LEGOE—-A COMPLEX DESGNAND VALUATION TOOL
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INTRODUCTION

The design world of architedts and enginears is chenging. In addition to the dill dominant invesment arientation, codts
aisng during thewhalelifecydeof the building arebaing taken into acoount eswel asecdogicd and tedhnicd requeststar
ahjects produced from building produds Therdfore thereis ahigh demand for complex tools to support design dedsions
They must guarantee thet previous evdudion aiteia like fundion, form, and economy are met and nat negated by
environmenta and hedlth protection agpedts

Thegod of the Gaman LEGOE prgject wastheintegration of anecologica evauationinto norma work routinesand tools
(CAD, gpadfication and quantity surveying) used by architedisand enginears Thisintegration hestaken theformof com
plex integrated desgn and condrudiontodls Inaddiionto usud buillding codt ratesand parfomance catifications; the
desgnerswill beprovided with additiond information about economic deta(invesment and running codts), ecologicel deta
(resource consumption and evironmentd impedt), energetic deta(obsarvance of nationd lavsand ordinences) and hedth
deta(comfort) during thedesign processwhichwill dlow adirect festboack.

Unlikein convertiond desgntoadls thewhdelifecydeof aplanned congrudion ought to bergaresanted. Theusud work
flowin building desgnwill bemaintained to kegp the adgptation difficultiesto additiond prablemsaslow asposshle

STRUCTURE AND PROCEDURE

Badcdataon energy, trangportation, materials and wasedimination

Thelifecydeandydsof energy and messflowsaf building produds; building partsand buildingsasawhderequiresdeta
about resource consumption and theenvironmenta impect resulting from the preperation of findl energy, trangoortation
HVices theextradtion and produdion of mataidsand wagedimingtion. Thedatafor thelifecydeinventary andlifecyde
impect of bullding produdsare datained by recording the process chainsand not Smply by teking detafrom literature This
dlowsfor adandardisation of assumptionsand aregular update of thedata Intheframework of LEGOE, bedcddacdf the
OkorIngtitut Damntack (GEMIS) [GEMI95] aswell asthat of the ETH Zurich (ECOINVENT) [FRI9E] areusad.

Databas=far ecdlogical and technical qualitiesof building products

Ecdogicd daafor buillding products (bullding materidsaswel asbullding perts compositebulding partsand
menufactured components) areprovided for theleve of lifecydeinventary andyssand lifecydeimpedt andyss Theseare
cdauated by usng unifoombesc datagtoredinaDBMS Sncethelinking of theprocess ggpsismantaned withinthe
DBMS anupddtedf thedatastock (dueto chengesintheprocessdhans) ispossble Thesygemlimit of thedataaoquigtion
isthefinished building product at the produdtion Ste carresponding to the gpproach “from aradeto gate . Bullding products
cary infomation, which canonly beredigtically evaluated inthefing context of thebulding onitsste Thereisno
continuousevauationof thelife(“fromaadetograve’) onthelevd of bulding products

Evaluation proosduresaof environmenta impact

LEGOE isnat limited to oneparticular evduation method. It dlowsthe possihility to choosebetwean severd methods The

module”evauation proosduresand evauation datd’ conssisof asdedtion of known eva uation proceduresinduding the

required besic deta Bagc eva uation detaare method-pedific evduaion factorsfar sngledements of lifecydeinventories

aswdl asswaghting factors of eggregetion methods At presant thefallowing evaluation posshiliiesareavailable
messflow



primary energy consumption
effedt-oriented impect categories
full aggregation (eco-indicaar).

Energy pricesaremaneged ssparatdy to dlow different presant and futureeconomic evduation methods

Buildingdementsand building gpedfications

LEGOE usssacadoguedf building dementswhoseatributescontain dl necessary lifecydegpeaficinformetion. Thisis
thebed sfor theandyssof theeconomic and ecdlogicd conssquencesof cartain design dedisonshullding over theattirelife
cydedf thebullding. In current practice building dements destribe materid and condrudivesalutions They dlow the
esimation of thebuilding cogtsand theplausibility of asolution dreedy inearly desgn dages Thelifecydeevdudionis
medepossbleby theintrodudion of energy and messflow data, impact categories hedlth aspectsandlifecydesoenarios
Uaud dataliketechnicd information and cogt retesaremaintained.

