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Abdract:

Intheframenark of the Gamen LEGOE project, anintegrated tod isdeve oped for computer aided architecturd desgn
(CAAD), quentity surveying (catd ogueof buillding demants), lifecydecodt caaulation and esimetion (condrucionand
refurbishmean), direct energy consumption (hedting, hat-weter, dedtriaty) and environmentd impect assessmant (Imess
flowsand effect oriented eva uation). During thedesign processthe architect worksin hisusud CAAD evironmant
with building dements(eg. onent of outer wall) whichin tum arecomyposad of detailed construdion spedifications,
enagy and massflow codffidantsand cost deta Thesedemantsarepart of anindgoendant catdogueof dementswith dl
thar rdevant deta Thedfferent goplication programsusethe samebes c detaand witethe pedific reutsinto apro et
Soadific databese cdled aPDB which dlowsthe compearison of theseddtato rference detafrom ather prgects
Evduation and visudisation programsrefer tothe PDB anly.
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1 Introduction

Thedesgnworld of achitedtsand enginearsisdienging. Privateownars locd planning authorities, industry and trade
representatives expect informetion on energy, ecdlogy and hedth aswid| espred secodsesimetes Inaddtiontothedill
dominant investment arientation, cogtsaigng during thewhalelifecydedf the building arebang taken into acoourt.
Thelegd sandpointsareevdvinginthesamedrection. The ELrapean, building product directive’ fomulates
eodogicd and economic asw| astedhnicd requestsfor olgectsproduced from building produds Thereguestsmugt be
fulfilled by thewhdeoject aswdl asby itsparts Today only few planning offices can provide complete and competent
information ondl theseagpactsinthedesign phese Thecodsof suchacomplex goproech aevary highand theresLits
aeoftennat rdidble Joeadigsarenecessary to goply desgntodsand Smulaion programs to compleethemissing
deta(often manuely) and tointerpret theresuits Thedocumentation and rating of theenvironmentd and economica
queity of abuilldngisinitsdf acomplicated task. For dl theseressons thereisahigh demand for complex toolsto
upport desgn dedsons They must guaranteethat previousevauation aiteria likefundion, form, and economy aemet
and nat negated by environmentd and hedlth protection egpects

Thegod of the Gamen LEGOE prgjet istheintegration of anecdlogica evauationinto normd work routinesand
todls(CAD, spedfication and quantity surveying) used by architetsand enginears Thisintegration will teketheform of
complexinteyrated design and congrudiontods Inadditionto usud building codt retesand parfomeance oattifications
thedesgnerswill be provided with thefallonving additiondl informetion during thedesign processwhichwill dlow a
direct fesdbeck:

economic dda (invesment and running cods)

eodogicd data(resource consumption and environmentd impedt)

enagelic data(absavancedf netiond lavsand ordinences)

hedlth deta(comfort).

Unlikein convertiond desgntods thewhdelifecydeaof aplanned condrudion ought to berepresanted. Theusud
work flow inbullding desgnwill bemaintained to kegp the adgptation difficuitiesto additiond problemsaslow as
possble

Hg. Lilludratesthecomplexity of the LEGOE goproech and therdationsbewean the differant components, Fg. 2
illusratestherdaionsand thedataflow between thedifferent modules Inthefallowing sadtions the partid modulesand
ther interactionwithin the LEGOE conogat areexplained morein ddtall.
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2 Srucdureand procedure

