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ABSTRACT

Within the context of the Integrated Product Polii8P) [1], the research project “Environmental toygment
Potentials for Residential Buildings” (IMPRO-Buifdj) was initiated by the European Commission’s tJoin
Research Centre, Institute of Prospective TechmabgStudies (IPTS), with the aim to reduce the
environmental impacts from residential dwellingsotighout their entire life cycle. The main objeetiof the
project is to outline the current situation of desitial buildings in the EU-25, to assess enviramale
improvement options for new and existing buildingsd to evaluate the improvement potentials from a
European perspective.

The project divides into three major tasks. Infirg step, an overview of residential buildingstlire EU-25 is
assembled and the residential buildings are growpebt aggregated into building types within geogiegdh
zones.

The second step is based on a generic life cydlditg model, from which life cycle models for etiigy, as
well as for newly constructed buildings of aboventiened types are derived. Using these life cyctalets,
environmental profiles for all building types arengrated and environmental hotspots are identified.

These environmental hotspots provide a sound fasite identification of improvement options arat the
quantification of environmental improvement potatgtifrom the European perspective.

Residential buildingsin the EU-25

A synopsis of residential buildings throughout Epe@rovides the adequate basis to investigatentpadts of
residential dwellings and to identify environmeritaprovement options. This synopsis has to be daidin a
way that it can be directly adopted to model theedycles of residential buildings.

Building types in geographical zones throughoutdper

The residential buildings of the Eu-25 member-coastare aggregated into 73 individual buildingetyp54 of
these types represent existing buildings, whilettagrol9 building types represent currently planheiidings.
These residential building types are defined, basedtheir architectural design on constructionat an
construction material criteria.

For each of three geographical zones, namely nortiiddle- and south- European countries, the releva
building types are identified separately and chestento ‘single-, two-family and terrace housesiplti-family
houses’ and ‘high-rise buildings’. The geographzmtes are assembled from EU-25 member-countrigheon
basis of average heating degree days per yeaeaebrgeographical zone, are identified.

This overview of European residential buildingsbssed on comprehensive databases containing tathnic
information of buildings for an extensive buildistpck throughout Europe. These databases havenaitigi
been set up to analyze the technical state of tineggan building stock.



Analysis of life cycle-based environmental hotspots of resdential buildings

The extensive basis of 73 residential building $yfeperform life cycle assessments, addressingrpacts of
residential buildings as well as the challengingktaf identifying environmental improvement optidnsm a
European perspective, demands for consistency attianisms to automate certain procedures when imgdel
the life cycle of buildings.

Using a generic model for consistent life cyclelgs@s of buildings

To meet these challenges, a generic building mgueliding a common structure for all individualilding
types has been developed. Within its common buglditructure, this generic model contains all rateva
construction materials that are found in eithethef building types to be modeled. Parameters aensixely
used to define the actual life cycle model andffiiently adjust the generic model to fit to thespective
building type.

The life cycle model divides into two distinct mbdersions. One represents the life cycle of arstag
building, where the construction phase is not aersd, but the use phase and the end of life (geed-1). The
second version represents new buildings, wheredhstruction phase is also incorporated into thiklibg's
life cycle (see Figure 2). This distinction intoctwnodel versions supports the identification of dieeisions that
can be made today. Promoting retrofit measures exitsting buildings, for instance, presents a fadasiecision
to be made, while past construction actions dgonmtide space for any improvement today. Consedyehe
construction phase is not considered for existinitgings. It is, however, important to consider #teicture and
the materials used for construction, in order t@ablke to give statements considering retrofit aptiand to be
able to account for the building’s demolition.
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Figure 1. System boundaries and considered life Figure 2. System boundaries and considered life
cycle phases for existing buildings. cycle phases for new buildings.

Building model layout and boundary conditions

The generic model, and consequently the individmalding type models bear a common structure of
construction elements that assemble the requirigdiroy materials of the respective part of the tmiy. These
construction elements are the roof, the exteridiswtne interior walls, the floors and ceilingsetwindows and
finally the basement. The life cycle phase of tlastruction of new buildings considers the consionc
materials used, as well as the transportation efrtlaterials on the level of the construction elemer the
building.

