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Abstract

Current business offerings in construction assume that client needs remain
fixed over the lifetime of a building. Buildings are therefore not fully capable of
meeting changing user, social and environmental needs. The current cradle-to-

grave thinking causes substantial waste, environmental damage and
destruction of capital. Buildings underperform from an economical and
ecological perspective. This paper presents a new business concept in the form
of value oriented Product Service Offerings for Living Buildings. A provider of
Living Building services adds value to the business of its clients and is rewarded
for that. A provider is proactive and manages a portfolio of industrially produced,
customizable solutions. During operation, user processes as well as social and
environmental processes are closely monitored, and the building is kept fit-for-
use during its entire functional life. Modules, components and materials that are
released from a building after they have become dysfunctional, are
remanufactured for reuse in the same or other buildings. This reduces waste,
reduces the energy-intensive production of base materials for new buildings and
saves construction costs. Living Buildings are expected to be less vulnerable for
depreciation than traditional buildings and offer therefore an attractive
alternative for investors. A first pilot project is currently realized for a school in
Veenendaal, the Netherlands.
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Introduction

Current business models in construction, as weltuasent forms of contracting, assume that
client-, market- and social needs remain fixed dkerlifetime of a building. Requirements are
pinned down in specifications and contracts. Démiat from an agreed specification often lead
to time- and budget-overruns or, even worse, talldgputes.



But in reality, user needs and social or environ@domoundary conditions change continuously.
Static infrastructures, buildings and servicinggesses, such as maintenance, may therefore
soon result in underperformance. Given the hugé@atapvestments needed for the creation of
new buildings and infrastructures, and given theerofirreversible impact of building
permissions on landscapes and townscapes, thiesdugh risks for investors, users and
governments.

The current static approach often results in am-epecification of requirements, and in an over-
dimensioning of built artifacts. After all, if a bding is assumed to exist 30 years or more, the
client cannot just define only present requiremebtg has to predict also long term future
requirements. Such requirements often depend aerrettfactors that clients cannot control,
such as social and environmental factors. And s®hgrif a designer has to assure performance
and quality for a long period of time, he or shé shoose durable but costly materials and over-
dimension the design. Planned maintenance procedueeintended to keep the artifact in its
original state.

This makes no sense if user and societal requiressnas well as environmental conditions,
change. For many building types, such as hospitaisools, retail centres, office buildings,
transfer centres and factories, requirements maygd every 5 to 10 years. If the building
cannot be modified adequately, three options ex#t:.users stay in the building but have to
accept a sub-optimal solution, (b) the originalradeave, so that the building gets a function for
which it was not originally designed, or (c) thalBung will be demolished. In all cases the value
of the building decreases, which poses a serigkudar the investor.

Figure 1. Many buildings are demolished and endsipandfill, because they do not meet
today’s standards for usage, and because they atrdasigned for disassembly and reuse.

The recent crash of the financial system has detraied these risks once more. Most

construction projects are funded through loans feobank. For a bank, the artifact is collateral
for the loan. If the lender cannot meet his orfirancial obligations, the bank is entitled to sell

the collateral on the open market. But if such aketadoes not exist, the collateral has no value.
Banks will perceive such loans as too risky. Inlest case the bank will provide the credit but
asks a high interest percentage in order to congpernise risk.
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It is of course possible to produce buildings vétkhorter lifetime. But the capital investments in
buildings are usually so high that they cannot lbiétem off in a short period of time. Moreover,
the need to demolish a building after a short genmrsens the already existing problem of
excessive waste.

Dynamic thinking in construction is not new. SeVendtiatives have been taken in the past to
realize buildings, often using industrial produntitechniques that can be changed if user
requirements change. Probably the most well knoamcept in this respect is Open Building
[Kendall 1999, Habraken 1988]. An Open Building lzaxed, durable, main structure, and a
flexible infill. The Open building concept is primig an architectural - and partially technical -
answer to the problem.

More and more construction companies offer todayssataistomized solutions, based on
industrially manufactured building systems and pattbn automation. Clearly, these are steps
in the right direction to improve the efficiencydagquality of construction.

But most industrial solutions are however posittb@es alternatives for traditional contracting
and rely therefore primarily on the reduction oftial (capital) costs, not on reduced Total
Lifecycle Costs, reduced risks or increased cliealue. Furthermore, a building that is
customized and made fit-for-use at the beginningsoifecycle, may not remain fit-for-use at a
later stage. Buildings that deviate from averageketarequirements are perceived as risky
investments but will never be optimal solutionsdsers.

Objectives

This paper describes a new business model for remtisin that recognizes changing user
demands as well as changing social and environindataands. Not by trying to predict the
future, but by realizing product/service combinasiadhrough which buildings can de adapted
continuously, without destroying capital value amihout causing waste and environmental
damage. The research examines also the requiredyelat contractual relationship between
client and provider.

Background

In 2002, the national parliament of the Netherlahddd an enquiry about fraud and cartel
agreements in the Dutch construction sector. It eeasluded that the sector had to reorganize
itself. In order to support the transition processesearch and development programme called
PSI Bouw was executed between 2004 and 2007. Orleeofost challenging concepts that
came out of this programme was the Living Buildi@gncept [de Ridder 2006]. A few
companies now try to implement this concept in ficac

Chapter 1 presents a model of four levels of bssinefficiency. It clarifies the difference
between the Living Building Concept as a Produawie system (PSS) and current business
offerings in construction. Chapter 2 describes lifecycle model of adaptable, sustainable
buildings.

