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Preface

We define Infranomics as a body of discipline supporting analysis and decision
making regarding modern societal vexing issues of sustainability, asset manage-
ment, energy and safety, ethics, education, and engineering design. While it is in its
infancy, Infranomics is proposed as a thesis enabling better decision making in an
increasing ambiguous, complex, emergent, interdependent, and uncertain world. As
modern society contends with rapid technological changes, socioeconomic
institutional changes, increased globalization, and scarcity of resources, decision
makers (i.e., policymakers and private entity operators, and researchers) are faced
with a daunting task of ensuring the well-being of public health, security, and
economy. Since no nation has unlimited resources, the time is ripe for a discipline
that supports analysis and decision making to increase anticipation in an
increasingly uncertain world.

In the next 25 works contributing to this book, we illuminate Infranomics in
different aspects of modern society. The paper by Gheorghe et al., serves as the
introduction to this volume. It addresses the interdisciplinary format of Infra-
nomics, highlighting some potential initial areas of applications, and the category
of analytical instruments adequately empowered to deal with the complex domain
of the new body of discipline.

Part 1 contains three papers discussing sustainability of infrastructures in
modern society. How can we create harmony between people, the planet, and
profit? The paper by Emile Broesterhuizen et al., provides a tentative solution to
this problem by examining ports, with consideration of clients and contractor
vantage points. Continuing the theme of sustainability in ports is the paper written
by Martijn P.C. de Jong et al. They provide an alternative design for open water
ports and consider coastal impact as well as advantages and disadvantages of the
proposed design. This part concludes with work done by Poonam Taneja et al., and
discusses the role of flexibility in port development. They argue that flexibility is
instrumental in achieving long-term financial viability and reduces environmental
and social impact of the port infrastructures in uncertain economic times.

Part IT contains three works discussing asset management. Kerry Brown et al.,
suggest that strategic management of assets requires corporate governance, policy,
objectives, and interagency collaboration. A framework that enables asset acqui-
sition, utilization, and maintenance for strategic development is presented. Martin
Laue et al., operationalize the various levels of the asset management framework
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presented in previous work. This work considers how asset management can be
embedded in organizations through the temporal, organizational, and spatial
dimensions. We conclude this Part IT with a section on multicriteria decision
making for real estate portfolio. Monique Arkesteijn and Ruud Binnekamp show
how measure asset performance to enable decision making based on decision
makers’ criteria and preferences.

In Part III, the book discusses safety and energy management topics. In an
unpredictable world, we must develop mechanisms that can be used to alarm
citizens in harm’s way. However, paper by Helena Jagtman shows current
approaches has limitations. Framework to enable better communication is devel-
oped based on a case study. Paper by Masaki Nishimori et al., discusses policy
design for disaster-hit areas. Using the example at Fukushima Daiichi Nuclear
Power Plant, authors present a framework of system design by holistically
incorporating requirements stakeholders’ requirements interactively and bottom-
up communications. The world largest oil-imports is now, China. How did we get
here and what does the future hold? Yang Saini et al., discusses these questions
and how these changes could impact transportation sector.

Part IV is purposefully entitled equity, ethics, and infrastructures to project the
image that Infranomics involved morals and policy. First, Neelke Doorn applies
this concept to water. The statistics on water-borne diseases, people living without
safe water, and flooding are staggering. To address these issues, Neelke Doorn
suggests that modern society integrate governance into water systems. Kien To
and John Ferndndez present a compelling need for designing and implementing
low-emitting carbon cites in modern society-based alternative urban technologies
enabling efficient use of scarce resources. This part concludes with new and
exciting developments in the Engineering Systems Division at MIT concerning
instilling motivation to future researcher in solve complex and sociotechnical
systems problems.

Modeling and simulation is the subject of five contributions in Part V. Andreas
Tolk urges for need for modeling and simulation known as Serious Gaming to
enable manage systems of systems. An experimental game based on systems
dynamic is built to explore the question of sustainability and greenhouse emissions
for built environments. The procedure and the results of the game simulation
model are provided in the work of Iman Mohammed and Erik Pruyt. Work by
Todd Schenk is specifically written to suggest an innovative way (Role Play
Simulation) to addressing hazards and threats impacting performance of critical
infrastructures. To conclude this paper, Sertag Oru¢ and Scott Cunningham
introduce propositions regarding engineering design. In this work, the case is made
for multi-actor approach that emphasizes game theoretical modeling for optimi-
zation in engineering design.

Governance enables regulation of social systems using variety of mechanisms
for a better society and is the subject of four contributions in Part VI. First,
Behnido Calida and Charles Keating give a new vision on the issues related to
governance in the context of complex systems exposed to uncertain and ambig-
uous environments. Many initiatives fail not because of incompetence of
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stakeholders, rather Otto Kroesen and David Ndegwah suggest there is a need to
understand ambiguities involved between cultural clash between nations and pri-
orities. This paper explores governance in technology transfer in East Africa.
Third, Fei Xue et al., introduce a systematic concept of structural analysis for
power grids security assessment to enable governance. Authors provide new
measures for criticality to enable ranking for sake of critical component surviv-
ability. Fourth, the work done by Aria Iwasawa et al., uses Surrogate Worth Trade-
off Method to select technology for design of new systems in a Multiobjective,
Mixed-Discrete Nonlinear Programming problem.

