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ABSTRACIENGLISH
For reading the Italian summary of the thesis, please see App8ndix

The research deals with project design management and sustainafiligfers to the
discipline & Technology of Architecture

Airport terminals are characterized Ibgchnical requiremergof a building whereas they
also are an infrastructure.The very first requirement in airport terminal designs to
respond todemand forpassengeair transport Thus,they mustaccommodate passenger

traffic, by ensuringan adequate capacity

But the real progressiotrend of future traffic demand igiot certair it is only possible to
issue d@orecastwhile bearing in mind that the future will possibly differ frgrojections

of it. Consequentlyan airportpassengeterminal has torespond to change, in order to
accommodate passengers in thember andwith the level of service requiredt has to
accommodatesuchchangingravel demand.

But how to face uncertain Howdoes an airport terminal effectively respondto the
main requirement which is to accommodate and process passeng#rsough a proper,
correct and effective design over its lifecycle?

Recent researchdevelopments suggest answer to uncertainty by adopting design
procedures for flexibility in building lifecycles Embracing change means$o face

uncertainty and giving the right inputs to desigproces®s. In particular operative

flexibility is required as an input to desigenable and make possibleroduct and
environmental flexibilitiesas a result.

Interesting approach andolution enabling flexibility as a design inpate suggested by
the recent research developments in life cycle costigging beyond its usual use as a
purely economic toolThe experimental methodologyf the Design Cataloguthas been
set upby anAmerican research teanm this frameworkapplied to aparkinggarage The
evaluation mehod supports the designer witforecasting possible future scenarios for

! cardin, De Néuille 2013

11



Universita degli Studi di Firenze PART O

Dottorato di ricerca in Architettura Abstract (English)
XXIX ciclo

the developmentof the building and with using this information as input to the design
process.

Theresearchaimes at adapting thismethod as a toofor the planning phasef an airport
terminal, focusing on the core aspects concerning tadoring. Indeed at first, he
geneil Cataloguenethodologyhas beerembedded withinthe general layout of aesign
process of an airport terminalThen, the model for the evaluation of economic
performance in the lifecyclecore of the methodologyhas beentailored to one specific
airport terminal. In the end, through a data collection on field and one iteration of the
model, the algorithms werembedded in a automatizedspreadsheetas a tool for the
pre-briefing (planning) phase

At the end of the research, strengths, weaknesses, opypaties and threats have been
identified andhighlighted. The discussion ofpossible @iture developments of th work
involves e.g.: the portability to other terminal cases; more tests for the validation of the
model tailored; guidelines for the applicatiai the results to other cases; exploration of
the full decision support level for the methodology; tool upgrading concerning above all
sheet C1; guidelines for the use of the toStientific dissemination of the partial results
was managed while the reaech work was ongoing.
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1. SCIENTIFIEOSITIONING

The researctrefers to the Macroarea 08/C1¢ Design andTechnological Design of
Architectureand classified within the disciplinECAR/12- Technology ofArchitecture In
this paragraph theissues expressed by the declaratory of thknistry of Education,
Universities, and Research (MIURhich the present research responds to, are pointed
out andanalysed

1.1. SCIENTIFIC AREA

The MIUR declaration about theisgtific and discipline contents of th#acroarea
08/C1¢ Design and Technological Design of Architecture, defihe following points,
concerning the TechnologicBlesign of Architecturelhe issuesoncerning Technology of
Architecture to which thisresearch respond$iave beerhighlightedin bold

A Disciplirary contents

A Thetools, methodsandtechniguesfor architecture desigrat each scale

A and techniques of transformation, realization, maintenance,
restoration/recycling and operation of the naturah@ built environment

A With reference to topics related to technological design of architecture
products,considering a performancéased design

A The ideation related to the constructive conceptiomf architecture
products

A Technological _innovation and _experientation, considering social,
economicand environmentagustainability

A Scientific contents:

A Technological history and culture of design and construction

27
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>\

>\

-

A

Scientific area

Study of building technologies and constructive systems in their
historical development

Study of natwal and artificial materials

Design and experimentation of materials, elements, components,
and constructive systems

Environmental design and sustainable design of buildings, included
their energy efficiency

Project design process management

Maintenance ad operation of buildings
Innovation of product andprocess
Critical evaluation of design alternatives

Demand dynamics, performance issues and control of architectural
and environmental quality

Representation of problems through engineering models

Laboratoy and in sitiexperimentations and data analysis

In order to provide the reader witha clear framework ando better introduce the

research,each of thepoints of the declaratorjhave beenrelated to the topics of this

researchand the chapters referringptthem.

Contents of MIUR Correlation with the research? Chapter/
declaratory paragraph

Discipline | The tools, methods The researclproposes a methodolog 4, 9, 10
contents | and techniques for -and related tool for including an
architecture design a ewlutive approach toproject design
each scale, management of a complex projec

With

reference to The methodologyproposed leads tc 4,5, 9

(airport terminal)

28
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topics related to
technological desigr
of architecture
products, considering
a performancebased
design of Dbuildinc
products

The ideation relatec
to the constructive
conception of
architecture products

Technological
innovation and
experimentation,
considering social
economic and
environmental
sustainability

Introduction
Scientific positioning
Scientific area

the acquisition of design requiremen

to be included in the project brief
necessary toachieve the operation

flexibility performance of the fina

building product (complex project

airport terminal), as a final answer t

the evolutive @proach to design

Beside the methodology propose 4,5,7,9
oriented to operation flexibilitydesign
requirements, the research conveys

new flexibilityoriented mind-set for

design conception

The methodology proposed by th 5, 6, 7, 10
research and the resulting desic 11
conception mind-set conveyed are

aimed atthe economic sustainability of

the final product asa consequencé¢o

the life cycle approach proposed

Scientific
contents:

Project design proces
management

Innovation of process

The research proposes a methodolo 4, 9, 10
that aims at optimizing project desig
management by th contracting
authority (referring to complex projec

and airport terminal designit is the

airport company;, and a new vision o

project design management, in whic

the methodology is framed. In
particular, the methodology seeks
requirements and needs tbe included

in the design brief in order to achiev

life cycle perspective in design itself.

The research introduces and transfe 4, 9, 10
a methodology and a tool that are nc
currently used in project design
management of an goort terminal

29
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1.2. SCIENTIFIC SECTOR

The MIURdJefinescontents of thescientific sector ICAR/1-2Technology of Architecture
in which the research islassified The contents arelefined in the following points the
issuego whichthis researchresponds have been pointed ourt bold

A Theories, tmls, methodsfor an experimental architecture at different
scales, based on theevolution of its use of the constructive and
environmental cocept, of the transformation and maintenance
techniquesof buit environment

A Technological history and culture of design

A Environmental design of elements and systems

A Technologies for desigrconstruction, transformation and maintenance
A Innovation of procesand organization of building production

A Demand dynamics, péormance issuesnd control of quality

In order to give a clear framewot& the readerand a better introductiorof the research
issue, each of the points have been better focused in relation to the topic of this research.

Contents Correlation with the esearch? Chapter/
paragraph

Theories, tools, methods for a The research proposes a methodolognd 4, 9, 10
experimental architecture a related tool for including operation
different scales, based on th flexibility in design of a complexoject (an
evolution of its use airport terminal), in order to answer to th
evolutionary nature ofthis specificsystem
(the continuous changing in traffi
demand)
Innovation of process The research introduces and transfers 4, 9, 10
methodology and a tool that are nc
curently used in project desig

30
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management of an airport terminal

Demand dynamics As previously underlined, the propose 4,5, 9
performance issues methodology seeksa new class oflesign
requirements to be included in the projet
brief, necessary taacheve the operation
flexibility performance of the final buildin
product (compéx project, airport terminal).

1.3. THE MAIN SCIENTIFIC PILLARS THE RESEARCPROJECT DESIGN
MANAGEMENT AND SUSNABILITY

According to Habermas (196®)e evolution of society, productionand administration
madethe construction sectoa complex systemGven thistransformation of the whole
building industry it hasbeennecessaryo expand research activitide eachof the fields
involved in thisnew complex system(etica, 1974)indeed n order to managend cope
with complexity it is advisableto embrace adsystemic approad) includingthe whole
system, witlout omitting any sub-elements.For instance, Wen considering a building
programme, a systemic approactntails that all the issues (social, environmental,
functional, economic, procedural, constructiaad aesthetig are examined and related
oneto each other (Spadolini, 1974).

Therefore, €chnology has the task to deal with this complexityanagingmore thanjust
technical aspectsaéthey are only a part of a wholecallingfor political, economicand
social choice The effects of every technical choice wilhdeniablyhave a consequence
on all these universegpolitical, economic, sociand willin turn be influenced by them
(Spadolini, 1974).

Technology, the study of applied science related to tfEsformation of matrials
into artifacts useful to men cover institutionally dairly wide scope of this field g
relations of cause and effectbecause only through this knowledge it is possiblg
operate thetransformations processes control

(Spadolini, 1974)
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In this general frameworthat depictsTechnology of Architecturas the subject having to

face causS TFSOG NBf | (A 2y Aartefaetddza BRIzt O IR 1VARWE 32 FA Ya
comprehensive and complex envimment (the construction industry)the two main

scientific pillars of this research are:

- Project DesignManagement

- andSustainability.

1.3.1 FOCUSON: PROJECT DESIGN MANMEGRT

DesignTechnoloy is a set of scienific knowledgefrom different disciplines, thause
techniques procesgs and tools to cope with constructiorwith the aim of optimizing
procedures, rationaling decisions and the choice of strategies (Esposito, 2010).

A process is a chain afiterdependentfacts In architecture it is a sequence foactions
necessaryfor the construction of a building (Sinopoli, 199f)is an organized sequence
of operatonal steps, leading from the definition of demand and needs to rthei
satisfaction (UNI 7864%).

Process and project design managemhbate beernwithin the leadingresearch patk in
Technology of Architecture since the second half of th&® 2entury. Zaffagnini et alii
(1971)were within the earlier authordo address the importance of an active raseh
concerning theBuilding Pocess andpossiblerelated took, in their contribution toll
Boomerang Tecnologico

Furthermore, Spadolini and theschool of Florencedefined and explored the issue of
Design Processand Construction one, and proposed the key role aldesign tool§ as
dnvisibleTechnologe< for the success of the finarchitectumal product. Active research
has beenoperated by Spadolini and itellows is this way. The effort to transpose
industrial mechanics into desigand constructiofprocesgsisa clearexample.
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Concerning desigffor construction) process, the Florengehool fixed tvo main areas of
research(Spadolini, 1974)

1. the early attempt toward exploration fields concerns all the predesign activity
that ends with the definition ofdesignrequirements

2. the secondattempt concerns the design activity dealing witine possibleshapes
and formsto answers to these requirements

For instancethe studiesof the FlorenceSchool concerningthe interpretation of the
needs conceived ashe basis for the whole design proceasd that are the history of the
performancebased desigrare referred to the first point The analysis of needsvas
indeed the starting line to identify desigequirements; thenenvironmental and spatial
parameterscould be chosen and €ieed, in order to dechre what the research called
Environmental Units. The main aiof these studies wago systemize the design
production, by proposng a ddescriptive modei as atool for the designerwhich the
designer couldhen transpose into aoperationalmodek (DelNord, 1974).

Therefore,Spadolindealt with procesgsand toolswhichare (i K S  dedcirges for the
control of all the transformation processs from the needs and requirements

identification to the completionthe final architectural product As a mater of fact,
architecture is generated by thgynergybetween visible telinologies andnvisible ones
that usuallyunderlaythe hard onegSinopoli, 1997)

Thewhole buildingprocess and the relations among its actors are the rationalization and
systemaization of knowledge, knosmow and resourceslevoted to the construction of

an architecture system, of any typolog¥very activity in the designas in the
constructior) processcan be considered asteansfer of information from one actor of

the procesgo another, always different in contents since opeoatl levelsvary as well
(Spadolini, 1974).

Therefore the correct reception, the proper transformation andthe right transfer of
information are necessary steptefiningthe quality of the final productThis makes clear
that an effectiveorganization of thewvhole Building lPocess from planning tocoperation,
is ne@ssary
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Project Managementfrom which stemdifferent methodologies foDesignManagement
overlooksan approachbased onprocessesProjectManagementis a set of techniques
guiding planning; organization; control; verification of the processes for the optimization
of resources, increase in effectiveness of design and a better flexibility (Cucurnia, 2010).
Project design management public worksis controlled and operated by the contracting
authority, whichin the case of an airport terminalesignprocess is the airport company
itself.

Failure inthe effectiveness of project design management leads tesigngap, that is
difference betwe@ design goals and final built results, as indicated in 2005 by European
Construction Technology Platform (Esposito, 2008)the building process, the main
critical phases are the ones characterized byhigh number of operatos and, as
underlined by stastics, thepoor coordinationwithin the teamis one of the major causes
of design mistakesDel Nord, 2008).These threats can be avoided through a proper
training of professionals and researchaimed atimproving efficiency in time, economic,
performarce ©el Nord, 2008) Gonsequently it is necessary tostrengthen the
effectiveness of the design phasasit is the informationcreation engine of the entire
process(Esposito, 2008 Moreover, the design phasshouldbe informed in the planning
phase, usig every tool and methodology available to create a complete set of
information and inputs(Esposito, 2010).

Managementof processess one of the issueéfisted in the documents of the ECTP
(European Construction Technology Platfarmbdefines a picture of mediumiong term
(until 2030)possiblefuture challenges for the constructiaindustry in 21** century (Del
Nord, 2008) As a result and demonstrationrgresses and their management have been
widely explored even by the OsDOTta(OSservatorio dei DOTti in Tecnologia
RSt f Q! Ndwork B thé ldsiyeabs.

Project design managemens one of the scientific foundati@of this researchindeed
the research proposes a methodolo@nd the related tod, for including alife cycle
perspective irproject design management of a complex projestarting from giving right
input during the planning phaseThefield testis an airport terminalThe choice othe
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airport design arearises frommany interesting featuresf this field forproject design
managemeniEsposito, 208):

International regulatory frameworkombinedwith anational transpositia
- Importance of a life cycle perspective in planning

- Sandardization of the design phase in typical steps (Mastergtam Planning and
Brief, Concept, Deiled design, Design for construction)

- Integration of knowhow anddifferent professionalsvithin the entire process

- Complexity of design, given the number of requirements to resptmdsafety,
security, environment, costs, management, operation etc.)
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1.3.2 FOCUS ONENVIRONMENTAL DESIGN

The European Uniontreaty of Amsterdam stated a&ey objectivethe sustinable
development, as in the EU Communicati@m the Sustainable Consumption and
Production and Sustainable Industrial Pogtion Plar(2008).

Sustaindle developmentaims at the continuous improvement of the quality of life and
wellbeing for present andfuture generations Global changes arincreasing and
becoming rapidfrom the melting of the icecaps to growing energy and reseutemand
(EU Communation, 2008) that makes this EU objective particularly challenging
Numerous actions have been addressed and planned in the intergéistsoafommon goal

In addition toan EEodesign Directive, the labelling of produeisd proper incentives, the
following main activities are promoted and supported by European Union, in order to
better achievesustainability

- Need forconsisten and reliable data andnethods, in ader to assess the overall
environmental performance of products

- Need forstrengthenng Green Riblic Procuremen{GPP)by voluntary measures
- Need fora better coordination withRetailers and Consumers

In this action framework, Europe has required an appro#dt includes a lifecycle
perspective, to be considered when dealing with sustainabilifyaking reference to
products, tie challenge is to create a virtuous circle: improving the overall environmental
performance of products throughout their lifeeycle, promoting and stimulating the
demandfor better products and production technologi€éEU Cmmunication, 2008)

A number of publications, research and studies have been camigdon the subjectFor
instance, the Buying Greaguidelineshave defined the steps to be made by contracting
authorities in order to achieve a green public procuremexmong these steps, special
place is reserved to the description of detailed and accurate technical specifications that
are necessary to address effectively the entire life cycle of the final productnWhe
possiblesuchapproach should adopt a cycle ciogt methodologyevaluating costs in the

life cycle (EU Buying Green,18). In order to facilitate the approach to life cycle costing
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by contracting authoritieshe EU has financed many studies. In particular the aim is to
create a tool to facilitate theuse of the LC(Life Cycle Costingpproach and to gaira
common methodology to beised in LCQGEU CommissioGPP meeting, 20)5The EU
Directive 240f 2014 states that he most economically advantageous tender from the
point of view of the contractingwhority shall beidentified on the basis of the price or
cost, using a costffectivenessapproach, such as lifeycle costingn accordance with
Article 68(Directive 2014/24/EArticle 67- Contract Award Criterja

In the European framework, the commonbjective of sustainability of products is
achieved through a life cycle perspective and approach, thamasle possible by
developing(and then using) tools such adgel.Gycle Costing, whose research has been
widely supported by EU in the recent years.