Chapter 3 discusses the processes of conditionparfdrmance monitoring, vitalization and
remanufacturing. Chapter 4 addresses financingvahee creation, and chapter 5 describes a
pilot project in Veenendaal, the Netherlands.



1. The Business Model

1.1. Four Levels of Business Effectiveness

The type of business offering that is most appedprior the new concept is a value oriented
Product/Service combination. It differs fundamegtadrom existing business offerings in
construction. The differences will be explainedeher

The efficiency of a modern enterprise with respiectthe delivery of client value can be
expressed on a scale that has four distinctivddd@elingh, 2006]; see also figure 2.

a)

b)

d)

An enterprise that offers capacity, such as mucagacity, is paid based on time spent on a
job. It does not sell the results or the way in ahthihese results are obtained. Risks are
minimal for the provider, but maximal for the clten

On the second level, enterprises offer procesagsh as in the form of projects. They
commit themselves to execute a project within temne budget. Results are variable and
differ from project to project.

On the third level, enterprises offer productsservices to their clients. They commit
themselves to time, budget and results, but nofetal) user value. Most industrial
enterprises, such as car manufacturers and pradotdrousehold appliances, belong to
this category.

On the fourth level, providers commit themselt@she maximization of user value. They
do this by means of integrated packages of prodaradsservices that are optimized for the
user at any time of a contractual agreement. Ugdladly own the products so that these
can be replaced by others in order to reduce #les of the client. This offering, often
called a Product/Service System (PSS), goes begarl leasing, as the latter is mainly
restricted to financing. In a PSS, user value tthaped by an additional servicing package
that ensures that the product remains fit-for-ade if user requirements, client budget
and other conditions change. Risks are minimal tfer client, but maximal for the
provider.

efficiency

a

value oriented d4
PSS Living Building

products ar{d services
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Figure 2. Four levels of business efficiency (leéjsus client value.
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The most widely applied business model in conswuactoday is the offering of capacity.
Competences are brought together and the riskéady forming consortia. Processes depend
on client order. Business ICT is mainly restrictedEnterprise Resource Planning (ERP).

Some construction companies apply process orientatbuch companies are specialised in
project- or process management. They run theirnlesses often without personnel doing the
actual work; personnel is hired from capacity cmehcompanies. From an ICT point of view
they apply workflow and document management systeWell known applications in
construction are the seamless team approach agtated DB(MFO) projects.

Product orientation is characterised by the faat émterprises have a portfolio of predetermined
solutions that exist independent of client ordefsese solutions can be configured and
customized to comply with specific client needsodesses do not depend on client order but are
optimized for the product being delivered. Entesgsi that offer products usually apply advanced
3D or nD (parametric) CAD systems that are integtavith Computer Numerically Controlled
(CNC) production automation technology. They hawed (order independent) supply chains
that can be optimized for collaborative engineeiangl for logistics. Examples in construction
are advanced suppliers of building systems ankéyrsolution providers.

Value oriented product/service systems form thetfolevel. A combination of products and
services aims at the delivery of the highest clieadtie for the lowest costs. In terms of ICT,
enterprises use most - if not all - of the aboventimeed applications as well as Customer
Relationship Management systems. Value oriented d#®8ngs are still rare in most industries
as well as in construction. The concept will bectiégd in more depth in section 2.2.

The four levels form essentially a stack: eachllevakes use of the efficiency gains at a lower
level. Hence, the offering of value oriented prd¢kervice combinations is not possible without
having products and services.

Figure 2 shows the four levels of business efficyeand effectiveness on the left. Current
business offerings in construction can be placed idiagram with two orthogonal axes: (a)
business efficiency and (b) client value. IntegitddBM(FO) projects aim at offering high client
value, but as they are not based on predefinedptichised products and services, they cannot
do this efficiently. Such projects are at best pescbased. Turnkey solutions, using industrially
produced (prefabricated) systems and componentsly amore efficient processes which
normally result in lower costs. But they do not essarily result in higher client value, nor do
they minimise client risks.

1.2 Product Service Systems

A Product Service System is defined by [Goedkoogl.e1999] as "a marketable set of products
and services capable of jointly fulfilling a usensed". Key factors of success are:

- to create value for clients, in economic sensayoadding quality and comfort,

- to customize solutions to meet specific clierdase

- to create new functions, or to make unique cotimns of functions,

- to decrease the threshold and risk of capitaéstment by sharing, leasing or renting,
- to reduce environmental load and to deliver eeoeliits,

- to respond better to changing client needs.

Product Service Systems introduce a different wlagoing business and require new kinds of
contractual arrangements. They have the poterdialeicouple environmental pressure from
economic growth [Mont 2002, Manzini and Vezzoli].



An example of a Product Service System is thatreffdoy producers of printing and copying
machines, such as Xerox and Océ [Kerr 2001, Stpmhil998]. In their PSS business models
these companies do not sell machines, but a pgirdmcopying function. Clients pay for the
output of a machine and for quality and reliabilitshe combination of product and service is
designed to deliver performance. If a machine rousof toner, it automatically orders a new
cartridge which may be delivered and installed g provider. The condition of operational
machines is monitored through sensors that redwchtimber of copies made, paper jams, heat
and/or other critical performance criteria. Befaranachine breaks it can thus be repaired or
replaced by a 'new', more reliable one. If the memoents of a client change, the provider
replaces a machine by a new one. 'Old' machinekea back and are disassembled. The parts
are remanufactured and used again for the produofimew machines. This reduces waste and
the costs of making completely new machines fraasHmatural resources.