The book concludes with Part VII comprises four papers contributing to
learning and knowledge dissemination within the larger context of Infranomics.
First, Christopher Magee et al., describe historical roots of Engineering Systems
and methods used in the field at MIT. Next, the researchers at ODU and Uni-
versitatea Politehnica Bucharest, Romania provide a methodology that can be used
to asses resilience of academic programs. This methodology can be used to assess
structural complexity and vulnerability of academic problems meant to address
modern society most vexing issues. The paper by Hugo Priemus explores the case
for risk analysis and risk management in large-scale infrastructure project in the
Netherlands. This paper illustrates how academic theory can be used to advice
stronger orientation toward flexibility and the identification of viable options. The
concluding paper is about a general framework, Actor-Option Framework, which
can be used to model large-scale systems in transition, to enable understanding in
different transition cases and integration.

As it is becoming increasingly evident that the space for technology-driven
solutions to twenty-first century issues is diminishing, there is a need for multi-
disciplinary approach involving technical and soft elements of human social,
organizational/managerial and policy, and political elements. The discipline of
Infranomics offers an initiating collaborative effort supporting analysis and deci-
sion making in our modern society.

Norfolk, Virginia, May 2013 Adrian V. Gheorghe
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Infranomics: A Discipline-of-Disciplines
for the XXIst Century

Adrian V. Gheorghe and Marcelo Masera

Abstract This technical note aims at introducing Infranomics, as a crucial dis-
cipline for this century. Neither authorities, nor industrial or academic bodies
could afford to ignore the advent of the convolution of opportunities and risks
accompanying the implementation of the new generation of infrastructures. The
shape of our society will be determined by the characteristics of, and the services
delivered through, those infrastructures. It is argued that Infranomics is the body of
disciplines supporting the analysis and decision-making regarding the Metasystem
(e.g. the totality of the technical components, stakeholders, mindframe, legal
constraints, etc. composing the set of infrastructures). Infranomics is the set of
theories, assumptions, models, methods, and associated scientific and technical
tools required for studying the conception, design, development, implementation,
operation, administration, maintenance, service supply, and resilience of the
metasystem. Because none of the currently existing disciplines provides a com-
plete solution, Infranomics will be the discipline-of-disciplines grouping all nee-
ded knowledge.
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Introduction

Infranomics, after infrastructure (supporting vital societal technical functions)
and nomics (after Gr. véuog nomos, set of rules), the discipline-of-disciplines
studying the Metasystem.

In 2006 we presented the concept of Infranomics [1] in the context of a Disaster
Risk Management Conference. Our intuition was that the study of the resilience of
Critical Infrastructures exposed to a myriad of threats requires a very specific
scientific approach, integrating many disciplines. The origin of this notion of
Infranomics sprung from an ad-hoc meeting held in 2004 in Christchurch, New
Zealand, following a well-recognized meeting in Rotorua on “Resiliency of
Critical Infrastructures™ [2].

In these years, we have consolidated the belief on the need for:

1. a systematic approach to the understanding of all the interrelated aspects that
constitute the critical infrastructure topic;

2. taking into consideration all tangibles and intangibles aspects, and all the
concurrent concordance—discordance facets; and

3. the rigorous structuring of the decision making matter in consideration of all
stakeholders.

This short technical note aims at introducing Infranomics,' and proposing it as a
crucial discipline for this century. Neither authorities, nor industrial or academic
bodies could afford to ignore the advent of the convolution of opportunities and
risks [3] accompanying the implementation of the new generation of infrastruc-
tures. The shape of our society will be determined by the characteristics of, and the
services delivered through, those infrastructures. In this picture, communications,
mobility, commerce, energy [4], health, finance, education, environmental impact,
security, and up to international relations, each and all of them cannot be treated
independently.

Our society will be as efficient and as secure as the infrastructures constituting
it, would allow. The texture of interconnected infrastructures, each one of them a
system-of-systems [5] by itself, is evolving into a metasystem (a system-of Sys-
tems-of-Systems), which—for some features—will have to be considered as a
whole (Gestalt notion). At that level of aggregation, where the infrastructure is
contemplated from the society standpoint, new principles can be hypothesized:
ASAIA (as secure as infrastructure allow) and AEAIA (as efficient as infrastruc-
ture achieve).

! The authors acknowledge the use of the term “Infranomics” in the context of Political
Economy of Infrastructures by Ms. Rita Nangia in her blog, reachable at the web site http://
www.infranomics.org/, as from 4th December 2009.


http://www.infranomics.org/
http://www.infranomics.org/

Infranomics: A Discipline-of-Disciplines for the XXIst Century 3

This Metasystem is composed of tangible and intangible elements:

e Technical components of the infrastructure supporting its functions (from the
hardware, to the information, command and control parts);

e Stakeholders (comprising the operators, authorities, suppliers, end users, society
at large);

e Resources (monetary [6], natural, human, technical, information);

e Mindframe (mentality, mood, cultural traits, etc.); and

e Constraint set (legal context [7—10], standards, international rules [11], etc.).

