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1 Abstract 
Life-Cycle-Assessment (LCA) becomes more and more an important tool for 
industry to choose the adequate material or technique leading to an ex­
pected product quality from environmental point of view. As the environ­
mental aspects are just one part of the decision making process, economical 
aspects have to be implemented as well. 
Sustainable construction is a major driving force of building and construction 
technology. The building sector uses extensive quantities of natural re­
sources, raw materials and energy. The reason is to change parts of the 
natural environment in order to create (necessary) human surroundings. If 
the environmental effects of buildings will be described in it's entirety design, 
construction, use, demolition of buildings, respectively the whole live cycle 
must be taken into consideration. As the system is complex, the archi­
tect/planer needs supporting tools leading to acceptable decisions, con­
cerning environmental effects of the choice, yet during the planing process. 
Authorities need brief and reliable background information, if decisions of 
environmental consequences are to be made. 
Considering this facts in 1994 IKP started a research project with more than 
50 producers of building materials, components and manufactures of build­
ings. The projects follow two main goals. A database of the most important 
materials and components is in development with the producing industry, to 
create LCA's under comparable system boundaries with actual data, and 
developing a methodology to integrate environmental aspects in the planing 
process. The approach is linking methods like computer aided design, 
simulation of energy consumption during utilisation of buildings and possi­
bilities of waste treatment. The database management and the assessment 
is supported by the !KP-Software "GaBi". 

2 Introduction, Motivation and Task 
The necessity of environmental related management in industry cannot be 
ignored anymore and is even expected of society. It is important to choose 
suitable tools and consistent data which is applicable and objective. 
Meanwhile LCA is a widely accepted and applied tool for many branches of 
industry to manage their product related environmental assessment. 
The anthropogen material flows caused by the total life-cycle of buildings 
contribute in many ecological categories to the impact potentials /1/ /2/. 
To describe a building during the whole life-cycle inter alia information are 
required concerning the depletion of mineral resources (mining and produc-



tion of building materials), depletion of energetic resources and release of 
pollutants (construction material production and transport, energy supply of 
production and during utilization of the building, etc.), land use {e.g. of a 
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tion, use, renovation, demolition). . 
To structure these data sets the life cycle is systematically divided in several 
unit-processes forming a chain respectively a ·· netvvork representing the 
mass- and energy flows caused by a building ~radle to grave. 

production 

recvcling/treabnent process 

~ 

~ demolition II:] 
landfill ~~ ~ 
~-~ ~~ ~~~--u--'-ti__..lis._a-tio--n .. ::. 

Figure 1: Schematic life cycle of a building ~-., 

Neither the isolated reflection of building materials concerning environme'ntal 
impacts nor compe.risons are useful . and !'nay inadmissible, since it is not 
related to a function~!. unit, which may ~El .a physical requirement or c\9e­
sired performance of a coll)ponent or building . The used general data (e.g. 
transport, energy supply) has .to be cornparable as 'well as system bounda-

' ries and methodq!ogical key _points (like cut-of.,.criteria and allocation rules), 
as it may influence the resl,llt consider~ble. 
LCA'. s of building r~lated materials and components are carried out by sev­
eral institutions. Data of this studies often cannot be used to · characterize a 
building, as the different data sets ·are often not set tip. under the same 
bountjary conditiol")s or often based. on data of aged literature. This d,oes not 
me,~n that the ~tu~ies are wrong or usel~ss,. put comparisons of it ar~ n~t 
possible and data cannot be merged. . , , 
This situation in mind the IKP in cooperation with the .!~B an~ the PE Prod­
uct Engine,ering GmbH . j nit.i~te a rese~rch project wi.th several compani$s of 
the building industry. A structure of 5 divisions· consider branch speCific top­
ics, but still do not loos~ the Hnk to the task of characterizing a heterogen 
system under ·comparable conditions. , , · · _ · 
Divisions: ,• minerc;il building.materials ~ wfndows and technical, facade 
• insulation materials • heating systems., .... • construction companies 
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'sased' on actual dafa{ sets construdidns and componerits are" set up (e.g. 
wall and 'ceiling, insulation sysfe'n1s, -windows, facade-$) iri 'a· data''-base, 
which can be extended hy the' u'ser -in cori1bining differe-nt materia-1-data~sets 
to riew construction at will. The chdice of constructions 'and components is 
performance-orientated (e.g:' on -static requiremenf or utilization-orientated 
performance). The co~ponents ·-:and constructions carf ·be combined lo 
bu-ildings and togeth-er-· with ( the- ·heating'-systems and the process of con­
structic)n the· life cycle is ·ch.aracterized' including Interadions of the compo-