=

Figure 3. Disassembly line of copying machinedtierreuse of parts [Steinhilper 1999].

1.3 The Living Building Concept

The Living Building Concept [de Ridder 2006, de éd and Vrijhoef 2007] is an idea for a
Product Service offering for construction. An LBopider takes full Extended Lifecycle

responsibility for buildings and their parts. Theoyader is thus not hindered by the current
fragmentation in the construction sector. Very mlikbh common practice in other industries,
LB providers have a supply chain which is strategid thus independent of client orders.

Providers develop a portfolio of solutions for sfiecproduct/service - market combinations,

such as for housing, education (schools), healtk ¢faospitals), retail (shops, retail centres,
airports), business (offices) or infrastructuresdgpes, tunnels, roads). A solution consists of a
building concept and a suite of services that loatihhbe customized to specific client needs.

An LB contract aims at the delivery of maximum \@lior minimal money; it does not freeze
user requirements or building performance. If usguirements or external conditions change
such that the building no longer offers the besitgm, it will be changed. The goal of the LB
concept is therefore to keep a building fit-for-uset just once, but always!

A provider does not wait until clients or usersrtsta complain. The provider understands the
type of processes that are facilitated by the Igldand is proactive. User processes, social and
environmental boundary conditions, as well as Ilngdperformance, are continuously
monitored. If any of these conditions change sunat the building becomes sub-optimal, the
provider may adapt the building and/or service. é&ling on details in the service level
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agreement and impact on the agreed price, thegepean do this autonomously or by mutual
agreement with client and/or user.

For each modification requirement, there may be,zeme or more solutions. Each solution will
have its benefits and implications. These benefitd implications are considered in a broader
context: change requirements can be addressed ecoremically by combining them into a
single solution. Decisions about modifications #rnes based on a rationale, in which integral
benefits are weighed against integral implications.

An LB contract does not specify a fixed performafmea fixed price, but defines an agreed
value-cost balance. Within such an arrangementptbeess is dynamically controlled: clients
can alter their initial demand and calculate theant on the initial price, and vice versa.
Providers are encouraged to propose new solutl@iséduce costs or deliver additional value.
An initial price will grow within this dynamic pr@&ss in a controlled way to a final price.
Instead of enforcing the initial planned value agag fixed price calculated in the first phase of
the process, the price is based on actual delivesibge during the process. The range between
basic price and the client’s financial budget cancbnsidered as the client’s “control budget”.
On the supply side, providers are enabled to redasts or increase value.

Reuse
Design = Build Maintain Operate  Own Vitalize or

Recycle

Feasibili-
ty

Traditional
Building team

Design Build (DB)

Design Build Maintain
(DBM)

Design Build Maintain
Operate (DBMO)

Design Build Maintain
Operate Finance
(DBMOF)

Living Building

Figure 4. A comparison in lifecycle coverage okérg contract types and the Living Building
concept. In the ideal situation, the provider at®wers operation and ownership. In a minimal
scenario, operation and ownership may remain thentk responsibility.

Given the possibility that buildings may changetguirastically during their life, it makes sense
that the providers legally own the buildings; noe tclients. However, providers do not rent or
lease out buildings, but facilitate user processtmce, buildings may be multifunctional to
facilitate the processes of multiple clients. Térsates new business opportunities for clients and
results in substantial cost efficiencies.

Figure 4 shows the lifecycle coverage of Living IBurig services compared with some well
known contract types, where D=Design, B=Build, M3Main, O=Operate and F=Finance.
Living Building services comprise in principle a@lf these stages plus vitalization and reuse or
recycling. But the concept goes beyond mere lifiecpoverage and financing: it aims at the
delivery of client value. Further, it can only h&ceessful if a sufficiently large implementation
base exists so that industrial production techrsqean be used and a sufficiently large pool of
interchangeable components can be built up.



1.4 Measuring Value

Values and costs are not limited to financial valaed costs. Amongst the factors that can be
incorporated in a value/cost model are social,ucalt environmental, ethical and aesthetical
values, as well as risks, wellbeing and health.

A complicating factor is that economical values rhaye to be weighed against non-economical
costs. Reversely, non-economical values may alge ttabe weighed against economical costs.
The fact that ‘costs’ and ‘values’ of different Hilmave to be weighed against each other forms a
special challenge for the concept. This problemh@yever, not limited to the new business
concept: clients in construction always have togldinancial costs and environmental damage
against economical, social and/or cultural benefits

There exist a few concepts that try to tackle thvigblem, of which the best known is the
Balanced Scorecard method [Kaplan and Norton 198t method does however not project
all different values and costs on a single scalee Tonsequence is that weighing between
different types of values and costs, such as thential value of the natural habitat of an
endemic plant, or the costs of emitting one kg 06,Gemains a subjective human task.

It is currently common practice to express all ealand costs in terms of money. In the medical
sector, even the value of a human life is expresse#rms of money. Money has however

specific characteristics, such as interest, irdgtgtiartificial scarcity and relationship with debt,

that makes it less suited for the expression ofecmmmercial values. Central banks can simply
print money if needed so that it is a highly elastardstick. This is especially important for

products with a long lifetime such as buildings.

As an example: an investment in an installationsfaar energy that gives an annual return of 3
% may be perceived as non-economical: the returimastment is seemingly lower than 3.5%

annual interest that can be earned if the monelep®sited in a bank. But money is subject to
inflation (i.e. it loses value over time), whileetlprice of energy is expected to increase over
time, even faster than inflation.

