenhouse gas emissions by 21%. 
Going beyond this obligation the German 
government decided in the year 1995 to reduce these 
emissions by 25% up to the year 2005 (BMU, 2000).  

Today more and more architects and engineers use 
CAD software supporting the generation of three 
dimensional product models. One prominent model 
being now well established in the building industry is 
defined by the Industry Foundation Classes (IFC). 
This model is also the starting point of our resource 
oriented design system. To get a basis for a 
comparative assessment of different design variants it 
is first necessary to augment the product model with 
informations on resource consumption of the used 
materials. Therefore a database server accessible via 
the Internet is developed within our research project 
providing a service for planners to extend their 
product model with information necessary for life 
cycle assessment (LCA). In our presentation the 
general software concept together with first 
simulation tools for building energy simulation and 
life cycle assessment will be discussed (Download 
from http://www.inf.bv.tum.de/f219.htm). 

 

 

INTRODUCTION 
Due to the long life cycle of a building the expenses 
for usage and maintenance are very high compared to 
those for the construction, only. In addition the 
building wastes resulting for disposal represent quan-
titatively an enormous material flow. According to 
the German government (Ehm, 1997): 

Figure 1. CO2 –emissions for Germany and goal 
until 2005 (UBA, 2000) 

 

• per year more than 300 million tons of waste 
result from construction activities, representing 
about 60% of all waste weight in Germany. 

In the diagram above (Fig. 1) one can see that the 
sector “households” (also including small 
consumers) contributes to the CO2-emissions with 
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about 20%. As the temporal development shows, the 
objective is not achieved until 2005 without further 
emission reducing measures. In the national climate 
protection program of Germany from the year 2000 
(BMU, 2000) therefore additional measures are 
demanded for the reduction of the CO2-emissions. In 
the building sector (heating and warm water) it is 
planned to reduce these emissions by 20 million tons. 
This means that in the building sector there is not 
only a large potential of possibilities to save 
emissions and resources but also the obligation of 
seizing appropriate measures. In February 2002 one 
step was made with introduction of a new technical 
regulation over energy-saving thermic protection and 
equipment technology in buildings (EnEV, 2001). 

In the past planning, organization and construction of 
buildings was primarily accomplished according to 
technical, economic and aesthetic criteria. For 
approximately 25 years also the social and political 
interest rises regarding ecological aspects. Thus these 
aspects also have an increasing influence on the 
decision making with construction activities 
(Sedlbauer & Woerle, 1998). In order to be able to 
make a statement concerning the environmental 
effect of a building, an analysis of the entire life 
cycle is necessary. All effects on the environment 
(e.g. emissions, wastes, resource requirements) must 
be taken into account starting from the extraction and 
processing of raw materials over the use and 
maintenance of the building up to the disposal 
(Kohler, 1997). 

Thereby the influence of a building over its entire life 
cycle on the environment must not be understood as 
a sum of the environmental impact of the individual 
materials. Isolated considerations like a comparison 
of the ecological balances of individual building 
materials is not target-oriented because of lacking 
background information to the system quality and to 
reciprocal effects in connection with the building. 

Today there are a lot of different LCA software tools 
available. However, the enormous effort to do life 
cycle assessment keeps many planners away from 
doing LCA studies especially in early planning 
stages. The main problem is that most of the 
simulation tools and computer aided design (CAD) 
software are not linked together. The time consuming 
manual data input and the additional expenditure to 
the normal planning work is economically not 
bearable, particularly if different scenarios have to be 
compared. Only few tools provide the possibility to 
import geometric data from computer aided design 
(CAD) applications. But even then there is a loss of 
important semantics and extended information about 
the building elements. This information has to be 
rebuilt manually, when using simulation tools. As a 
result, these tools are only rarely used by planners. 
Until now, life cycle referred simulations of 

buildings are primarily done in pilot projects and 
science (Kohler, 1997). 