The new generation of infrastructures will be constructed upon the existing
ones, however the services, architecture, business models and attributes of those
newly developed systems will signify a qualitative leap forward, and not just more
of the same. This leap results in the Metasystem. The technical components of the
Metasystem have very different life-cycles varying from months to decades. At the
same time, the decisions about the Metasystem components are taken by a mul-
tiplicity of actors, with each one of them following her own interests and concerns.
Many of these components already are cross-border deployed.

Infranomics is the body of disciplines supporting the analysis and decision-
making regarding the Metasystem (see Fig. 1). Infranomics is the set of theories,
assumptions, models, methods, and associated scientific and technical tools
required for studying the conception, design, development, implementation,
operation, administration, maintenance, service supply, and resilience of the
Metasystem. Because none of the currently existing disciplines provides a com-
plete solution, Infranomics will be the Discipline-of-Disciplines grouping all
needed knowledge.

Infranomics might manifest through inter alia the following acts:

e Analyzing how stakeholders interact, coordinate their functions, establish legal
regimes and normative rules, set the economics of their services, handle normal
and abnormal situations;

e Analyzing how infrastructural systems work and how they can fail (e.g.
blackouts), their impact onto the resilience of society, taking into consideration
all technical and organizational elements and external factors;

Fig. 1 Infranomics and

metasystem
INFRANOMICS
Discipline-of-Disciplines

Theory Technical Systems

Assumptions Stakeholders

Models Resources
Methods Mindframe
Tools Constraints
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e Analyzing how infrastructures evolve with the introduction of new technologies,
how vulnerable they are in different security scenarios, and how their adequacy
and performance might degrade over time;

e Developing theories and methodologies for the modeling, simulation, assess-
ment, critical analysis, and empirical investigation of infrastructures and their
dependability;

e Assess infrastructures as a whole in the interaction among the political, legal and
economic governance of societies, and mainly with respect to cross-border and
multi-jurisdictional settings.

One of the key objectives of Infranomics should be to support decision making
in view of achieving a set of goals, at the corporate, regional, national and
international levels. For this aim, Infranomics should integrate the engineering,
economic, political and social sciences, considering the inter-relationships among
infrastructures and stakeholders, in a multi-national, multi-jurisdictional context.
The five main components of Infranomics (see Fig. 2) are:

management and governance
engineering

socionomics

economics

political science and foreign affairs

INFRANOMICS

AT

-

Socionomics Economics

Political Science
& Foreign Affairs

Fig. 2 Infranomics disciplines
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Box 1 Tangibles and Intangibles

The main reason for the Infranomics discipline is the need to consider in a
concurrent and harmonized way the necessary integration of tangible and intan-
gible attributes of infrastructures. These tangibles and intangibles (see figure
below) can be seen as two vectors, whose composition defines the field of Infra-
nomics studies.

Economics

Engineering

Political Science
& Foreign Affairs

Tangibles: quantifiable assets of the infrastructure (including physical and
logical elements), economic performability, technical attributes (reliability,
maintainability, vulnerability, etc.), environmental conditions and requirements,
resources and their attributes (e.g. scarceness, price, affordability), attributes of the
end user service (e.g. quality, price, affordability).

Intangibles: qualitative elements which shape the definition and use of the
infrastructure. E.g.: mood (of users, society, stakeholders), values and ethical
positions, training of personnel, perception and acceptance of risk, awareness of
vulnerabilities, policies of the business actors, strategic national and industrial
objectives, geopolitical objectives, etc.

Box 2 Infranomics is applied to all aspects, agents, components and factors,
endogenous and exogenous, relevant throughout the lifecycle of infrastructures:
management and governance arrangements, financial analysis of investments and
accidents, technological evolution and training of personnel and customers, health
and environmental effects, crime and malicious/antagonist agents, etc.

Some comments can be added regarding some sub-disciplines:

e Positive Infranomics: what are the infrastructures, which are their structural,
functional and behavioral elements, and how they are managed, regulated, etc.
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e Normative Infranomics: which could be the most appropriate ways and means
for managing the infrastructures and their systems in different circumstances.

e Theoretical Infranomics: the development of the concepts and models that
describe the relations, activities, layers, interactions, cost and prices, etc.

e Empirical Infranomics: the experimental demonstration and validation of the-
ories, comprising the methods and tools for designing, running and analyzing
the results of experiments, and mainly with respect to the failure of the infra-
structural systems.

Management involves the organization and coordination of the activities of
enterprises in accordance with certain policies and in achievement of clearly
defined objectives. Management comprises the planning, organization, leading and
controlling of an enterprise or effort for the purpose of accomplishing a goal.
Governance refers in this context to the regulation of interdependent relations in
the absence of an overarching political authority, and to the use of institutions,
structures of authority and even collaboration to allocate resources and coordinate
or control activity in society or the economy [12].

Engineering embraces all aspects of the infrastructure life-cycle, from the
conception to the decommissioning, passing through the design, development,
operation and maintenance of the installations. This includes the analyses of
aspects such as risk, vulnerability, technical performability, environmental com-
patibility, sustainability, resilience, etc.

Economics deals with irreversible resource allocation of financial and material
resources, resulting in a monetary value for the owners, operators, suppliers and
users of the infrastructure and their services.