The former banker Lietaer designed new kinds of eydhat are better suited for the expression
and exchange of social and environmental values toarent money [Lietaer 2001]. Amongst
these types of new money are ‘currencies’ for thdimg of care, education and energy. The
Kyoto treaty has introduced the international tngdof CQ emission rights. But again, these
specialised currencies cannot be used for tradigden values of different kind.

Another problem is the time-factor. Current valaes determined by current trading. There is no
trading between today and the future. This is whgeems ‘economical’ to exploit planet Earth
today, and not to leave its resources untoucheddeiby future generations.

A very interesting solution for both problems mag the Terra Trade Reference Currency

[Kiuchi 2004]. The Terra is not intended as a aucke for direct usage, but as a reference

currency against which the value of normal curresicsuch as the dollar, euro, yen and pound
can be measured. Although the Terra starts withitgpuice, the value development as a factor of

time differentiates based on the type of value dpeneasured. The Terra is not created by banks
but is coupled to real world values such as grate, water, oil, copper, steel and human labour.

It has no interest and is indifferent to inflatidsnfortunately, the Terra is still a concept and is

not yet used in practice.
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2. Sustainable Lifecycle Management

2.1 Three kinds of facility lifetime

We may distinguish three categories of lifetimet tage relevant for buildings and any of its
systems or components [Gielingh et al 2007]:

« Usage lifetimethe time in which there is a user need for tHerefl solution. Sometimes
this is also called Functional lifetime.

» Technological and fashiolifetime: the time in which the offered solutios acceptable,
compared with other alternatives. Technologicaloiration or changes in fashion may
offer more attractive alternatives for the user.

» Physical lifetimethe time in which the physical properties of sodution remain within an
acceptable tolerance-zone from its intended pragserf these properties deviate too much
from intended properties, the facility may breakbecome less attractive. The physical
lifetime of an artefact is usually determined bytfas such as wear, tear, corrosion or
accidental damage. Traditional maintenance aawitocus primarily on the extension of
physical lifetime.

The first two lifetimes determine thealue lifetime[Tomiyama 1997, Umeda et al 2000]. An
artefact has only value as long as there is anesed for it and as long as there are no better or
more attractive alternatives for it.

These different kinds of lifetime do not just ocdor a building as a whole, but for every
component or (sub)system individually. The effeetifetime can be different on each level.

reuse  Usage 2
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effective lifetime
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lifetime lifetime

Figure 5. Combinations of Usage (U) Technology Radhion (T/F) and Physical (Ph) lifetime
determine the effective lifetime.



Figure 5 shows what happens if these kinds ofidifetare combined. Together, usage (U),
technological and fashion (TF) and physical (Pfétiine determine the effective lifetime of a
facility, component or (sub)system.

(@ On top a situation is depicted where physical awthriological lifetimes are longer than
usage lifetime. An example is a house that is bbugh someone whose personal
conditions change, for instance because of a d&vorcbecause of new work in another
part of the country. The user needs have changedihe object itself is potentially
reusable and can be sold to another person.

(b) The object in the middle has a long physical Iifetciand a long usage lifetime, but a short
technological or fashion lifetime. Although the useeds may not have changed after
t=To, the component may be replaced because teminally superior or more
fashionable alternatives have entered the marlagplghis is most prominent today for
products such as mobile telephones, computersaaarslothing.

(c) The component shown in (c) has a short physicatiriife. User needs and technology
hardly change. The component will then be repladedng maintenance. Most current
lifecycle models are based on this scenario. Thespme - often incorrectly - that user
needs and technologies do not seriously change

2.2 Sustainable Buildings and Lifecycle Differentiation.

Each (sub)system and each component of a faciagy thus its own lifetime scenario. The
primary function that is facilitated may exist catesably longer than the facility itself.

For example, the functional life of a hospital mgpan more than 200 years, while buildings
normally have an estimated lifetime of 30 to 60rge®8ut sub-functions of a hospital have a
considerable shorter lifetime than the main functibor hospitals we may refer to changing
diagnostics technologies, such as the introduotibomagnetic resonance (MRI) technologies
during the last decades. An MRI scanner is a vegwvi object that cannot be placed on a floor
that is designed for regular loads. Also the reqmolicy to reduce the hospitalization time of
patients and to increase the number of polyclilkatments had an impact on the functional
requirements for hospitals. Of even more importazaebe changes in organization. For reasons
of efficiency it can be decided that three existhmgpitals merge into one, and that certain
locations are no longer needed because of improwgedstructure. Such changes have a
dramatic impact on the building. Does it have tows#ten off, even though it is still in good
condition? Can it be given a new destination? Withany doubt, the future will bring more
changes. But these are difficult to forecast.

Differences between the three types of lifetimaunexichanges in the state or configuration of an
artefact. Systems or components that need to bacexpbut have not reached the end of their
physical or technological life may be reused ingame or in another facility.

In case systems or components cannot be reusegtiastise materials from which they are made
can be reused. To trash components or materias,bgcause the user need has changed or
disappeared, would be a waste of capital, and aseabf scarce natural resources.

The Living Building Concept aims therefore at teese of components that have finished their
usage lifetime but not their physical or technotagjiifetime. For components that have finished
their physical and technological lifetime, it airmsthe recycling of materials from which they

are composed.