To solve this problems, the usage of so called 
product models is considered very promising (Laine 
et al., 2001). The advantage is their property to 
transport not only geometrical but also extended 
semantic information about the building and its 
objects. The International Alliance for 
Interoperability (IAI) developed during the last years 
a standard for a product model in the building 
industry, the so called Industry Foundation Classes 
(IFC) (IAI, 2003). The IFC define a schema of a 
product data model. This creates new possibilities for 
achieving interoperability for design software 
through the use of a common object model of the 
building and its open data transfer standard. Now 
IFC is beginning to be widely accepted within the 
building industry. One popular CAD software 
supporting the import and export of IFC compliant 
models is the present release of Architectural 
Desktop (ADT 3.3) from Autodesk. This type of 
software is expected to be used more and more by 
planners and architects to build three dimensional 
computer based product models from the beginning 
of the planning process. To make such models usable 
for life cycle assessment (LCA) and energy 
simulation they have to be augmented by information 
e.g. about the materials and their ecological impact. 

In this paper we address the issue to reduce the effort 
of making life cycle referred simulations and 
increase their acceptance by planners and architects. 
This will be achieved by using an IFC compliant 
product model within the common software 
environment of the ADT 3.3. We also provide tools 
to extend the building model in a fast and easy way 
using standard internet technologies. A central life 
cycle inventory database schema is developed, which 
will work as an open platform for product model data 
exchange using the ifcXML data format. Having 
once defined an extended product model it works as 
a database for further simulation tools. 

LIFE CYCLE ASSESSMENT 
In the past different approaches for performing LCA 
studies were developed. In 1997 an international 
standard for life cycle assessment, the EN ISO 14040 
“Principles and framework” (EN ISO 14040, 1997) 
was published by the European Committee for 
Standardization (CEN). This standard was 
subsequently supplemented by EN ISO 14041, 
EN ISO 14042 and EN ISO 14043, which describe 
the basic principles and elements of a LCA study. 

At present a lot of research is carried out in the field 
of LCA studies on buildings. Most of these projects 
aim to develop and establish new software tools. 
However the fundamental methodical aspects of life 
cycle analysis on buildings are now generally 
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SOFTWARE DESIGN CONCEPT recognized (Pulli, 1998). The focus of our project is 
the development of techniques for linking the 
different steps of a LCA study like the life cycle 
inventory analysis and the life cycle impact 
assesment by using a product model based approach. 
At first we build up an internet based prototype of a 
life cycle inventory database on building materials 
using some characteristic ecological parameters like 
the cumulated energy expenditure (in German: 
Kumulierter Energie Aufwand, KEA) or the carbon 
dioxid emissions. 

The software design developed within this research 
project (Fig. 2) corresponds to two major design 
steps: 

• Internet based definition of the product model 

• Analysis of the product model 
 

Internet based definition of the product model 

The first step is to create a product model of a 
building. In general, this basic model is provided by 
an architect and has to be augmented by additional 
ecological information. To enable planners to further 
work within their common software environment we 
developed the web based application ‘EcoData’ 
extending the Architectural Desktop (ADT) 

In a further step this database was supplemented with 
data referring to the following impact categories: 

• Global Warming Potential (GWP) 

• Acidification Potential (AP) 

• Nitrification Potential (NP) 
It uses the Object Modeling Framework (OMF, 
2002) programming interface to communicate with 
the current product model data of a building and is 
integrated by an internet browser window to connect 
to a central database server. This server provides 
extended product data, being transferred in ifcXML 
format. 

• Troposheric Ozone Precursor Potential (TOPP) 

LIFE CYCLE INVENTORY DATABASE 
A life cycle inventory (LCI) database should be 
made available for as many users as possible in a 
common and easy way. Therefore we choose internet 
based server technologies to develop a central 
database environment with information and data for 
simulations of the resource requirement of buildings. 
There are dynamic web pages which guide the users 
to the required data and transfer them to the client. 
The schema of the database uses the concept of the 
‘Property Set Definition’ by the IFC. The format of 
the transferred data is ifcXML (ifcXML, 2001). 

The application ‘EcoData’ is shown in Figure 3, 
where the upper section of the window contains a 
fully featured web browser control. The user can 
navigate through the database and select the required 
data. The contents of the tables are created dynami-
cally from a relational database server (MySQL: 
www.mysql.com) using the scripting language PHP 
(www.php.net). The transferred extended data are 
then attached to style objects being linked to building 
parts (e.g. walls). This enables the user with a few 
internet database requests to define the styles in a 
building model and to reuse data within his local

At present the web server provides only some test 
data (GEMIS, 2002). This will be extended to an 
open product data exchange platform using ‘Property 
Set Definitions’ in the ifcXML format. 
 