Sustainability has become a key issue in every decision field and the research community
should provide elements to determine what is sustainable and how to measure
sustainability through a scientific approachThe ife cycle approach is a method to
integrate sustainability in design, innovation and evaluation of products, services,
technologies, systems, siglystems. (Zamagri2013)

The importance of the issue of costs for definswygtainabilityof products is confirmed
and underlined by theBrundtland rgort (WCED 1987) that gives a picture of
sustainability as a combination of economic, environmental and social sustainaiility.
this frameworkthe economy is the evaluation of the produced capital, generated by the
application to the natural heritage fgproductive activities and able to produce other
capital.

The contribution of the scientific sector m these topics is clearly listed in the MIUR
definition of ICAR/12. lis based on a&ystem overview and a |Heycleapproach applied
to sustainabilityissues, an approach that hbasen typifiedfor some years now within the
LINE 2 S O (i Qthosedvé@dyhdBSgiplnSsidealing withchnology (Torricelli, 2015).

Then this research deals with sustainability of products (building products). It aims at
introducing a methodology for including a life cycle approagiven the evolutionary
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nature of a complex project as an airport termiah the building process, making
reference to the tool of life cycle costing.

ChapterKeypoints
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In this chapter the researchgeneral framework is defined, iorder to introduce the
reader to the main issues of this work: boundaries, objectives, recipients, results and
limitations, relatedto the scientific locatioras explained in the first chapter

2.1 BACKGROUND AND BOUNDEAS
The research makes reference to the European framework, now defined by the so called
Common Air Space. Air transportation is recognized as a focal point for Europe to
enhance economic growth of the nations, their connectivatyd sustainable mobility.
Then, the European Commission (EU Communication, 20fi¥gd targets for the
European common air space to be achieved within 2030 and concerning the issues of
capacity, qualityand environment. According to forecasts, Europe, ilation to a global
trend, will have to face a growth in the request for air transportation that will remain in
part not satisfied; theunsatisfieddemand for air transportation will be of 1.9 million
flights within 2035.To increase thecapacity of airpots in a so busy and congesl

transportation network isone of the main challengeslefined by the European system
O09dzNRPO2Yy iNRE &/ KIFIffSyadSa 2F DNRGSGUOIKEST HAMO!L

Within this framework defined by the European Commission concerning the entire air
transportation problem, the single terminal infrastructure @soinvolved. The air traffic
converges towards the airport terminal buildingnd the final usersg;passengersflow
through it and are processed within itheairport terminal building indeed responds to
anessential requirementhe need to process and accommodate the passenger trattic

is a boarding factory, born to address this ne@bsi, 2016) Theefore, the airport
terminal performance is measured towards the traffic demand before any other

requirement characterizing every building or complex project. The terminal responds to
this requirementthrough thecapacity performance
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This requirement is very critical: passenger traffic always changes. It changes within the
day, within the week, within thgear, andit is continuously evolvingfrom one year to
another. In particular global forecasts show air transportation demand increasing
worldwide, given the growth in world population, glotztion decrease in prices, etc

Sq the terminalhas to be &le to accommodate the traffic whenever and however it
occurs Then, the terminal has to evolveaccordingly in respon® to the demand.

Moreover, the real progression trend of future traffic demand is not certain; it is only
possible to issue a forecast whibearing in mind that the future will possibly differ from
projections of it.

This is what makes terminal design so challenging: a ternpiregentsthe technical
features and charactéstics of a buildingtogether with the evolutionary nature of an
infrastructure.lt follows thatthe designshouldcollect not only every requirement typical
of a complex building, but also the ones proper of an infrastructure.

Giventhis continuous evolution in capacity requirementieaminal undergoesmore than
one sevice life and a sequence of renewal phadasfore coming tothe end of its life
cycle.

So, how can a terminal building optimize its performanoespondingto this capacity

requirementand given thiscontinuous change in demand (and uncertain®y)

The terminalmust be designed tachange during time

Moreoverairport terminal is managed by private company. One of the main goals for an
airport company is theeconomic sustainability of the building and construabin
processes. Every new construction, renewaflacementis first of allan infrastructure
investment

Given theevolutionary nature of an airport terminalsdescribed beforea realeconomic
sustainabilityof a new construction, renovation or oth@dion on the terminal building
has toincludethe perspectiveof the entire life cycle of a terminalrather thanthe initial
cost of constructioralone In this way, the life cycle approach proposes the methodology
of LCClife Cycle Ctiag; UNI EN ISO 8686)for enhancing economic sustainabilityCC is
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usually used as a mere economic tool. Recent research developments suggest a smarter
approach, as a tool to aid to embeuhcertainty (in this case in passenger traffic demand)

in design.It could achieveinteresting results for development and control of terminal
projects, and to project design management in genehdlfe cycle approach devoted to

economic sustainabilitycould help project design management of an airport terminal

and decision making as vile

In the end, given:
- The dynamics of project design managemhin airport terminal design,
- The evolutionary nature of an airport terminal
- The need for economic sustainability of construction process

The mainresearchpurposeisto answer this questiorhow to include life cycle approach

as amethodology to optimize both economic sustainability andcapacity in airport

terminal desigr?

The main limitation of this workould bethe difficulty in identifying the path and process
of airport facilities develpment, given the scarcity of scientific literature. The research
has overmme this gap by using the field experience as sourceegkessarynformation
and data.

2.2 GENERAL ANLPECIFIC OBJECTIVES
The main objective of the researchto includea life cycleapproachaiming at flexibility

in project design and process managemeunitan airport terminal Besides, the research

aims at proposing flexibility in airport terminals to face effectively uncertainty in changing
of demand (traffic demand).

An airport teminal is a buildingcharacterized bythe evolutionary nature of an
infrastructure. This meanthat the main requirementhis building has to satisfy is traffic
demand. And traffic demand is in a continuous change over the y€arssequentlyan
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airport terminal needs to be adaptive ants design needs to considehe continuous

change of traffic that the building has smcommodate.

The specific objectivesre:

A.

To proposea new process conceptintegrating the Catalogue (Cardin,
2013) approach as a tolucated in a specific phase of the process.

. To gain portability of the Catalogue (Cardin, 2013) to a test airport

terminal,

Through the adaptation of the model for lifecycle performance and
economic effectiveness evaluation

. and theadaptation of a set of decision rules and planning variables, to a

test terminal.

. To transpose it into a spreadsheebl,

Through adata collection on field

. And through one iteration of the model concerning one scenario.

. Scientific disseminationand popular scienceof preliminay and finals

results of the research

2.3 RESULTS

In order to answer to the general and specific objectives explained beforegddbized

resultsof the researclare;

- The poposal of a new proceszonceptfor the case of an airport terminathat

includes tle Catalogue as a tool for the definition of design requirements

- Application and transposition of Design Catalogue methodol@prdin, 2013jo

a testairport terminal
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- Through the daptation of the model for the evaluation of lifecycle performance
and ecaomic effectiveness evaluation

- And the adaptation of the set of rules and variables, core of the methodology
itself.

- Collecton of dataon fieldand set up of tool through @est on aspecificterminal,
based on the model developed

- Dissemination of resealncresults through scientific publications and specialized
academic seminars

2.4 ORIGINAL FEATURES ANDIENTIFIC VALUE
The researclproposes an innovation in project design management of airport terminals,
identifying a suitable methodologyfor including lifecycle perspectiveand flexibility in
design and proposing its transposition to a specific airport terminal through: the proposal
of a process concept including the methodology as a tool for the definition of
requirements; the adaptation concerning therecof the methodology (the model for the
lifecycle performance measurement); and the transposition of the model intmk One
of its strengthsis the possibility of obtaining technical and scientific support from
stakeholders from the industrypamelymultidisciplinary design teams

The researchoriginates from an experimental methodologydiscussedin a 2013
publication The Catalogue methodology (Cardin, 2013) was applied to a simple
infrastructure, namely a parking garggehich makes the transpositioto an airport
terminal another original feature

The researchera/ho set up the methodology pointed out the necessity for more tesis
different cases in order to optimize and improve tverall The research follows this
suggestion for covering a $tilndiscovered field.

Then, the scientific adext is an open research issues well Indeedthe dnew generation
whole-life costingg (Fawcett, 2012)to whichthe methodologyalsorefers derives directly
from the standard life cycle approacklating itto flexibility requirementas well Such
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new approach is still open and object of actsmentificdebate.By dealing with this issue
object of active debate, the research acquires another element of novelty.

Another original feature is thapplication b a specific terminakhrough a field testAs
previously statedan airport terminal is a building characterized by the main need of
adaptation to continuous change in traffic demanthe said evolutionary nature of
airport terminalsmakesthem an interesing application testThe choice of a particular
field test, then, has been explained in ChapteA8.of todayprofessionals and architects
fail to include flexibility in design brief and make use of a dedicated methodology to
identify the right requirements and address decision makibtggainflexibility.

2.5 RECIPIENTS

Direct recipients of the research and of its results are:
- Researchers and research organizasioperating in the field of:
o Design and project design management of complex projects;
o Desgn and project design management of terminals;
Since they could develop the results of this work andbggondthem,

- Specialists and architectworking in airport companiesinfluencing decision
makingand implementingairport terminal development, sinctéhey could directly
use the results of this work (both thwilored methodology and the tool) for

professional purpose.

- Consultants working foairport companies and aiding therddressing decision
making anddefining the requiremerg framework and the dsign brief of their
terminal development projects

The potential funders of the future research developments are:

- Stakeholders from the civil aviation industry
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The professionals involved in development of airport terminals and design are the main

direct beneficiaries Researchersare direct beneficiariegoo, inheriting the workin order

to deepen and further develop it.

The indirect recipients are:

- Civil Aviation Authority

- Customers (e.g.: airlines, other companies operating in the terminal)

- Users (passgers)

- Designers

hyS 2F GKS AYRANBOG NBOALASYydla Aa GKS
infrastructure and controls the management of the airport compamhich is its
concessionairefFurthermore two other indirect recipients are custners and users that
make direct use of theassetand benefit from its effective design and performance.

/| A D

Lastly indirect recipients are also the parties involved in the process, first of all designers.

ChapterKeypoints

The general and specific objaats of the work are:

A

>\

>\

To include a life cycle approach in project design and process
management of an airport terminal.

To propose flexibility in airport terminals to face effectively
uncertainty in changing of demand (traffic demand).

To propose a new poess concept, integrating the Catalogue
(Cardin, 2013) approach as a tool located in a specific phase of the
process.

To gain portability of the Catalogue (Cardin, 2013) to a test airport
terminal, through the adaptation of the model for lifecycle
performance and economic effectiveness evaluation and the
adaptation of a set of decision rules and planning variables, to a
test terminal.

To transpose it into a spreadsheet tool, through a data collection on
field and through one iteration of the model concergirone
scenario.

The results achieved in the research are:
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3. METHOD

This chapter provides a description of the research design used which inchedearch
method;data colletion and methods for analysis.

3.1 THE RESEARCH DESIGN
A research method can be defined aset ofprocesses, principles and procedures tlaat
researcher uses to approach the problem and to find possible solutions. It can be seen as
a link between two partsthe problem examined, the aim andhé theoretical
understandingthe data collection and the analygiSterner, 2002).

The picture below exemplifies possible steysresearch designs relationto different
research problemgAndersson and Borgbrant, 1998terner, 2002 The steps adopted in
this specific researchave been marked.

TYPE OF THE METHOD ANALYSIS AND RESULTS AND

RESEARCH METHOD FOR DATA
INTERPRETATION
RESEARCH QUESTION COLLECTION PRESENTATION

Case studies Dialo Knowledge about
CHANGE OF What should within Oben aid Feedback changes in
PRACTICE be changed organizationsand :::,Iosed Deeper data processes
and how working " collection Working material
environments questions Seminars
Mapping Knowledge about
what Investigations Questionnaire Description of parts the studied
EVALUATION characterises Examining of ntery and entirety phenomenon
the object different objects nterview Causes and effects Internal and
studied public report
Knowledge Documentation of
DEVELOP Devt;zo::ent Studies of Empirical Combination of developed
THEORY OR of nZw published studies and known and new theories, concepts
MODEL theories and materials original sources knowledge and models in
i articles, papers
What Facts about the
characterise a Laboratory studies  Measurements Hypothesis tryin object studied
VERIFICATION P rying
specific Experiments Simulations Model building Scientific
function publications

PICTUREE DESEN OF A RESEARCHCGHEE, TXP GRAPHIC PROCESSROMTERNER, 2002
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3.1.1 RESEARCH DESIGN FEFSPROJECT

According tahe chartin Picture 1the research performed in this thessa combination

between cevelopment of theory or modebnd change of practiceTo support the

description of the methods and analysis models used herdétia research design is
illustratedin the following picture.

Tool set up and result analysis

Adaptation of DC

/\ Data collection

] New generation WLC study
(and DC!!)
Literature review

LCC methodology study
Literature review

J |_| _ Definition of terminal planning
and design process

PICTUREDESIGN OF THIS SPECRESEARCH PROCEBB CANDIDATE ORKGINELABORION

The research proposes an innovation in project design management of airport terminals,
identifying a suitable methodology for including life cycle perspective and flexibility in
design, and proposing itsansposition to a specific airport terminal through: the proposal

of a process concept including the methodology as a tool for the definition of
requirements; the adaptation concerning the core of the methodology (the model for the
lifecycle performancemeasurement); and the transposition of the model into a tool.
Contextual boundariesre the sector legislation and regulations, the airport terminal
planningprocess and the design one

The main steps of this research have been faced as follows:
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Definition of terminal planning and design process

A Thebasis for the research work is the understanding of the processes of planning
and of design. This has been achieved throaglesk research, by understanding
the main steps reviewing regulations, circulars aguidelines of theaviation
authority; and at last through field experience, bgocumenting how the two
processes operate when implemented by an Italian airport company

A Then,the life cycle of an airport terminal arttie causesetermining its evolution
have been definedhrough a literature review

LCC and ew generation WLC study
A Concurrently the work focuses on thapplication ofthe life cycle approach for an
economic sustainabilitgf the airport terminal developmentthe life cycle costing
methodolog is explored through monographies, regulations and attendance of
thematic seminarsLiterature concerning the new generation WL@/hole Life
Costing)and its recent developmentsvas reviewed, includng the experimental
proposal of Design Catalogue methdalgy.

Adaptation of DesignCatalogue methodology

A The model for the evaluation of the performance, core of fhesign Catalogue
methodology has been adapted to the case of an airport termifidlis has been
further explainedin the secondpart of this thess, in particular in Chapter 10’he
adaptation has beedone ona new airport terminal to be realizeid Italy within
2050

A Thetest casehas been selectedbecauseit is the only case of a new airport
terminal in Italy making reference to our regulatofyamework whereas the
other Italian upcoming works aremainly expansion or renovation oturrent
terminal facilities therefore not sutable for a general application of the
methodology For this reasorthis research acquires characteristics affield
researchtoo, facingand testinga specific terminal cas€hapter 8 introduces the
test caseThe issue of portability to other cases is explained in Part 3.

A Given this, thetailoring was done making reference to the annual repsudf the
airport company tht the field testmakes reference to.
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A Besides, the set of rules and variables making the Catalogue working was tailored
too.

Data collection
A Together with adaptation and tailoringdata collectionhas been driven. The
collection was managed using 3trateges: extraction of data from databases
concerning thefield test abstraction of data from existing document$ the
airport company interviewsof professionalgirectly involved inthe test caseand
working for its economic sustainabilit€¢hapter 1lintroduces data collection.

Tool set upthrough one iterationof the methodology
A Once themodel and the set of rules and variablesre adapted, a tool aiding the
applicationwastuned in spreadsheet.
A While being produced the tool was tested through the itgogiven by a data
collection on field and one traffic scenario, for functionality purpose.

3.2 METHODOLOGICAL CONERBTIONS
The researchis developed with an ouctive approach Indeed the application of the
Design Catalogue methodology, frameth a life cgle perspectiveis identified as an
interestingpossiblity of tailoring and applicatioto the airport terminal facilityThen, the
development of a model tailored on the airport terminal is possible through the
observation of reality, made with desk essch, interviews, access to documents and
data. In the end, the research leads to the formulation of a proposal.