21  Bascdataonenargy, trangportation, meterials andwagtedimination

Thelifecydeandyssaof energy and messflowsaf building products; building partsand bulldingsasawhdlerequires
detaabout resource consumption and theenvironmentd impect resuiting from the preperation of find energy,
trangportation sarvices theextradtion and produdion of meteridsand wagtedimingion. Thesedatlaarekept ssparatdy
within LEGOE which dlowsfar anindependent and continuous updeteand improvement of thedeta. Thedetabesefor
building produds building processesand enargy sarvices can d o beimproved independently. Thedatafor thelifecyde
inventory and lifecydeimpect of building products are datained by recording the process dheinsand nat Smply by
teking detafrom literature Thisalowsfor agandardisation of assumptionsand aregular update of thedata, By prepaing
besic dataon anationd andlor Europeen levd (averagevaues), thelifecydeinvertary andyssand lifecydeimpect
andyssaf building products can begenerdissd. Thesame datasats can d o beusad for theenergy tranformation dueto
theusedf bulldngswhichraisesthe congstency of thelifecydegpproach. Intheframenork of LEGOE, besc ddacf
the Oko-Indtitut Damstack (GEMIS) [GEM95] aswell asthat of the ETH Zurich (ECOINVENT) [FRISE] areusad.



22,  Databasefor ecdogica and technical qualitiesof building products

Thetem,, building products, meanshuildng materidsaswil asbuilding parts compasitebuillding partsand
manufactured componentsaslarge asprefari cated houses Ecdlogicd detaare provided for thelevd of lifecyde
inventory andyssand lifecydeimpect andyss Thesearecdaulated by usng unifom besc daagoredinaDBMS
Sncethelinking of the processggpsaremaintained withinthe DBMS, an update of thedatagiodk (dueto dhangesinthe
processdhans) ispossbleat any time Thesysemlimit of thedetaaoquistion by the Bauhaus- Universtét Weamar
(induding additiond souroes) isthefinished building product & the producdtion Ste.corresponding to the gpproech, from
aadetogae’. Onthelevd of building produds thereisno continuousevauation of thelife (from cadeto grave). For
thephesssof lifedter the completion of the building, theuser can choosebetween various soenaiicsintheform of life
cydemodules Thesoenaiosindudeinformetion about theexpedted lifetime, themeaintenence srateyy, aswl s
possblekindsof recyding or wastedimination. Building produdscary informeation, which canonly beredigticaly
evaduatadinthefind context of thebuilding onitssite, tekinginto acoount locd condraintsand combinationsof
demants Inconduson, aunifom sgt of dtaisavaladlewithin thesystem limit of produdion (produdion Ste); for the
futureuse (forecest), different pethsareposshle

Theinventariesaof building materiasand building productsused in LEGOE represant anaveragelevd of tedhnology.
Thesevduesareussd intheearly design stegesin LEGOE. For the condrudiion Sages, additiond vauescan beusad for
particular building productswith knowninventaries Therewill adigindion of , averagetechndogy” ussdinthe
beginningand ,,best tedhndlogy* usadinthelatter phesssif possble Alongwithecologica deta, technical informetion
(eg for building physics) about building produdsaresored inthe DBM S, Bath ecologicdl and tedhnicdl detaarehanded
over todamentsusnganinterface

23 Bvauationproosduresof eMronmental impadt

LEGOE isnat limited to oneparticular evduation methad. It dlowsthe possihility to dhoose betwean severd methods
Thisresitsfromtheconvidion thet no consensuscan bereeched inthe mediumHtermwith repect tooneparticular
method. Smultaneoudy, itisassumed thet the differant adtorshave different information nesdswhich onesngemethod
cannat idy. A wider usein pradticewill dlow thejudgament of which methodsin the gpectrum of evaugtion methods
will bemogt ussful. Itisaparticular concem of LEGOE to initigte and to promate agod -finding-discuss on betwean
dients desgnarsand conauitantsand plannersthrough the sdection of eva uation procedures and impedt categories

Themodule, evauation proceduresand eva uation dad’ congsisaof asdedtion of known eva uation prooedures
indudingthereguired bescdda ,, Bascevduaion dda, aemathod-gpadfic evduation factarsfor Sngedementsof
lifecydeinventariesaswdl asweghting factorsof aggregetion methods It ispossibleto takeinto aooount edditiond
evaduaion methodsaswdl asto update known proosduresregarding their Spedific evduaion and waghting fedtors At
presant, thefdlowingevduation posshiliiesareavalade
- messflow

primary energy consumption

efed-oriented impedt categories

full aggregations (eco-indicator, ecdlogica impact points).