Socionomics deals with the social mood that drives financial, macro-economic
and political behavior regarding infrastructure. Socionomics is a theory of human
social behavior describing the causal relationship between social mood and social
action”. In the web site they defend it as dedicated to “social prediction”.

Political Science is view as an academic discipline concerned with the
empirical study of government and politics. Political scientists have investigated
the nature of states, the functions performed by governments, voter behavior,
political parties. In a complementary way Foreign Affairs deal with matters that
are connected with other countries.

Acknowledgments This technical note has been republished with explicit permission of
Inderscience who retain the copyrights of Infranomics as published in [13].
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Sustainable Procurement for Port
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Abstract There is a growing number of ports with sustainable policies. At the
moment most of these policies are focused on clean transport. This study handles
ports themselves by implementing sustainable criteria for the procurement of
infrastructure projects. The aim is to get a balance between People, Planet and
Profit. This means that those sustainable criteria have to be compared with the
investment costs. A solution of this problem is given by setting a procurement
model based on the so called concordance analysis, in combination with criteria
which are based on the 3P theory and Life Cycle Analysis. Furthermore, the
position of both client and contractor are taken into account by giving recom-
mendations about contracting forms. As part of the research interviews were done
with stakeholders as governments, port authorities and contractors. These inter-
views formed a basis for the obtained model.
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Introduction

While in other industries sustainable management is of the order of the day,
sustainability is still in many ports’ infancy. It is not only the legislator which
forces ports to sustainable management, but also the society as a whole. More and
more economic experts are convinced about the lower costs on the long term as a
result of sustainability.

The port of Los Angeles was one of the pioneers of ports on this field by
starting in 2006 the San Pedro Bay Ports Clean Air Action Program (CAAP): it
was the most ambitious program in the world for cleaner ports. It led to emission
reductions of 50-75 % in five years time for DPM, PM, 5, PM;3, NO, and SO,
(see Fig. 1). After this success more and more initiatives followed, like the World
Ports Climate Initiative (WPCI) in 2008: a cooperation network of 55 ports in the
world originated from the International Association of Ports and Harbors (IAPH)
for reduction of CO, emissions.

By far, most attention is focused on cleaner transport and shipping. This
chapter, a summary of the study of Broesterhuizen [3]," handles ports themselves
by introducing a procurement model that contains sustainable criteria for the
design, realization, use, demolition and recycling of infrastructure projects. Sus-
tainability in procurement is inevitable to make the port’s infrastructure more
sustainable. Not only the project itself is investigated by setting criteria, but also
the relation between client and contractor. The scope of the study concerns ports
with transshipment as main function.

The study is divided into four phases: Analysis, Synthesis, Simulation and
Evaluation. In the Analysis insight is gained in the current and future situation
around sustainable procurement and sustainability in ports. The procurement
model is formed in the Synthesis and applied on different projects from the field.
One of these projects is described and analyzed in this chapter. The Evaluation
gives a feedback to the main research question reading how sustainability criteria
can be implemented in the procurement process for port infrastructure.

Analysis

In this phase different topics are studied about procurement in general, the role of
sustainable criteria in the procurement process, the commercial (dis)advantage of
sustainable management and the visions and policies around sustainable port
development. As a part of this analysis several parties> are interviewed about their
views and policies.

! Paragraphs 2.1-3.1 were part of the introduction to this study, published in a discussion paper:
Broesterhuizen et al. [4].

2 2 large contracting companies, 2 port authorities, the government and a NGO.
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Fig. 1 Emission reductions port of Los Angeles [8]

Procurement Process

European ports are bounded to European laws and these ports are obliged to
European public procurement above a certain contract sum and many port infra-
structure projects sums exceed this value. When it is a matter of public European
procurement Port Authorities have the choice for procurement with a selection
based on the lowest price or the most economically advantageous tender. The last
criterion is a criterion which selects the alternative with the best price-quality ratio.
This can be realized by setting criteria for a more sustainable alternative.

One of the goals of this study is to make a project as sustainable as possible. In
the procurement phase of a project, it does not depend only from setting sus-
tainable criteria. The choice for a type of contract is very important. Lately
innovative contract forms, e.g. D&B and DBFM, are more popular. When using
these types of contracts, contracting companies gain more freedom and influence
in the design of the project. Therefore, more different kinds of alternatives are
possible which helps the sustainability. Besides, these innovative contract forms
involve the contractor in the project over a longer period of time. In practice these
developments has led to the applying of Life Cycle Analysis (LCA) by contractors
leading to a higher value of the project [9]. This is an important property of a
sustainable project design: projects should not only be sustainable for a limited
period of time, but also during their whole lifetime.
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Economical Effects of Sustainable Management

In most industries (especially industries in consumer markets) sustainable pur-
chasing and procurement is already integrated, more than the port sector.
According to the study of Adams [1], many port authorities approach sustainability
in a negative way: sustainability is seen as a necessity for reducing external effects
(e.g. emissions), instead of the optimization of advantages like retaining and
attracting clients while other industries make use of these advantages of sustain-
able management. According to MIT and the Boston Consulting Group [2] sus-
tainable management has many commercial advantages which lead to a larger
return for shareholders (see Fig. 2). Ports should make use of these advantages and
sustainable procurement is one of the possibilities to realize this. Using sustainable
policies ports will get a better image which lead to a license to operate and a
license to grow.