Inductive research is concerned with observations of the world,to develop
generalisations and idea%Vhen applied to quantitative researchdbncerns exploratory
data analysis.
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Observations/Tests Pattern Theory

PICTUREINDUCTIVEPPROACH SCHEMEODURCE: REARCH METHODOLOGIHS

This work acquires the characteristics of a field reseasihce the test of the
methodology iarried outon a specific terminal facility cadés adjustment and the data
collection are oriented to théest case.

Field researis or fieldwork is the collection of information outside a laboratory, library or
workplace setting, through informal interviews, direct observation, participation in the
life of the group, collective discussions, analyses of documents produced within the
group, etc. The method isgenerallycharacterized as qualitative research and quantitative
research.

A disadvantage couldeside inthe distance of tis specificadaptationfrom a general
application to airport terminalsThis issue is developed in Chapgeaind Part 3.

Research validity can be internal and external. Internal validégls with how the
research findings match reality, while external validigals withthe extert to which the
research findings can be replicated to otheases(Pelissier, Q08). The validity of the
result is dependent on what is measurdéabllecteddataand adjustments of methodology
make reference to @est casepertaining tothe busiest infrastructure in Italy, and within
the top 10 busiest in EuropéAs explained in Chagt 8, the income and cost items
identified in the tailoring of the methodology are the common items for Civil Aviation
terminals, not depending on their size. For this reason, the structure of the model tailored
to the test case can b&ransferred to otherEuropean hubgsimilar to the test case in
size and to smaller Italian realitiesn any case portability should be tested though access
and use of statistics (e.g.: Airport Council International) as explained in Part 3.
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Research reliability is the degreo whichthe research method produces stable and
consistent results.The reliability of the result is determined by how the sputs
performed and how the informatiois collecied. This information making the framework
for the reliability of the data use isillustratedin Chapter8 and Chapter 11.
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PART

STATE OF THE ARURRENT PRACTICE REIDATED RESEARCH

Ly &aKz2NIX

In Partl the reader will understand and learn:
- The foundation of evolutive nature of an airport terminal
- How professionals and aiopt companies deal with this nature
- Flexibility definitions in technology of architecture
- Evolution of flexibility in technology of architecture
- Life cycle approach and life cycle cost methodology
- New generation of Whole life costing, until the Design ©afiae
proposal
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4. DEVELOPMENT PROCEB®R AIRPORT INFRRETCTURE

Chapter objectives

In Chapter 4 the reader will understand and learn:

- The main issues of the evolutionary nature of an airport

- How professionals deal thithe evolutionary nature of an airport

- The regulated path to plan the airport development in which
terminal planning and then terminal design is located

ChapterKeypoints

Due to many causes an airport terminal is characterized by an evolutionary
nature being atransport infrastructure. Therefore, the life cycle of a
terminal presents many serviceycles. These showrogressiveloss in
performance until the end of its whole lifigycle The main reason affecting
the evolution of an airport terminal ihe necessity of capacity adjustment.
Indeed he terminal responds mainly to a fundamental requirement: the
need for air transportation that is to say passenger traffic. The need for
processing passengers when and in the quantity that occurs as time goes
by. Planning must answer to this very first requirement as design must.

In Italy the regulatory framework consists in a very articulated planning
process of the whole airport infrastructure that each terminal design
activity is referred to. Airports are deed managed by airport companies
and owned by the State, and this relationship is regulated by the ERA
(Economic Regulatory Agreement).
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4.1 BEVOLUTIONARY NATURE AN AIRPORT

Airports are always evolvingThe @uses ofthis constantevolution are many and they
makeit necessary for airport compasto adjust the infrastructure subsystems &very

new verified condition.

Therefore design of airport systems ¢haracterizedy several uncertainty issuesirgt of

all trafficdemand, whichpresents a high degree of variability, and it is always addressed
and recognised by Airport Companies financial departments as the major risk factor
(Esposito, 2010)ndeed traffic demand is the issue that generates the requirement for
the realization of an airport terminal facility in which to be processed.

—

=== !
LEEL L LT T LIy

PICTURETERMINAL EXTENSIOQRKS IN FIUMICINGRRRDRT

4.1.1 REASONS AFFECTING EMBLUTION OF AN AR®T TERMINAL

An airport terminal has an interesting lifealy. It does not sufficedo considersolelyits
structural stability or the condition of its finishel$.must meet many morerequirements
during its life cyclethe first of which is naturally traffic demand, as this is the prime
reason for the existencef the terminal, along with accommodating and processing a
certain number of passengers.

Nonethelessmanyother secondarycauses determine the evolution of isgrvicecycles,
as described in this paragraph.
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The case ofhe air-transportation American narket isnow summarized. This markkas a
different history from the European onesincethe two do not share the same regulatory
framework In the US manyterminalfacilities areapproachinghe end of their desigiife

or are becoming obsoletd ACRP é&port 068) Given the trend ofthe American air
transportation market, today there are cases ofexpansionof terminal facilities and
adjustment of their capacitghat are not responding the real current traffic demand.
Indeed, dter the Deregulation Act a griod of expansion and growtfor all American
airports took place. But after this first interval of growth and apparent increase in traffic,
airlinescame intofinancial difficulties competition, growth of fuel prices, expansi@md
economic crisishave been the main causes As a result, merican companies have
reduced the requiredoverall traffic capacity Consequently,in some cases, spaces
dedicated to operation of these airlines have been reduced, so that many areas are now
over-dimensioneddespite the current traffic.

Thisexample clearly illustratelsow reasons affecting the life cycle evolution of an airport
terminal arenumerous And they are not directlyor better not entirelyconnected to the
technicaland architecturalperformance of the builthg. Indeed itoften occurs that the
components of a terminal facility reach the end of their life before the limit of their
structural reliability is reached, or before the endtbe designlife of the whole facility
(ACRP 068)

In particular, &cordingto Ricondo & Assodies (2012), factors contributing to the
developmentplanningof an airport terminal are:

TABLE CONTRIBUTING FACTODBAIRPORT TERMINMEVELOPMENT PLANNING

Category Contributing Factors

Business conditios | Governance Ownership and management
Airline agreements
Current and historical marke Aviation activity

conditions Airlines hub or focus city
International service
Aviation activities forecasts | Demand stability/assumption

(passenger characteristics O&D
share; fleet mix)
Strategic Plan Mission statement
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Vision statement

I A NLJ2 NI Qa aiNBYy
opportunities and threats
Definition of strategic issues

Long and short term goal
strategies, action plan
Performance indicators

Financial capaty

Quantifying current funding
commitments and future funding
availability

Increase in
diversification

revenues an

Other airport competition
Off-airport competition

Aeronautical vs. noaeronautical

revenue

Maximizing use of airport assets
Facility caonditions | Mission Capability

Passenger level of service
Capacity

Inventory of building, systen
and equipment conditions

Asset age and condition
Life safety and security compliance
Building performance/utilization

Capital Improvemen;
Programme developnmé

Activity timing
Land availability
Design alternatives
Costs

Benefits

4.1.2 AIRPORT TERMINAL LOPECLE

Given ths framework affecting the evolution of the airporterminal development the

service life of this system starts at the construction works detgm. At this point,

operative conditions, level of service towards passengers and reliability ofvtizde

structure are at their maximum levg]ACRPReport 068) Over time, this optimum

performance decreasedaintenance activities ar¢éhen implementedin order to bring

the terminal back to its original conditions. But original technical conditmarot be

wholly restoredJeading toa gradual loss in valus the whole building
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As timegoes by and with asset use, it beconmexessary to make a remation of the
terminal inorder to extend itsservicecycle. Anew service lifebegins at this point, as
shown by the picture below
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Construction
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PICTURETERMINAL BUILDINGEICY COEME/PERFORMANCE BHATXP GRAPHIC PROCESSI
FROM ARP 2012

Hence, asequence of refurbishment activities and renovation works on the asset lead to
a layout reconfiguration, a functional redevelopment and changesterior design. The
satisfaction of users (passengers) decreases, together with thedésgetvice and overall
userexperience. For this reason, after a sequence of renovations, the option to substitute
the asset could be an economic seductive alternative. Indeed technologies could be
more interesting and more environmentally and econoaily sustainable, and the overall
resultingcosts could be more convenient.

The following issuesouldalsooccurduringthis processdetermining the need foairport
terminal re-development(ACRP Report 068)
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TABLE2 MOTIVATIOROR TERMINAL REDEHMENT, SOURCE ACREPORES, 2012

Trigger category

Typical triggers

Building age and
physical conditiors

Life cycle of building and systems past service life midpoint
Regulatory changes

Building code changes

- Code requirementsriggered by new construction

- Building code changes (e.qg., life safety, seismic)

Air Service Changes

New or increased international flights

Recent declines or increases in airport activity

Changes in activity type (e.g., greater percentage of busire
tourist activity)

Significant change in connecting vs. O&D passengers

Functional
Obsolescence

Changes in passenger and aircraft service equipment and
procedures

- Passenger and baggage chatk

- Passenger aircraft boarding and-bdearding processes

- Increased demand for common use facilities

- Regional aircraft passenger loading bridge requirements
- Landside and airside concession locations

- Restroom sizing and locations

- Airline lounge requirements and locations

- Aircraft size and seating capaciiyanges

- Vertical circulation requirements

Changes in passenger and baggage security processing an
equipment

New concepts in concession services

Airport and airline employee security control requirements
Facility energy efficiency, 'green' and other DE#Hitiatives

Optimizing Use of
Multiple Terminal
Buildings

Declining or increasing activity levels by airlines leading to
facility utilization

Changes in activity by larger airlines resulting in relocation
smaller airlines

Imbalance in terminaloadway and curbside demand
Imbalance and congestion on taxiways resulting from airg
gate capacity constraints

Related Airport
Development and
Airport Master Plan

Nonrterminal airport development that affects the operation
site conditions of the teminals

Changes to airfield that constrain or expand terminal area
conditions

Changes to landside entrance and exit roadways or

65



Universita degli Studi di Firenze State of the art: current practice and related research

Dottorato di ricerca in Architettura Development process of an airport infrastructure
XXIX ciclo Evolutionary nature of an airport

automated people mover systems
Facility development adjacent to the terminal

Passenger Activity Changes in passenger levels of service caused by changes
Forecasts and Civic | activity levels
Agpirations - Master Plan forecasts

- Local and regional socioeconomic growth projections
Civic aspirations caused by changes (usually decreases) in
passenger levels of service

Civicaspirations related to terminal image and passenger
services offered

Avalilability of Funding | Availability of additional funds
Changes in activity levels affecting ability to carry or sell del

Airline Agreements Terminal development initiated by airks
Terminal development constrained by conditions and contro
in AirlineAirport Use and Lease Agreements

Any pdate in the regulatory frameworkustalsobe consideredn addition(e.g.: seismic
regulations fire regulations, etg. Moreover, gowth in air transport service of the airlines
operated by a specific airport determiseither an exceser alack of sufficient dedicated
space in the terminal building. Increase in number of boargiagsenges stresses the
terminal asset if it pushes thdimits of its capacityAnother factor needs to be taken into
account is dinctional obsolescen¢cedue to the changes of the conditions and negds
whereas the terminal has an original functional, interior, envelope design which is not
enough adaptive. Furthernore, several occurrences might take placéamges in
operations of airlines; evolution in technologies for passenger processauylatory
changes in safety and security; new services and devices to meet new nebdaisérs.
Ricondo &Associates (2(7) liststhe areasthat are more sensitive in terms of changes in
operation, technologies and needs:

A (Checkin hall: continuous improvement in Ifinformation Technologiep produces
new selfprocessing equipmerdnd a progressive decrease of spatial staddar
Goncessions areg(retail, food&beveragepeededbefore and after security

> >

Enhancedecurity control(body scanner; biometric data processing, etc.)

>\

BHS BaggageHandlingSystem)longer, faster and fully automated

>\

Boarding areasquipped with floathg gates
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This entailghat almost everyEnvironmental Unibf the terminal is potentially changing
alongwith new needs andlifferent modifications.

This complexityncreasesf a terminal system operates through a mitkrminal scheme.
Airline allocatbn can certainly changerequiring not only one building buthe whole
terminal system to be adjusted.

4.2 (QURRENT PRACTICEANCHG THEMOLUTIONARY NATURE AN AIRPORT

The continuous evolutionfirst of alldue to change in traffic demand and other causes
examined in theabove paragrapls, makesthe airport (not only the airport terminal)
design averycomplex issue.

Moreover, éairporté is a single word identifying one systerut the system is actually
composed byseveral infrastructurs: runways, taxiwayand aprons, airport terminals,
curbside ad access roads. Each one of them evolves in a differentawdypresentsits
own unigueneeds requirementsand the ensuing performanc¢as the hamburger model
effectively summarizes

This research focuses on tdesign of an airport terminal; thus every other infrastructure
belonging to the airport system will not be further analysed.

DEMAND

SUPPLY
PERFORMANCE

PICTUREHAMBURGER MODEEXP GRAPHIC PROGESISROM ESPOSITO, M210).
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4.2.1 HOwW TO DESIGN TERMINBAPACITY

As described before,rainfrastructure is designed and conceived to supply up to a certain
traffic demand its first requirement is to accommodate and process a certain traffic
demand. Thisule is alwaystrue and appicablefor the overallairport systemAn airport
terminal is indeed a factorydedicated to prauce boarding and de-boarding of
passengers within adequate standard Level of Services (LoS) (Bosi, 2016)

In compliance with the international standardet by IATA (International Air Transport
Association)all airport terminal sulsystems areproperly dimensionedby technicians
basically by UAT (Unit dkirport Termina) (Esposito, 2000-to be intended asthe
architectural Environmental Unitsin order to achieve due capacity.The capacitymust
respondto traffic demandforecastwithin the masteplan for the upcomingyears and iis

the veryfirst input to terminal design.Therefore, eactUATand the whole terminaitself

are designed to guaranteine expectedcapacitylevelfor the plannedperiod, according

to future demandtrends. GenerallyUAT Unit of Airport Terminal)is going to be over
dimensioned, while as time goes by and traffic increases this capacity is being saturated
until a further development aabin by technicians and planners.

Depending on theterminal considered UAT, dimensioningmodels refer to aircra
movements (movs) odeparting passengers (paxjorecass in order to find out the
required space for each functionThe main terminal UAT (e.g: checkin hall, security
controls areasand more in general any landside Uréire dimensionedn relation to
passenger@movements Aircraftsmovementsare used mainly to dimension airsideeas
(e.g.: boardingates.

The next picture illustrates the nmafunctionsof eachUATof a terminal.
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Passengetraffic iskept under controlboth by the airport companynd aitines as welllt
is an essential input for managing the terminal during its life cycle and an essential input
for new design activities, as explained before.

Control of passenger flows is managdgdaough high technology devicebat track said
flows from their entrance in the terminal to their departure. Passengers tracking is
constantly evolving subject, given the advanced industrial research in airpdtoimally,
data from the various flows treking checkpoints become part ofhe historical data bhse

of the airport and airlinescompanes The databases of historical traffic flows are the
basis for producing periodictiaffic forecasts.

Historical data and traffic forecasts make it possible to plan future terminal development,
with design brief ioluding every requirement about terminal spaces dimensioning and
designas final output The capacity performanagefinition within the planningperiod is
achieved through the dimensioning of the terminal system andJ#S. This is achieved
through the wse of proper international aviation standards and the quaestof
passenger traffic to hosturingtime-lapse

The mostrelevantdata for airport terminal systenandits UATdimensioningare:

A The busy day: the second busiest day of twerage week irthe peak

month (IATA, 2010)

A TheTypicalPeakHour: the busiest hour of the busy day (IATA, 2010)
Typicdly the busy dayin Europeis locatedin the aeronautical Summegeason often in
August.Note that the Typical Peak Hour is not the peak hour over & y#herwise the
terminal and itsUATwould be designedo be excessivelypver-dimensionediowards an
average flow

Picture 7 shows the traffic during the busy day and the peak hour of the busy day, which
is the TPHP.
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4.2.2 TRAFFIC FORECASTS

It is now clear that thenost important input to airport terminal design is thecapacity

As other requiremens expresséd in the design brief, the capacity need arises from
previoustraffic dataanalysisactivity. Indeedplanning(pre-design) and design of future
terminal renovation/ construction activities relyn forecastsof future passengetraffic,
produced by the airport compargnalysis

Traffic always evolvesand the global trendshowa general increase in demand in the
next future due to thegrowth in population and in the number of people that can afford
and want to globallytravel byair, as in the following pictures from ICAO (International
Civil Aviation Organization).
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Yet,designinputs are currently based on forecastsThemost significant and imtresting

factor is that by observingdifferent forecasts referring to the same airportand

produced in a sequencewith intervals of a few monthsit is possible tadetect quite

relevant differences as shown in picturell. The forecasts differ from one another, even
if produced within the framework of # same airport company and by the same
company technicadtructure.
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Therefore, on one hand forecastsdssenger traffic demand are the cornerstone for the
definition of the main design requirement to be introduced in a design brief: the terminal
capacity. But on the other hand, it is clear that forecasts are not certairsetbeuld be
denied by theammediately following forecasts or by the final traffic numbers achieved in
reality.