Extended Product Model within the 
Architectural Desktop from Autodesk

LCI Database

PM-Definition

ifcXML

Energy simulation

Life Cycle Assessment

PM-Analysis

IFC

IFC 

IFC 

Extended Product Model within the 
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Figure 2. Software design overview 
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software environment. This concept minimizes the 
additional work for planners to extend a geometric 
model with LCA specific product data and supports 
comparability between different design variants. 
 

 Figure 4. ADT-Tool for interactive zone definition 
 

Figure 3. Internet based wall style definition tool 
‘EcoData’ within the Architectural Desktop 

 

 

Analysis of the product model 

Having created once an extended product model, it 
can be exported in IFC format as a database for fur-
ther simulation tools. In the first stage of the present 
project two applications have been developed, one 
performing an energy simulation (Figs 4, 5) due to 
the new German EnEV (EnEV, 2001), the other one 
allowing life cycle assessment studies (Figs 7, 8, 9). 
Using the IFC format enables other tools to be easily 
integrated into this software concept. Examples are 
the integration of CFD simulations and 3D Finite 
Element Methods (van Treeck et al., 2001, 2003) or 
cost planning and schedules (Seidenfad, 2002). Figure 5. Results of a monthly energy simulation 

 

In Figures 4, 5 the graphical user interface and the 
result of a monthly simulation of the energy 
requirement of a building according to the EnEV are 
shown, helping planners to make case studies and to 
find a optimized design of the building envelope and 
the building service systems (HVAC) (Neuberg & 
Hoffmann, 2001; van Treeck et al., 2001). 

 

The CML method was developed in 1992 by the 
Centre of Environmental Science of the Dutch 
University Leiden (Heijungs, 1992). The CML 
method summarizes the set of results of the Inventory 
analysis in medium spreading impact categories. 
Initially a classification of the environmental 
interventions has to be conducted to assign the 
interventions qualitatively to a particular impact 
category (Fig. 6). Subsequently within the step of 
characterisation these interventions are quantified in 
terms of a common unit for that category, allowing 
aggregation into a single score: the Indicator result. 
These scores together describe the environmental 
profile of the analysed product or process. The 
characterisation factors derive from a 
characterisation model to express a particular 
environmental intervention in terms of the common 
unit of the category indicator, e.g. GWPCO2 (Global 
Warming Potential of carbon dioxid). In a following 
optional step a normalisation serves to indicate the 
share of the results in a worldwide or regional total. 
An additional weighting among the different impact 

The results of the energy simulation are stored within 
the product model and can be used as input data for 
the developed LCA software tools (Figs 7, 8, 9). The 
planner can simulate the resource requirement of the 
building over it’s life cycle. Up to now three 
different methods for evaluation of the life cycle 
inventory analysis results have been implemented. 
They are based on the well known methods 
EcoIndicator95 (Goedkoop, 1995), CML (Heijungs, 
1992) and Swiss UBP (BUWAL, 1990, 1998). These 
methods were adapted within the presented project 
according to the available ecological data in GEMIS 
(GEMIS, 2002), the most accepted impact categories 
as described in Eyerer (Eyerer & Reinhardt, 2000) 
and Germany as reference area. 
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categories is not included in the original method 
although other CML based methods do so. 

The UBP method, also known as ecopoint or 
ecoscarcity method, is based on the principle of 
ecoscarcity developed by Ahbe, Braunschweig and 
Müller-Wenk in 1990 (BUWAL, 1990, 1998). In 
analogy to the scarcity in economical fields (supply 
to demand ratio) the ecoscarcity describes the ratio 
between the current and target (critical) flows of a 
substance (= distance to target principle). The target 
flows were determined mainly on the basis of 
politically stipulated threshold values of Swiss 
environmental policy. The higher the current flow of 
a substance compared to the target value, the more 
significant is its environmental impact. 
Correspondingly the ecofactor, as a degree for the 
ecological relevance of an emission, increases. In 
1997 the UBP method was actualized and new 
ecofactors for the emissions have been calculated. 
Contrary to other methods based on the “distance to 
target” principle, the critical flow enters the 
calculation formula for the ecofactors squared 
(equation 2). This means that the bigger the distance 
between current and target flow of an emission, the 
higher this emission will be weighted.  

