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Abstract Digital Asset Management is a key discipline enabling a sustainable and
high-quality built environment. The physical asset is nowadays more and more inte-
grated within the digital environment, therefore it produces a great amount of infor-
mation during its life cycle. This information should be used to improve process
management during the use phase of the asset, according to a servitised and cross-
disciplinary approach. Accordingly, a methodological framework for asset manage-
ment business processes reengineering is here presented. Through the application of
the proposed set methods and procedures, it is possible to leverage innovative Infor-
mation and Communication technologies (ICTs) for the development of improved
information management practices in digital built environment management. The
case studies developed demonstrated the possibility to effectively implement inno-
vative Digital Asset Management processes and address different core areas of the
discipline.

1 Shifting Towards a New Real Estate Market

The real estate market is shifting its scope form the traditional meaning of the asset,
conceived as tangible good exploited as a means for achieving a primary objective,
to the integration of physical assets into the set of services delivered to the client
(Moretti et al. 2017). This new way of thinking about the real estate, brings tangible
and intangible goods and services together, as a whole new product to be sold on the
market. The output of the real estate development industry becomes a system of both
project components and added services (Baines et al. 2008). Moreover, management
of the built environment has been characterised over the last years by an increase in
the complexity of physical assets, as well as the high number of stakeholders and
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pervasive use of Information Communication Technologies (ICTs) (Centre for Digi-
tal Built Britain 2018). Physical assets can be considered complex systems featuring
tangible and intangible performances. The shift from the traditional paradigm (the
building as a product) to the contemporary one (the building as a service) is enabled
by the digitisation leading to a new complexity, to be managed through approaches
enabling modelling and management of information, for achieving a more sustain-
able built environment. These dynamics raise the issue of howdigital-based processes
can be encompassed within AM and which are the most suitable tools and practices
to be employed to catch the new complexity of the built environment. Therefore,
the research triggers process innovation for Asset Management, exploiting existing
tools and practices, combined and reshaped to achieve enhanced performances of
the built environment.

2 State of the Art

The built environment is currently more and more integrated with the digital envi-
ronment, enabling new processes in the asset management. The Internet of Things
implementation in Architecture, Engineering, Construction and Operation (AECO)
is gaining momentum, allowing the sector to reach advanced building performances
(Wong et al. 2018). Higher level of effectiveness and automation for comfort con-
trol and adjustment (Fan andXia 2015), continuous commissioning andmaintenance
management of physical assets (Dixit et al. 2019) are only a couple of the features that
can be achieved through the integration of the physical asset with a dense network of
sensors and actuators andwith automated systems. The building, in this context, must
be considered as an entity, able to recognise external and internal changes and adapt
its behaviour to provide users with defined performance levels. These information
exchanges between the user and the building are typical of the cognitive building,
namely an asset which is able to adapt itself according to the behaviour of the users
who, conversely, receive information from the asset and can be involved in the con-
trol loop in a bi-directional way (Rinaldi et al. 2016). The great number of sensors,
actuators and advanced automated systems that characterise the contemporary built
environment raises new issues concerning the management of the wide informa-
tion flow (Boton et al. 2015). Accordingly, IT tools should be exploited to tackle
cross-sector problems, since traditional approaches are no longer suitable with the
increasing complexity of the built environment. Therefore, methodologies for anal-
ysis and interpretation of Big Data could be exploited for handling the unstructured,
real-time data flows, to be interpreted and processed in order to achieve a higher
knowledge and effectiveness in asset management.

Structured information can be integrated in the Building Information Modelling
approach which, according to ISO 19650-2:2018 (2018), can be intended as a dig-
ital object-oriented process for design, construction and management of buildings
or infrastructures. BIM enables professionals to make informed decisions thanks to
reliable and updated information, during the entire life cycle of the asset (Sanchez
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et al. 2016). Accordingly, BIM cannot only be considered as a 3D-oriented design
methodology, but as a digitally based methodology, exploiting different Informa-
tion and Communication Technology (ICT) tools and techniques, which allow to
effectively manage the physical assets in a sustainable way.

3 Aim of the Research

The ongoing research at the Politecnico di Milano—ABC Dept. aims at enhanc-
ing Asset Management business processes, through new information management
approaches enabled by availability of ICT tools. The employment of this innovative
approach allows for the optimisation of existingAssetManagement processes and the
creation of new ones. Therefore, a methodological framework to improve or develop
new Digital Asset Management processes has been developed. The methodologi-
cal framework is articulated in three phases, bringing from a strong knowledge and
understanding of the traditional Asset Management processes, to the optimisation or
development of new Digital Asset Management ones.

4 Methods and Tools

The methodological approach is organised in three steps: the AM process mapping,
the process modelling and the process reengineering. The first concerns the identifi-
cation and categorisation of theAMcore functions, the second implies a standardised
methodology for business process modelling, the third concerns the optimisation and
creation of new digital-based and servitised AM processes.