Besides advantages, sustainable and innovative operational management can
have disadvantages. Most of these disadvantages are dealing with uncertainties
about the future due to the fact that in many cases sustainable investments are long
term investments. A second disadvantage is the risks of investing in innovation.
Private parties incline to make fewer investments in innovation due to the risk of
spillovers of knowledge, investment risks and the differences in benefits between
companies and the society in general.

Analysis of Actors

By making an analysis of the views and policies of the different actors (e.g.
governments, port authorities, contractors, etc.) involved in sustainable port
development insight is gained in the interests and the importance of the different
topics. One of these actors is the Dutch government which set different themes that
are important in sustainable port development [7]. These themes include: use of

Potential = Astronger brand = Greater operational * Enhanced ability * Improved = Enhanced abilityto | * Lower market, * Lower costof
Impacts of and greater efficiencies 1o attract, retain customer loyalty,  enter new markets balance-sheet capital
Sustainability pricing power « More efficientuse  and motivate lower rate of chum « pore potential and operational  « Greater access to
s of resources employees sources of revenue risks capital, financing
* Supply chain * Greater employee and insurance
optimization productivity
= Lower costs and
taxes
&;‘;:: Pricing Cast Pl Market Now Risk Costof
Power Savi Share Market Entry Premiums Capital
Levers o Engagement
Margin Improvement Revenue Growth
Profits Free Cash Flow Valuation Multiple
Total Shareholder Return

Fig. 2 Advantages of sustainable management [2]
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space; mobility of the hinterland; development of nature; air quality; environ-
mental management; energy, CO, emissions and waist flows; water quality.
Research company CE Delft has set indicators based on these themes to measure
the sustainability of the Dutch ports [6], which can be used for setting sustain-
ability criteria. Based on the themes there is made an inventory of the different
topics of attention from the actors. The conclusion is that most attention is going to
environmental management (e.g. cooperation in knowledge, use of environmental
management systems, ISO14001) and energy, CO, emissions and waist flows.

Interviews

As mentioned before, different parties from the procurement process were inter-
viewed. Here, the most important conclusions are picked from the results. Due to the
number of respondents, a statistical conclusion cannot be made but the results are
very useful to get insight in different views and solutions. There was consensus in
opinion about some topics, but there were many topics with disagreement too. This
shows that more research has to be done about this subject. Most respondents were of
opinion that especially the large companies in the building sector see the (commer-
cial) advantages of sustainable management. Small companies still link sustain-
ability with extra costs. There was agreement too about the proposition that
sustainability should come from the contractor instead of the awarding authority. But
the companies gave very different answers to the question if contractors are given
enough space to make this possible. All respondents were of opinion that owners
choose contracting forms which give too little space for innovation. Together with the
opinion that sustainability should come from the contractor the conclusion can be
made that contractors do not have enough space to realize sustainable projects.

There was disagreement too about the question if there should exist a general
procurement model for the whole soil, road and hydraulic building sector instead
of a model that is focused on the project itself. As advantage of such a model the
ease of application is mentioned. A disadvantage could be the lack of freedom and
the fact that every project is different.

It was very noticeable that most respondents didn’t mention air quality as an
important criterion for sustainability, while air quality is the number 1 topic in the
several sustainable initiatives of international ports.

Synthesis

In this phase of the research the criteria of the procurement model are set. After the
choice of the criteria an evaluation method is chosen with weight factors for the
criteria. These choices are based on requirements as flexibility, adaptability, sta-
bility, transparency and user-friendliness.
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Criteria

Before setting criteria, the question has to be answered which criteria will con-
tribute to a more sustainable port infrastructure. To be able to answer this question
a definition for a sustainable port is needed. In this study there is referred to the
definition of the Dutch and Flemish environment organizations [5]: a port with an
optimal balance between performance of business economics, utilizing the avail-
able capacity, limited use of space, minimal negative influence on the environment
and a relation between port and hinterland. This is a very important definition for
this study. To reach this 11 criteria are mentioned in the referred report. These
criteria combined with the different indicators for sustainable ports set by CE Delft

*Multiple use of space
+Space disintegration

Emissions of PM,,, NO; and 50,

*Nature compensatingmeasures
*Nature-friendlybanks and roadsides
+Sparingof consisting nature
+Application of Ecodesign