Then, the question is easlyow could planning and desigrecognize and deal with this

uncertainty in forecast dat&
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The text has been addressing the general modus operand@uipe and worldwide
concerning airport terminal planning. From now on, the paragraphs are going to focus on
Italy and its regulatory framework.

4.3 REGULATING AND ADDBBESSTERMINAIDEVELOPMENN ITALY

According tothe ERA (Economic Regudait Agreement) aport development is promoted
by airport company TheAgreemen regulatesthe relationship between the publi€vil
Aviation Authority (the owner) and the privateompany (theconcessionairge The process
generating airport developmer(ENAC, 201%omprehendsthese steps

a) Planning and programming (strategic phase);

b) Design (ideation phase);

c) Gonstruction (execution phase);

d) Operation (maintenance, use and control);

e) Decommssioning (reuse and recycling).

In bold the steps object of this research, furtremalysedlater. The design phasfb) is
strictly connected to the important phee of planning and programmin@). Indeed
design outputs derive from planning and programming inputs, declared into the design
brief documentation. Moreover, planning (a) and design (b) processesare both
characterized bya continuous information exchange betweéme airport company and

the public authority. Specific milestonegthin the planning proces§a) are set up, in
order to allow the airport companio share the main écisions concerningpfrastructure
developmentwith the public authority Check and controhctivities are carried out by the
Qvil Aviation Authority duringthe entire processin addition to checksat the end of the
planning phasandof each design phas
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4.3.1 PLANNING AND PROGRANNG PHASE

The planning and programming phase the framework of the whole airport
dewvelopment It is thebaseof every activity of improvement and maspanning of the
airport infrastructure, the terminal building included. This phaseregulates the
commitments of the airport company, in terms of infrastructure works for airport
adjustmentand development durig the entireAgreementperiod.

Twotypesof contractbetween theQvil Aviation Authority and the airport companyre
possible(ENAC, 2015)
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- Notwithstanding (ledicated only to companies managing Rome, Venice and
Milan airporty, with a period of effectiveness of 10 years and completely
managed by the public authority in contract and tariff issues;
- Ordinary (all the other concessionaires), with a period of effectiveness of 4
years
The ERA (Economic Regudat Agreement)specifies ams and targets for the contract
period, in relation to national and international overview. It disciplines the tariff
framework, the investments plan fulfilmentconcessionaire quality and environment
goals compliance.
Focusing on the implications of the rdoact on infrastructure development, this
documentregulates the obligation of the concessionaire to realize all the works related to
goals compliance, in terms gjuality, level of service to passengeend environment

safequard

DEVELOPMENT PLAN

The dvelopment plan is the following reference documentdescribing thewhole
infrastructure development and regulating th&llowing steps ofplanning and design
proceses

The masterplan is thgeneral reference documensince t describes anglans project
development phasesn the longterm. The masterplanENAC, 2015jocuses on the
development phaseto be completed within 10/15 year®llowingthe completion of the
plan. Referring to the Italian urban regulatory framework and terms, an airport
masterplantakes the place of #@iano RegolatoréL. 351/1995)or any further urban
planning regulation adoptedThe actionsthat it describesand outlines indeed are
motivated by public utility andby the need for air transportation so thateachexpansion

of the arport boundaiesdescribed in the masterplan is allowed even on private areas.

The nmasterplan is the document that describes the main issues concerninghe
development of airportsgvery activitypromoted within the masterplans motivated by
traffic forecastsof passengers and movements, beside the company development target
about the whole airport. The main concern of masterplan isegpond tothe need for

an_adequate Level of Service (LoS) to passengersthrough the formulation of
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developmentstepstherein listed and proposedis response tothe public need for air
transportation.Masterplanalsoaims forthe criticaltarget of satisfying safety and security
issues.Lastly, t also correlates the airport to thetransportation networks andaccess
roads and to environmental restrictiongs well

wm
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PICTURE3 THE MODEL GHUMICINO AIRPORT $TA&RPLANSOURCE: AEENAC ERA

FOURYEAR PLAN OF WORKS

The planning documentation is &amework that describs and guids the economic
investment towards the development activities (and the related works) devoted to
answering the need for an adequate level of service to passerigehsdngthe four-year
plan of works

The bur-year worksplan consists inthe investment plan that theairport company
elaboratesduring the Agreementperiod. Tke plan is drawn upin compliance witha
programme shared between thpublic Authority and the airport company itself. Tre
document describes the design, work andliye milestones leading to the compien of
each investment aabin proposed in the Masterplan.
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ENVIRONMENTAL SAFEGRIAPLAN

Thisdocumentregulates the environmental goals of tlagport companywith respect to
the public Authority. Theobjective of tle documenttion is to verify and mitigée the
environmentalimpact of the airportaccordingly with regulationf kconsdered as target
the aim couldalso be to improve the environment quality of the surroundingsith
specific actionsluringthe concessiorcontractperiod.

HNANCIAL ECONOMICARNL

Through the Financial Economic Plan theport must demonstrate its capabilityof

achieving the goals that ka been fixed in accordance with theublic Authority. This
documentexplores and justifies theconomic sustainability of the development &xts

list provided in he four-yearplan.

ENVIRONMENTAIMPACTASSESSMENT

The EIA(Ehvironmental Impact Assessmergjocedure is the last main stejaddressing
the planning phaserequiredby the Italian regulatory framework

The core ofan EIA is the Enronmental Impact Study, whicprovidesall the necessary
technical information about environental impacts of the planned development activities
and works The Studys the foundation for the assessment ahe whole environmental
compatibility. Providedthe full completion ofsuchadministrative procedure thanalytic
environmental impactgeport are assessed and the related works are approeed
allowed to start

4.3.2 FROM PLANNING TO DE&SI FIXING REQUIREMENIEBSIGN HAS TO MEET

The steps describedn the previous paragraph define and regulate evergcessary
further step (from design to operation) for the adjustment of the airparid of its
systems in order to respond to the requirement of traffic demand. Teashaction that
will be carried out through design first andonstructionlater - is properly described and
financially validatedEvery actionis incorporaed in a programmeestablished upon a
timing sharedwith the public Authority. Moreover, hesewere allrelated to planning and
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developmentgoals of the whole infrastructureTherefore, from a general framework,
described by the masterplan and relatedocuments originate single specific
interventions.Eachone must meet speciftationsaccording torequirementsthat caused
their occurrenceHence, more accurate planning activity must be finalized by the airport
company in order to make the design phase effectively start.

The airport company haghe very hard taskto translate the general goalsvithin the

four-year plan, the masterplan and the werall issues related tthe singleactivities into
cleartechnical specificationgddressed to thedesignet

The equirementlist must be clearly identifiecand conveyed to the designer through the
kick-off document asdesign brief DPP- Documento Pretiinare alla Progettazione This
is the direct design starif the designer isinternally entrusted with the process
Otherwise, in case thedesigner isgoing to beseleced externally through a public
competitionthe requirements must be detailed the technical specifications

Thesedocuments(design brief and technical specificatiorasg the final outputs of the

planning phaseand, at the same timethe very first step of the design phasé&he needs

and requirements contained in these documents areettkey information and design

inputs for granting a design process addressed to the achievement of a good

performance of the final architecture productEvery qualitative and quantitative

requirementand specificatiorhas to be clearlptudied, examinedind explainedbefore
the conclusion of the planning phase and the start of the design phaddtionally, it
should be stressed in the brigh order to describe théesiredfinal product as accurately
as possible and in order to address the desigmeneditely.

79



Universita degli Studi di Firenze State of the art: current practice and related research
Dottorato di ricerca in Architettura Development process of an airport infrastructure
XXIX ciclo Regulating and addressing terminal development in Italy

DESIGN BRIEF

DEMAND
SUPPLY

PERFORMANCE

DESIGN SOLUTIONS

PICTUREA HAMBURGER MODREPRESENTING PLARNIS DESIGN PHAGERP GRAPH
PROCESSINGOM ESPOSITO, 2@BNDGETI ET A2005

During the final step of the planning phasescarding to thelevel of the specific
development action (e.g.: building a new terminal is very different from refurbishing an
existing one, evenf they are bothactions described in the masterplan) and making
reference to the case of an airport termirtale airport companycouldidentify qualitative
issues such aspecific requirements concerning tianctional layout;specific needs in
terms of finishesin order to optimize the quality perceived by passengesgecific
requirements aboutfurniture and equipmentfor a good performance of the terminal
UAT Moreover, the airport company maynderline all the quantitativerequirements
such asdimensioning needs for each of tH@ATof the terminalinvolvedin the specific
development action according to international standasdand to international best
practices timing for works; expected amount for each wa&tegory

The more thoroughly the intervention is described, themore correct, responsive,
addressed and controlled by the airport company Wik design and themore will the
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final product meet the clintQ &he airport company, agoncessionaireand the Quvil
Aviation Authority, asthe@ Y SN | YR (KS dzageddNad O0GKS LI &a:

4.3.3 DESIGN PROCESS

The designer, referring to thepecificationsby the design brief, carries on ththree
design steps required:

- Feasibility study,

- Detailed design,

- Design for construction

Each design step mube approved by the airport company operates asconcessionaire
appointed by theQuvil Aviation Authority. Its task isto promote and supervise the
development of the infrastructure for the satisfaction of usarsoin order to respond to
the necessif to meet the public air transportation need\fter the approvaby company
the designoutput must be approved by th@vil Aviation Authority too. This means that
from the starting point of eaclof the three designphases to the final approval a
continuows informationexchangeand decisios sharingtakes placebetween the owner
of the final product(the Authority) andits concessionaire (thairport company) This
synergy verifies during the design phass much asduring the planning and
programming phasethrough this informal interaction every further design requirement
is defined for proper inclusion in th&ojectdesign

So, wiile the designers in chargeof drawing up all the design documentation for each of
the three design stepsfdasibility stug; detailed design;design for construction), the
concessioaire has the rolef:

- Managing the whole design processcontracting authority

- Assessing the coherence with aeronautical norms

- Approving and alidating each design stequtputs.
At the end ofeach desigmphase the public Authority approves the documentation or
asks for technical idepth studies.
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4.3.4 PLANNING AND DESI®ROCESS ACTORS

The development process is complex and structured. The airpoadnistituted by several
systemsets given themany infrastructure issues involved. Moreoyéne regulatory
framework is also quite complex and it definesthe process for managing the
infrastructure and its developmentin view of allthis, the actors that interact in the
processhat wasdescribed bére are summarized below:

- The concessionaireompanyhas the role of thecustomeror promoter, since

it is the onewho promotes the interventiongor developmentasregulaied by

the ERA (Economic Regutat Agreement) Theairport companysupports the
needs of the ownerPublic Authority). The public need for air transportation
must be met and granted first the financial needs of the concessionaire
notwithstanding.

- On the other hand, theAviation Authority has themain role of approving
authority. It hasto approveall the activities, programmes and plans, and
the endthe design documentation too. It gives any authorizattonmove
forward in the development processnlcase approval is not given, the
Authority requires technical ilepth studies omodificationsto the proposed
planor projectdesign(depending on the phase).

- Moreover, every authorization concerning special issues requirespttoger
Ministry nulla osta For instance, o development activity can be carriexit
without a positive conclgion of the Environmental Impact Assessment
procedure

- The airport company is theprocessmanager responsiveof and coordinating

the whole processes of plaing, of design- but also construction and
operation.

- Third parties such asengineering and archetture societiesare contractor
designers

- The finalusers whose demands and needs the planning and the design
activities are tailored to satisfy, are the passengekstually, i should be
noted that from the standooint of the airport company the final sers are the
airlines; theyare the ones that, by choosing one airport or anothaing their
own customers,which are passengers, with them. But for simplification,
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passengers are the final user to be consideredthe process, from a
performancebased @sign standpoint

PROCESS WORKS
MANAGER MANAGER

GENERAL
CONTRACTOR

PUBLIC
AUTHORITIES

SUPPLIER +
PRODUCER

PICTURES PLANNING AND DESIFROCESS ACTQR3P ORIGINAL &RHIC PROCESSING
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5. HLEXIBILITY IN TECHNIGBY OF ARCHITECTURE

Chapter objectives

In Chapter 5 the reader will understand and learn:

- The main definitions for flexibility

- The possibilities of translation of flexibilities imdustrial
production to flexibilities in architecture

- The academic and design research experiences of thaadf of
the 20" century, defining product and process flexibility in
architecture

- The contribution of the Italian research to the evolution tket
issue of flexibility in architecture

- The basis of the need for a more defined, focused and effective
approach to flexibility

- The concept of operation flexibility

ChapterKeypoints

Flexibility is a concept associated to the industrial production. In
architecture definitions of flexibility are mainly related to:

- Product

- Process

- Operation of a building
Research concerning flexibility was born in thd" 2@ntury and continued
worldwide until today. Italian contribution to research has been dominant in
the second half of 2D century, when Spadolini and i&hool developed
academic and design research concerning industrializatioarchitecture
Efforts then were spent into process management and industrialization of
design process. In this frameworkopiuct flexibility was explored together
with process flexibility. Recent research addresses flexibility as a more
complex issue, that has to go further and first of all understand that there is
no possibility to know which changes architecture should féeéng
GFft SEAO0ESED 1A a22Yy lrecogrsEihtchitdcyigd @ 2 1
should make an effort in order talsoachieve operation flexibility in order
to better respond to the desirable and advantageous, but still not
determined, requirement of prduct flexibility.
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5.1 INTRODUCTION TO FIEKITYDEFINITIONS FROM TINBUSTRIAL FIELD

Flexibility has been deeply exploredproduct manufacturing, in connection to the issue
of industrialization. Browne et al. (1984) ral Sethi (1990) defined the flexible
manufacturing system asn integrated, computecontrolled complex of automated

material handling devices andchumerically controlled machinetools that can

simultaneously processnediumsized volumes of a variety gfart types They also

classified manufacturing facilities in:

TABLEB CLASSIFICATION GEXFBILITNW MANUFACTURINGXP GRAPHIC PROCESSROM SETHI

1990

Class

Description

Machine flexibility

Material handling
flexibility

Operation flexibility

Process flexibility
Product flexibility
Routing flexibility
Volume flexibility
Expansion flexibity

Program flexibility

Production flexibility

The capability of a machine to perforuifferent
kind of operations

The ability to move different part types efficiently
for proper positioning and processing through the
manufacturing facility it serves

The ability to interchange the ordieg of several
operations for each part type. (The ability to
produce a product in different ways.)

The ability to produce a set of part types with
different materials, in several ways

The ability to add a new seof products in the
production system.

The possibility to handle breakdowns and to
continue producing the given set of part types.

The ability to operate a system at different
production volumes.

The capability of building a system aexpandingit
as needed, easily and modularly.

The ability of the system to run virtually untended
for a long enough period.

The number of products that a system qanoduce.
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The ease with which the manufacturing system car

MLl adapt to a changing market environment.

Flexibility, being apillar of industrial productionwas transposedin many other
engineering fields, among which building and arattitee.

Component or
basic flexibilities System flexibilities Aggregate flexibilities

Organizational structure

|y

m Rout|ng

—_—

i m

PICTURESG CONNECTION AMOBRG-FERENTYPOLOGIES OF FILBNIY TXP GRAPHIC PROQESSI
FROM SETHI 1990

5.2 WHICH FLEXIBILITYAGHIEVABLE IN ARCECTURE
While this classification by Sethigtear and effective for industrial products, some of

these definitions can be applied to building prodsitio.

