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ABSTRACT

The thesis discusses how the Smart building asset management model could help
to meet buildings challenges by supporting asset identification, tracking and
update building asset database, sharing asset information, creating smart
decision-making processes and measuring performances of assets throughout
building assets lifecycle. The Smart building asset management model is

illustrated through an application to French social housing sector.
The thesis is composed of three parts:

The first part includes a literature review concerning the state of building asset
management, current management methods and related challenges. It includes
also a description of systems used in building management during building life

cycle.

The second part describes smart technology and its implementation to optimize
asset management during building life cycle. The smart building management
model improves the management performances for both individual building and

management organization.

The third chapter presents an application of smart asset management model to the
social housing sector. Based on analysis of the challenges of the French social
housing sector, it proposes an adaptation of the model developed in Chapter 2 to
social housing sector. The proposed model is applied to Lille Métropole Habitat

organization.

Keywords: Buildings asset, Management, Smart technology, Social housing,

performances, Life Cycle
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RESUME

Ce travail de theése explique comment un modele intelligent de gestion de
patrimoine immobilier pourrait aider a relever les défis des batiments en facilitant
l'identification des éléments de patrimoine, le suivi et la mise a jour de la base de
données patrimoine, le partage d'informations, la création de processus de
décision intelligents et la mesure des performances du patrimoine tout au long du
cycle de vie. Le mode¢le intelligent de gestion du patrimoine est illustré par une

application au secteur francais du logement social.
La these est composée de trois parties :

La premicre partie présente une analyse de 1’état de I’art concernant la gestion du
patrimoine immobilier, les méthodes actuelles de gestion de patrimoine et les
défis associés. Il comprend également une description des systémes utilisés dans

la gestion des batiments au cours de leur cycle de vie.

La deuxiéme partie décrit la technologie intelligente et son implémentation pour
optimiser la gestion des actifs pendant le cycle de vie du batiment. Le modéle de
gestion intelligente des batiments améliore les performances de gestion pour

chaque batiment et chaque ¢lément d’organisation de gestion.

Le troisieme chapitre partie présente une application du modéle intelligent de
gestion de patrimoine au secteur du logement social en France. Il propose une
adaptation du modele développé au chapitre 2 au secteur du logement social. Le

modele proposé est appliqué au bailleur Lille Métropole Habitat.

Mots clés: Patrimoine Immobilier, Gestion, Technologie intelligente, Logement

social, performances, Cycle de vie
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General introduction

General introduction

The social housing sector is submitted to increasing challenges, related to the aging of
this sector, from poor quality, degraded life environment, high running expenses, tenants’
low income; as well as reduction of the public funding for this sector and increasing
sustainability requirement to reduce both consumption of building (energy, electricity or

water) and greenhouse gas emission.

Researches concerning asset management showed lack of knowledge about asset state,
management strategy and weak coordination of stakeholders, which result in deterioration
in building asset and asset management performances. Consequently, this sector requires
innovation in both management methods and operation procedures in order to optimize
efficiency and performances. This strategy should could beneficiate from latest
developments in the use of smart technology in building asset management. Today, this
technology is recognized as an indispensable for improving asset management. Some
building management organizations have been deploying and integrating smart
technology systems into their assets management. However, the smart technology is not

yet used to optimize the entire asset management cycle.

Researches on building management mainly concern property management, asset
management and facility management. In which, managing asset and facility have deep
correlation because of their causal relationship. Indeed, while asset management
considers building assets to improve their performance and condition, the facilities
performance upgrades also. This research will focus on building asset management and

facility management.

Therefore, to propose a smart asset management model for existing buildings, in
particular social housing buildings, this research will analyse features of building asset
management, from individual asset, to the building and management organization. The
proposed model will use advanced technology in managing building asset to track for all
original and real-time information of assets to create building asset database. The second
goal is to build a smart-knowledge strategy for whole life cycle of asset management to
improve the efficiency and quality of social housings. A strategy will be proposed for
each process of building asset management, including performances evaluation. The final

target of the smart asset management is to track the optimal management of the social
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housing asset by building an ecosystem where stakeholders (such as owners, contractors

and users) work together for the highest benefit for all parties.