. .... . _ ... r , , . . . . . . . . ... ,. 

n_ents.- This topic will be discu.~s'e·~ !ater Oh' repeat~dly'.' ': -' 
As economic aspects of material-> or procedure-alternatives can be also re­
stricting a choice, it is necessary and helpful to cnaraCteriie the life cycle by 
monetary values as well. This happens 'iri.'describing the different costs (re-

• SO\.ffCSS, ene·rgy, auxiliary rnateriais, wages, machinery) of a prdduct or pro­
·cea ur~ as inp'ut tiows of the unit-pr,ocess and 'the value of the product(s) ·as 

t' "I 

·output. .' 
• 

1 The ··ufe-Cycie·-2Assessment under technical requirements extended by addi­
tional economical aspects is reflecting the philo$Ophy of IKP's "Ganzheitli­
che Bilanzierung (GaBi)", which means Life-Cycle-Engineering and is a tool 
for optimization·, weak""point-analysis and sustainable product development. 



3 Methodology and the example of windows 
As in a sustainable context single steps or partial system assessment be­
come increasingly doubtful, if the total system and it's inherent interactions 

• · · ·- ----- LI - - L-L_-• - --- - _L- -- : __ J.- J. .!"""" 1 .. - :_ ... _ ----:~-·-"'=-- TL..- ____ ,_,,:.&.. , are noi KrlUWll, Ult: LULC:ll ::;y::;Lt:l 11 1::; lU ldl\t: 11 llU vUI 1;:,1u11;;1 CHIUI I. I I Ill;; IJUH llJICAILY 

of the cause-result relation is enormous and at least main influencing pa­
rameters has to be identified, if positive effects the total system shall apply. 

The total system "building" is divided into components. The components are 
in interaction with other parts of the system (e.g . windows with heating sys­
tem, as the transmission losses are influencing the needed heating energy). 
As an example of different analyzed components, which can be installed 
and used in a building, windows with PVC-, Timber- and aluminum-frame 
materials will be considered in this context. 

I f) 
l ·, 
I '• 

/ 

Timber Timber·Aluminum ,1\fuminum PVC 

Figure 3: Timber-, Timber-Aluminum-, Aluminum(Al)- ·and PVC-Windows as 
example for component alternatives. 

To be task-consistent, the life-cycle respectively the investigated system has 
to be modeled under comparable boundaries. As the approach is bottom-up 
the research is starting from the product and it's materials. All used materials 
were followed back to the resources , as extracted from the environment. 
This means all steps of the synthesis of the raw materials are taken into 
consideration to identify if it contributP,S to the result of the study and 
whether it has to be integrated into the System boundaries. 
As mentioned above often not only the main materials have to be taken into 
account, also relevant auxiliary materials and auxiliary resources, energy 
supply and transports have to be considered, if they contribute tc) an envi­
ronmental effect. The basic data is supplied by the IKP database GaBi 2.0 
131. As a goal of the method is the application in industry, this approach 
leads to further research in tht\ po:;sib~lity of the assessment of J~md use ,and 
realizing methods to check the cut-off-criteria "ecological relevance" claimed 
by the ISO 14040 standards. Approaches are in development at IKP /4/. 