Energy pricesare managed ssparady to dlow different presant and future economic evaluation methods Al evalution
proceduresand eva uation detaaregrouped in agpeafic oftwaremodule

24.  Buldngdementsand bulding soedfications
LEGOE usssacadoguedf building dementswhoseattributes contain dl necessary lifecydegpedficinformeation. This



isthebed sfor theandyssof theeconomic and ecological consaouences of cartain desgn dedsonsbuldngover the
entirelifecydeaf thebullding. In curant practicebuillding dements describe materid and condrudivesalutions They
dlow theesimation of thebuilding cogtsand theplausibility of asdlution dreedy in early desgn geges Thelifecyde
evduaionismede possbleby theintroduction of energy and messflow data impect categaries, hedth agpetsandlife
cydesoanaios Usd dataliketedhnicd information and cogt ratesaremantained.

Thebuildingdemantsof thiscatd ogue are composed of building process adifications A bulldingdement destribesa
pat of abuilding resuiting fromasum of buillding processwhich areproportiondly necessary. Onthelevd of the
building process padfications it ispossbletoidentify thesngemataid processesnesded and to desribethemby the
necessaty quantitiesof maeridsusad (induding dl auxiliary materiadsand wegte) and of todlsand mechinesused
(induding thar energy consumption and their maintenance). Sncethebullding process padficaionsareassgned to
building demants thebes c quantitiescan becdaulated for thebuillding demantsand thenlinked to theeva ugtion deta
(messflow, primary energy consumption, effet-orented impect categories aggrepeteindicators). [BARSG]

Inorder toreflect thelifecydeof abuilding demat, additiond informationisneaded about thelifeexpectancy,
mantenenceand deaning cydes enargy consumption during use, recyding behaviour and gppropridedimingion peths
Throughthismethod, thetreditiond congrudiondementsfor bullding partsand tedhnicd equipment arecomplemented
by deaning, mantenence, rfurbiimant and demndlition dementswith thair edific st of evduationdeta Bemant
informetion refersnat only to the buillding process oadifications; but thedement catd ogue containsinformetionon
uccessonand thenaturedf thedfferent layars Intum, thisinformation dlowsthecdaulation of energy flow, vgpour
diffuson, acoudic pratedtion, fireresstanos condrudiontimeandthelike

25.  Buildngdesxiption

Theatributesof theluilding dement cata ogue can be usad to destribe buildings composed of building dements
However, thisdesriptionisnat uffident for oatainlifecydecdaulaions They nesd topdogicd informetionand
neighbourhood rdationshipswhich cannat bederiveed from thedement catd ogueattributes LEGOE isbessdona
CAAD sygam usngabuildingmodd which savesasaninput modulewhichisadeto sore, to manegeand tointerpret
geomelricd and samentic building informetion. Theusar can assodatedamentsdof thecatd ogueto thedementsof the
desgninthe CAAD sygtem. By thisprooanure, dl buillding dement-gpedific detaof thecatldogueareavaladleand can
beusad in combintionwith detat building level. Inthe case of topolagically independent ariteria, thequantitiesof
different buildingdementsand desses of damentsof thedesign areimmediatdy availableand canbetrandaredintothe
project-gpedific detabese (PDB). Thebuilding goadific topologica detaareused asinput for claulation methodswhich
requireattributevauesdf thebuilding demantsaswell asdatadarivableonly from thegpatid and Joeceendosing
druduresof thebuilding. Theintarpretation programs useacombingtion of buillding-gpeaific and demant-goedfic data
Inafurther devd opmant of LEGOE, thedesigntodlswhich area presant devd oped for new congrudionwill be
gopliedto patid or totd refurbisiment and transformeation of exigting buildings Thiswill dlow thegppredaion of the
eodogicd and economic advantages of reuse, refurbishment and new condrudtion and combainationsof thethree

26,  Searicsandruesof calaulation

Theresourceconsumption and resulting evironmentd pallution dueto theproduction of materidsand the congruction
process can be cond dered as an accomplished processwhichis " revieved”. Thegopreadion of thelifecydecan only
teketheform of agmulaion of uss, maintenance, refurbishment and wegtedimingion cydes Itisa'forecest” usng
ogaiosand assumptionsconcaming thefuture