Thebuldng dementsof thiscatd ogueare composad of buillding processpadfications Ontheleve of thebullding process
oadfications itispossbletoidentify thesngemeterid processesnesded and to describethem by the necessary quiantities
of mataiasusd (induding dl auxiliary metarid sand weadte) and of todlsand mechinesusad (induding ther energy
consumption and thar maintenance). Sncethebullding process padificationsareassgned to buillding dements thelesic
quantiiescan becdaulaed for thebuilding dementsand thenlinked to theeva ugtion data. [BARSS]

Inorder tordlett thelifecydedf abuldng dement, additiond information isnesdied abauit thelifeexpectancy, mantenance
and deaning cydes energy consumption during use, recyding behaviour and gopropriatedimination peths Throughthis
method, thetreditiondl condruciondementsfor buillding partsand tedhnicd equipment arecomplemented by deaning,
mantenanceand rfurbisiment dementswith thar goeafic st of evaluation deta

Buildingdecription

Theattributesof thebuilding dement cata ogue can be usad to destribe buil dings compased of building demants Howveve,
thisdesriptionisnat suffident for cartain lifecydecdaulaions They nesd topdogicd information and neghbourhood
rdaionshipswhich cannat bedarived from thedement catd ogueatributes LEGOE isbessd onaCAAD sydemusnga
building modd which svesasaninput modulewhichisableto gore, to manegeand to intarpret geometricd and semartic
buildnginformetion. Theuser can assodaedemantsof thecatd ogueto thedementsof thedesgninthe CAAD sydem.
By thisprocedure dl building dement-goedific detadf the catd ogueareavallableand can be usad in combingionwith deta
a huldnglevd. Inthecase of tapalogically independent ariteria, the quantities of different building dementsand dassssof
damentsof thedesgnaeimmediady avaladleand can betrandaredinto the project-goedfic detabese (PDB). The
building spedifictopologica detaareused asinput for calculation methodswhich require dtribute vaues of thebullding
damentsaswel asdatadaivadeonly fromthegoatid and goeceend osng druduresof thebullding. Theinterpretation
programsuseacombingion of bullding-gpedficand dement-goedificdeta

Somariosand rulesof calculation

Theresourceconsumption and resuiting environmental pallution dueto the produdtion of materidsand thecondrudtion
process can be cond dered as an accomplished processwhichis™reviewed'. Thegppredation of thelifecydecan only teke
theform of agmulation of use, maintenance, refurbishment and wadedimingion cydes Itisa"forecest” usng soanaics
and assumptionsconcaming thefuture

Within LEGOE, ast of soenariosisavalablefor theuser. In addition, gpadfic assumptions can beformulaied. Inmoddling
theassumad lifecyde, thefdlowing ariteiamugt beestablished: utilisationinduding agandard-use-soenario, conddered
timepaiod, trendsin cost devdopment, levdsof equipment, cydesof deaning and maintenance, cydesaf refurishment
andwagedimingion.

Inorder to deeminetheenargy and messflow dueto utilisstion, lifecydeinventory andyssandlifecydeimpedt andyss
isnecessaty, corresponding to theeva uation of the congrudtion pheses It isnecessary to providerulesof cdaulation for the
Oetlermingtion of the presant consumyption of heeting, lighting, air conditioning aswel assarviceand maintenance Wheress
thedelemination of therunning energy consumyption of room hesting and hat weter can be parformed according to netiona
dandardsor intametionally acknowledged methods of caaulation, new procedureshed to befound for sarvioe maintenance



andtheuseof auxiliay energy.