*Application of Building with Nature
=Application of Eco-engineering

*Corporate Social

Responsibility Economical

Emission of CO,

SR et e llity
contribution

ance duringusage

Use of space Futural recycling and demolition

Fig. 3 Criteria framework: the colors of the themes in the lower part correspond with the colors
of the different criteria
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Table 1 Selection table for evaluation method: the total score is calculated by the sum of the

individual performance scores in which —— is equal to —2 points, — is equal to —1 point, & is
equal to O points, + is equal to 1 point and ++ is equal to 2 points
Method Applicable Transparent Flexible Stable Effective User Total
friendly
CBA - + ++ + ++ ++ 7
CEA - + ++ + ++ ++ 7
Score card ++ ++ ++ — - + 3
Weighted summation — ++ + + + - + 3
Permutation method ++ ++ - + + 4
Concordance analysis  ++ + - + ++ + 5
Saaty method ++ - + — + + 1
Multidimensional scale ++ —— —— + ++ —— -2
method

and the People, Planet, Profit definition of sustainability led to different themes
which are important when approaching sustainable port development. Then, the
themes are translated to indicators for port infrastructure after analyzing
the application of the themes on infrastructure. After setting the indicators for the
sustainability of port infrastructure, criteria can be formulated. This has led criteria
divided in 3 classes based on Life Cycle Analysis: People, Planet and Profit [3].
People contents the social criteria as corporate social responsibility, Planet consists
the criteria for the environment, e.g. emissions and development of nature, and the
Profit criterion will be formulated as the financial Net Present Value. A notable
criterion is the adaptability of the work and is not included in traditional pro-
curement criteria. This is understood to mean a flexible design which makes the
construction works durable against changing circumstances in the future. For ports
a very important changing circumstance is the climate change. Examples of a
flexible design are floating quay walls and flexible designs for capacity expansions.
The framework with the different criteria is shown in Fig. 3. The criteria are set in
such a manner that the correlation between the criteria is minimized.

Selection of Evaluation Method

To evaluate alternatives based on these criteria, a suitable evaluation method is
needed. Different kinds of evaluation methods are compared in Table 1 to each
other based on applicability, transparency, flexibility, stability, effectiveness and
user friendliness. These properties are chosen such to get an appropriate model for
both the client and contractor and to optimize the sustainability of the project. The
most common evaluation methods in civil engineering are compared in which a
distinction is made between monetary evaluation methods [cost-benefit analysis
(CBA), cost effectiveness analysis (CEA)], the score card method and Multicriteria
Evaluation methods (MCE’s; weighted summation, permutation method, concor-
dance analysis, multidimensional scale method, Saaty method).
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Cost-Benefit Analysis and Cost Effectiveness Analysis

In the CBA all effects are translated to costs using shadow prices. The preferred
alternative is the alternative with the best balance. The advantage of this method is
the amount of insight gained about the effects and all criteria can be compared to
each other. The main disadvantage is that some criteria are difficult to translate in a
monetary value.

In the CEA first a goal is set. Then it is analyzed which alternative can fulfill
that goal against the lowest costs.

Weighted Summation

The weighted summation is the most common evaluation method in the civil
engineering industry. It is based on the principle P = W*E where P is the score, W
the weight and E the effect. After standardization of the effects and multiplication
with the weights of the effects score can be calculated. The advantage of this
method is that it is very comprehensible. The disadvantage is that the weights are
determined independently, allowing the case that the preferring alternative scores
high on criteria with large weights while there are more criteria where it scores
bad.

Concordance Analysis

The concordance analysis is a method where there the alternatives are first com-
pared in pairs based on weighted scores. After that again a pairwise comparison is
made between the alternatives but then without weights to inspect how bad the
alternatives score to each other. The preferable alternative is the alternative that
gives a good balance between scoring high on weighted criteria and scoring low
without weights. The advantage of this method that the compensating effect of the
weighted summation is removed.

Permutation Method

This method is based on the order of preference of the alternatives on all effects.
Per criterion all orders of alternatives get a score. The order of preference with the
best score on the end is the ultimate order of preference. Disadvantage of this
method is that if there are a lot of alternatives, many calculations have to be done:
when there are alternatives, already 5! = 120 different orders of preference have
to be evaluated.
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Saaty-Method/Analytical Hierarchy Process Method

First the alternatives are compared pairwise on the criteria, making use of the
Saaty scale: every time the better alternative get a score of 1 (equal score), 3, 5, 7
or 9 (by far better). This leads to the matrix Ay for criterion J. The eigenvectors of
these matrices form the Option Performance Matrix (OPM). The same is done with
the criteria: a score of 1 stands for equal important, 9 for by far more important.
This leads to the Relative Value Vector (RVV). Then, the OPM is multiplied with
the RVYV resulting in the Value For Money Vector (VFM). This vector gives the
total scores per alternative. The alternative with the highest score is the preferred
alternative.

One of the advantages of this method is that it is giving insight in the impor-
tance of effects without the need of setting weights. A disadvantage is the math-
ematical nature, leading to less transparency.

Multidimensional Scaling Method

This method decreases the number of dimensions of a set of (correlated) criteria.
These dimensions are not correlated to each other. Between these dimensions a
point is determined in the dimension space. The alternative with the smallest
distance to this point is the preferred alternative. This analysis is possible with a
complex optimizing process which makes interpretation of results difficult.

Score Card Method

In this method it is indicated with colors how well an alternative scores on a list of
criteria. With this method it is not needed to standardize scores or translate effects.
Disadvantage is that it is difficult to make a quantitative comparison between
alternatives.