Within LEGOE, asst of soanariosisavaladefor theuser. In addition, goedfic assumptionscan beformulaed. In
moddlingtheassumed lifecyde, thefdlowing aiteiamugt beestahlished: utilistioninduding agtandard-use.soanario,



conddered timepariad, trendsin cogt devdopment and condiions of finending (priceincreesssfinterest), levesof
equipment and procuremant (Soanarios of futuretechnica devdopments), cydesof deening and mantenance, oydesof
refurbishimant and typeof decongtrudtion, wagtedimination and Srategiesof recyding.

Inorder to deteminetheenargy and messflow dueto utilisstion, lifecydeinvantory andyssand lifecydeimpect
andyssisnecessary, coresponding to theeva uation of the condrudtion pheses Itisnecessary to provideruesof
cdauaionfor thedeemination of the present consumption of heating, lighting, ar conditioning aswdl assavicead
mantenance Wheressthedelermination of therunning energy consumption of room hegting and hat weter canbe
paformed according to netiond dandardsor intemationdlly adknowledged methods of calculiation, new procedureshed
tobefound far savice mantenance, and theuseof auxiliary energy.

27.  Buldngsmuation

Soadfic cdaulation programsare deve oped or extended to Smulaethelifecydedf abuildingwithregard to codts
enagy, hedttyoomfort and environmentd impect. Thelifecydecdaulaionsreguirethe mentioned pedfic desription
of abuilding rdated to ruesaof cdaulaion and pre-configured soanaios Thecd aulaion programsreguirethisdesaription
of thebuilding, extracted from thebuildingmodd of the CAAD sydem, aswdl astheddafromthebuildngdemeant
cadogueasinput deta. For eech cdaulation program, therepuired detaare prgpeared from the buillding modd detaand
doredinthecantrd datarepositary PFDB. Thedement-padfic datlaareavalablefor eech caaulation program through
thespedficlabdling of thebuildng dements

Indetail, thefallowing ca aulaions depending on the chosen soanaiosfor thelifecyde pheses of new condrudtion,
utilisation, refurbishment and demdlition areexecuted:

codsaccording to DIN 276 (investment costs) and DIN 18960 (useoods)

eodogicd indicators (messflow, primeary energy consumption, effect-oriented impact categories eic,)

hesting energy acoording to different, partidly fandardised methods of calaulation

enargy consumptionsfor room hegting and hot-waeter

dedricenagy consumption

water consumption

Thedaagenerated by thedfferent cd culation programsarestored in the PDB and areavallddleto the ather modules

28, Roomdmuation

Theeodogcd condruction goproach (esimation and evaduation of energy and messflow duing thelifetime) is
completed by an assessment of thehedth and comfort conditionsof theusars Theetimation of theenergy and mess
flow can bedonefar thebullding asawhde Theassessmat of thethermd comfort, theinterior ar qudity or, for
example theroom acoudicscan only beredised for peaificrooms Infuturedevd opment of LEGOE theroomsresLits
will beaggregated into esimationson the comfart quiity dasses (themd, acoudtic, etc) of thebullding. Inthe presart
vason o LEGOE, thethermd comfartinwinter iseva uated onthebedsof theavereagedimate assessmant = predicted
meanvate(PMV) and the predicted percentage of unsatisfied (PPD). Theevadudion of thesummer comfort conditionis
redlissd by cdaulaing the prabeble number of daysdf utilisstionwith undesradlehighintamd tempearaures
Theexamingtion and theassessmatt of theintarior ar qudity ontheroomlevd within LEGOE can only bedoneby
induding theinteradtionsbetlwean maerid dnaradteidicsof codtingsand the utilisation of rooms (parsons, user induosd
ar dnange) Co-author Dr. Litzkendarf & the Bauheus-Universtat WWamear deve aped the conogpt of an,,ecdlogicd
room schedule’. Using the current roomrschedule dataof exising CAAD todls hedth rdevant informationwill be
as3gnad to coatingsand ather endasang dements Combained with roompedific use soanarios Imulaionsof prabeble



conoantrations can be parformed and compared totarget values Theevduation of theaooudica quditiesof roomsis
bessd ontherevarbaraionime TE0.