Flexibility is connected to the concept ©pen Building, thatwasconceivedn the second
half of the 28" century, and progressivelyconsolidaed up to this day It indicates a
number of different but related ideas about the making of environment, such as:
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A The idea of distindievels of intervention in the built environment (e.gifference
between'support’ and 'infill’)

A The idea that usefsnhabitants may make design decisions about the building as
well, according to their needs

A The idea that, more generally, designing is a process with multiple participants
also including different kinds of professionals

A The idea that the interface betweetechnical systems allows the replacement of
one system with another performing the same function

>\

The idea that built environment needs to transform

>\

The idea that built environment is the product of an ongoargl never ending
design process in which envimment is transformed part by part.

Architecture has explored more degrees of flexibility in the last decadbghwill be
further addressed in the next paragraphs. In particulagking reference to the Sethi
classificationattention has to be focusedro

- Product flexibility
- Expansion flexibility
- Operation flexibility

Typicalin the housing projects and above allthe industrialization research effort of the
second half of 28 century the need for spaceustomizationand for producing many
different buildings by using the same prefabricated moduleshiswnrelated to product
flexibility. Building wers (inhabitants in case of housing) want to customize the spaces in
which they livein consonance witltheir needs. Moreover irighly standardised pubdi

hub programs (e.g.socialhousing programs) there coularisethe need for producing
different typesof house,in keeping withdifferent kinds of final usersput usingthe same
constructive components. For both these reasons architsbtauldconsiderthe needfor
product flexibility in their design activity.

An evolutive system needsxpansion flexibility The faculty of the user to expand a
buildingshouldbe included in the design requirements by architects. Expansion flexibility
is related to the isue ofprocess flexibility expansiorshouldoccur whenever it is needed
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and in the way that is neededt. may implicate the necessity groduct flexibility in the
short term in order to gain expansion flexibility the long term when expanding a
building a former functional layout could beme obsolete with resped¢b the new asset
and couldthusneed a reorganization.

When consideringevolutive systemsit should be noted thathey usually exist tdulfil a
main, single and fundamental requiremerRekvant cases might be thoseof schoos,
hospitak and airport terminak, etc. Each one of these evolutive systems has to
accommodate a specific target of users tlaat subject tochange as time goes by. These
changesof the main requirementsare the primary uncertainty factors concerning their
design.Looking at uncertaintyarchitects have to consider one more element in their
design:operation flexibility. Operation flexibilitycould beenabledthrough expansion,
process and product flexibility.

PRODUCT EXPANSION EJ_L] PROCESS OPERATION
FLEXIBILITY FLEXIBILITY 77| [T FLEXIBILITY FLEXIBILITY

PICTURE/ ENABLING DIFFERENEXIBILITIES IN ARBETURETXP ORIGINAL GRAPHIC
ELABORATION

5.3 PRODUCJTENVIRONMENTAL ANDABNSION-LEXIBILITY

Industrial production inspired the long discussion and theorization of industrialization in
architecture in the second half of the ®@enturysince it has been riseup after Second

War destructions in Europe asked for faster reconstructiofhe interest for
industrialization in architecture was explored in many research applications concerning
both the building product and the building process, in Itglyith Spadolini and in
Europgb C2NJ Ayalul yoOSz 2yS 2F (GKS YIAYy ARSI a
[rdFt23e® ¢KS /Larf23 ¢l a G GKS oFasS 27
components that can be aggregated and assembled by following fixed rules. Moreover,
the research group SAEStitchting Architecten Research) led by Habraken in the sixties
establishedthat the key for industrialization was in the modularity and desuajrthe
buildingas aproduct . Modularity is achievable through the binomial and theriattion
between fixed structure and removable components.
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PICTUREBASSEMBLING OF COMEQNRS IN THE CONSTROR SITE OF PALADEGLI AFFARI,
FIRENZESOURCHURCHINI, 2010

The main field of researcand application in blding industrialization and architectai

products vere low-income residential building. The vocationto serial production and
systemicin such market segmens clear asts need forproduct flexibility in relation to

the necessity of adaptation and d¢omization of the final userg belonging to different
social categories and also varying in family composimfreach residential unit.

After this attempt of integrating seriality in the building product, academic and design
research was steered towasdthe integration of industrialization within the building
process itself, through the efforts of the innovatikalian studies
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Methodologies for gainingenvironmental flexibility were perfected duringrecent
research period. Environmental flexibiligynot listed by Sethi (1990) and Browne (1984),
since it is noappeared at that timeelated to the manufacturing process.

Environmental flebility is deeply connected teexpansion flexibility in constructed
assets. This is true above all spstemsasissue of an architectural complex design. A
system is a group of connected components, forming a coherent wihaleduring its
lifecycleneeds to be designeand managed.

In the following definition by Fawcett (2014) the close relationship between
envirommental flexibility and expansion flexibility assessed in a fairay.

GThere is common agreement about the desirability of physical environments that can
accommodate growth and change. If future growth and change could be predicted it
would present a callenging technical problem but one that would be, in principle,
capable of ihely tuned solutions. However, growth and change cdnipe predicted,
which is why #xibility is sought

5.3.1 THE EXPERIENCE OF RWNBEN AND FLEXIBW.IN THE SECOND HAIEFXX
CENTURY

The Stichting Architecten Research was founded in 1965, a Dutch institution dealing
industrialization in construction industry, directed by Nikolaas J. Habraken. In those

the housing issue was theainfocus of architectural researchvith specific reference tc
the possibility of application of industrialization to housing. While it was interestin
think of housing as an industrial output it was not acceptable to give inhabit
standardized and non customized hogsAs a solutionSAR proposed to seek uniformi
of constructive elements, in order tealisel & ¥t SEA 0t Sé o0dzA f RA
inhabitants housing need#n this conceptthe housing system is identified as the sum
structural system and removable unitSAR proposed modular coordinationtag basis
for a flexible design together with a standardized construction industry. In this

inhabitants could have their houses customized and compaisgaénding ortheir living
needs. SAR 65 summarizes the maimgples of SAR manifesto. Modular coordinati
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(Bernstein, 1976

This iscalled product flexibility the architect designs the product pieces in a modt
way, while the assembling phase is carriedt by the user itself, which will produce
different final product according this orher specific living needs. The final produetiicl
present different configurations, given the user needs and components modularity.

PICTURES MODULARITY OF DESFaR CUSTOMIZATIONTBIE PROCUTS (OLANBA

5.3.2 THE ITALIAN RESEARKND THE CONTRIBUTIOR FLORENGEHOOPIERLUIGI
SPADOLINI
In the generaframeworkof an effort for bringing industrialization in architecture, active resea
wasled in Italy too, where the objective was to tisposethe industrial process in theomplex
system of architecture construction mrcess This meant consideringiot only technical anc

technological issues, but alsmyother aspectmaking thecomplexityof the construction proces:
(Cetica, 1974)es illustrated in Paragraph 1.3

The aigins are in the mindset conveyed by Gropioushia first half of 28 century,
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which esteemed that in the future, architectguld haveat their disposah number of
architecture components, produced in industries, enabtimgconstruction of buildings
with different shapes and dimensions. Buildingsldde built using a catalogue of
components (Ruffilli, 1974%imilarly Le Corbusier proposed tloenceptof a design
systemcalledDomina the design in this case was a prefabricated concrete frame, wh
elements could bassembledn different waysyesulting ina different final shape.

PICTUREOA MAISON DOMINO MODECALE 1:1 AT VEENBIENNALE 2014 "HDAMENTALS"

Industry couldthen very welllead toproduct flexibility. However,technicalconstructiveaspects
were not the only ones that coultde related to an industrial approach.

The SpadoliniSchool research activity were indeestressingthe importance of design proces
divided ino demand input and shape output, and its central role the success of the fina
archtecture product.In this perspectivdboth methodology andools andtechniquesas wellare
critical inenabling an effective desigimat wasthe uncontested issue of Italian research in t
second half of 20 century. For instance,in this frameworkresearch concerningmeta-design
developed the idea ofthvironmental Unit (Unita Ambientale) as the primay element for
designing a space, as introduced in Paragraph 1&lEnvironmental Unit is defined by the
requirements of activities thathe Unitis desgned to accommodatebut also by othemore
generalrequirements such as flexibilitgpmbinability, etc Flexibility is the capacity of a space
accommodate differentactivities at the same time or in sequence, and the ability to ena
changes due tthe probable variations of some specific requirements (eguipmentthat could
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soon become obsolete)Combinability, on the other hand,s the aptitude of a space to b
associated to other spaces fodae period. (Trippa, 1974)

Hence another conceptelated toflexibility was introducedenvironmental flexibility.

We can findmany examples of these interpretations of flexibility in Spadolinian rese:
followers worksconcerning industrial design, megaoject and tools for design process.

Early reseech activily led by Spadolini and his groupawstrictly devoted to the exploration o
possibilities for prefabrication and industrialization in architecture. It is surprising how r
different architectures Spadolini realized by using a restrained nunmidfermprefabricated
components (Turchini, 2010). Composability was pivotal in this first research acthsl
demonstrated by the following two pictures

ol Ldeleld (L LEL N
il llll"!"ﬁl

QL

PICTURELVIEW OF PALAZZO DEXHEARI, FIRENZE

Another experience conceimg flexibility in architecture was the research laaglto the

construction of MAP{Modulo Abirativo di Prontontervento) module. In order to respond to
request for design research submitted by tlilian Qvil Protection Department after the

catastiophe of the Irpinia earthquake, and according to the research of those years conce
industrialized architecture, Spadolini coordinatedtady for first aid temporary living modules
The result of this research was the MAPI module, a prefabricated ladtlat was expandable
and adaptable to many different uses.
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PICTURE2 MAPI- MODULE FOR EMERGEGESES

In 19741979 Spadolinivas appointed of designing an industrialized production system for |
construction of post officem Italy. In this experience the Catalogue of Components methoda
wasset up and tested on an important program for puldiwned construction. The Catalogue «
Components is a complete set of the possible combinationdiféérent prefabricated buildig

components.TheCatalogue allows to reaé different architectures by easily combiniadimited

number of standarccomponents in different ways. The main resaft such type of procesis

product flexibility.
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CATALOGO COMPONENTI A MAGAZZINO
SUBSISTEMA PANNELLATURE ESTERNE

pannelli  tipo

Elemento alto in corr. portico e ingresso
Elemento a parete piena

Elemento con apertura piccola servizi e vani tecn.
Elemento con apertura grande

Elemento in corr. pensilina

Elemento in corr. pensilina e porta

Elemento angolare di copertura pilastro
Elemento angolare esterno

Elemento angolare interno
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w
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PICTURE3 COMM®NENTS CATALOGUE FARPOST OFFICESGHRMMEFROM CETICA, 1985)

Nonethelessafter this experience the interests of Spadoland his groupmoved progressively
from product to processCetica 198%). Gradually, the importance of a coordination of théaale
design and building processes appears more clear, together with the importance of resea
producing tools to aid these processes. Turgencyof a unitarian and comprehensive proje
design management emerges.

This framework encompasses a reséagffort concerning housing spades requirements and
design conducte@Buccolieri et alji1983)in those years. Flexibility is once again required in ot
to allow house transformation when needs change. This is possible through a flexible fun:
distribution andflexible constructive technologies (e.g. use of movable partitions), both enal
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change. This need for adaptation to different requirements is also documented b¥rtika
Romagna &gionalRegulatay Framework of those years; the follong picture is an example ¢
possible combinations assembled by users, determining different house designs with dif
capacity.

PICTUREAPOSSIBLE COMPOSIBIBINMBER OF INHABNITAS OF A FLEXBILEJEEACCORDING TO
EMILIA BMAGNA NTR 1982 (BCGQLIERI, TORRICHAFFAGNINI ET ALE83)

According to the housing need of those yedls issue offlexibility was related to the need o
adjusting the housing space to the changing habits and numbers of its witbsut relocae
them. This is exemplified by the picture below, which shows how the scheme for a flexibi
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use and evolution of the house space was proposed and studied during experimentations
NTR Korme Tecniche RegionalRegionaRegulatoryFramework) ¢ Emilia Romagna.

PICTURES DIFFERENT SPATIALLETMONS FOR THE SANMEJSE IN DIFFERENARSWITH DIFFEREN
DIMENSIONINSEEDS OF ITS INHABITSACCORDING TO EMIRBMAGNA NTR 1982 (BUOLIERI,
TORRICELLI, ZAFFAGHT AlL 1983)

Every house, according to this research project, is composed by an aggregat
modules. The modules aggregation is determined by proper aggregation rules,
number of users, by the activities associated to each space.
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PICTURES EXAMPLE OF AGGRAGNTOF TYPOLOGICAENEENTAR MODULE, AGDING TO A SET
AGGREGATION RULEBIILIA ROMAGNA NTRFEARCH (BUCCOLTERRRICELLI, ZAFFAGET ALII,
1983)

In Italy, he recent sadccurrenceof emergency situations lead professionals and researchel
deal againwith emergency housingwhich once agaimvokesthe needfor product flexibility.
Product flexibility instate of emergency gives users the possibility to customize spaces,
background where both simplification and speediness of processesxaremely valuable One
example of this ighe MIA housing unit (Blogna 2015). This design research proposes

modulesdivided in separatéunctional units, accaling to a binomial structure already introduce
in the 20" century research: xternal module internal module Modularity of this recent exercise
alsoresidesin the dimensions of components and spaces, in order to guarantee customiz
according to the usef¥eeds. Product flexibilitfurthermore enables usage for other purposes.
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PICTURE7 EMERGENCY/TEMPORARYSING MODULARIIN MIA PROJEHBDLOGNA, 2015

5.4 INTRODUCINGRERATION FLEXIBILITY

The previous paragraph recognised the concepts of product and environmental flexibility,
together with their evolution in the Italian research through ti&padolini School
contribution.

The main problem that faces an architect is that he has to try to picture the future of
KdzYty o6SAy3 YR fAFTS Ay KA& I NOKAGSOUG dz2NB ¢
suggests: thllF G Ay & LINE 2 & @kedrylénceYoBaardGuazzo, 2010).

Sadolini acknowledged that, in view of the continuous progress in science, technology
and research, existence is characterised lmpatinuous change and evolution in habits,
traditions, institutions. Everything becomes relative and objectives and thoughtsien
slowly changeonly time will ascertain the accuracy of predictionregarding a possible
change in habitfGuazzo, 2010).

The requirement of flexibility has been addressed and pointed out for decades. The
problem is thatflexibility and adaptationmust answer to changes that are not defined
YR OKINI @i EXRBER BAEKENE HAMOUL D

We knowthat change is necessarput we cannot specify where the building will need

change, when the change will be needed, or what change will be need§d areasked
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to_make designsflexible to _meet future unspecified changgs I Ay Ay 3 aadzaill Ay

designs (Sher, 2013\nd from this confused need of flexibility derives somepuoper

use of the termssuch as flexibility, adaptation, growth, change, sustainaWilitFor
instance,the future will bring unpredictable changes, as global population growth and
climate change. Change, which is not predictable, brings the necessity for sustainability,
for growth, for adaptation and for flexibility in buildings and arcbitee. Expansion and
growth are possible consequences of change. Adaptation is a requirement to face
changes in use. Environmental flexibility is connected with both expansion and adaptation
concepts. Sustainability is the futupgoofing investmentas wel asrobust and flexible
planning for changéSher, 2013).

Therefore gven the future umpredictability, flexibility in design enables a system to

change in the face of uncertaintyFricke, 2005). A flexible design of an asset allows

decision makers to faceffectively changing environmestind conditions(de Neufville,
2011).The lifecycle performance of an assatluilding,a system a complex projegtis
significantly improved byecognisinguncertainty andincludingflexibility in design

Design for urertainty and flexibility is a process ng#t widespread in industry, thefore
it needs a proper guidancie this direction(Cardin, 2013)<ientific effortsare being
made in ordelto create supporsto guide designers in including flexibility in thpnoject.

Nevertheless, to desire flexibility in a system is not sufficient. One needs to enable it in
the design concretely and manage it in ogigons (Cardin, 2013).

Thus,a new concept of flexibility arises as soon as uncertainty is recognized.ilfjeidb
not easily achievable, sincé is not possible to anticipate entirely thehange the

buildingwill haveto adapt toin the future. To yearn for avironmental flexibility andor

product flexibilityis not sufficient to respond tahe need for adflexibleé architecture.