AM encompasses a wide array of processes and sub-processes to be implemented
in order to achieve acceptable levels of performance and maintain their value dur-
ing their entire life cycle. Engineering Asset Management can be divided into 14
areas, classified by typology (strategic, tactical, operational) and according to the
lifecycle phases in which they take place. Processes in Fig. 1 are the most frequently
implemented in asset management. The business process mapping is the first step
to achieve a strong knowledge of the AM discipline and to define the boundaries of
Digital Asset Management: it allows us to identify processes to be managed in order
to make informed decisions on assets.

Each area is composed by a sequence of input, core processes, sub-processes
and output. The Business Process Modelling (BPM) technique has been adopted to
model the AM business processes, identifying the information flows among pro-
cesses. Therefore, for each process identified in the business process mapping phase,
inputs, main processes, sub-processes and outputs are modelled, to classify the main
flows (relationships) and transformations (activities). Modelling of the information
flows of core AM functions enables the digital-based servitised reengineering which
takes places in the third phase.
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Fig. 1 Digital Asset Management core areas and reengineering outcomes (case study)

The third phase concerns the Business Process Reengineering. Reengineering
means the optimisation or creation of new business processes, in order to achieve a
digitally based and servitised outcome.

This operation may lead to the complete redevelopment of the processes previ-
ously employed by the organisation. In this phase, the identification of a number
of additional key features of the processes is crucial. The key features can be sum-
marised as: the typology of the organisation; the operating context; the organisation’s
constraints (financial and regulatory); the needs of the organisation and the involved
stakeholders. These five features allow to properly shape the process reengineering
operations and outcomes, without losing the standardisation. To the five features a
sixth must be added: the organisation’s data availability and accessibility. This is a
primary driver for the business process reengineering in Digital Asset Management
and for achieving the benefits deriving from it (e.g. more efficiency and effectiveness,
reduction in uncertainty, increased reliability, etc.). This assessment also informs on
which are the most suitable processes to be reengineered. Once the definition of the
organisation’s context and constraints has been defined, processes can be optimised
through the use of enabling ICTs. The reengineering process takes places according
to the principles of modularity, scalability and cross-domain. Currently, nine core
AM functions have been reengineered.
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5 Case Studies and Tools

Processes reengineered so far are represented in Fig. 1. Orange bars represent the
reengineered processes. Some processes can be extended from a single asset to the
asset portfolio, or from the asset to the neighbourhood. Therefore, the scalability
principle has been employed. Moreover, different core areas have been connected to
meet an inter-disciplinary and cross-domain approach.

5.1 Artificial Neural Networks and GIS for Energy Retrofit
Policy

School buildings in Italy are outdated, in critical maintenance conditions and they
often perform below acceptable service levels and quality standards. Nevertheless,
data supporting renovation policies is missing or is very expensive to be obtained
(Fig. 2).

This case study proposes amethod for evaluating buildings’ energy savings poten-
tial, using the Building Energy Certification (Certificazione Energetica degli Edi-
fici—CENED) open database (2018). The aim of the study concerns the develop-
ment of a data-driven set of methods, based on the use of open data, machine learn-
ing (ML) and Geographic Information Systems (GIS) to support regional energy
retrofit policies for school buildings. The main advantage concerns the possibility
to predict the post-retrofit energy savings, avoiding the expensive on-site Condition
Assessment (CA) phase. Data has been first clustered to identify the most common
thermo-physical properties of the envelope, then three retrofit scenarios have been
defined, to allow for the retrofit of homogeneous types of buildings. The energy
saving potentials have been evaluated through the implementation of eight Artificial

Fig. 2 School portfolio refurbishment map and scenario analysis
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Fig. 3 Research diagram, resilience rating equation, and 3D model of the case study building

Neural Networks (ANN). Finally, data has been geolocated and further processed
to support the definition of the energy retrofit policies for the most critical regional
areas. The Lombardy region has been chosen as case study to test the robustness
of the proposed methods. The results of the case study proved that school buildings
energy retrofit policies can be supported and defined using available open data, ML
and GIS. The future developments of the research concern the further integration of
GIS for retrofit cost assessment and scenario analysis (Re Cecconi et al. 2019a).

5.2 BIM-Based Building Resilience Rating System

Measuring and rating resilience of assets is a key enabler for asset and portfolio
management. Through this case study a resilience rating system for buildings has
been developed by utilising a Building Information Modelling (BIM) approach. The
assessment is carried out through a calculation following the Analytical Hierarchy
Process (AHP). This methodology can be applied to different types of buildings,
without a loss of precision or reliability. This resilience rating forms an integral part
of a more comprehensive array of Key Performance Indicator (KPI) frameworks for
asset and portfolio management, and therefore can significantly influence strategic
investment choices for designers, engineers, and building owners (Re Cecconi et al.
2018) (Fig. 3).