Infuture devd opments of LEGOE, theseassessmentswill be completed by identifying weesk points(caculating of dl
goacesand marking of problematic arees), assessment of ar quiity bessd onamediumintemd qudity (besed on
TVOC). Theseassessmant will beindudein apaformeancerecard, theso caled ,, buillding pessport”.

29, Bwduationandinterpretation

For evauation, interpretation and, if necessary, modification, acomperison of cdculated detaand target vauesis
paformed. Thedfferent modulesoffer the possihility to definetarget intheform of legelly fixed vauesaswell asvaues
teken onreferanceby literature, and to comparethem visLaly to the c aulated results By decomposing thebuilding
dongthecod breskdown druciure DIN 276 (1.e by dements), it isposshleto defineand veify target vaueson partsof
thebuldng

Inorder to crestean ovaview of the calculated data, another module sarves exdusively to producethegrgphica
rgoresentation of asuboset of thesedatas Thissubset indudesall agpedts (cods hedt repuiraments enargy reuiramants
water consumption and ecdlogicd indicators) during theentirelifecydeof thebuilding.

210.  Produdionof documats
Onetask inthedesign processisthe preparation of documentsfor communication or authoristion (forms catificates;
etc.). Such documentsaredll frequertly prepered manudly or in Someautometic way not connected to abullding modd
(danddonesalutions).
Thepresant discussonin Gamany about building cattificates (Smilar to thedisoussi on around the GBC98 assessmant
framewark) congderstheestadlishment of the oatificatesa theend of the congtrucdtion process, but nat ssaninteyaed
pat of thedesgn process
Thegpproech of LEGOE incorparatesthe coupling of the produdtion of documentsinto theevauation and
Interpretation. Bassd onacantrd olject and dtaadminidration, information can begenerated, evaduated and assgned to
thenecessry documantsataewards Inthisrepact, the documents can begenerated by theplanner during thedesign
process”jugtintime’.
Fore<amle thefdlowing documentscan begenarated:

ohjett desriptionsand room planning schedules

room schedules(roombooks)

reportsof building cogsand of thebuillding usecodts (lifecydecoding)

gandard fomsonfulfillinginsulaion requiraments

enagy catificate

building oatificaterd ated or nat to the GBC'A8 ass=samant framework

evauaion of resource consumption and theresuiting environmeantd pallution

record of thedegyee of achievament of targets

Theachievament of pre-detemined target vaues can nat only be checked with LEGOE, but d o befully documented
for therdevant pheseof dedgonmeking.

3 Condusons

IntheR& D prgect LEGOE, thecdaulaion of codts energy requirementsand ecologicd evauationisintegratedintothe
desgnprocess Theattirelifecydedf aplanned buildingistakeninto congderaion. Thefird pradticetest inarchitecturd



fimswill tekeplacein thebeginning of 1999, Thefird market solutionwill beavailablefrom mid 1999.
Theextenson and devdopment of designtodlsishbessd onthar integrationinthe current codt bregkdown of the DIN
276 dandard and onrdated curant design practice Thisistheressonwiy it wasposshleto devd oprdaivey rgpidy
thesenew todsand to haveagood dhencein thar professond acogptance The LEGOE prget, whichismanly driven
by software devd opars hesdlowed thetrangtion of the.conogptud phesedf theresearch prgedtsOGIPDATO ad
KOBEK [KLI9g] toapremarket pheseof devdopmant within 2 years Thefird completegoplicationsof the LEGOE
conogat could tekeplacewithinthenext two years

The LEGOE prget isgpoonsored by Deutsche Bundesdtiftung Umindt. Thepartnersaf theprgect are:
Edition AUM, Ascona GbR, Software Sdoun GbH, 1EZ AG, Universitéat Karlsruhe BauhausUniversitat \Waner,
IBSJana, Architekturbiro Eble Architadurbiro Arnct.
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