 

CO2 
  Global Warming Potential  
 CH4 
  Acidification Potential 
 SO2  
  Nutrification Potential 
 NH3 
  Troposheric Ozone Precursor Pot. 
 NOX 

Figure 6. Classification within the CML method 
 

In this project the CML method was adapted 
concerning the choice of impact categories and the 
reference area (Germany). The Global Warming 
Potential (GWP), the Acidification Potential (AP), 
the Nutrification Potential (NP) and the 
Tropospherical Ozone Precursor Potential (TOPP) 
have been chosen as impact categories. The first 
three potentials are according to Eyerer (Eyerer & 
Reinhardt, 2000) the most accepted impact categories 
in the field of life cycle assesment on buildings. The 
Photochemical Ozone Creation Potential (POCP) is 
replaced by the TOPP as it is disputed among experts 
(Euro, 2000; UBA, 2000). 

 ,
2

,

= ∗i current
i

i target

F
EF c

F
 (2) 

 EFi [1/g] ecofactor of emission i 

The EcoIndicator95 method was developed in the 
Netherlands in 1995 (Goedkoop, 1995). This method 
allows intergration of ecological aspects into the 
construction process. The steps of life cycle 
inventory analysis and life cycle impact assessment 
are based on the CML method. In difference to the 
CML method the EcoIndicator95 method includes 
less impact categories. Furthermore a weighting step 
is introduced to convert and aggregate the indicator 
results across impact categories. In the original 
Method the weighting factors have been developed 
upon the “distance to target” principle for the 
reference area of Europe. This means, that the 
seriousness of an effect is related to the difference 
between current and target values in Europe. The 
developers of the EcoIndicator95 method carried out 
one hundred life cycle assessments with commonly 
used materials and processes. The result was a list 
with a calculated ecoindicator for each investigated 
material or process. A product can then be analyzed 
by multiplication of the indicators by the amount of 
required materials and processes. For this project 
new weighting factors have been calculated 
according to Germany as reference area by the 
following equation:  

 Fi,current [g/a] current value of emission i in Germany 
 Fi,target [g/a] target value of emission i in Germany 
 c [1012/a] constant factor 

To evaluate a product with the UBP method, at first 
the results of the inventory analysis have to be 
multiplied by the associated ecofactors. Thus 
ecopoints result for each emission. These ecopoints 
are then added up to one single value. The higher this 
value, the larger is the environmental impact of the 
examined product. In analogy to the EcoIndicator95 
method the UBP method was adapted for this project 
concerning the current and target flows of the 
concidered emissions. This means that new 
ecofactors for the reference area of Germany were 
calculated. 

 ,

,

= i current
i

i target

P
G

P
 (1) 

  Gi [-] weighting factor of potential i  
 Pi,current [kt/a] current value of potential i in Germany Figure 7. Numerical results of a LCA analysis 
 Pi,target [kt/a] target value of potential i in Germany 
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Figure 8. Graphical results of a LCA analysis 

 

 
Figure 9. Simulation results for CO2 emissions of a 

building over 90 years 
 

THE PRODUCT MODEL WITHIN THE 
ADT SOFTWARE FROM AUTODESK 
During the planning process the involved architects 
and engineers generally use different CAD systems 
for three dimensional modeling of the building. The 
ADT software introduces a new way to create three 
dimensional product models. The software concept 
presented in this paper uses the ADT to import and 
export IFC compliant product model data. The 
IFC 2x interface within the ADT 3.3 supports the 
import and export of general ‘Property Sets’. We 
currently use the OMF programming interface to 
connect our analysis tools to the product model data. 

What is model based design? 