To simulate the effectiveness of the smart asset management system, a case study will be
presented to investigate the current adoption and practice in managing a French social

building management organization.
The thesis is composed of three chapters.

The first chapter presents the state of the art in building asset management and related
challenges. It includes invention of conventional methods used in building asset
management. It describes also systems used in building management, their characteristics
and what happened during building life cycle; the major challenges in building
management, such as lack of information, interoperability, difficulty to manage the
existing buildings with available valuable data and optimization of energy consumption

also discussed.

The second chapter discusses smart technologies and their implementation for building
asset management. It shows the advantages of the combination of intelligent tools into
management processes as well as organizational activities. It details the adoption of
advanced technologies to optimize asset management for the building life cycle. It
presents how smart technologies could be combined together to make a smart asset
management system. It presents the creation of the smart building management model
with management strategy and methods for both individual building and management

organization.

The third chapter presents an application of smart asset management model to the social
housing sector. Based on analysis of the challenges of the French social housing sector, it
proposes an adaptation of the model developed in Chapter 2 to social housing sector. The

proposed model is applied to Lille Métropole Habitat organization.



Chapter 1 Literature review

CHAPTER . LITERATURE REVIEW

1.1 Building asset management — what does that mean

1.1.1 The definitions

The study from recent researches shows that there is no clear definition of building asset
management. According to (Amadi-Echendu et al., 2010), “Building management” or
“Building Asset Management” (BAM) is one part of Engineering Asset Management
(EAM) in particularly or Asset Management (AM) in general, and takes care one specific
kind of asset: building (Fig 1.1). Therefore, it takes all characters and natures from AM to
EAM as well, and also under control of ISO 55000 (the International Organisation for
Standardization) — the development from Publicly Available Specification 55 (PAS 55)
as the based- document. Thus, to understand how to manage building asset, a
competently study about AM and EAM from where they formed (ISO 55000, PAS 55) is

an important requirement.

ISO 55000 and PAS 55 had been introduced by the collaboration between The Institute of
Asset Management (IAM) and the British Standards Institution (BSI) with several other
organizations. It is a specification standard for managing assets, which is known as a

13

provider of an impression on “what needs to be done to manage physical assets for
business objectives at any moments in its life cycle” (Alfatih, Leong and Hee, 2015). For

these purposes, AM had defined in clause 3.2 of PAS 55 as:

“systematic and coordinated activities and practices through which an organization
optimally and sustainably manages its assets and asset systems, their associated
performance, risks and expenditures over their life cycles for the purpose of achieving

’

its organizational strategic plan’
And, in clause 3.25 the definition of strategic plan of organization is:

“overall long-term plan for the organization that sgpiis derived from, and embodies, its
vision, mission, values, business policies, stakeholder requirements, objectives and the

management of its risks”

After PAS 55, in 2014, the ISO 55000 standard has developed a well-considered
definition for asset management (clause 3.3.1) that much broader in scope: “the
coordinated activity of an organization to realize value from assets”’, in which an asset
(clause 3.2.1) is an “item, thing or entity that has potential or actual value to an

organization”. Besides this definition, there are some notes for it state that:
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- “realization of value will normally involve a balancing of costs, risks, opportunities

and performance benefits,
and the term

- “activity” has a broad meaning and can include, for example, the approach, the

planning, the plans and their implementation”

In ISO 55000 (and PAS 55 before it), AM demands a disciplined approach to effectual
implementation that is useful for managing building asset. This approach could allow a
building management organization to maximize building assets’ value and achieve its
strategic objectives by the effective asset management during whole life cycles of its
assets. This comprises determinative of relevant assets to create or acquire in the
beginning, the best procedure of operating and maintaining them, and the adoption of
various options: optimal renovation, decommission and/or disposition (British Standards

Institute, 2008).