5.3 Building Maintenance Budget Allocation

Available data on asset condition and performances can be conveyed into different
Key Performance Indicators (KPIs). Many KPIs measuring technical, functional and
economic/financial asset performances can be found in the literature. Nevertheless,
they are often strictly related to a specific scope, thus they provide an incomplete
depiction of the whole assets’ performances. The objective of this case study is to
provide facility managers and asset owners with an easy instrument to prioritise
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Fig. 4 Maintenance budget allocation research schema and interface

maintenance. In order to reduce costs related to its use, the instrument, developed
in the form of a Decision Support System (DSS), is based on existing and reliable
performancemetrics and leverages new technologies likeBuilding InformationMod-
elling (BIM). Accordingly, the Facility Condition Index (FCI) is combined with the
D index, a KPI related to the age of building components, developed by the authors.
The joint use of the FCI and the D index, allows facility managers to make more
conscious decisions. The proposed DSS helps in the definition of the best mainte-
nance plan, providing a ranking of building components which require more urgent
maintenance interventions. Although the DSS should be tested measuring its ability
to preserve buildings and their performances in the long term, the first results are
positive, as confirmed by the application to a case study on an office building in
Italy. Moreover, the usability of the instrument has been appreciated by the users in
a medium size Italian company (Re Cecconi et al. 2019b) (Fig. 4).

5.4 Green BIM

Rating systems are assumed as instruments to endorse architectural quality, relia-
bility, energy efficiency, economic convenience and, finally, assign a sustainability
label. Moreover, these tools can be tied to a BIMmodel. The aim of this case study is
test a lean methodology to fulfil Common European Sustainable Built Environment
Assessment (CESBA) requirements through Construction to Operations Building
information exchange (COBie) in projects on existing buildings adopting the BIM
Bronze approach from the UKMinistry of Justice (MoJ). This will allow to develop
a semantic model and to extract sustainability reports in a post-construction phase,
thereby minimising the cost of gathering information on existing buildings. An illus-
trated example regarding energy criteria of CESBA protocol has been developed to
further the proposed approach (Maltese et al. 2017) (Fig. 5).
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Fig. 5 Green BIM research schema and COBie mapping template

6 Smart Contract for Optimised Facility Management
of Cognitive Buildings

Building operations require fine FacilityManagement (FM)when it comes to achiev-
ing satisfactory performance levels of spaces within buildings. It is known that occu-
pancy monitoring fosters energy efficiency in buildings through dynamic adaptation
of indoor conditions according to the variation in occupancy. A similar approach can
enhance maintenance contract management too, especially if coupled with a con-
tract management system such as blockchain. Here a methodology is presented for
the optimisation of maintenance contracts, through occupancy monitoring with an
arranged sensor network. For this, twoultrasonic sensormodules have been employed
for tracking the use intensity of a corridor within an office building in Milan. Tests
were performed for determining the proper configuration for their installation, to
accurately read the use intensity flow. Data can be processed and stored within a dig-
ital asset model, associated with the maintenance plan. Once cleaning requirements
reaches a predefined threshold, which is agreed and defined in the maintenance plan
using as an indicator the occupants flow, the system triggers a maintenance alert to
the contractor, who can then activate the cleaning intervention (Fig. 6).

The cleaning need threshold stored in the BIM model can be considered as the
oracle of the maintenance smart contract which is activated once the cleaning oper-
ation has started. The maintenance smart contract allows users to automatically val-
idate the transaction, once the maintenance intervention is performed and verified.
Users’ privacy issues are surpassed since the sensors measure the distance from the
nearest object for determining the flow of people, without registering any personal
information.

The proposed approach enables an enhancement for the automation of mainte-
nancemanagement operations in a cost-effectivemanner.However, further validation
and trials are required with respect to the flexibility of its application (different space
types), especiallywhen dealingwith abrupt occupants’ displacement (BlancoCadena
et al. 2019).
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Fig. 6 Smart contracts for improved facility management research diagram

7 Conclusions and Next Development

The methodological approach has been defined and organised in three steps which
start from the deep knowledge of AM processes leading to their reengineering,
through the information flow modelling enabled by ICT technologies and tools. The
digitisation potential of the processes is defined through the analysis of availability of
information and takes places thanks to the modularity, scalability and cross-domain
principles. This can be considered a streamlined assessment for the initialisation of
a reengineering process. The proposed three-tiered methodology is the framework
within which the reengineering of business processes takes place.

Through the proposed case studies, it has been demonstrated how Digital built
Asset Management processes can be developed according to a data-driven and servi-
tised approach. The case studies, which can be considered asmodels with an immedi-
ate business application (ready-to-use tools), demonstrate the possibility of achieving
positive results in the implementation of the DAM processes. In conclusion, further
applications and validation of the proposed methods could strengthen the research
and business outcomes and foster new partnerships with the industry.
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