As a consequence, the Living Building Service Ritevihas to manage various lifecycles and a
dynamic configuration structure. A reference matiek can handle such configuration changes
is published by [Gielingh 2008].

10
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3. The business process that supports Living Buildings

3.1 Monitoring usage, environmental condition and building performance

The monitoring function of Living Buildings is at@rnative for the current practice of trying to
forecast the future.

A provider of Product/Service combinations for lngi Buildings cannot assume that user
requirements never change. In stead of waitinguéars to complain, he must be proactive, so
that new services can be developed. In order tp K&z building fit-for-use he must understand
the activities that are facilitated by the buildingpderstand the conditions under which they take
place, and understand trends. The provider musiwalemographic trends of the community in
which his building is located so that he can ap#ite changes in required capacity. He must also
understand trends in the processes that are &edit such as new teaching methods, new types
of medical treatment, and new quality and comfevels that users demand.

The appreciation of the performance of a buildiegehds not only on the building itself, but
also on the activities of the user and on enviramaleconditions. A room in which people are in
motion requires a lower temperature than a roorwhich people are passive. Figure 6 (top)
gives an example of five building related, two wsaglated and two environmental related
parameters that may affect perceived thermal cdnrfa room [Sateri 2004].

air temperature

air temperature gradient
draught

humidity

surface temperatures

§ thermal comfort
human activity (motion)
clothing
outside air temperature
outside air humidity

physical (radon)
chemical
particles
biological agents

indoor air quality
occupancy time
occupants/sgm

outside air quality

Figure 6. Two examples of the need to monitor reondition, room usage and environment for
the determination of perceived room performance.

Hence, an essential part of providing adequatdcenand adequate performance is to monitor
the building, its usage and its environment. Sohéiese monitoring functions can be done
automatically with electronic equipment, but othexquire human action. Certain performance
criteria cannot be met by the building alone, lmgfuire additional servicing. Cleaning, supply of
consumables and light maintenance are well knowarmgkes. But also the optimization of
health, safety and security conditions can be @pesl as a service by the provider.

11



3.2 Vitalization

The term 'maintenance’ is used today for the segyiactivity that keeps a facility in its original
state. This term reflects the current static viewtlee functional needs for a facility. It assumes
that these needs do not change.

The servicing activity that aims at the maximizatiof yield (= integral values divided by
integral costs) is described by the term ‘'vital@at It incorporates not only traditional
maintenance, but also modification of the facility serve changing user needs and changing
trends in technology and fashion.

Whereas most buildings meet only the user and camtynariteria that were defined at design
stage, a living building aims at meeting actualecra. This does not imply that the building is
changed continuously, as the costs of change wailelo be weighed against increased value.
But, in principle, the building will be adapted arregular basis in order to keep users satisfied
and in order to meet changing standards such asafety, health and energy. Vitalization of a
building may mean that the building has to be madger or smaller. In the latter case, building
components will be released. If the Living Buildiegncept would be applied according to
traditional cradle-to-grave thinking, downscalingpwld be identical to (partial) demolition,
which creates substantial waste. According to [Wagen et al 2004] construction is today
responsible for 10.7% of the depletion of the Eantiatural resources.

functional life of a hospital

Hospital A

Hospital B

redundant components &
components & material
materials reuse

s

Figure 7. A Living Building, such as a hospital|lwe continuously modified to satisfy user
needs. This causes the release of redundant comisomed materials. Some of these
components and materials may be reused for thézateon of other Living Buildings.

The Living Building concept adopts therefore thadte-to-cradle principle [Braungart et al
2007, McDonough et al 2002]. Modules or componémds are released from a building, simply
because their functional need has disappeared, adglifar as possible, be reused in another
building. As these modules and components will b®tas good as new, they may have to
undergo a process of remanufacturing, such asiolgampainting, surface treatment or repair.

This approach is in line with future developmenisconstruction. The European Parliament
accepted in 2008 a directive on waste eliminatidrictv states that by 2020 measures shall be
taken by all member states such that 70% of noafdams and non-natural construction

materials will be reused or recycled [Europeani&awtnt 2008].

12
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3.3 Remanufacturing

Recycling of construction materials, such as by miating of metals and glass, or by the
pulverization of stone and concrete, costs hugeuatscof energy. The production of materials
from fresh resources requires even more energyeTlagives an example of the ‘cradle-to-gate’
embodied energy and embodied carbon of some popafestruction materials [Hammond and
Jones, 2008]. Cradle-to-gate refers to the enesgy needed for the production of the base
material itself; it does not include transportatiprocessing on site, maintenance and demolition.
Total lifecycle energy and carbon will therefore babstantially higher. Especially the
demolition of concrete requires huge amounts ofggneand may be of the same order as the
energy needed for production. Given the fact thattement industry alone contributes 5% to all
global anthropogenic Cemissions, it is clear that the carbon footprint@nstruction materials

is huge. The middle column gives Embodied Energyl@ga Joules per kg of material, the right
column Embodied Carbon as kg of £@®r kg of material.