Exotic
securities

Derivatives, e.g. options

Basic financial assets — e.g. shares

Engineering assets such as equipment and buildings

Figure 1.1. The fundamental nature of engineering assets (Amadi-Echendu et
al., 2010)

Conclude from others researches, EAM, in general, mention to management activities of
the engineering assets like: buildings, equipment (Fig 1.1). (Amadi-Echendu ef al., 2010)
expressed that EAM requests a system of information to collect useful data supporting for

making decisions. Therefore, it cannot be denied from all the aspects and state of building
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assets that BAM - as a part of EAM - is a multidisciplinary approach, including
management, economics, and information technology. BAM's decisions spread over a
wide range of areas from operational to strategically aspects. In order to achieve the
business objectives for an organization that owns or manages building assets, the

concerning of BAM is the building asset life cycle management.

In brief, applying all definitions of AM in general and EAM to a specific engineering
asset type — buildings — BAM could be defined as a system enabling building's
stakeholders to extract the most value from their building assets. This system is broad in
scope, covering a wide variety of areas, including all activities related to building assets
from operation/maintenance to upgrade/ renewal for their whole lifecycle. BAM system
has diverse missions: performance management, risk, and cost for achieving its

organizational strategic goals, not only of building assets but also of this organization.

This approach will take as its starting point the conceptualization of BAM system,
including its objects, scope, and missions, to provide a basis for analysing BAM general
problems and challenges, exploring possible solutions to upgrade its capability. In this
research, the term “Building Asset Management” will be used to mean the integration of
three disciplines: engineering, management, and finance, which are together applied to

the stewardship of the building assets.

1.1.2 Related objects of building asset management: Stakeholders and building assets
1.1.2.1 Individual building Assets and building asset systems

Assets are the major buildings’ components, for example, doors, floors, plumbing, stairs,
corridors and so on. Building Asset Management (BAM) is a supported framework for
management and decision processes, which covers the building assets’ service for the
whole life, “from cradle to grave” (CHOA'’s, 2013). It could manage both, tangible assets
such as building components, elements, equipment and intangible assets such as designs,
software, and financial assets. Because the scope of the study is limited, only tangible
fixed assets of buildings are studied. Therefore, starting from here, the term "building

assets" in the research refers only to the types of tangible fixed assets.

Agreeing with the point of view of CHOA'’s researches, building assets can be divided
into seven fundamental physical systems: Structure, enclosure, electrical, mechanical, fire

safety, interior finishes& amenities and site work (Fig 1.2).
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Figure 1.2. Building assets’ types (CHOA'’s, 2013a)

However, things will be much more complicated while accessing into inventory field.
Each asset has separately operation, maintenance and renewal planning, so from seven
basic systems, managers have to separate out “many hundreds of different types: roofs,
windows, doors, boilers, light fixtures, pumps, fans, floor finishes, fire extinguishers,
emergency exit signs, elevators, smoker detectors... and the list goes on” (CHOA’s,
2013a) (see figure 1.3, 1.4). In addition, almost every building is unique, so the list of
assets aggregated from all the buildings concerned by an organization — building asset

systems- can multiply over and over if calculate in total.
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Figure 1.3. Details of Building assets’ types —part 1 (CHOA'’s, 2013a)
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Figure 1.4. Details of Building assets’ types — part 2 (CHOA'’s, 2013a)

1.1.2.2 Stakeholders of building assets
Building asset management is long-term and complicated. It requires effort contributions

and consultants from involved parties from forming to using of property in order to
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succeed. Figure 1.5 points out all stakeholders in building sector. The first group-
contractors- combines of the ones related to both construction and operation period. They
are architectures or engineers of design consultant and building contractors corresponding
to each asset types. They have responsibilities and duties, in order are author supervision
and warranty in the using period. They also can be maintenance - renewal contractors or
subcontractors, play an important role in managing building assets during operated

period.

Owners

* Techical department
« Financial & accoutant department

* Human resourse
* Others Users
——

Contractors
« Design contractors Others
 Construction contractors 3 ] .
» Maintenance contractors B u 1 l d l n g * Economic

* Society

* Renovation contractors a S S ets

Figure 1.5. Stakeholders of building assets

The second is the group of owners/holders/shareholders. In general, they can be an
organization or an individual. According to the aims of the research, only management
organizations which hold a number of buildings are concerned. As identified previously,
BAM system is the incorporation of overlapping interdisciplinary activities that
controlled many building asset- related activities. It coordinates parties of an organization

to undertake asset-related activities, for example:

> Establishing the requirements to enable investment, funding and budgeting,

cost analysis and decision making demand the indispensable presence of

procurement, finance, and accounting divisions.

