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SUSTAINABLE CITY
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Figure 1.1. The four dimensions of a sustainable city (source: adapted from UN (2013))
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Figure 1.3. Global ICT developments, Y2009-19 (source: adapted from ITU (2019))
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Figure 1.6. Smart City Wheel (source: Cohen (2012))
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Figure 1.7. Giffinger et al.’s (2007) work revisited (source: created
by the author — inspired by Simard (2015))
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Figure 1.8. Smart city: factors versus components (source: adapted
from Tobergate and Curtis (2014))



o The backing of the political establishment
is critical!

Pilot projects are key!

Strong governance: Proof-of-concept projects:
Data matter, whether big or small.

Human-centric approach: roach Create a pool of talents:
Listen to citizens’ needs and propose Attract and retain talented people.
suitable solutions. Develop university programs dedicated to
smart cities.

Bmld strategic alliances:

Work with partners, inside the city
government and outside.

Table 1.7. The five strengths of Amsterdam’s smart city (source: Ernst and Young)

4,000 I - 600,000

3,500

Population size (exact numbers) 500,000

3,000
400,000
2,500

2,000 300,000

1,500
200,000

1,000 P
Carbon emissions

<00 (1 ton) ' 100,000

. L
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2025

m Carbon emissions Population size

Figure 1.9. Copenhagen: carbon emission versus population size
(source: compiled from various sources)



Smart Projects: Smart City Initiatives:

Work with: e Cooperation across administrations
— targeted use of data in solving e  Project coordination board
problems » One “strategi” for smart city
— new technology or known e  Focus on lighthouse projects:
technology in new ways — Open city data platform
— efficient use of the city’s — City map
resources — Big data platform with partners
— new ways of involving citizens or — City solution lab
companies e  Mobility projects and ITS (Intelligent

Transport Systems)
e Digital infrastructure

Table 1.9. Copenhagen: smart projects and initiatives (source: compiled from various sources)
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Figure 1.12. Smart city market: growth rate by region, 2019-2024 (source: Mordor Intelligence)

Smart Governance, 36.8%
Smart Energy, 23.4%
Smart Infrastructure, 11.4%
Smart Transportation, 10.5%
Smart Healthcare, 10.4%
Smart Building, 7.5%

SMART GOVERNANCE SMART ENERGY SMART INFRASTRUCTURE
Market Value: USD1230.26 billion Market Value: USD781.66 billion Market Value: USD381.53 billion
CAGR: 11.6% [2012-2025] CAGR: 28.7% [2012-2025] CAGR: 12.0% [2012-2025]
More projects coming up in North America, MEA  Highest growth expected in North America Highest growth in North America and Asia
and the EU
SMART TRANSPORTATION SMART HEALTHCARE SMART BUILDING
Market Value: USD351.13 billion Market Value: USD348.5 billion Market Value: USD248.65 billion
CAGR: 19.6% [2012-2025] CAGR: 8.8% [2012-2025] CAGR: 4.1% [2012-2025]

Market growth in Latin America, MEA, and Eastern North America to dominate with a 50% share, China and India are the fastest growing markets,

Europe

followed by the EU followed by Japan and Korea

Figure 1.13. Global smart city market, by segments: 2016 (source: Frost and Sullivan Analysis)
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Figure 2.3. The future of construction process (source: adapted from
Virtanen et al. (2014))
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Figure 2.5. The building blocks of a construction project process
(source: adapted from Direction des Immobilisations and Cloutier (2005)
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Figure 2.6. Major CPLC phases (a) (source: compiled by the author)

OBIECTIVES:

Figure 2.7. The construction project management process
(source: created by the author)
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Figure 2.8. Construction sector organigram (source: created by the author)
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SCENARIO:

A
Job role: Delegated Project Owner  Assistant to Project Owner Project Manager Foreman
Involvement: More Less
Early stages of value chain Later stages of value chain
| — nl.:tiun] :::"::ﬁmt: .1: :::::::m.fn:ﬂ As conveyed earlier, GCs play several roles and hold different
Rl " managerial issues they are facing while executing full- B
. scale, smart developments.
Such roles could be performed by GCs at any time and in any
is is indeed the case for Bouygues Construction and BrciecRsearieszoliS PR CHEEE
Added value: Very High High Mid-te-High Low
‘twlotchatienggs R+~ e
Nil Insignificant Moderate Extraordinary
encountered:
) One or more of the challenges listed below could be encountered
under scenarios C & D:
= Disregard of defined plans
Selective list of challenges N Trivial ati i ® Cost or budget overrun
encountered: o Vi operationalissues = Scheduled timeline overrun
» High risk of technological obsolescence upon delivery of
project
® Liability concemns as to who is responsible for what
= Criticism of final preduct (by clients)
= Customer dissatisfaction
Table 2.4. General contractors’ roles (source: created by the author)
INFRASTRUCTURE PARTNERSHIP ACTOR RELATIONSHIP CUSTOMER
MANAGEMENT INTERFACE
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| cosT ‘ ‘ PROFIT ‘ ‘ REVENUE
ASPECTS