Material Embodied Energy = Embodied Carbon
MJ/kg kgCOy/kg
Aluminum (virgin) 218.0 11.46
Aluminum (recycled) 28.8 1.69
Bricks 3.0 0.22
Cement 4.6 0.83
Ceramics 10.0 0.65
Concrete (pure) 0.95 0.13
Concrete (reinforced, prefab) 2.0 0.22
Glass 15.0 0.85
Lime 5.3 0.74
Plastics (general) 80.5 2.53
Steel (virgin) 35.3 2.75
Steel (recycled) 9.5 0.43
Stone (general) 1.0 0.06
Timber (plywood) 15.0 0.81
Timber (sawn softwood) 7.4 0.45
Timber (veneer particleboard) 23.0 1.24
Vinyl flooring 65.6 2.29

Table 1 Embodied energy and carbon, cradle-to-gaitepme construction materials
[Hammond and Jones, 2008]

A detailed study of the lifecycle energy of twerystralian schools indicates that the total
embodied energy in a building (for its full lifedg¢ thus incorporating initial and recurrent
embodied energy) can be as much as 37 years ditapel energy [Ding 2007].

In addition, it should be realised that the proaucof materials such as cement, brick, steel and
glass require very high temperatures that currerdly only be realised through the burning of
hydrocarbons. For the heating and electricity con#ion of buildings there are other - more

environment friendly - energy sources available.

Given the expected rise of energy costs in théutare, and the need to reduce £fmissions, it
makes sense to explore the possibilities for reBaeas used components do not have the same
‘look and feel’ of new products, these componeetpiire some treatment, such as the repair of
dents and scratches, surface finishing and coalimg. principle is called remanufacturing.

The idea of remanufacturing originated in the awuitiwe sector, where demolition firms started
to disassemble cars, refurbish their components satt these as spare parts for similar types of
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cars. Remanufactured parts can be produced atG&fi#h of the costs, and can save up to 80%
of the energy and CQOemissions as compared with the production of nawsp[Steinhilper
1998]. Remanufacturing saves the Earth's limitedueces and reduces the production of waste.

Up to now, take-back policies for certain produats implemented collectively, often through
government interference. But [Webster and Mitrap7d0found that individual take-back
policies, enforced by law, will lead to a structuchange of industry and will make reuse and
remanufacturing a profitable business where today considered as non-profitable. In these
cases, manufacturers design their products sothlgtare not just easy to assemble, but also
easy to disassemble and remanufacture. Advancedfatanring technologies used today for
production can also be applied for disassemblyrande.

Apart from cleaning, remanufacturing often inclugesface treatment, such as the removal of
corrosion and paint, repair of scratches and demd, the addition of new coating layers. In

some cases, remanufacturing may require shape icaidihs. In a few cases it includes

melting or chemical processing, so that the baséenaés can still be reused. Reuse of
components or modules, without melting or chempmalcessing, has the least environmental
impact and is therefore preferred [Tomiyama 199%eda 2000].
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Figure 8. If the physical or technical lifetimemducts or components is longer than their
functional life, there is a case for remanufactgrijor ‘'upcycling’) [Steinhilper 1998].

Given the increasing costs of raw materials andgneompanies that master this process well
will have a leading edge over companies that apphylle-to-grave thinking [Goedkoop et al
1999].

The business case for remanufacturing may evenréatey for construction than for other
sectors. This is because:

a) buildings and other constructed artefacts argsiva relative to other products so that there
is a higher incentive for reusing materials,

b) the technical and physical lifetime of composeahd materials used for construction is
generally longer than their functional lifetimedan
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c) remanufacturing, in combination with vitalizatjcextends the value lifetime of buildings
and thus reduces the risks of capital investments.

3.4 Design for disassembly

An important prerequisite for vitalization, reusedaremanufacturing is that building structures
can be (partially) disassembled without endangettiegmain structure of the building or any of
its systems, and without damaging the componentanlideal situation, it must be possible to
vitalize a building without disrupting any of thetiities that it facilitates.

A study of the technical implications of design fiisassembly in construction was done by
Durmisevic [Durmisevic and Brouwer 2002, Durmise®i@06]. Guidelines for design include
the separation of building functions, minimisatminthe number of relations between assemblies
in a building, a separation between main strucamet infill, the connection of components of an
assembly with a base part that connects the eaisembly with other assemblies, parallel
assembly sequences, dry joining techniques andraépa of components in different
assemblies.

3.5 The Living Building Process

The envisioned process of a Living Building prodsetvice provider is shown in figure 9. The
left side of this diagram shows, from bottom to ,topdicated with red arrows, the full

construction process that starts traditionally vtk extraction of raw materials from natural
resources. Raw materials are chemically and ofttenntally processed for the production of
base materials. Base materials are subsequentlufatdanred to become components for
assembly.

In case changes of the building are needed dutsgperational life, the building will be
partially disassembled and re-assembled. Removetiile® may be reused for assembly in the
same or another building. If modules cannot beeeas a whole, they will be disassembled into
components. Disassembly can be drastically sinepliff fixtures of components and modules
are designed for that purpose. Further, given doe that vitalization may take place in a fully
operational building, main disassembly and reassestiould be designed such that ongoing
activities in the building can continue with litibe no disturbance.

Remanufactured components or modules are storedwarehouse. As these components or
modules are then readily available, the constracpoocess can be very fast compared with
traditional building processes.

Ultimately, all buildings produced by the providetll be a mixture of remanufactured and
newly manufactured components and systems. Renwuatifeg extends the technical lifetime of
components so that overall construction costs aidibg lifecycle costs will reduce.

This concept even enables differentiated servideriofys, such as luxury buildings made
predominantly from new components, and 'economsstlauildings made from remanufactured
components.
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Figure 9. The process of a Living Building providems at reducing costs and use of natural
resources in the construction process (red) andribeease of client value (blue).