> Establishing the required information flows to facilitate linkages and integrate
across all asset-related activities and create a database is commands for the

information technology department.
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> Establishing the required development in assets or asset- related processes and
the suitable technology or any new developments in technology for use in
enhancing performance is the support and development mission of the technical
division.

> Working for better performance, less risks, and safe environment is considered

by human resources, inventory, quality and safety systems departments.

> Especially, sometimes there are also external suppliers or outsource for

managing building asset’s life cycle.

The third group - users- hold not less important position to BAM strategy. In fact, all
their daily activities and requirement as one of the main goals of BAM have a direct

effect on building assets and BAM strategy.

The last group — others- has benefits from BAM system, through performance, success of

organizations (contractors/ owners) or impact of others stakeholders’ activities.

10
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Table 1.1. Stakeholders and their role during Building Asset Life Cycle

Supporting Activities of

Building Asset Contractors Owners Users
Life Cycle Technical Finances & IT/IS,
Activities Design | Construction | Maintenance | Renovation Procure- Human . Quality

Support and Accounting
contractors | contractors | contractors | contractors ment Resources &
Development control
Safety
Research,
Engineering & Yes Yes No No Yes Yes No Yes Yes NA
Design
Acquisition,
Development & Yes Yes No No Yes Yes No Yes Yes NA
Installation
Operation Yes Yes Yes No Yes Yes Yes Yes Yes Yes
(Utilization/Use)
Maintenance Yes Yes Yes No Yes Yes Yes Yes Yes Yes

(Care/ Service)

Replacement,

Retirement & Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Disposal
Renovation/ Yes Yes No Yes Yes Yes Yes Yes Yes Yes
Upgrade

Yes: Supporting for the activities — No. Not supporting for the activities —NA: Do not know yet

11
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1.1.3  The lifecycle of building assets and BAM lifecycle activities

Even though one building is unique and varies in the need for maintenance, repairs and
asset renewals due to its factors, such as the quality of construction, design details,
exposure conditions and the standards established by the owners and their BAM
management team, stages and expenses of a building during its life cycle can display the
same. As results of many researchers, we all accept that the life cycle of building
generally can be divided into five stages base on the maturity and activities of building
during its lifecycle (Figure 1.6). This stage dividing can apply for all building sectors:

residential, institutional, commercial, industrial, and municipal (CHOA’s, 2013a).

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Prenatal Childhood Adolescence Adulthood Old Age

<1 Year 1-16 Years 17-29 Years 30-49 Years 50+ Years

‘ Routine
Maintenance

Adaptations
& Upgrades

Capital
Renewals

Original
Construction

Figure 1.6. Stages and expenses in Building life cycle (CHOA'’s, 2013a)

a. “Pre-Natal” Stage (Under 1 year)
The building has the first life stage, which depended on the types of warranties on the
project, occurred up to the end of the first (or second) year. In this stage, the building is
handed over from the developer to the first owners. During this early stage in the life of
the building, a variety of warranties still cover its new assets, so cleaning activities and

periodic inspections are simple maintenance requirements must be focused on.

The first stage maintenance work is conducted base on the prescribing warranties,
including inspections to identify any warranty defects. Repairs and Renewals rarely
happen during this very young stage of the building’s life. If there are any necessitated

repairs or renewals occurred without un-careful cautions of owners or normal wear and

12
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tear or other such matters, the building provider would be one has to provide legitimate

warranty services.

When the initial one-year, 15-month, and/or two-year warranties have expired, additional
longer-term warranties, such as five- and ten-year warranties, are transit into the next
stage - “childhood stage”. At the end of “pre-natal” stage, appropriate maintenance
procedures for whole building lifecycle need to be established, including full information
to demonstrate lately maintenance service contracts and maintenance log-books in the
future.
b. “Childhood” Stage (2-16 years)

The second life stage of a building is 15 years, from about the 2nd anniversary to about
the 16th year. During this period, full responsibility for all the maintenance, repairs and

long-range renewal planning for the building, has been assumed by the owners.