Following the objective of the study, of investiggt improvement options for residential buildindmatt are
based on decisions considering the selection oftoactional alternatives or constructional practit¢e be
encouraged, the construction materials represerpgan average datasets. The use of such Europ&sets
that describe average technology data for the naaturing of construction materials and Europeambauy
conditions, assures that derivations in backgralatd do not bias the basis for the decisions tméee within
the scope of the study.



Considered life cycle phases and their specifieatp

Within the use phase, two major aspects of thézatibn of a residential building in Europe are sidered.
These are, on the one hand, refurbishment actiaisate conducted to maintain the function of thidding, in
general without changing the energy performandhmefbuilding. While retrofit measures describe @tithat
are taken with the aim to improve the performanfcéhe building, it is known that some retrofit axts are
taken in conjunction with refurbishment actionstthave to be conducted in order to maintain thédimgs’
function. An example of such retrofit actions tiyatin line with refurbishment actions are the reg@xchange
of windows, where the existing windows are replacéith ‘modern’ windows that reduced heat transnoissi
values. Another example is the insulation of thef rat a point, when the battening and the tilesehtav be
replaced. These measures are handled as refurltishmerder not to overestimate certain retrofitians as
improvement options.

On the other hand, the heating energy demand, hasvthe cooling energy demand, which is belieiedain
significance in the future, is considered. Withire tmodel, the heating energy demand is calculated the
energy balance that is based on heat transmissiffiacients for the individual construction elememf the
building type. The cooling energy demand, on theeothand, is provided as average values for each
geographical zone, thus incorporating the fact tast indoor cooling devices within residentiallbinigs work

on a per-room basis. This means that the use obmcdboling equipment in different building typesed not
generally differ.

The end-of-life phase of the models considers hattstes from the demolition of the entire buildiag,well as
wastes from the exchange of materials due to risfuniient actions. Recycling rates, shares for tiposigon

onto inert materials landfills, as well as incirtema and other end of life routes are consideredhenbasis of
average data for the construction sector througBatmpe.

One objective of the study is to provide informatigopon which recommendations for favorable actioelsated
to the improvement of the overall environmentaf@enance of residential buildings may be given. rEf@e, a
maximum timeframe for the life cycle assessmertofears has been chosen. While this does notdatplihat
all buildings are expected to be demolished na tagn 40 years from now, it is believed that radeshent upon
the development of the residential building sebmyond these 40 years can be made.

Methodology of the Life Cycle Impact Assessment

For both, existing, as well as new buildings, thmpact assessment of the life cycle models is caeduand
environmental hotspots within each building typedéeo be identified. The impact assessment is adadu
using the CML 2001 characterization model [2] amel ¢considered environmental indicators are theofifessil
primary energy, the use of renewable primary eneegy well as the impact categories ‘global warming
potential’ (GWRy), ‘acidification potential’ (AP), ‘eutrophicatiopotential’ (EP), ‘photochemical oxidant
formation potential’ (POCP) and ‘ozone layer depletpotential’ (ODP). These environmental indicator
describe environmental effects that are, amongrsthgenerally considered as relevant within theremur
environmental discussions [3].

Life cycleimpact assessment of three exemplary building types

The life cycle impact assessment (LCIA) of threélding types is displayed in order to demonstrdte t
outcome of the analysis of the current situationesfdential buildings in Europe. Those examples ar

e A ten-storey high-rise building type (concrete-lthstructure) from the south of Europe that has Hmrglh
in the 1970s and is expected to be in use for an@® years,

e A single-family building type with a brick masonsgructure from central Europe that has typicallgrbe
built between the 1940s and 1980s and that is éagbéc used for at least another 40 years, and

e A four-storey multi-family building type with an sulated brick masonry structure from the north afdpe
that is planned to be built in the near future endhe basis of the current construction practice.

For the comparison of different building typeswasl as of different construction elements withimedbuilding
type, the results of the LCIA are presented onrespeare-metre-and-year-basis.