The top of figure 9 shows, with blue arrows, th&ugacreation process. The goal of this process
is to anticipate changing client and user needshabadequate solutions can be developed as
part of the product, the service, or both. Thiscpss is supported by three monitoring functions:
(a) the monitoring of social and environmental dbods that may affect user processes and
perceived building performance, (b) the monitoriofy actual user processes, and (c) the
monitoring of actual building characteristics areffprmance. A building can only be kept fit-
for-use if its perceived performance remains hfggictors that affect perceived performance are
fashion and market trends, new social insightsreewl technologies. Further, buildings such as
schools, retail centres, airports, hospitals, lspteffices and also houses support processes that
may frequently change, perhaps even every 5 teehfsy

4. Financing and Value Creation

The long term capital value of Living Buildings Wwibe substantially higher than that of
traditionally built buildings. Figure 10 shows thapital value of a building with an estimated
lifetime of 50 years. Traditional buildings have lie demolished, so that they end up having
negative value near the end of their life (figu@ tbp). Remanufacturing turns 'waste' into a
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capital resource for the production of new buildirffigure 10 middle). If combined with regular
vitalization, a Living Building will remain alwayst-for-use, and thus retain a high capital value
during its entire (indefinite) functional life.

This has two major implications for financing.

The first is that the risks of investments in LigimBuildings are substantially lower than in

traditional buildings. A Living Building can be mifiéd according to changing user needs, it can
be given a new function, and it can even be disask®l and rebuilt on another location if

needed. Its sustained value is important becawusssves as collateral for the creditor. If the long
term value of the collateral is insecure, or ifrthes simply no market for it, the creditor risks a
heavy loss on this loan in case the lender goekrbpn This risk is normally compensated by
asking a high interest on the loan. As a Living Il&8ng may be perceived as a less risky
investment, a lower interest rate on the loan negdgotiated with the creditor. This will reduce
the lifecycle costs of the building.

capital value of traditional building

+

Z— demolition

T=0jr T=50 jr

capital value of remanufacturable building

disassembly &
remanufacturing

T=0jr T=50jr

capital value of living & remanufacturable building

Initial
construction
vitalization
vitalization
— vitalization

T=0jr T=50jr

Figure 10. The capital value of a building as adtion of time, (a) for a traditional building, (b)
based on remanufacturing at the end of functioii@) &nd (c) for a Living Building.

The second implication is that Living Buildings dot have to be written off, and that they may
even rise in value compared to new but traditignaililt buildings. The reason is that it is very
likely that in the near and far future natural reses and energy will cost more than today. It
has been mentioned in section 3.3 that the praslucti new materials from fresh resources, or
the recycling of existing materials, requires meciergy. This energy can be saved if materials
and components are designed for reuse. Given théhi@ material resources on planet Earth are
finite, the long term value of such reusable matserand components will grow more rapidly
than interest on a bank account. The amount of pnonée two main economic zones, the US
and Europe, grows on average between 8 and 10%seper But only that what can be bought

17



with money determines its real value, and the amo@imvailable material resources does not
grow at a similar rate.

Hence, the components of a Living Building do nawé to be written off as quickly as a
conventional building. They may even rise in valsenilar to futures that relate to natural
resources. An investment in a Living Building mdws be regarded as an inflation-proof
investment.

5. Case studies

5.1. Pilot projects

Several construction projects were selected foreempentation with the Living Building
Concept, all located in the Netherlands. The mostment are:

» a secondary school in Veenendaal. Constructiotestan May 2009, and is expected to
finish in August 2010.

* a hospital in Den Helder. A feasibility study isngoleted, but the project itself has not
yet started because of a complication with finagcin

» a canal and sluice valve complex in the provinc&eéland. This project is planned to
start in 2010.

As the secondary school is currently the most ack@dnmore information will be given about it.

The idea of applying the Living Building conceptttos school emerged when the concept was
little more than a rough idea. Hence, there wasl@ar picture of the process and the contractual
implications. M3V, a consultancy firm that adviséx client, proposed the idea to the school
board and the local government. The running proeasstraditional, with a design made by an
architect, and a bidding, based on lowest initetcJust after winning the contract, the selected
contractor went bankrupt for reasons that had ngthd do with the concept. A new bidding
procedure started, this time covering integratetaildel design, construction, maintenance and
vitalization, based on a number of possible scesathat require future change. The provider
that offered the best value/cost ratio was selected

Although the Living Building concept is, by itseliew, there were several construction firms
that already offered flexible solutions, and whiwd an interest in expanding their business by
covering extended lifecycle services. Of these, cbmpany Matrix Onderwijshuisvesting, a
subsidiary of ASVB holdings, won the competition.

5.2. Technical aspects

The construction method applied is based on stdimat and prefabricated concrete elements,
for the exterior walls; standardized, prefabricatiedr elements; and steel columns. The wall
elements are load bearing. Wall elements that faeeexterior of the building have holes for
windows and have thermal isolation, and wall eletsi¢hat face the interior are fire resistant.
Both the wall elements and the floor elements dgontabling and piping for heating and
ventilation. See also figure 11.

The only ‘fixed’ part of the structure is the covehere vertical transportation (elevator, stairs)
and ‘wet functions’(lavatory, kitchen) are concetdd. For the rest, the entire structure is
flexible. This means that floors can be added oroneed, and that the building can be extended.
The light interior walls needed for compartmentatian be placed anywhere on a 30 cm grid.
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Figure 11. Schematic floor plan of one block ofmsp without infill.