Maintenance tasks are still focused on a combination of cleaning activities and inspection
activities. For repairs/ renewals activities, at Stage-2, the owners will have to start with
miscellaneous repair or replace projects for few required assets such as small motors
(water heaters, pumps), or interior/ exterior painting, hallway carpeting, etc. Owners have
to recognize that their short-life assets (those assets with useful service lives of 15, 10, 5
years or less) will require cyclical replacement in this period and during all the
subsequent life cycle stages of the building. With management plans or strategies which
consider the big-picture view over the life of building, owners could avoid nuisances for
their objectives in present and future.
c. “Adolescence” Stage (17-29 years)

Moving to the third stage of buildings' life, though maintenance continues to be focused
on all critical assets, owners have to face a dramatic shift in the number of presented
challenges. Firstly, there is a significant increase in the amount of repaired or renewal
projects due to the assets' age. Many assets are designed with a 20-25 year useful service
life, so, closer to the end of this period, more and more assets are near the end of their

design service lives.

Secondly, these big numbers of building assets that are deteriorating and reaching the end
of their useful service lives require the much bigger maintenance budgets than the one
established during the 2nd life stage to address the impending replacement. In case lack

of budget, a few of the projects that would typically occur in life stage 3 may be

13
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postponed until the 4th life stage. To reduce this risk, owners must consider seriously

their budgeting practices and make reasonable funding allocations.

The third challenge is the prone technological obsolescence of some assets, particularly
electronic or MEP components may be no longer manufactured, it makes difficult to find
replacement parts. This is one of the primary reasons why owners need to build long-term
plans managing building asset (ie., like the 30-year plans or the window into the future).
This enables the owners to anticipate and prepare proactively for the majority of the asset
replacement projects during the building lifecycle.
d. “Adulthood” Stage (30-49 years)
The fourth stage of a building begins at about 30th year. Owner faces similar kinds of
challenges of the 3rd stage, but with the increase of capacity and intensity. Indeed,
though essential maintenance has no dissimilarity with the earlier life stages, asset
renewal projects occur during the 4th life stage are the largest and most expensive. It is
due to some of the shorter life assets (that were replaced in earlier stages) will now
require their next round of renewal. Besides, a facility containing a range of assets of
different ages and deteriorating at different rates now challenges for owners and their
property manager.
e. “Old Age” & Beyond (50+ years)

At about 50th year, the 5th life stage of a building commences. There is no specific
evidence about the direct correlation between the age and the condition of a building. The
necessary and sufficient maintenance, repair, and renewal processes can keep older
building in good shape; even return them to life Stage-2. Similarly, the failure or

inadequate processes can lead to the poor condition of new buildings.

In reality, most buildings will continue to operate for many decades beyond their 50th
anniversary. There is the fact that buildings tend to have renewal or upgrade instead of
rebuild due to recent sustainable construction policies. After this juncture, all the major
assets could have one renewal cycle; however, assets condition would be based on not
only the efficiency of renewal or upgrade projects but also the previous management
performance. Therefore the necessary and sufficient maintenance during all asset
lifecycle stages, coupled with timely repair/ renewal of assets, will ensure that the owners

receive many decades of good value from their real estate investment.

14
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1.1.4 Building asset management benefits
Optimizing life cycle asset management could bring back numerous benefits to the
organization. Among them, some namely principal improvements of a successful AM

system include:

- Optimized cost and return on operation or investment. So, even within a constrained

funding regime, the best value-for-money ability is still demonstrated.

- Improving asset or asset system performance (quality, health, safety) and environmental
performance (energy, resources, waste, etc.). Thus, customer satisfaction is enhanced

together with sustainable development is actively demonstrated.

- Having adequate evidence for demonstrating legal, regulatory and statutory compliance,
reducing risk through long-term planning, confidence, and performance sustainability,

controlled and systematic processes;

The benefits above are all that social housing owners anticipated solving their problems
and meeting their challenges. Therefore, the following assignment is determining the

essential elements to be implemented successfully the BAM system.