Comparison of the life cycles of three residertialding types

Figure 3 illustrates the contribution from diffetdife cycle phases to the global warming potentélthe
described building types. As described above, eeitne high-rise building (left), nor the singlenfdy building



(centre) contain a construction phase, as theyesept existing buildings. The multi-family buildiffigght), on

the other hand, includes a construction phase. Rfigure 3, it is clear that the heating and coolemgrgy
consumption has the by far greatest impact on tlileibg's life cycle. The construction phase, adlvas the

refurbishment measures taken and the end-of-lifehe contrary have rather minor impacts on the @¥ViPhe

‘incorporated GWP’, having negative values, is artpdue to wood, which is, in some sections ofdessiial

buildings, extensively used as a construction risteAnother source for incorporated GWP is the ofe
renewable materials as fuel in residential heat®wonsequently, the net value for the G\gRs clearly below
the currently displayed values.

From this graph (Figure 3), it can be stated thasé building types, especially the single-familjiding type

and the multi-family building type do not represenirrent best practice in construction, where thergy

consumption for heating were significantly loweor existing buildings, taking refurbishment measursually
reduces heat losses significantly. The reductiontédating energy losses due to refurbishment actaye

considered in the displayed figure.
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Figure 3. LCIA results for the global warming potential from the life cycles from three residential building
types throughout Europe. Displayed: contribution from different life cycle phases in kg CO.-
Equivalent/(m#*a).

Analysis of the contribution to the life cycle impfrtom individual construction elements

Following the objective of the study to identifv@mnmental improvement options, the individuallbing
types are evaluated in a way that identifies theeclycle impacts from individual construction elertse Figure 4
displays the contributions from all constructioamknts to the global warming potential for the &bdescribed
multi-family house from northern Europe. Some typesnergy losses may not be allocated to individua
construction elements within the context of anrerttiuiilding and are presented separately.

From the graph in Figure 4, the impact from the wfacturing and demolition of construction elements,
especially of those with high masses can be idedtifThe major impacts, however originate in vertitin,
which stands for energy losses due to leaking windmnd doorframes and other structural weak poimsile
the effects of ventilation may not be directly alited to the windows, the heating losses of veittilanay be
reduced by choosing adequate window types. Othgilyhisignificant impacts originate in losses frohet
heating system. These losses are directly relatdtketoverall energy consumption of the building.
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Figure 4. Contributions from construction elements and energy consumption to the global warming
potential of the above described multi-family building type (North Europe). Note that the energy
consumption from ‘'ventilation', 'others' and 'cooling energy' may not be allocated to individual construction
elements and are therefore presented separately. Displayed: contribution to GWP in kg CO»-Equiv./(m2*a).

Conclusions

Using a generic building model that has been desido incorporate all relevant aspects of residébtiilding
practice in Europe proved to be a viable way toreggh the task of addressing the environmental atspaf
residential buildings. Aiming at evaluating resitiahbuildings throughout 25 European countries, ¢tustering
into 73 building types and a consistent set of peaknd data is an essential precondition for theragch
chosen.

The results of the life cycle impact assessmetttirgfe exemplary building types show clearly thattise phase
is the predominant life cycle phase for resideriigldings and that special attention needs toitextd to the
reduction of losses of heating and cooling eneffggpecially the high environmental impacts from the
consumption of cooling energy highlights an isua is believed to gain significance in the futuae,indoor
cooling devices will become more available and héllmore often used. As the protection from heatnca be
accomplished with the same means as protection @wloh strategies and materials specifically desiyfor
serving as summerly heat protection may providsilida means for improving the environmental perfanace

of the building.

At least for some building types, heating energsés through ventilation appear to be a major aspdoe
addressed for both, the refurbishment of existinigdings, as well as for newly planned buildings.general,
the study shows clearly that options to improve eheironmental situation of residential dwellingsBurope
exist and that adequate measures can be and hbedaaken.

References

[1] European Commission (20018Breen Paper on Integrated Product Policgommission of the
European Communities. Brussels.
Online: URL: http://eur-lex.europa.eu/LexUriSertégen/com/2001/com2001_0068en01.pdf

[2] CML (2001): CML's impact assessment methods and charactenizdsictors Leiden University,
Institute of Environmental Science (CML).
Online: URL: http://www.leidenuniv.nl/cml/ssp/datdes/cmlia/

[3] Jolliet, O. et al. (2003)Final report of the LCIA Definition studyLife Cycle Impact Assessment
Programme of the Life Cycle Initiative. Lausannejtderland.