The cladding, i.e. the visible part of the extenwall, is mounted on the load bearing wall
elements and can be replaced.

The building has two blocks of this kind, placedaimangle. The space between these blocks is
used as an atrium. In the initial design, the bagdas four floors, but it is possible to add & fe
more or to remove some.

It is possible to change the function of the buitgdas a whole, or any of its parts, such as a wing
or one or two floors. Example designs exist for aseoffice and even condominiums. Hence,
functionality can change.

All components and elements are joined with dry nemtions, and can thus be easily

disassembled. The provider estimates that the staictural elements have a lifetime of more
than 120 years. The cladding is estimated at 3@sy@aainly for reasons of fashion. In other

words, every 30 years (or sooner or later, whattheclient wants) the cladding can be replaced
by another one, giving the building a more conterapg ‘new’ appearance. Interior walls are

estimated to be moved once every 10 years (on geeead have a lifetime of 30 years.

Thanks to the choice of using standardized prefated elements and components, the entire
building can be erected in slightly more than oeary

atrium

class rooms

Figure 12. Plan of the school, with two blocks lass rooms. Between these blocks is meeting
and circulation space.
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Figure 13. Computer rendering of the exterior af #econdary school in Veenendaal; the first
pilot project contracted according to the LivingiBling Concept.

Figure 14. Computer rendering of the interior oé tlecondary school in Veenendaal.

5.3 Financial and contractual aspects

There is little doubt about the feasibility of tbencept from a technical/technological viewpoint.
But the contractual and financial aspects appetrdie less easy to implement. The provider
also offered the client a financial solution, ire thense that the provider remained owner of the
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physical building and the client pays for the parfance of the building and related services;
fully in line with the concept that is outlinedtimis paper.

This appeared to be ‘a bridge too far’ for the midn the Netherlands, schools fall under the
responsibility of local governments. They resempasate budgets for school building, operation
and maintenance, and this was also the case wghsthool. Further, the idea that a school
building would be legally owned by a private (conmai@) party felt risky. A factor that may
have contributed to this perception was the bartkyupf the former contractor. Hence, the
building, once ready, will be owned and operatedheylocal government.

The consequence of this decision was that theairgtsts had to be kept within the available
(tight) budget, and that the provider cannot beareled for the offering of added value such as
discussed in this paper. The provider, for instaptanned to install solar panels on the roof of
the building, so that the school could become gneggitral. But this feature had to be dropped
in order to stay within budget.

Another complication was that, because of ownerdtyithe local government, the standard
accounting rules used by this body applied. Conseity) the building as a whole will be written
off in a period of 40 years, just as other publiddings. Although the users are happy with the
new adaptable building, the specific advantageletoncept could not be made explicit.

Hence, it can be concluded that the new conceptinesya drastic change in thinking by the
clients.

Nonetheless, the provider, Matrix, has become eeatiusiastic and plans to offer future clients
the full package. It sees that clients need to étéeb informed about the concept, so that all
parties will eventually reap the benefits. More k@ also needed to express the added value
through a leasing construction that includes a foem of financing and insurance.

Figure 15. Construction of the school, summer 2@d®ost same point of view as figure 14).
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Results

A new business model for construction is descrilieted on a combination of products and
services, in which — ideally — the provider owng tmaterial building and is paid for the
performance that the building provides to its uséfge building is constructed from reusable
components and materials that may have a lifetinméclwis considerably longer than the
functional lifetime. The building can be adaptedtoouously to changing needs.

Several pilot projects are planned in the Nethelda®f these, the project for a ‘living school’ in
Veenendaal is currently (November 2009) in consimacphase. In 2010 the realization of a
‘living hospital’ in Den Helder and a ‘living canahd sluice complex’ are expected to start.

The project in Veenendaal started as a unique empet. But the company that built the school
has now plans to form a joint venture with two adtency firms and its main supplier that

offers the integrated Product Service combinatothé market. The ambition is to build a series
of schools — which may all look different and ureqérom architectural perspective — all

according to the same concept. It is expectedlifieaicle costs can be reduced, while the risks
for the local governments will diminish. This isntary to the common belief that sustainable
buildings cost more than traditional buildings. Tdoacept is in particular interesting for regions
that are faced with a shrinking population.

Conclusions

The Living Building concept seems to be a feas#del powerful business concept for the
realization of sustainable buildings. An importadvantage, as compared with other business
models, is the extended lifetime of material conmgus, resulting in considerable savings on
embodied energy and G@missions. In addition, ‘living buildings’ can ays be adapted to
changing user needs and changing social and emvawotal insights and requirements. Hence,
the lifecycle value will increase. As the contingauodification of buildings will require human
effort, it can be stated that, from an economi@ahpof view, the concept shifts the application
of capital investments from energy and materiabueses to labour. The higher labour intensity
should not be seen as a factor that increases testsuse building vitalization is always done to
keep the building ‘fit-for-use’. Decisions aboutacige will always be backed up by a cost/value
analysis.

The pilot in Veenendaal shows that the conceptetshriically feasible, although certain

improvements remain always possible. Thanks to uke of prefabricated, standardized
components, construction time is very short. Itha future remanufactured components will be
used, construction time can be even shorter. Hewaslients and investors, as well as their
advisors, need to get used to the idea. They t@stidk to old thinking patterns, which restrain

the effectiveness of the concept. More work is edetd examine the financial implications, as
well as the contractual and legal implications. émi@nt risks such as bankruptcy of a provider
and changing standards for reusable componentstodedaddressed.
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