1.1.5 Building asset management system
(British Standards Institute, 2008) has given an entire and intelligible concept of AM
system in PAS 55 (Fig 1.7). As one kind of assets, building asset also could be managed

with similar model.
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Figure 1.7. Structure of AM system in the relationship (British Standards
Institute, 2008)

Figure 1.7 indicates that the core of BAM system is BAM policy, strategy, objectives,
and plans; with the development starting point is the organizational strategic plan. Then,
in their turn, they direct the optimal combination of life cycle activities to be applied
across the diverse portfolio of asset systems and assets (in accordance with their
criticalities, condition, performance and chosen risk profile of the organization). In the
BAM system, the importance of monitoring and continual improvements within its
elements is highlighted (such as the asset management strategy will be optimized with the
asset performance). It the importance of continual improvement has externally
demonstrated through direct influence upon the organizational strategic plan and

stakeholder expectations.
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(British Standards Institute, 2014) stated that the strategic asset management plan (AM
strategy in PAS 55) is the combination of "documented information that specifies how
organizational objectives are to be converted into asset management objectives, the
approach for developing asset management plans, and the role of the asset management
system in supporting achievement of the asset management objectives". It means the
strategic asset management plan is the principal road leading an organization to its AM

objectives and, furthermore, its objectives.

It also could be intelligible from what exhibited in Figure 1.7 and 1.8 that the ideal BAM
plans will yield optimal asset management results. These ideal plans are the
implementation and realization of one BAM strategy to deliver to the BAM objectives.
Considering all BAM system’s elements, it may notice that the acquired performance of
BAM systems with accurate policies and objectives depend primarily on whether the
BAM strategy is effective. Therefore, a continual improvement for BAM strategy will
deliver the better building asset system performance, is the most effective way to face

with the challenges of the building sector in general and social housing in particular.

1.1.6 Building asset management strategy (PAS 55) or strategic asset management
plan (SAMP) (ISO 55000)

The studies above about BAM system and its elements manifest that for each
organization, with diverse legal and stakeholder requirements and expectations
(customers, shareholders, regulators, employees, suppliers, society), will have dissimilar
organizational strategic plans and formulate its own. Then, from dissimilar organizational
strategic plans (which various in vision, mission, values, business policies, stakeholder
requirements, goals and risk management), divergent BAM policies will be constructed.
Therefore, BAM strategy of an organization, which is the BAM policy's application of
this organization and with the mission of assisting in the delivery of this organizational

strategic plan, may be far different from the one of another organization.

As stated in PAS 55, an established BAM strategy must "identify the function(s),
performance/condition of existing asset systems, especially critical assets", then
considering about "the clear approach and principal methods by which assets and asset
systems will be managed", finally "monitor and measure the performance of the asset
management system and the performance and/or condition of assets and/or asset systems"
for BAM system improvement. It means owners have to prepare the good material -

information of building asset system, to apply the desired methods of optimization and
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decision-making suitable for all relevant stakeholders, and evaluate results obtained to
make some changes if necessary. These three major factors that make the success of

BAM strategy, or further, the BAM system, are going to study in the next section..

1.2 Conventional methods used in Building asset management

Similar to manage assets in general, planning a perfect BAM strategy is the key to
achieve BAM objectives. To determine this strategy, the organization need to take into
account creating the full - complete information database of its building asset system and
the relevant methods and criteria are employed for decision making/prioritizing/
performance monitoring of the activities and resources, or in managing its building assets

over their lifecycles.

1.2.1 Building asset management system information

ISO 55001 perceives that “Asset information systems can be extremely large and
complex in some organizations, and there are many issues involved in collecting,
verifying and consolidating asset data in order to transform it into asset information”.
Asset information system is the combination of Asset information strategy, Asset
information standards, Asset information systems and data & information management,
which covers all information related to AM system activities in Fig 1.7 (IAM- The
Institute of Asset Management, 2015). To build this information system, the organization
will necessitate the collaboration and mutual support among many parts of them and
other stakeholders related to asset activities. This coordination normally requires the
sharing involved resources. In the complex sector like building, the asset information
system is already huge since the beginning due to various building asset types and diverse
stakeholders. Its amount could be much bigger in case the organization has several

buildings in charge.

Moreover, over time, the maintenance, repair, and renewal or upgrade regularly during
building lifecycle make asset managers could not stop adding more and more information
to this database. In addition, these kinds of information may not come from one source
(C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>