In model-based design, you create a data model of a 
proposed facility from which you generate work 
products such as massing models, space plans, space-
planning reports, conceptual presentation models, 
design development drawings, and construction 
documents, which might include plans, elevations, 

sections, schedules, reports, and presentation 
graphics (Fig. 10). Each of these deliverables is 
created from a central data representation of the 
building itself. 
 

 
Figure 10. Model-based design 

 

By employing model-based design methods, planners 
can create a more complete building model that 
includes important nongraphical data, and 
information about functional relationships, such as 
the association between a wall and the doors and 
windows. This improves coordination between the 
various disciplines in the project. The digital design 
data that is generated from the building model not 
only supports design and construction phases but 
also can be used in downstream project phases to 
support the complete life cycle of a facility. 

With a model-based approach, the amount of design 
information created is consistent with the design 
process stage. The data model evolves accordingly. 
This evolution reduces the possibility of coordination 
errors. (Bernstein, 2001) 

Extending building objects with ‘Property Sets’ 

There are many concepts being similar in the IFC 2x 
product model definition (IAITG, 2000) and the 
implementation of a product model in the ADT 
software, but there are also significant differences. 
One common and very useful concept that can be 
found in both models is the concept of ‘Property Set 
Definitions’ (Fig. 11). These definitions are 
templates for user defined properties, which can be 
attached to building elements like walls and filled 
with custom data. 
 

 
Figure 11. ‘IFCPropertySetDefinition’ in 

EXPRESS-G notation 
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Our implementation of ecological properties is 
shown in Figures 14 and 15. There are static 
properties for each component of a wall style, which 
can be set with the internet based tool ‘EcoData’ 
from the LCI Database. For each building object e.g. 
a wall the present values of the specific resource and 
energy requirement can be calculated dynamically, 
using a custom implementation of automatic property 
sets within the ADT. These dynamic (automatic) 
properties depend on the volume of each building 
object. If the object or a component is modified, the 
input values for the product model analysis tools e.g. 
EnEV or LCA are updated continuously. 

 
Figure 14. Static ‘PropertySets’ for wall styles 

 

 
Figure 15. Automatic ‘PropertySets’ for wall objects 

 

Exchange of Property Sets with ifcXML 

The International Alliance for Interoperability (IAI) 
provides on their web page some information about 
ifcXML. For implementers, who want to use the 
Property Set Definition a XML Schema Definition 
(XSD) file is provided. This definition is created 
from the IFC 2x EXPRESS schema (ifcXML, 2001) 
and helps to control the data flow. There are two 
basic ways to exchange product model data. One 
uses the IFC (STEP) file the other the ifcXML file. 
In our software we use the XML based way to 
exchange property sets. Therefore the LCI database 
server provides a ‘XML Writer’ tool implemented 
with PHP scripts. The ecological data are read from a 
relational database and a ifcXML data stream is 

created dynamically and is sent via internet to the 
‘EcoData’ tool within the ADT. To receive the data 
stream a ‘XML Reader’ is implemented. The quality 
of the data and the schema conformance can be 
verified with the XSD. This concept enables planners 
to extend a product model in the ADT with custom 
property sets using the internet. 

CONCLUSION 
This software design concept and the first prototypes 
of tools will help planners to reduce the effort 
performing integrated LCA and energy simulation 
studies on buildings. The basic idea is to link LCI 
databases and simulation tools to the software 
environment of the ADT from Autodesk. Therefore 
standard internet technologies and the IFC product 
model for the building industry are used. The LCI 
database server is designed to provide an open 
platform for product model data exchange using the 
ifcXML format and the ‘IFCPropertySet’ concept. 
This creates new possibilities for achieving 
interoperability for design software through the use 
of a common object model of the building and its 
open data transfer standard. Using these integrated 
simulation tools in early design stages enables 
planners to calculate and evaluate the environmental 
impact of various design studies of the building. 

A further step in this project is the central supply of 
software components by the Technical University of 
Munich via the Internet, making life-cycle-referred 
simulation, analysis and evaluation methods 
available to the planners. They can send their 
completed product model to an application server 
running LCA tools and get back the evaluation of 
their design. Internet is used as a communication 
medium in order to reach a large number of planners 
and thereby obtain substantial savings of resources. 
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