Figure 3.2. Osterwalder’s business model ontology (source: adapted from
Osterwalder (2004) and Osterwalder et al. (2005))
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Figure 3.4. Ryanair’s (low-cost strategy) business model (source: adapted from
Casadesus-Masanell and Ricart (2011))
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Figure 3.5. RCOV framework (source: adapted from Demil and Lecocq (2010))
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Figure 3.6. The triple layered business model canvas (source: adapted from
Pigneur et al. (2015))
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Figure 3.7. The decision-making model (source: created by the author —
inspired by Lee and Stinson (2014))
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Figure 3.9. Strategy, business model and tactics (source: adapted from
Casadesus-Masanell and Ricart (2010))



Deployed in light of a fundamental industry
challenge in which a BM is deteriorating slowly
and growth prospects are uncertain. The
company must reinvent its customer-value
proposition and realign its operations to
profitably deliver on the new offer.

Itis used when the current core business is
unlikely to battle fundamental disruption.
Adaptors explore adjacent businesses, in some
cases exiting their core business entirely. They
must build an innovation engine to drive
experimentation to find a successful new core
space with the right BM.

Impetus

THE
REINVENTORS

Focus

THE
ADAPTORS

THE
MAVERICKS

Transform
the core

ADVENTURERS

Defend against Aspire for
industry declineor  breakthrough
disruption growth

Expand into
noncore

It deploys BMI to scale up a more successful
core business. Mavericks, startups or
established companies employ their core
advantage to revolutionize their industry
and set new standards. This requires an
ability to continually evolve the competitive
advantages of the business to drive growth.

It expands the footprint of a business by
venturing into new territories. This approach
requires an understanding of the company’s
competitive edge and placing careful bets
on new applications of that edge, in order to
succeed in new markets.

Figure 3.11. The four approaches to business model innovation (source: inspired and
adapted from Deimler and Kachaner (2020))

Streams 1

n

w

Focus
case examples

Conceptualization of BMI:

BMI as an organizational
process: case examples

Case studies:

BMI as an outcome: case
studies

BMI and managerial
consequences: survey data

Markides (2006)
Johnson et al. (2008)
Santos et al. (2009)
Koen et al. (2011)
Sorescu et al. (2011)
Amit & Zott (2012)

Author/s

« de Reuver et al. (2009)

 Deshler & Smith (2011)

« Berglund & Sandstroem
(2013)

 Evans & Johnson (2013)

« Cavalcante (2014)

* Girotra & Netessine
(2014)

« Demil & Lecocq (2010)
Deshler & Smith (2011)
Pynnonen et al. (2012)
Enkel & Mezger (2013)
Aspara et al. (2013)
Frankenberger et al.
(2013)

« Dmitriev et al. (2014)
* Khanaga et al. (2014)
© Mezger (2014)

.
.
.

Anderson & Kupp (2008)
Gambardella & McGahan
(2010)

Sanchez & Ricart (2010)
Yunus et al. (2010)

Wirtz et al. (2010)
Berman (2012)

Holm etal. (2013)
Richter (2013)

Pohle & Chapman (2006)
Zott & Amit (2007)
Aspara et al. (2010)
Bock et al. (2012)

Huang et al. (2013)
Denicolai et al. (2014)
Wei et al. (2014)

Velu & Jacob (2014)

Kim & Min (2015)

Table 3.8. Streams of BMI research (source: adapted from Foss and Saebi (2017))
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Figure 3.12. Conceptual framework (source: created by the author)



PHASE 1. PHASE 2. PHASE 3. PHASE 4.
RISE SHOWCASE MATURITY EVALUATION
i _ Own professional | ~ Meeting with — Meeting with
— Own professional o erieElce prominent industry | Prominent industry
experience p players players
— Revising and A
examining — Partaking in — Meeting with
- i : collaborative hol d
Brush.mg.upon construction scholars an
academic literature | jnqustry research effortson | academics
—— the smart city topic
publications
— Meeting with — Meeting with
prominent industry | Scholars and
players academics
— Attending smart _r?ni?rt\lgr?t \i/\rl:(tjrlljst
city conferences and pla ers ry
exhibitions id

Figure 4.1. The development process of a GC BM for the building
of smart cities (source: created by the author)

PHASE 1.
RISE

PHASE 2.
SHOWCASE

PHASE 3. MATURITY

PHASE 4.
EVALUATION

Main Readings:
— Flyvbjerg (2014)
— Virtanen et al. (2014)

Conferences &
Exhibitions:

— The smart city and
smart grids exhibition,
October 4-5, 2017
(Paris porte de
Versailles)

— Forum Smart City Du
Grand Paris 2017 - La
Tribune (Vivre
Ensemble) - November,
2017 - Hotel de ville de
Paris

Main Readings:

— Flyvbjerg and Holm
(2002)

— Flyvbjerg et al. (2003)
— Le Moniteur
(Batiactu)

— Industry Consultancy
Reports (Bouygues,
Vinci and others)

Conferences &
Exhibitions:

— The smart city and
smart grids exhibition,
October, 2018 (Paris
porte de Versailles)

— Forum Smart City Du
Grand Paris 2018 - La
Tribune (Vivre
Ensemble) - November,
2018 - Hotel de ville de
Paris

Main Readings:

— Industry reports
(Eiffage, Bouygues,
Vinci and others)
Conferences &
Exhibitions:

— Conferences given by
Architects at Ecole
Nationale
d’Architecture
Paris-Val de Seine
(ENSAPVS)

— The smart city and
smart grids exhibition,
October, 2019 (Paris
porte de Versailles)

Not Applicable. The
validity of our business
model was conversed and
evaluated by prominent
industry players and
academics.

Table 4.1. Data sources used in the business model design process
(source: created by the author)
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Figure 4.3. Version 2 of GC BM (source: created by the author)
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Figure 4.4. Version 3 of GC BM (source: created by the author)
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Figure 4.5. Association between construction stage and BIM
process (source: created by the author)



Renovation

A

Conceptual

Demolition

Detailed Design

Operatio

n and

Maintenance

Analysis

Documentation

Construction

4D/5D

Construction
Logistics

Figure 4.6. BIM process

ECONOMIC LAYER

Partners — an entity (person
or company) with which
another entity has some form
of a business alliance,

Activities — the action of making,
providing, purchasing, or selling
products or services

Value Proposition — an
offering, innovation,
service, or feature
intended to make a

Customer Relationship — the
development of an ongoing connection
between a company and its customers

Customer Segments — the
process of dividing
customers into groups based
on common traits so that

temporary or perpetual Resources (Human and Nonhuman) company or product Channels — a chain of businesses or companies could market to
— the factors used in producing attractive to customers intermediaries that a product or service | each group effectively and
products or providing services passes through until it reaches the final | aptly
customer
Costs — the amount of money to be spent to obtain or produce something Revenues — the income generated from normal business operations or activities

ENVIRONMENT LAYER

Supplies & Outsourcing —
the use of the services of an

Production — is concerned with the
i process of ing a

Functional Value — the
solution an offer

End-of-life — it denotes the end of a
product’s useful life; it is when the

Use Phase — The impact
that may ensue throughout a

external specialized supplier range of inputs into those outputs that provides to the customer | producer decides to stop marketing, product lifecycle, principally
to complete a given task and are required by the market selling, or rework sustaining it when the customer is using
achieve green goals as a the purchased product or
result. It could also relate to Materials — the various resources, Distribution — it is concerned with service. Recently, the
the provision of sustainable sustainable or not, used in construction the strategies to be adopted by a expression ‘UX, User
products or services. or production processes company to sustain the delivery Experience” has become a
process of outputs to markets (finding | trend
best ranges, using eco tires, etc.)
Environmental Impacts — any change to the , adverse or Envir Benefits ing power using renewable energy technologies is

resulting from a company’s activities

an example of an environmental benefit leading to, say:
noise pollution and reduced consumption of fossil fuel energy sources

improved air quality, reduced

SOCIAL LAYER

Local Communities — those
people living in a given
locality irrespective of their
origin and may have some
common interests in the area

Governance — the set of socially
conscious standards on which a
company manages its rapports with
staff, customers, partners, and the
communities where it operates

Employees — a person working for
another person or a company for pay

Social Value — the
quantification of the
relative importance that
people place on the
changes they experience
in their lives

Societal Culture — the commonly
held beliefs or values that exist and are
agreed upon in a given population

End-User - the final
customer, consumer or client.
The term end-user is
normally used in IT to denote
the person that a software

Scale of Outreach — capacity of a
company to reach out to people to
promote its propositions through word-
of-mouth

program or hardware device
is designed for

Social Impacts — how companies or individuals' actions affect surrounding

communities

Social Benefits — literally, they denote transfers received by households intended to
provide for the needs that arise from certain events or circumstances. In construction, it

etc.

concerns i

pi

living , greener

Table 4.6. Definition of the TLBMC building blocks (source: created by the author)
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Figure 4.7. An early version of the envisioned GC BM (source: created by the author)

Client, Project General
Owner Delegated Project | Contractor, GC |\
Owner \
]
]
]
,.‘
Architect, Project Manager, |/ Allthree functions
Engineer PM A could be filled by GC
\
I
/
ICT Companies Construction /
| Manager, CM
Other | | | |
Subcontractors Concrete Mechanical Electrical Other
Subcontractors Subcontractors Subcontractors Stakeholders