........................ ... ... .............. . .......... .. .... . .. . _ .. . ··············· ·······-·· ··--··· ·····~-· -·· ··········· ·~-· ...... ··· ·· ·-··· 

transports 
energy 
ed:ra:iion 
till SI.WY -'' energy carrier 

extraction 
-~ y y v v y"y 

.. i extract.ion 

.. 

1. 

; 

treatment 

energy 
.. supply 

.. -
transports 

primary system 

-~ 
synthesis ,-E- processing -<:: synthesis ~ extraction 

_ - >- processing ::;:-____ _ 
-~ utilisation 

- ----

disposal/ 
recycling 

--·sut>:s-,;s·10n;·1;; order · -- -· · -- --· -· --- -- --·- --· · --- · --· ---- · -··· ·· 

transports 

y-
extraction 

energy 
ed:ra:iion 
till SI.WY 

::::>-- synthesis ::>: processing 
~---~i L_ _____ ! '~----

........ . ... . ............... ......... .......... .. .................... .. ......... .... ......... 
sub-system ntti order 

boundary of total system 

Figure 4: Primary- and sub-systems forming the system boundaries /5/. 

The figur~: shows the inherent prob.lem, that the number of sub-systems n 
may increase until the whole world is within the system, if no cut-off-criteria 
is implem-ented. The ecological relevance of the total system often follows a 
approximate limits for rea·sanable:\ia'lues of n. For application in industry this 
is of importance. If any ecological relevant mass- and energy-flow of the 
constructions (with it's technical or physical requirements) are known and 
documented, information about the economic parameters like material-costs, 
machinery-costs and working-cost characterize .tt,le different products from 
another important view (cost-benefit analysis). The cost-parameters are de­
fineq for the same (unit-) processes. 
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);Figure 5: Mass-, energy, and economic-flows are defined for the same levels 

So optimizations from an ecological, sustainable and economical view are 
possible. The technical aspects are considered over the physical- or user­
requirements. 



In case of the considered window constructions the technical requirements 
were: 
• Area of 1,82 m2 

- • • •- • • • • 1 • • I ' r A 1""11 'A II, ?t/"\ • heat transm1ss1on coemc1em or me Iota1 componern or 1,0 vv1~rr1 N.J 
• no special sound-absorbency required 
• just technical required rnai.i1tenance in intervals (not subjective optical) ,, 

Some other boundary condition§ besides the above mentioned: 
• components are reflecte.d with contribute·,essential to German markE?.t 
• utilization time of 40 years . . 
• recycling-quotes,· disposal processes, ;collecting losse·s:, maintenance 

intervals are defined for all different ,constructions •·' 

'. ' . : ._ , r 

Modeling the system for the different'windo.ws .leads inter alia' to following 
knowledge: 
• the lo.ng-time utilization has ~ essential influence on the ecological rele­

vance·; The main interactions with· the heating system which supp·lies 
the energy demand are " ·.- : i 1 

the static heat transmission coefficient of the component, 
the dynamical user influence because of th~ air exchange by open­
ing the.windows frequently-and .• : · 
the quasi static room temperature, choser:i by the user 

• the glass contributes to the ecological impacts of all environmental im­
pact categories;, as· it represents a·'high percentage of the components 
mass. 

• the. timber-window uses recoverable .. : construction material, but needs 
protecting varnish and certain maintenance intervals, wh"ich contributes 
to toxicological -imp·acts, as solvents are releasing. Water~based varnish 
is an opportunity. 

• the PVC-window ·has tendentious the lowest production costs. The 
Ozone creation p'otential is low, a.nd .low heat transmission coefficients 
are quit~ . eci.sy, to reach. To the toxicity potential it contributes reason­
able, although · h]en~ury emissions could be lowered within the last 
years. " ' ' ' . · · 

• the Al-window has a high energy demand (electrolysis) and therefore a 
high contribution to the gr~enhou·s,e vvarming. The share of hydropower 
for the production of Al is app. 14.o/cdor the German import-mix. A sce­
nario for best available technology comes to 56%. Al is easy to recycle 
and shows a low toxicity pot~ntial,~~. powder-varnish is applied. 