Operation flexibility has to be considereshd identified in order to set up dlexible

building.
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5.4.1 FROM OPERATION FLBKIBY TO ENVIRONMENTFLEXIBILITY

Buildings a@ open systems engaging with efih context and surroundirg) from a
perceptive, functionadndthermal point ofview (Marzi, 2008)They are made dd variety

of single subsystemgHabraken, 2000)linked to each other throughgeneral rules,
interacting with the external environment and evohg according to their ussneeds.
The need for adaptation to different situations and conditions requires buildings
characterized by operative flexibilityso that architecture has to be adjustable and
expandable in order to answer properly to specific needs and demand. Rtgxibithe
driver of a project and determinebe choicestherein madein functions, shape ypology
(Cucurnia, 2010).

So, it is clear thaphysical environmentsvhich are able toaccommodate growth and
changeare highly desirableGrowth and change cannobe predicted, which is why
flexibility is sought(Fawcett, 2014) Then how to cope with the requirement for
flexibility?

The siccess of design depends on the ability of a building to react to adjustments and
changes during its life cycle, alwaygetingtargets of quality, times and cost§he right

use of all of theechniques procedures, tools, scientific and technical knowledge allows
the accomplishment of this main target (Cucurnia, 2010).

To translate inputs for operation flexibility to an output chitectural product
characterized by environmental flexibility is a tdskthe creativeness of the designelt

is clear thatcompetencein the renovation of design shapes and signs is a subject
reserved only to the designer, as a proofhe$é or herability (Spadolini, 1974). But in
order to make the designer able to create the right shape, it is necessary to inform him
about every dpressur€ weighting on the future architecture product. To design
architectureproject means to consider and proceah the necessary information, in their
complexity,eschewingsimplification of the future context (Trippa, 1974).

In order to gain flexibility of the final product through a proper design, it is necessary to
inform the designer about the changes that coulccwcard that flexibility is the answer
to. To outline the expected operation flexibility is the first step to inform the designer
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about these changes, and to gain a subsequent flexibility in the final environment and
product.

5.5 HEXIBILITYSTILL AN OPEN &S

It is important to note that architects have been conducting an ongoing design research
concerning flexibility since the 1980s. But flexibility in architecture is actually an open
issue and it is subject of a continuous analysis.

As yet, the more upo-RI S GASGLIRAY(G KlFa 06SSy 2FFSNBR o8
Venice Biennale 2016. Flexibility has been addressed by more than one pavilion, since it is

I aFNRyGe G2 0SS 3ILAYSR FYR | ySSR (G2- 0SS al Ga
changeabilityput evolution andlexibility are the most desirableatures.

P i

DOES PERMANENCE MATTER?

PICTURESB DOES PERMANENCE MERITVENICE BIENNALE 2BEPORTING FROM TREIRT

Buildings are not finished shells, but open platforms that enable living progesse
Architects are the creators of the space, the unavoidable component of social dynamics.

When architecture is involved in social movement from the very beginning, buildings and
GKSANI O2yGSyidsz GKSANI KAAG2NASA |gyflBm thedz( dzNB & =
FNRYyle +SYyAO0S . ASYyylrftS HamcO®
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Even Renzo Piano is current SELJX 2NAy 3 GKS YSIyAy3 2F afF
issue, since he has always been interested in the concept of evolutionary space (Piano
HamMmcUO® Ly d&wSLJ2 Ndé prgpasestaN@ndiderétisrSabotitNi2 whiligy af a
odzAf RAYy3 G2 TRFELI G2 OKFy3IAy3d ORYIRKGK2gza$S
(19701974) he decided to gain flexibility in the four housdmsvised in said project
through four identical, sigle and wide spaces assigned for their completion to the users.
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PICTURES FREFPLAN HOUSES, RENEZDBP, 197a974

The notion of flexibility obtained through a frggan was used in his first office building in
Genoa (1968969, while flexibility in terms of evolutionary space was explored in his

G9 @2t dz0ADPS K2dza Ay 3¢ LINE 2 S-Ebét thousk kKoBld tie builttby NJ A
assembling industrially produced modular systems.
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Which flexibility is Piano referring to? Piano revises today questiormigh answers
debated in the 1890s. This bnce again a proposal fproduct flexibility, in which the
architect must design a modular system in order to allow the users to produce a living
environment reflecting their needs.

The Spanish Pavilion was awarded with the golden lion for its wotkghtighted the
AAIAYATAOLYOS 2F g2NJAy3 2y (GKS aLINROSaasé
underwent a consistent buildingctivity unsupported by proper dimensioning and
economic evaluations, followed by an economic crisis. The denounce o$pheaish
curators comprisest SEI YLX S& 2F | NOKAGSOGdz2NE LINE Rdz0S
out of renunciation and economy of means, designed to evolve and adapt to future
ySOSaaAriArASa wX8ad ¢KSasS LINRBa2SOGa KI @8 dzyR
O2yaARSNI I NOKAGSOGdzNE G2 o0S &a2YSUKAy3 dzy
(Carnicero, Quintans 2016).

PICTURB2"UNIFISHED" AWARDEPANISH PAVILIONNWEE BIENNALE 2016
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Which flexibility do Carnicero and Quintanpropose? In the light of the Spanish
experience of these years, they proposeexpansion flexibility However, no expansion
flexibility is possible without a product flexibility.

From the 1980s to 2016, the question still remains the focus of desigmndsddoes
permanence matter? And how to meet the evolutionary nature of buildings?

We instinctively believe that good architectui®a stone in the midst of running water.
On the contrary he common environmentis the running water and change by way of
adaptation over time is esseia for its continued existence (Habraken, 2006)
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6. LIFE CYCLE COSTIN@IAKEIS

Chapter objectives

ChapterKeypoints
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6.1 LFE CYCLE SUSTAINABI FRAMEWORK

According to recent research, LQGfe Cycle Costingg deeplyrelatedto other life cycle
sustainability methodologiesn connection withenvironmental and social aspect&n
interesting research path concerning Lfo€uses oran active research about its relation

to the other pillars of sustainability. The Brundtland report (1987) defined sustainable
development as the development that meethe needs of today and does not
compromise the possibility for future generati®to meet their needs too Recentlythe
concept of sustainability has beemgbraced by United Nations thrginthe Transforming

our World agenda (Agenda UN 2030).

In particular life cycle costing is defineals the assessment of all the costs associated to
the life cycle of a product, directly managed by the actors of the life cycledinglithe
externalities that will be internalized in the immediate future (Swarr et al., 2011).

The Brundtland report deafies economic sustainability aan enhancement of the
produced capital, generated by the application of productive activities to the natural
heritage and capable of producing more capital.

The LCC methodology has been criticftddhe wayit is orientedto businesgather than

to the whole dimension of sustainability (Torricelli, 2015deed acomplete evaluation

of sustainability requires the contribution of an environmental, econoanid social life

cycle assessmenflogether, thethree methodologiegyive us a complete framework of

the sustainability of an asset; the framework is called LCSA (Life Cycle Sustainability
Assessment) andiasproposed for thefirst time by Kloepffer (2008)

LCSA =ELCA + 5LCA+ CLCA

Where:
ELCA: Environmental Life Cycle Assessment
SLCA: SociafeiCycle Assessment
CLCA: Cost Life Cycle Assessment
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The life cycle approach intends to integrate sustainability in design, innovation and
evaluation of products, services, technologies, systemssgatems (Zamagni, 2013).

At the current state of the art the three methodologies have to be applied in different
moments, and they require to be described by the same scope, limits and functional unit.
Recently a more integrated approach has been proposed, relatinghite= topics of
sustainabilityto a numbe of indicatorsincludingsocial and economic issues; this holistic
approach is subject of active research. In orderattvance inthe development of the
single methodologies, it is necessary to understand hoeotmnectthem and use them to
meet the sustaability requirement (Torricelli 2015).

6.2 DEFINITIONS

The life cycle approach introducesthe temporal dimension inthe evaluation and
assessment of sustainabilibf products, services and technologie$he issue dife cycle
approach is discussed by theorking group CEN TC 3%thich has produced documents
concerning the three topics of sustainability. ISO/TC 59 is ttedated technical
committee. International standard introduces clear definitions for each of these key

concepts.
TABLR ISO DEFINITIONS
| Definition | Source
General
Life Cycle: Consecutive and interlinked stages of UNI 14040

product system, from raw materig
acquisition or generation from naturg
resources to final disposal

Design life: The design life of th constructed asset i| ISO 15686
a key performance requirement an
aK2dzZ R 0S RSTAYSR

LCC (Lifeycle cost): LCC cost of an asset or its pg ISO 15686
throughout its life cycle, while fulfillin
the performance requirements

Life-cycle costing: Methodology for systematic econom| ISO 15686
evaluation of lifecycle costs over a perio
of analysis, as defined in the agreed scq
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WLC (Wholdife cost): WLC all significant and relevant initial a ISO 15686

future costs and benefits of an a$s¢
throughout its life cycle, while fulfillin
the performance requirements

Whole-life costing: Methodology for systematic econom| ISO15686
consideration of all wholife costs and
benefits over a period of analysis,
defined in the agreed scope

Asset Whole building or structure, system or| ISO 15686
component or part
Discounted cost Resulting cost when the real cost | ISO 1586

discounted by the real discount rate
when the nominal cost is discounted
the nominal discount rate

Real cost Cost expressed as a value at the bg ISO 15686
date, including estimated changes in pri
due to forecast changes in efficiency a
technology, but excluding general pri
inflation or deflation

Net present value NPV Qum of the discounteduture cash flows | ISO 15686
NOTE 1 Where only costs are includ
this can be termed net present co
(3.2.3).

NOTE 2 This is the standard criterion
deciding whether an option can b
justified on economic principles, bt
other techniques are also used
descibed in Annex B.

Discount rate factor or rate | Reflecting the time value of money that | ISO 15686
used to convert cash flows occurring
different times to a common time

NOTE This can be used to convert fut
values to presentlay values and vic
versa

Bxternality Quantifiable cost or benefit that occur ISO 15686
when the actions of organizations at
individuals have an effect on people oth
than themselves

EXAMPLES  Naonstruction  costs
income and wider social and busing
COsts.
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Life cycle costing analysis

Definitions

NOTE Externidles are positive if thei
effects are benefits to other people ar
negative, or external costs, if the extern
effects are costs on other people. The
may be external costs and benefits frg
both production and consumption
Adding the externality to th private
cost/benefit gives the total social cost
benefit..

Equivalent annual value o
annual cost

Is the regular annual cost that, whe
discounted, equals the NPV of th
investment

ISO 15686

Costs

Acquisition cost

All costs included imcquiring an asset b
purchase/lease or constructio
procurement route, excluding cos
during the occupation and use or eiod-
life phases of the life cycle of th
constructed asset

ISO 15686

Capital cost

Initial construction costs and costs
initial adaptation where these are treate
as capital expenditure

NOTE The capital cost may be identica
the acquisition cost if initial adaptatio
costs are not included

ISO 15686

Disposal cost

Costs associated with disposal of th
asset at the end of itfe cycle, including
taking account of any asset transf
obligations

ISO 15686

Endof-life cost

Net cost or fee for disposing of an asset
the end of its service life or intereg
period, including costs resulting fro
decommissioning, deconstructio and
demolition of a building; recycling
making environmentally safe an
recovery and disposal of components a
materials and transport and regulato
costs

ISO 15686

External costs

Costs associated with an asset that g

not necessarily reflected in he

ISO 15686
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transaction costs between provider ar
consumer and that, collectively, a
referred to as externalities

NOTE These costs may include busir
staffing, productivity and user cost
these can be taken into account in a L
analysis but should be exptly identified

Maintenance cost Total of necessarily incurred laboy ISO 15686
material and other related costs incurre
to retain a building or its parts in a sta
in which it can perform its require
functions

NOTE Maintenance includes conduct
corrective, responsive and preventati
maintenance on constructed assets,
their parts, and includes all associat
management, cleaning, servicin
repainting, repairing and replacing

parts where needed to allow th
constructed asset to be used foits
intended purposes

Operation cost Gosts incurred in running and managil ISO 15686
the facility or built environment, includin
administration support services

NOTE Operation costs could include re
rates, insurances, energy and oth
environmentalfegulatory inspection
costs, local taxes and charges.

Residual value Value assigned to an asset at the end| ISO 15686
the period of analysis

6.3 PURPOSE AND POSSIBYLOF APPLICATIONILQFC

After introducing the main concepts of this methodojotihirough international standard
definitions, LCC analysiwill now be discussed It is an interesting and powerful
methodology given its adaptability to many fieldas well asto every level of their
process. Thikind ofanalysis can be @icted towardsmany scopesnd be conducted ia
variety ofways in order to reacthis aim.
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LCC analysis should cover a defined list of casislving the physical, technical,
economic or functional life of a constructed asset over a definégtval of analysis. Life

cycle costing should also be influenceddsyernalities like asion-construction costs and

wider occupancy costs, as well as local, national or international policies, taxes, etc. LCC
analysis may include allowances for foreseeable changes, such asnchaegulatory
parameters. LCC analysis may also form part of a strategic review of procurement routes
or objectives in order toenhane sustainability or improg functionality Practice can

vary between users as to whether only costs borne by the custdorethe analysis are

taken into account, or whethesther costs are also included. (UNI 15686)

Then 1 becomes evident thathis analysis is not predetermineak it depends on the

scope and on the clie@tdeeds.Anyway a general structure of the costshte included in

a LCC analysis is proposed below, with the relation with a WLC analysis, including other
additional items.

WHOLE LIFE COST
(WLc)

LIFE CYCLE COST
(Lco)

PICTURB3 RELATIONSHIP BETWEEGI AND WIAIND TYPICAL COSTSEMNCLUDED XP GRAPHIC
PROCESSING FROM 15886

According tothe International Standard, in case of application to the constructed asset,
LCC analysis may be ugbbughthe following stages:
- Project investment and planning phase
A WLC/LCC strategic options analys
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A Preconstruction
- Design and construction phase
A LCC during construction, at scheme, functional, system and detailed
component levels
- Operationphase
A LCC duringperation(costin-use)
A Postconstruction
- Disposal phase
A LCC at endf-life
A graphic represdation of these possibilities applications of this analysis at different
stages of the life cycle of an asset is proposed below, making reference to UNI 15686.

PICTURB4 LCC UNDERTAKEN AFERENT BHS OF THE LIFE EYTKP GRAPHIC PROMESSEROM
UNI 15686
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What is interesting for a designer is that the planning and design phase offers the greatest
potential to influence the postonstruction cost over the life cycleAs a matter of fact,

the opportunity to influence the design and constructi@ptions becomes increasingly
limited as the process proceed&s reported by thénternational Standard, up to 80 % of

the operation, maintenance and replacement costs of a building cadeb@ed in the

early 20 % of theprojectdesign processtages

Potential for Value Improvement Life
Cycle Cost Reductions

>
Project Project Design Construct Operate Renewals
Definition/ Options Detailing and and Salvage/ Sale
Inception  Appraisal Development  Adaptation Maintain Decommission
Procurement Life Cycle In-Service

PICTURB5 SUCCESS IN INFLUESBGAVINGS TERM3.OE IN LIFHXPGRAPHIC PROCESSRIGW
UNI 15686

According tdnternational Standardtypical decisions informed by LCC asialare:
a) Bvaluation of different investment scenarios (e.g. to adapt and redevelop an
existing facility, or to provide a totally new facility) at the investment planning
stage,

122



Universita degli Studi di Firenze State of the art: current practice and related research

Dottorato di ricerca in Architettura Life cycle costing analysis
XXIX ciclo Purpose and possibility of application of Icc

b) Choices between alternative designs for the whole or part of a constructed asse
during the design and construction staggsset, system or detailed element level
LCC analysis)

c) Choices among alternative components, all of which have acceptable
performances during the construction or huse stages(componentlevel LCC
analysis)

d) Gomparisonor benchmarking analysis of previous decisions, which may be at the
level of individual cost headings (e.g. energy costs, cleaning costs) or at a strategic
level (e.g. open plan versus cellular office accommodation),

e) Estimation of future costs fo budgetary purposes or for the evaluation of the
acceptability of an option on the basis of cost of ownership.