Sub-subcontractors, Manufacturers, Suppliers, Consultants, Other

End-user

Figure 5.1. Simple graphical illustration of the GC BM (source: created by the author)



VALUE PROPOSITION

Problems Construction Process Map Dependency Graph

+ Failing BM leading io abridged growth prospects at
industry level

+ Lack of understanding of smart construction process

+ Big companies’ resistanca to change

+ Constricted approach to value creation

CUSTOMER RELATIONSHIP

REVENUES

Aichitect (Project Manager) PRODUCTION

FUNCTIONAL VALUE
‘GOVERNANCE
VALUE PROPOSITION

SOCIALVALUE

'VALUE PROPOSITION SCALE OF OUTREACH

END USER
SMART CONSTRUCTION

Figure 5.2. Dependency graph (Failing Business Model)

COSTS

Problems Construction Process Map Dependency Graph

« Faulty estimates leading to recurrent budget overruns

Architect (Project Manager)

PARTNERS
ACTIVITIES
Delegated Project Owner
- T , - COsTS PRODUCTION
Multidisciplinary Design Office
PARTNERS
EMPLOYEES
ACTIVITIES

Economic Layer Building Bl

costs T

Figure 5.3. Dependency graph (faulty estimates)



Problems Construction Process Map Dependency Graph

« Absence of an entiy that could orchestrate time horizons
and handle maintenance warks

VALUE PROPOSITION
Architect (Project Manager) CUSTOMER RELATIONSHIP
cosTs
Site Manager
ACTIVITIES CUSTOMER SEGMENTS
ACTVITIES
VALUE PROPOSITION EOGARVAIE
Economic Layer
cosTs ENDUSER
SOCIAL IMPACTS

Figure 5.4. Dependency graph (absence of an entity that could orchestrate time
horizons and handle maintenance works)

VALUE PROPOSITION

Problems Construction Process Map Dependency Graph
* Mismatch between promised and delivered final product
ACTIVITIES
Architect (Project Manager)
‘CUSTOMER RELATIONSHIP
Delegated Project Owner
COSTS.
Site Manager {Foreman)
u
ACTIVITIES
SOCIALVALUE
VALUE PROPOSITION
eononic oy
END USER
CosTS
SOCIAL IMPACTS

Figure 5.5. Dependency graph (mismatch between promised and delivered product)



COSTS

Problems Construction Process Map Dependency Graph
Achitect (Project Manager)
+ Additional cests incurred 10 inegrate new technology
and upgrade asset
Urban Planner
 REVENUES

SOCIALVALUE

SOCIAL IMPACTS

Building Blocks|

Figure 5.6. Dependency graph (additional costs incurred to integrate
new technology and upgrade asset)

DISTRIBUTION

Problems Construction Process Map Dependency Graph

+ Large amount of logistics, pleces, and other resources
tied in the process
Architect (Project Manager)|

Gther Technical Specialsts

Multidisciplinary Design Office:

ICT Company —

Supplier, Manufacturer " & "
DISTRIBUTION PRODUCTION

Structural Cantractors

Figure 5.7. Dependency graph (large amount of logistics, pieces and other resources
tied in the process)



SOCIAL VALUE

Problems Construction Process Map Dependency Graph
+ Outdated CVP

RESOURCES

VALUE PROPOSITION
'END PHASE
SOCIALVALUE END USER
[Multidisciplinary Design ©
GOVERNANCE
SOCIAL VALUE
Soclal Layes SOCIAL IMPACTS
END USER

Figure 5.8. Dependency graph (outdated CVP)
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Figure 5.9. Dependency graph (misconception of smart city notion)



Problems Construction Process Map Dependency Graph

* End-users not being co-creators of value

RESOURCES
Architect (Project Manager)|
VALUE PROPOSITION
USE PHASE
IConstruction Actors] [Delegated Project Owner
END USER SOCIALVALUE

Multidisciplinary Design Office]
GOVERNANCE

SOCIAL VALUE
Social Layer Building Blocks

END USER ~ | SOCIAL IMPACTS,

Figure 5.10. Dependency graph (end-users not being co-creators of value)

Problems Construction Process Map Dependency Graph

= Risk of technological obsolescance upon delivery of
project
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Figure 5.11. Dependency graph (risk of technological
obsolescence upon delivery of project)
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Figure 5.12. Construction process map (adjust offerings to exact needs and
requirements of end-users)
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Figure 5.13. Construction process map (administer smart developments follow a
bottom-up managerial approach)
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Figure 5.14. Construction process map (ensure involvement of end-users in
all stages of construction process)
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Figure 5.15. Construction process map (allow for customizability)