The main advantages of monetary evaluation methods are their simplicity in
their calculations but it is necessary to translate the different effects of the criteria
to shadow prices, which can be dubious. The score card method is very transparent
but a clear quantitative calculation is not possible. In contrast, MCE’s are able to
combine qualitative with quantitative data. Since the applicability of monetary
evaluation methods is weak, a choice is made for the concordance method since
this is the most practical method. In this method an alternative is evaluated based
on weighted criteria how well the alternative scores in comparing with the other
alternatives and how many times it scores worse on unweighted criteria. This leads
to a balance between criteria which is important since sustainability is all about the
balance between People, Planet and Profit.
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Application of the Model

To ease the application of the model for both the contractor and client there is
chosen for a model with qualitative criteria to avoid complex calculations and
uncertainties. All measures by the contractor described in the tender are scored. In
the case that there are no clear quantitative results available, this score is a grade
between 1 and 10 during the tender stage, in which 10 is the best and 1 the worst. If
there is a negotiation stage a grade between 1 and 3 will be given, since the
selection process is progressed and a clearer distinction between the alternatives is
needed. The score is based on how SMART" a measure is. If a clear quantitative
effect is known as the investment costs, the effect can be used as a score.

After the scores are given to the alternatives all scores are standardized to 1 or
(in case of negative score as investment costs) to —1.

The next step is to determine the concordance indices Kj;. A pairwise com-
parison is done between two alternatives i and j. The concordance index Kj; is
simply the sum of the weights of the criteria of which alternative i scores better
than alternative j. In Table 2 an overview is given of weights that can be used in
this calculation. These weights are based on the current situation and can be
changed by the client under the restriction that the sum of the weights is equal to 1.
This step is repeated for all possible combinations resulting in a concordance
matrix, see Table 3.

With this concordance matrix the net concordance dominance index can be
calculated. For Alternative 1, this index is calculated as the sum of its concordance
indices against the other alternatives minus the sum of the concordance indices of
the other alternatives against Alternative 1, in general

Ki=> Ki—> Ki

This index is a measure for the scores on criteria with a large weight. From now
on this index will be mentioned as the concordance. The higher the concordance,
the higher the scores on the most important criteria.

After that, the discordance index Dj; is calculated as the absolute difference
between the scores of alternatives i and j on the criteria for which i scores worse
than j. This is repeated until the discordance matrix can be filled, see Table 4.

Now a discordance dominance is computed with the formula

D;=) Dj—> Dj
This value will be named as discordance from now on. The higher the dis-
cordance, the worse the scores and it is a measure for bad scoring on all criteria.
The final step in the evaluation is to combine the concordance with the dis-
cordance. Since both indices have different meanings these indices cannot be
summed. First the alternatives will be ranked based on concordance.

3 Definition of SMART: Specific, Measurable, Acceptable, Realistic, Time restricted.
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Table 2 Sustainability criteria with their weights

Main criterion Criterion Weight

People Corporate social responsibility 0.11
Regional social contribution 0.06

Planet Use of space 0.03
Emissions of PM;q, NO,, SO, 0.03
Nature 0.06
Emission of CO, 0.06
Water quality 0.03
Soil quality 0.03
Noise nuisance 0.01
Adaptability 0.05
Futural recycling and demolition 0.04

Profit Nett present value 0.50

The sum of the weights is equal to 1 and the weights are based on the general situation for a large

European port

Table 3 Concordance matrix

Alternative 1

Alternative 2 Alternative 3

Alternative 4

Alternative 5

Alternative 1
Alternative 2
Alternative 3
Alternative 4
Alternative 5

X
Ky
Ks

Kai
KSI

Kiz Ki3
X Ky
Ks, X

Kao Kas
Kss Ks3

KIS
KZS
Kss

Kas
X

Table 4 Discordance matrix

Alternative 1

Alternative 2 Alternative 3

Alternative 4

Alternative 5

Alternative 1
Alternative 2
Alternative 3
Alternative 4
Alternative 5

X

D2]
D31
Dy,
Ds;

Dz Dis
X D3
D3, X

Dy Dy
Ds» Ds;

The alternative with the highest ranking (that is with the highest concordance) gets
1 point, the second alternative 2 points, etcetera. Then the alternatives are ranked
again, but this time based on their discordance. The alternative with the lowest
discordance gets 1 point, the second 2 points and so on. Finally the ranking points
are summed and the alternative with the lowest amount of points is the preferred

alternative.
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Simulation

In this part the developed procurement model is applied to a tender for a certain
port infrastructure project. The outcomes will be evaluated and a comparison is
made with the traditional method.

Example Project: Quay Wall

The example project consists of the design and realization of a quay wall with
future expansion possibilities. The main components of the project are the design
and construction of a mooring facility for oil tankers and the foundations for load
arms and a rail with a crane.

After selection of 5 contractors the offers are evaluated using the model. In the
original case, the offers were evaluated using a weighted summation method in
which sustainability got a weighing percentage of 15 %. Within this percentage,
sustainability was divided in 4 criteria:

Avoiding transport during rush hours (33 %)
Number of transports (17 %)

Use of clean fuels (17 %)

Recycling of material (33 %).

Therefore, these criteria are different from the model’s criteria. Since the Net
Present Values are not known, the investment costs are used as a measure for the
economical feasibility. The negative value of the costs can be used directly as a
score for this criterion. If the contractor does not take measures a neutral 5 is given
as score, since the design does not necessarily leads to a more or less sustainable
project. Furthermore, the tender is not yet in the final stage that means that
improvements in the offers are possible.