Depending on the stage of the life cycle at which the analysis is performed and according
to the main purposes of the analysis itself (e.gategic or detail purpose), it is necessary

to tune the LCC in order to fit the objectives. An exampleasdt items issue of the
computation have beesuggestedy the UNI 1568& andhave beensummarized in the
following two schemesThe two pictures tgether showthat the more detailed decisions

the analysis has to inform, the more-deep information about costs have to be
collected,in relation toeach of the life cycle stagesderanalysis.
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S —
DETAIL
SYSTEM D
C
STRATEGIC |A >
LIFE CYCLE

A

A. Paint types, ceiling tiles, floor coverings, door fittings, etc.
B. Electrical, mechanical, plumbing plant and equipments, lifts
DETAIL LEVEL escalators, etc

C. Cladding type, roofing type, glazing, joints, etc.

D. Steelwork, concrete, in situ or pre-cast, etc.

A.  Wall, floor and ceiling finishes
SYSTEM LEVEL B. Energ?/, ventlla!tlon, \fvater capacity, communications, etc.
C. Cladding, roofing, windows and doors
D. Foundations, solid or framed wall and floors
A. Maintainability and internal environment
STRATEGIC B. Comfort and use
LEVEL C. Location and external environment
D. Safety and durability

>

PLANNING CONSTRUCTION OPERATION MAINTENANCE END-OF-LIFE

PICTURB6 DIFFERENT LEVELBMALYSIS AT DIFFERENEPS OF THE OFELETXP GRAPHIC
PROCESSING FROM 15886
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Detailed cost
planning (project
specific data
structure)

Key building items Amplified cost
Cost analysis modelling
(GFA) (Elemental items)

Functional
cost/m?
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Detailed cost
planning (service-
life planning
linked to the
construction cost

plan)

Key building items Amplified cost
Cost analysis modelling
(GFA) (Elemental items)

Functional
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Amplified cost Detailed cost
modelling planning (project
(Elemental items) specific)

Key building items

End of life cost :
Cost analysis

PICTUREB/ TYPICAL LEVELS OALAS$IS WITHIN EAGY KCC CATEGORXP GRAPHIC PRGING
FROM UNI 15686

Given the scope of application of the methodologg,explained in the previous pagés,

can be carried out both at gtrategiclevel or at a detailed levels well In the first casg

the LCCmakes use ofndustry-average or benchmés (parametric estimates). In the
second casgthe LCQGnakes use o$pecific estimates and forecasts. The degree of detalil
and information available are related to the phase of the prodesshichthe analysis is
applied.The general principle that detelimes the level of detail at which calculations of
LCC are made should be the corresponding level of detail employed to calculate
acquisition costs. (UNI 15686)
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For instance, an initial cost analysimade at a rough level, should be based on the
functional unit (e.g. cost per bed) or total area of the asset (e.g. cost per square metres)
or on the number opeopleaccommodated.

In particular,according to the standardjalues can be derived from:

a) Adirect estimation from known costs and components,

b) Historical data analysis from typical applications (e.g. bills of quantities),
c) Models based on expected performance, averages, etc.,

d) Best guesses of future trends in technology, market and application.

According to picture 30 nenonstruction costpositiveandor negativeexternalities are
itemsthat usuallyare not included in LC®eing instead considered as part of WOGey
shouldbe included if thestatedinitial purposemakes it necessary. Fathat concernghe

private industryit is very important to inltde revenues (UNI 15686Airport companies

are definitely part of this categorylhen for instance future income streams may be
included in a WLC analysis but should not, generally, be present in an LCC analysis. Future
income streams can form a subsidigpart of an LCC analysis the form of negative

costs.

Moreover, these pointsnustconsidered in order to carry out the analygifiNl 15686)

A Costs in an LCC analysis have to be clearly indicated in real vs. nominal, and
present vs. discountedn particular, eal and dscounted costs should be used.

A The period of analysis should be based on the specific project requirements, which
may be over the life cycle of the asset.

A The type of discount rate, either real or nominal, should be distinguished.

6.3.1 LCQANALYSIS

According to the definition by ISO 15686 parttlie Life Cycle Cost methodology a
technique which enables comparative cost assessments to be made over a specified
period of time, taking into account all relevant economic factors hattermsof initial
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capital costs and future operational cosbs.order to go in deep with LCC, Present Value,
discounting and Net Present Value must be introduced.

6.3.1.1 PRESENVALUE

In LCCanalysis the Present Value method is applied in most cases. In shthe PV
(Present Value)epresents the amount of money that is to be invested today to pay for
initial and future costs. The value of money widlve decreasedh the future and costs
are discounted to d&resentValue when the initial investment is made (Stern202).
The first step to calculate thBresentValue is to forecast aashlow, whichis simply a list

of all the expenditures and incomes sorted by date of occurrence (Fawcett,.2811)
cashflow can be for ease of computation summarized in a cashflogvadiig as the one
reported below Then, through discounting, th€esent Value is derived from the
cashflow, by applying a percentage discount rate.

At Acquisition
Cost

$ Maintenance costs
M M
3
| 1 W [
1 T 2 T 3 4
Year of Life
S4
Resale
value

PICTURB8 SAMPLE OF CASH FUOMGRAM SOURCE HASTINGS201

As a consequencehe Net Present Value (NP the sum of thePresent Values of a
series amounts receiveal expended over a number of yedidastings, 2015)
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6.3.1.2 TIME PREFERENCE ANB@DUNTING

Whyto work with the concept ofliscounting?The answer lies itime.

Time isan essential featurgvhen referring to a cashflow analysis. People give more value
to a benefit received today thato one received in the future. Similarlthey believe a
cost to be heavier if it must be payed immediately, rather than in the futliene
preference can be regardeas an empirical fact (Fawcett, 2011).

The discount factor is the proportion by which an amount is reducedhtain its
equivalent value one year earliefhen it is:

B 1
1+

P

Wherer is the interest rate.

Discount factors takento account:
A Inflation
A Time value
A Risk of the investment

The discount factor can deeply influence the final result of an LCC analysis, as shown in
the diagram below, where differdérrates of discounting have been applied to the same
cashflow.
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PICTURBO PRESENT VALUE OF MNEETARY UNIT AT ISCOUNT RATE OF 2 %, OR 6 %SOURCE
UNI 15686

6.3.1.3 NET PRESENT VALUE

Life Cycle Costing and Whole Life Costing can be both achieved through an NPV (Net
Present Value)NPVbecomes therthe cae of both an LCC and/LC analysis. Theet
PresentValue is the sum of the present values of a series amounts received or expended
over a number of years. It is calculatas follows(Hastings, 208):

NPV =V, +pV, +p2V, + --p"V,
Where:

Vh amountat yearn
p discount factor

Then ageneral basic model (Sterner, 2002) for LGBeigollowing

N N
LCC = ID+ZG*PVﬂm+ZM*Pme—5xPV
t=0

=0

Where:
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(1+r)f-1 _ 1

Pp;um T re{14r)t BV = (14}t

I, Initial costs

O Operation costs
M Maintenance costs

s Salvage value
Present value sum
N Lengh of study

t Time variable

7 Discount rate

6.3.2 LCON BUROPE

Despitethe potential of this methodologyin Europe therestill is no specific legislation
that requires life cycle costs to be taken into account (even in procuremenegues).
Yet, according to the current and proposed public procurement directives thetbeds
optionto adopt LCC

A number of European countries developed their own national standards forevec
before UNI 15686 standard argdest among them wereorthern European countrieA
notableexampleis Norway; its LCC standard NS 34546 is generally compatible with 15686
Part 5. Indeedit influenced the development of the iia Nordic Classificatiothat was

one of the modeldor the UNI standard@avisLangdon 2010). Inthe UK a specific BS
(British Standardis usedalong witha number of guidance documents aimed for example
at procuring construction and a requirement to demonstrate best value. In Gernaany
Guide for Sustainable Building was implenmezhtin March 2001 for application to all
Federal buildingscost estimations have to consider operating and maintenance costs as
well as construction costs. Finland, Sweden, Ireland, Luxemburthamtetherlands also
have a policy or guidelines on LCC (&4l Report 2003).

In the general framework for enhancing sustainability, Europe sees LCC as a crucial part of
this whole.Many nitiatives have been undertakeny the European Commissiam order
to make this methodology widespread and friendly to everglustrial field with the
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inclusion of theconstruction field.A part of these actions have been addressed to the
GPP (Green Public Procuremenbt),virtue ofits deep connectionvith LCC/WLC analysis.

Some of the main sources developed in Eurdpat have been taken into accounturing
the research path in order to better focus on LCC/WLC methodealegy

Literature

Source/ Author Description
LCC in construction Task group 4 Connected to the Europea 1997
AYAGALF GA DS a¢ KR
of the Co/ & G NHzO (G A 2
(1997), a task group ha
explored LCC in construction
order to make
recommendations about
possibilities of integration intg
European policy making. TG
addressed a commo
methodology for Europea
application of LCC, before U
1568 Part 5 came into force.

Joint Nordic Proposal fg Norwegian In 2001 a research an 2001-
Classification of LCC Directorate for| development project, LCC f¢ 2005
Public Buildings and Civil Structurg

Construction was undertaken in the ofdic
and Property| countries The project aimed a
management identifying acommon model for
LCCanalysis; to promote the
use of LCC analysis for buildi
and constructed asset; to poir
out the environmental impacts

Procurement Guide| UK Office of| LCC manual is a part of a rea( 2003
Whole-life costing and cos Government to-use series concernin
mangement Commerce procurement, addressed t

British contracting authorities
named Achieving Excelleng
This specific handboakdicates
the main issues to b
considered in ordr to
effectively use an LCC in G
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Life-cycle costing Davis Langdon | Davis Langdon was| 2006

commissioned to study the| 2007
different national approaches t
LCCThen a European commg
methodology for life-cycle
cosing for constructed asset
was devebped. A number of
case studies shows the
possibility ofimplementation of
this commonapproach.

UNI EN I1SO 15686 International This is the internationg 2008
Standard standard dealing with servic
Organization life  planning of building
components or buildings It
assesses the gener

framework, addressing th
procedures for service lif
management, for performing

Lifecycle costing for
considering environmentg
impacts

Buying Green European Union| This is a EU readyto-use| 2015

guideline for publicoffices or
any other individual intereste(
into performing a procuremen
aimed at sustainability and the|
including an assessment
economic performance in th
life cycle or in the service lifét
indicates the main issues to K
considered in  order tg
effectively use an LCC in G
process.

European projects

Source/ Author Description

Project LCDATA SINTEF - | The main barrier to a reg 2006
Stiftelsen for| application ofLCC is usually th 2009
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industriell og| difficulty in collecting the
teknisk necessary data. This project h
forskning ved the aim of reducing this
Norges tekniskg obstacle and creating

hggskole European weklbased databass
Norway for benchmarking buildings' ir
use costs

Available athttps://ec.europa.eu/energy/intdligent/projects/en/projects/icedata

Cileccta Cileccta E\{ This project has been financg 2009
project by the EU and led by Norway| 2013
members The aimwas to bring together

academics and industries ¢
over Europe in mler to develop
a panBEuropean tool for LC.
Beside the setup of an
automatized tool for LCC
seminars and web didact
modules have been edited fc
training to the methodology
itself and to the tool. The
seminars havebeen attended
for the research purpose.

Available athttp://cordis.europa.eu/project/rcn/93939_en.html

Study on a LCC calculati{ EC European Commission, in ord| 2015
tool to enhance the use of LCC| 2016
GPP has financed farst study
for the setup of a spreadshee
tool for the calculation of LGC(
tailored at the moment for
electricity-using products.

Available athttp://ec.europa.eu/environment/gpp/pdf/SF_SSSUP_ELCC.xlsm

6.4 THE NEW ITALIAN RE@ILON PUBLIC CONTRATODE

In 2016 the new Public Contracts Code become &hile it does not specifically require
a mandatory use of the LCC methodology in ader process, it includes the issue in
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articles 95 and 96providing this option(not compulsory)and shortly describing the
methodology Article 95¢ Contract Award Criterjaand Article 9 Life Cycle Costing

The Article96 describesecall the conteis of Directive 2014/24/EU and they clearly
make reference to the European Unidocuments concerning the common methods for
life cycle cost analysis.

Directive 2014/24/EUn particular recalls LCC dtrticle 67- Contract Award Criteriand
Article 68-Life-cycle costing. Article 67 reminds that the most economically advantageous
tender should take into accaou a costeffectivenessapproach, such as IHeycle costing

that is shortly described in Article 68.

6.5 DATA COLLECTION

Life cycle costing has to rely on different inputs and information. flihetional units of
these differenttypesof datausuallyare cost/unit.

Langdon (2011), Flanagan et al. (1987) and Boussabaine and Kirkham (2005) listed three
possiblecategoriesof data sources for LCThe sourcechosen for the original proposal of
this thesis is highlightenh yellow

Data source Notes
Data released by the actors of th| These data can for instance be released b
building process 1 Suppliers and manatturers;

1 Testing bodies;

1 Institutions and Association
I.e.: Building Research Establishm
(BRE), American Society of G
Engineers, etc. (Langdon 2011)

Forecasting models Data are calculated through mathematiq
models and  statistical techniques
Suggested path in case the data is 1
available.

Historical data series In case there is a funded system for stor
data, related to the specific case object
analysis
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Moreover, Langdon (2011provides a list of possible sources of dathut mainly
belonging to the UK area:

A Project agreed life expectancies @BKIS Survey of Life Expectancies)

>\

Manufacturers, Suppliers and Trade Associations | Research OrganisationBREBK
CIRIA, TRADA)

Test Houses and Certification Bodies

British and Europan Standards

Research papers and reports

UK- CIBSE Economic Life Factor codes

UK¢ BCIE Building Cost Info Service (ByBuilding maintenance info)

UK- HAPM, BPG (part of BRE) and BLP Component Life Manuals

UK- Occupiers Property Database (OPD)

UKc¢ BRE Green Guide to Building Specification

B> > > D> D> > >

In the case of airport companiedt is necessary to note thathe data are mainly

produced within the airport operation management structureand through internal

human resources effost Indeed airport canpanies rely on their own databases of
historical series.This important element highly reduces the common criticalities
connected to the collection of data usually being a barrier for the application of TH@C.
is confirmed by the contents of the follomg paragraph.

6.6 APPLICATION @AFCGON AIRPORTS

A life cycle view is necessary in airport planning, given the weight of the investments
involved and the longerm perspective that affects the infrastructures, under evident
uncertainty conditions. In constation industry, a life cycle approach has yet been
included in the planning and design process with difficulty, and the regulatory framework
does not make it compulsory, either. Similarly, in the airport planning and design phases,
a life cycle approach isot routine work. There is an implicit reference to time and to
future growth, due to capacity requirements and to the investments programme. But
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there are not methodology and procedure for includibife Cycle Costwithin project
designprocess

Neverthdess, some research efforts have indeed tried to include the LCC issue in the
planning, design and maintenance activities.

LCC is included in the output report and methodology of the Proje€d®®vhich has

been conducted within the Airport Cooperativeegearch Program (ACRR)research
programme proposed by the Federal Aviation Administration (FAA) and aimed at progress
in the field of civil aviationHowever, the main product is a stéy-step guide for leading
professionals in a business driven desgyaluation, rather than a cost oriented one. In

this framework, in order to evaluate the options of refurbishments, renovation,
replacementof terminal facilities, a foustep process is proposed. There is only one
evaluation phase and the process shobkllocated in the phase of masterplanning and
strategic planning in order to be effective. LCC is included as one of the analysis to be
undertaken in thisrery structuredand complexevaluation model.

Another interesting case is the one of Toronto and wda airport. Thdr airport
companieshave implemented the very first approach to Life Cycle manageraedtto
Total Cost of Ownershi;m the American framework of asset management. The two
experiments have been reported in the International Transport FouthE LJ- Y RA y 3 | A NLJ2
Capacity: Competition and Connectiviy)k S OF aS 2F DFEGgA Ol FyR 1S
(Organisation for Economic @peration and Developmet
LCC was used as methodology to guide terminal facilities management and
maintenance. In both expeences, the main results have been:

- The effectiveness of a Total Cost of Ownership approach in facilities management

- The use ofinternal data (historical databasesindinternal human resources and

competencedo finalize any cost analysis

LCC analysis kabeenapplied in the USespeciallyto airport runway pavements, as

reported bythe ! LILSf A SR wSaSINOK ! a320AF308a oHAamMMO &
LI dSYSyida CAylFf wSLIR2NI& ! ANLR NIInterialldgta £ G t | @S
and resources r&d in-house toolsmake this application quite easy and effective. In this

case LCC analysis is used to direct the choice of the best (wisest economic decision)
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airport pavement design in a life cycle perspectivee Tasearch project led to the
identificaton of a methodology for pavements LCCA and a tool proposal for its
implementation in current practice.
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/. THE EVOLUTION OF LOECLE COSTING

Chapter objectives

ChapterKeypoints
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7.1 UNCERTAINTY AND FIEHXITY

StandardwWhole Life Costing (WLCis goingto be overtaken be a new approach to WLC
6Cl 6O0SG(z pretemdsy dtal@ p /snap§hot today of somethinghat will
happen or better that could happenin the future: indeed the future is uncertain.