Thus information of each component (window, roof, wall, ... ), including the 
ecological inventory of the cornpl~te life-cycle, is saved in the data base. 

, 

To simulate a whole building, dther.:-c6mp6nents anc:t it's materials (including 
it's individual representative inventory) fill' up the data base. 



New individual construction can be created, as the needed inventories of the 
materials can be combined at will. So every individual building can be build 
up, because the information is linked to the materials, which form the con­
struction and not to the construction itself. 

4 ·integration of environmenta~ information into the planing 
There are most degrees of freedom at the time of planing, therefore the in­
fluence on the whole system is most considerable, as the mass- and en­
ergy-flows 'are fixed in that time. The cost development follows contrary ten­
dencies. The costs rise the later a change is necessary during the construc­
tion process. Most effective planing requires an assessment of the impact of 
the measures planed. Within every planing process the economical assess­
ment is obligatory and covered by the classical costing. 

: The. goal of s·ustainable development' requires an ecological assessment at 
the time of planing as well. 
The goal of,providing a all-embracing assessment-tool, reflecting all interac­
tio·ns:and cause-result-relations, needs much more further research, but a 
supporting tool which leads the planer to an acceptable decision (technical, 
ecological .and economical) can be provided by the described tooL 
The application of this planing tool is an iterative process. 

• The system characteristics and the ·inventory of the building are described 
starting from a first conception 

• As a next step the assessment for the .construction is, made based on aver­
age construction material and process data and the simulation of the utiliza-
tion phase , ·· 

• .Main factors and the corresponding. interaction can be identified by an 
;analysis of the evaluated results. 

• ·At this point the. iteration starts, i.e. the loop starts with the improved con-
struction again. , , ·, 

planing . simulation 

•. ' 

Figure 6: Planing support with Life Cycle Assessment /6/. 



5 Conclusions 
The ecological impact, even of complex systems like buildings, can be as­
sessed prior to construction measures. Therefore software-tools like "GaBi", 
including an adequate data base have to be an integrated part within the 
planing process. 
Experiences of the detailed analysis of building components, which follows 
the data-base formation , show that material bans often are political, subjec­
tive and sometimes driven by society. This may happen without knowledge 
of the total system and the overall impacts of the material and it's prospec­
tive substitutioo. Substitutions will be introduced and the moral dilemma 
seems to be solved, as the environmental problems change to others or 
shifted to other phases of the life-cycle. 
In most cases not a ban of certain materials solve the problem or optimizes 
a building in a sustainable way. Much more effective and often more useful 
is the use the material in a proper way or within the right construction. So 
the focus shall be more on the constructions, than on materials, even if this 
way may be the harder one, as material bans are quite easy to release. 
Planers may agree in considering environmental effect in their work, but do 
not have any possibility to do so. Because of this one task of the project is to 
develop and provide a tool (software tool and database), which can be used 
even in planing. 
For an ecological embracing valuation global criteria as green house effect, 
stability of ecosystems and influence on human health must be considered 
besides an energy balance, even if not all cause-result-relations are known 
or can not be modeled yet. 
Today's situation does not allow to wait, until the environmental effects of 
economics and human activity can be calculated that precise mathematics 
are able to. If trustful trends are worked out of a systems analysis, consid­
~rinn thP whnlP lifP-r.vr.IP w~v~ m11~t hP. fni mrl tn imnlP.mP.nt this knowlP.daP. 
-····~ .... _ · · · ·-·- ···- -J-·-1 ---·,- ···-· -- --- · - - ··- -- - - .. • - - - - - - . t.J 

to the welfare of the planets future . 
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