Buildingsgmulation
Foadfic cdaulation programsaredevd oped or extended to Smulaethelifecydeof abuilding with regerd to codts energy,
comfort and environmentd impect. Thelifecydecd culaionsrequirethe mentioned spedific desaription of abuillding rated
toruesaof cdoulaion and pre-configured scenarios Theca culation programsrenuirethisdesription of thebuilding,
extracted fromthebulldng modd of the CAAD sygem, aswdl asthedatafrom thebuillding dement catdogueasinput
deta For eech cdaulation program, therequired detaare prepered from the buillding modd detaand Soredinthecantrd deta
repostary PDB. Thedement-gpadific dtaareavalladefor each cdaulation program through the gpedific laodling of the
bulldngdemants
Inddall, thefdlowing caaulations depending on the chosen scenaiasfor thelifecyde phases of new congruction,
utilisation, refurbishment and demalition areexecutedt:

cogtsaccording to DIN 276 (invesment cogts) and DIN 18960 (Usecodts)

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

hegting energy according to differant, partidly Sandardisad methodsof calaulation

enagy consumptionsfor room heting and hot-water

dedricenargy consumption

weter consumption

Theddagenaraed by thedifferant cdaulaion programsaredored inthe PDB and areavaladleto the other modules

Room dmulation

Theeoological congruction goproech (estimation and evaugtion of energy and massflow during thelifeime) iscompleted
by an assessment of thecomfort conditionsof theusars Theesimetion of theenergy and massflow canbedonefor the
buildng asawhde Theassessment of thethermd comfort or, for example, theroom acoudticscan only beredisad for
soadficrooms Inthepresant varson of LEGOE, thethamd comfort inwinter isevaduated onthebesisof theaveragevdue
of theintemd temperauresand thetemperaures of thebounding surfaces Theeva udion of thesummer comfort condition
isredised by cdaulaing the prabeblenumber of daysof utilisstionwith undesrabdlehighintemd temperatures The
evauation of theaooudticd quditiesaof roomsishesed onthereverbarationtime T60.

Evaluation and inter pretation

For evauation, interpretation and, if necessary, madification, acompearison of calculated dataand target vauesis parformed.
Thedfferent modulesdffer thepossihility to ddfinetarget intheform of legaly fixed vauesaswdl asvduestakenon
referenceby literature, and to comperethemvisudly tothecdculated reLilts Inorder to aregtean ovarview of thecdaulated
Odta, another modulesarvesexdusivdy to producethegrgohicd represantation of asubset of thesedata Thissubset indudes
al agpects(cods hedt requiraments energy requirements water consumption and ecdlogicd indicators) during theentirelife
cydedf thebuldng.

Produdion of documents

Oretask inthedesgn processisthe preparation of documentsfor communication or authorisation (forms oatificates ec).
Quchdocumeantsaredill frepuently prepered menudly or in someautoméatic wiay not connected to abuildingmodd (sand
donesdutions).

Thegoproech of LEGOE incorparatesthe coupling of theproducdtion of documentslike ogject desriptions, evalugtion of
resourceconsumption and theresiting evironmentd pallution and energy oattificateinto theeva uation and interpretation.
Basad onaoantrd abject and detaadminidration, informetion can be genarated, eva ueted and assigned to the necessaty
documentsaftawards Inthisregpadt, thedocuments can begenarated by theplanner during thedesign processjugtin
time". Theachievament of pre-deamined target vaues can nat only bedhecked with LEGOE, but dso befully
documented for therdevant pheseof dedson meking.



CONCLUSONS

IntheR& D prgect LEGOE, thecdaulation of codts enargy requiremantsand ecological evauationisintegrated intothe
desgnprooess Theentirelifecydeof aplanned bullding istaken into consderation.

Theextenson and devd opment of designtodlsisbesed onther integrationinthe current cost breskdown of the DIN 276
dandard and onrdated current design practice: Thisistheressonwhy it wasposshleto devd oprddivdy rgaidy thesenew
todsand to haveagood chancein thar professiond acogptance A firs complete gpplication of the L EGOE conoept besd
onthecatdoguedf buillding demantsand integrated todlsfor sdedtion of buillding dements cdaulation and interpretation of
oods enargy and LCA without usngaCAAD sygemwill bedevdopad thisyear.

The LEGOE project isgponsored by Deutsche Bundesstiftung Umwdt. Thepartnersof theproet are
Edition AUM, Asoona GbhR, Software Sdoun GimbH, |1EZ AG, Univer Stét Karlsruhe Bauhaus-Universtét Weimer, |IBS
Jang, Architekdurbiro Edle Architekturbiro Arnck.
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