When using traditional WLC supportdecision naking decision makers rely on results of
an analysis that may not be confirmed by future events. The new approach to life cycle
costing considers that decision makers could make decisions in the fuélyag onup-
to-date information, rather than today.

Given this framework, Fawcett and Ellington examine the life cycle options approach to
property and WLC building and use the expressibiew Generation WL They
underline that this departure is new and has a high potential, sin@antgeneratea
number of tools to make design decision making more effective.

The project design answer to a futurecenariothat is acceptedas not predictable is in
flexibility. Flexibility in design enables a system to change easily in the face of uncertainty
(Fricke andSchulz 2005). If a construction product is flexible, it is easy and possible to
make it change. Why? Because of Real Options: they provide the right, but not the
obligation, to change a project in the facewfcertainty (Trigeorgis 1996).

7.1.1 LUFECYCLE OPN®

Today, the designer has to implementultiple project design options Tomorrow,
decision will be operated by managers amdy onealternative will be chosen.
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PICTURE) THE SEQUENCE OF RETDECISNS: LIFECYCLE ORE®;, TXP GRAPHIC PROCESSROM
FAWCETT 2011

What is an option? When making a selection, a manager decides betimeear more

alternatives When holding anoption, the manager defers the selection between

alternatives to a later dat¢Fawcett, 2006). Options are possibilities of future dection

then all alternatives are options until the final decision. Options are also referred to

GNBIf 2LJiA2yaés 02NNRgAYy3d (GKAA SELINBaaArAzy TNR

Options thinkingmeans that is necessary,hen designing a new buildingr asset, to
think not onlyof the physical asset, but alsd the opportunities for further development.
The opportunities for responding to future change (to new situations or new demands)
are lifecycle options(Fawcett, 2005 Lifecycle options may not be exercised; usually
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constructive or technological redundancprovide the opportunity for further
development inthe future, but this does not necessarily happeluring the life of an
asset.

In particular, optionsgive the desgner and the decision maker theght, but not the
obligation, to change a pject in the face of uncertaint¢Trigeorgis, 1996).

hiLliAz2zya SEAAG a2y ¢ -level m@ndgérialdécisiony [Re2abadidoyirg, K A
deferring until favourable market conditions, expanding/contracting/reducing capacity,
deploying capacity over time, switching inputs/outputs, and/or mixalgthe above
GCNAIS2NBAAY MdppcLPd® hLIiA2ya aAyé | agansSy
options in deployment and opetians (Wang, 2005). Options are characterized by a
strategy (or type) andnenabler in design (or mechanism) (Mikaelian, 2011).

7.2 INCLUDING FLEXIBILINYDESIGN PROCESS

While there is the opportunity toanclude uncertainty in WLC computatioasing it as a
tool to inform and guide desigrgn the other handresearchproposes ways to include
uncertainty in design process and to actually make design séaoe it.

Systemsssets are characterized by a high degree of technical complexity, social intricacy,
and elaborate processes fulfilling important functions in society (ESD, 2011). Dynamic
sociotechnical elements like markets, operational environment, regulations, and
technology play a significant role in their success or failure (Braha, 2006). Given the long
life of systems (+20 years), they face much uncertainty at strategic, tactical, and
operational levels (Cardin, de Neufville, 2013).

A typical approach in engineering design and complex project evaluation is to simplify the
full analytical problem: designare often optimized for the most likely projection of major
uncertainty drivers (Braha, Minai, and Béam 2006; Eckert et al. 2009). Typical project
evaluation approaches do not account for the fact that system operators will react
periodically to enhace the system performance (Trigeorgis 199d)e complexity given

by the number of inputs and variables is represented in the picture below.
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UNCERTAINTY MANAGERS LIFECYCLE
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Many possible
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PICTURELSUMMARY OF TARALYTICAL PROBLEM BPESIGNINEODMPLEX PROJECIDS? GRAPHI
PROCESSING FROM OARD13

Given uncertaintyof the future, flexibility in designenables a system to change the
face of uncertainty (Fricke, 2009)heflexible design of an asset allows decision makers
to effectively face changing environmera#nd conditiongde Neufville, 2011).

The lifecycle performance of an asset is significantly improved by inclutéamgn
uncertainty and flexibility. Still, designing for uncertainty and flexibility is a process not
yet widespread in industrywhich therefore needs a proper guidance (Cardin, 2013).
Scientific efforts are being madeto create support to guide designeiis including
flexibility in their projecs.

Nevertheless, it is not sufficient to desire flexibility in a system. One needs to enable it
concretely in the design artd manage it in operations. (Cardin, 2013)

Cardin (2013) proposed asfep process, in aer to support the design for flexibility,
while recognizing uncertainty. The taxonomy is summarized in the picture below; it is
defined in order to help designemsith design process management, aitdis further
explored in each of théve items/steps.

The starting point for a flexible design, accordtegCardin (2013), is an initial baseline
design. It is definedy making reference to customer design requirements. Uncertainty
issues can be then identified both through formal approaches, in caseesepce of
historical data, andy relyingto managerSexperience, in case historical data are not
sufficient or reliable enough. In Cardin (2013) procedures and references for designers
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are properlyexplored and addressed by the author. Designess this point haveto
understand where to focus design effort for flexibility by:

A) Cenerating strategies for flexibilities
B) Identifying where to embed flexibility in design and management.

Finally designers examine the design space for the most valualdguleonfigurations
and management decision rules, in orderaohievethe best lifecycle performance and
more efficient desiga Theprocessshouldbe managed by the designer but at the same
time inputs from many other disciplines are needed and apewaive working
environment is neded Interaction between professionalsy different disciplines can be
implemented and exercised througipecific activities and games.

1| Initial/
standard
design

4| Design 5| Process 2| Uncertain
space management and ty
exploration representation recognition

3| Concept

generation/

identificatio
n

PICTURE2 OVERVIEW OF THE PBSED TAXONOMY OFIBEPROCEIRES FOR FLEXIBI¢ MYP
GRAPHIC PROCESSRGM-CARDIN, 2013
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A proposal for flexibility design management frdtnde Neufville is included, integrated
and enriched by Cardind&axonomy of design procedures for flexibility. The process
proposed by de Nduille is explained and dedicated to designers too. It includes:

A Step 1:Recognition of the main uncertainty issues (forecastsaiveayswrong)

A Step 2:dentification of the solutions andf the elementswhich, together withdesign
flexibility, cananswerto uncertainties

A Step 3Bvaluation of different alternatives of flexible design

A Step 4: Planning for possikilaplementationsof the flexibilities

Flexibility brings benefits in lifecycle performanediich are measurable through an
economic assessmergpecificallythe Expected Net Present ValuENPV)

7.3 EXPECTED NET PRESENTUE

The previais chapterexpanded uponNet Present Value. Now ExpectedNet Present
Value (ENPVinust be introduced. Expectetllet PresentValue adjustdo uncertainty by
calculatingNPVs under different scenarios and then by probabiligighting them to
obtainthe most likely NPV.

Instead of relying on a single NFBNPV is calculated for a number of scenaridgen the
probability of occurrence of scenarios is estimated. In the,eNPVs are weighted in
relation to their probability. The expected NPV is the sum of the weighted NPVs:

ENPV = Z P * NPViengrio
Where NPV scenario is the NPV in a specific scenario; p is the probability of occurrence of

each scenarioTo onsider uncertainty in scenariogndersthe eNPV more reliable than
the traditionalNPV.
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7.4 DESIGN CATALOGUE MBD®LOGY

The analysis of the lifecycle performance of a system under uncertainty comsists
producing desigroutputs for each possible scenario. This means that a huge eifort
required to gain flexibility in design, in terms of time and analytical resoyredsch
makes thigechniquenot widely used.

Cardin and de Neufville (2013) addressed the issue of including flexibility in design by
proposing a set of five operating plang file lifecycle of a system that run quiteell

with a range of uncertainty scenarios. TBesign Catalogue approach is addressed to
designers, in order to achieve an explicit consideration of flexibility and effectiveness in
lifecycle performance of desigwith efficiencyin time and resources effort.

This methodology has been applied to a specific case study (a parking garage) by Cardin e
de Neufville. The methodology and the steps made during this application have been
described in their recent literate, and are being summarized in this paragraphe
Catalogue methodology tries to come up with uncertainty and with the evidence that a
GOt SIFNJ LIAOGdzNB¢ OlFly yS@SNI o6S 3IAGSYy 2y (GKS
be available Then it is beig recalled in Part 3, where thariginal proposal is described,
consisting of the adaptation and then application to an airport terminal of the
methodology itself.

The propeed methodology is aimplificationthat allows the inclusion offlexibility in
dedgn. It relies on a representative range of possibilities small enough to be manageable
analytically, and broad enough to enable a more informed analysis of the design problem
(Cardin, de Neufville, 2013 particular, the @talogue methodologproducesa limited
number of operating plansthat is to say,possible combinatios of variables and
decisions that managers could make to manage the system over its lifecycle. The
operating plans are produced starting from a limited number of uncertainty scenarios
one operating plan for each scenarim this way,the catalogue contains the flexible
design alternatives best facing each scenario.
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PICTURE3 COMPARISON BETWEBNFANALYTICAL PREBNSA DESIGN CATALOGBRROACH
FOR DESIGNIN®MPLEX PROJECTEP GRAREIPROCESSING FRARMIN 2013

Cardin (2013) proposes and analyseslitionallya specific case studyhismethodology
works infive steps

1. To ckvelop a basic model for measuring lifecyodeformance:
This step consists in developing a basic model for assessing the quantitative
lifecycle performanceThe Net Present Value model is used and a model is
proposed for a spefic case study, which relates design variables and design
parameters. In particular: NPV is defined as the sum of discountdofloa;
revenues and capped by capacity of the system, where both capacity and demand
are defined. Costs are considered as thenf initial costs and operation.

2. To ind representative uncertainty scenarios affecting lifecycle performance:
The designer should address a suitable set of scenarios representing the major
uncertainty sources for the lifecycle performance. The possibib expand
capacity is addressed in the case study as the main flexibility requirement; the
demand growth is therefore the main uncertainty source. The scenarios defined in
the case study ardive, representing different demand growths, alongside the
mog likely deterministic demand scenarimodelledin step 1. At the moment
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there is no systematic approach to select a representativefgetuncertainty
scenarios, besides relying on expert inputs.

3. To dentify and generate potential sources of fleiity in design and
management.The definition of sources of flexibility consists in anticipating the
possible decisions that could be made by managers during the lifecycle of the
asset. This means formulating decision rules and design variables that simulate the
SP2tdzi A2y I NB Yyl Gdz2NE 2F (GKS laaSio as5Sa.
combinatorial space, made of physical design variables and decision rules to face
uncertainty and exercising flexibility.

Decision rules and design variables are summariaeaidesign vector for the case
study of a parking garag€lal-4, a312, al720, dr, ft, f0]. The components are
described below:

TABLB- FLEXIBILITY VECTORIRONENTS IN CARME,NEUFVILLE (20CHSE STUDY

Component Typology Description

Decision Design

rule variable
g4 X Expansion allowed in yearsA?
Q513 X Expansion allowed in yes 9127
ay7-30 X Expansion allowed in years-20?
dr X Years with lack of capacity (demand exceed
capacity) passed before expanding?
I X Numbker of floors added in expansion?
fo X Number of initial floors?

These decision rules represent alternatives to-eskrse, riskheutral, and risk
seeking decisiomakers. Picture 43shows the values that decision rules and
design variables can assumedifferent levels.

4. For each uncertainty scenario, find the most appropriate flexible operating plan

and construct the catalogue using the aOR@ad@aptive Ond~actorAt-a-Time)
fractional factorial algorithm
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The aOFAT sequence by Frey and Wang (2006gdsto define thdive operating
plans. The initial design and exploration sequence are selected randomly; the
baseline operating plan is described for the specific case study by the vectdy [al
a9-12, al7#20, dr, ft, f0] = [No, No, No, 3, 3, 6]. Thesidm catalogue defined in the
sequence, in this case study, is:

DVsand DRs | Op.Plan1 Op.Plan2 | Op.Plan3 Op. Plan 4 Op. Plan 5§
A14 Yes Yes Yes Yes No
A9.12 No Yes Yes Yes Yes
a17.20 No No No No Yes
dr 3 2 2 2 4
f; 2 2 2 1 1
fo 6 6 4 4 4

PICTUREA EXAMPLE OF DESIGNAIOGUE SOURCE: CAR2IN.3

5. Assess lifecycle performance improvemert anyc using the design catalogue as
compared to the baseline design under uncertainty:
This step simulates the dity of the system operator to choose between different
flexible operating plans, based on demand observations.

7.5 PROCEDURES GENERATELEXIBILITY

The flexibility in the final producshould be achievedn the early phase of concept
ideation; then itshould be maintainedthroughout the project designdevelopment With
simple and intuitive procedures that include flexibility in the concept itlea entire
lifecycle performance of systems can be improved.

Many studieswere conductedon concept generatiorprocesses, whoserinciples can
stimulate designers to explore different perspectives on the design and its potential uses.
According to Cardin (2012) the effort in classification of concept generation processes led
to:

x Shaw et al. (2000; 2002) classifigta Generation (IG) techniques either as intuitive
or logical E.g.:
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U Free undirected brainstorming (Osborn 1957) is an example intuitive germinal
technique
U TRIZ (Altshuller 1973) is a logical, histoaged approach.

x The review by Knoll and Horton (2016hows that ideation techniques can be
classifiedin accordance withithree cognitive principles: Analogy, Provocation, and
Random changes of perspective. Analogy uses existing knowledge to generate new
ideas. Provocation challenges the underlyingsumptims of the creative task.
Random relies on external stimuli unrelated to the task.

Later, Cardin et al.(2012) explored the opportunitiesfforded by making a guided
brainstorming addressed to generation of flexibility. This procedure would improve
anticipated lifecycle performanaeand the satisfaction of designers. Experiments with a
variety of participants have been conducted; participants worked on a simplified system
design problem.

'y SELISNAYSYy(d O2YLI NBR (K SlexiblityNitSa/ dpecific S & A I
training in the same fieldgiven toa limited numberof them. It consistedn a short but

effective lecture abouthe necessity ofncluding flexibility in desigrAfterwards,a free

ideation procedurevascompared to a guided one.

The results was measured through the number of flexilbdesignconcepts generated;
their anticipated lifecycle performance improvements; the desigfeatisfactionwith the
procedure. The final result suggested that:

x A guided procedure for flexibilitycan geneate more flexibledesign concepts than a
usual free and undirected brainstorming

x These generated conceptgvea better lifecycle performanceip to 36%morethan a
common benchmark design

x An explicit training on flexibility is effective on design procederr and it makes
designerdetter acquaintedwith flexibility.

In particular, the focus of the whole experiment was on:

x  Education to flexibility
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The training lessowasesteemedby designers involved in the experiment a good
starting point and an easy totd generate lifecycle performance in design

x ldeation mechanism used to stimulate creativity
Guided brainstormingvasappreciated; it consists a structured process to direct
the creativity of designers

7.5.1 GUIDED BRAINSTORMING

The experimentarried outby Cardin et al. (2012) proposed a structured brainstorming.
The designers involved have been directed through design concepts formukatin
through thinking and discussing on the following topicsittihave been posed and
highlighted to them in this speatforder:

1. Identification of sources of uncertainty

2. ldentification of the possible strategies that could enable the system to
change and adapt tthe uncertainty scenarios addressed before

3. ldentification of design solutions that could enable the requiredibility

4. Identification of possible decision about the possibility of exercisiaig
flexibility during the life of the asset
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PARTD
ORIGINAL PROPOSAL

Ly aKz2NIX

In Part 2 the reader will understand and learn:
- The background of théeld test
- The poposal of a process model for including a life cycle
perspective for flexibility achievement
- The tailoringto the airport terminal test casef the algorithm
to be used in thédesign Catalogue methodology
- The implementation of it into a tool
- The test ofthe tailored algorithm and of the tool using the
input data collected concernirthe test case
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8. HELD TEST

Chapter objectives

Chapter Keypoints
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