The contractor of Alternative 1 took quite a lot measures within the criterion for
the emissions of PM;o, NO, and SO,. These measures differ in being SMART and
there are a much transport movements leading to a considerably low mark (6).
There is a limited amount of measures to limit CO, emissions and the contractor
scores a 6 on this criterion and a low score for the economical feasibility since the
investment costs are large.

The second alternative got the second place in the real situation. There was only
a small amount of freight transport by trucks, in contrast to a large amount of
commuter traffic. Thanks to a no-claims bonus system the measures scored higher
on being SMART. This alternative got a high score on the criterion to limit the
CO, emissions (9). There are a lot of measures to recycle material and the com-
pany is certificated with the highest award against CO, emission. There is much
saving on use of steel and the contractor gave clear insight into the CO, emissions.
On the profit criterion scores this alternative a second place.
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The contracting company of the third alternative is the only contractor which is
implementing the guidelines of ISO 26000, leading to a 9 as score on the criterion
for Corporate Social Responsibility. Furthermore, it is the only alternative with
possibilities for multiple use of space, protection of the soil quality and the
application of nature friendly banks and roadsides. There are no clear measures
about transport and there is much freight transport with trucks which is not enough
compensated by the high score on commuter traffic. This leads to a 5 as score for
the criterion against emissions of PM g, NO, and SO,. On the field of limitation of
CO, emissions the total influence on the life cycle by the measures is small.
Alternative 3 scores the third place on investment costs.

Alternative 4 takes initiatives to help the regional society. Some crafts are
outsourced to the regional sheltered workshops. Alternative 4 scores an 8 when it
comes to regional social contribution. The amount of freight transport by road is
small, but the number of commuter transports is not known. The contractor scores
bad for measures on clean fuels leading to a 5 for the criterion against emissions of
PM,y, NO, and SO,. This alternative is the most expensive alternative.

Alternative 5 was chosen by the client. It scored a 7 on Corporate Social
Responsibility since the company is certificated on this field. There are a lot of
actions against the emissions of PMy, NO, and SO,, rated with a 9. Like Alter-
native 2, this alternative is certificated with the highest award against CO, emis-
sion. Furthermore there is much saved on the amount of steel leading to less CO,
emissions and the alternative is given a 9 for this criterion. Alternative 5 has the
lowest investment costs.

The foregoing summarizes the contractors’ most important actions described in
their offers. The scores for all measures on all criteria are given in Table 5. Based
on these scores the model can be filled in. According to the criteria of the model
Alternative 5 is the most economically advantageous tender. Alternative 1 and
Alternative 4 are sharing the last place as seen in Table 6.

In the real case, the contractor of Alternative 5 got the work and Alternative 2
scored the second place. The difference can be explained by taken other criteria
into account, e.g. technical design. This makes it difficult to compare the out-
comes, but they lay close together.

In the case of leaving the Profit criterion out, the outcome is different than the
real case (that is, the ranking based on the sustainability criterion), see Table 7.

The large differences can be explained again to the differences in criteria.
Alternative 3 scores high on criteria as Corporate Social Responsibility, use of
space, water quality, soil quality, noise nuisance and adaptability. These are just
the criteria which are not included in the real tender. This is more visible when the
real outcome is compared to the analysis based on only the Planet criterion. This
leads to an analysis with criteria which are more close to the real case, see Table 8.

The ranking of the concordance is almost the same as the ranking in the real
case in Table 7. Looking to the concordance only is similar to the weighted
summation method used by the client. By adding the discordance Alternative 3
gets a higher ranking, because this alternative has a better balance between more
criteria what is important for a sustainable project, inspecting the very negative
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Table 5 Scoring table; the scores on the profit criterion (investment costs) are given as ratios

Main Criterion Al A2 A3 A4 A5
criterion
People  Corporate social 5 5 9 5 7
responsibility
Regional social 5 5 5 8 5
contribution
Planet Use of space 5 5 7 5 5
Emissions of PM;,, 6 6 5 5 9
NO,, SO,
Nature 5 5 6 5 5
Emission of CO, 6 9 6 7 9
Water quality 5 7 8 5 5
Soil quality 5 5 7 5 5
Noise nuisance 5 5 9 5 8
Adaptability 5 5 8 5 5
Future recycling 5 7 5 6 6
and demolition
Profit Nett present value  —0.23921 —0.170607 —0.1883 —0.24504 —0.15684
Table 6 Ranking of alternatives
Concordance Discordance Ranking
Alternative 1 —1.75 1.54 4
Alternative 2 1.04 0.33 3
Alternative 3 0.59 —1.80 2
Alternative 4 —2.33 0.82 4
Alternative 5 2.45 —0.89 1

Table 7 Ranking concordance analysis based on People and Planet criteria

Concordance Discordance Ranking Ranking real case
Alternative 1 —1.49 1.34 5 4
Alternative 2 0.10 0.40 3 1
Alternative 3 1.16 —1.80 1 2
Alternative 4 —0.67 0.60 4 5
Alternative 5 0.90 —0.54 2 2
Table 8 Ranking based on only Planet criterion
Concordance Discordance Ranking Ranking concordance
Alternative 1 —1.40 1.23 5 5
Alternative 2