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Preface

Throughout history, engineering assets have provided the impetus, and continue to
drive the advance of human civilization. Engineering assets make up our built
environment, and include man-made physical artefacts like infrastructure, plant,
equipment, hardware and software tools and systems, and are deployed across all
industry sectors of human endeavour. Engineering assets not only improve almost
every aspect of how we live but also, they enhance the joy of living by comple-
menting, supplementing and directly replacing humans in numerous laborious and
dangerous tasks. As we depend more and more on engineering assets to provide the
means for enhancing our livelihoods, we must advertently manage engineering
assets so that they sustain increased quality of life in a world of finite resources.

The 9th World Congress on Engineering Asset Management theme, “Towards
Engineering Asset Management Body of Knowledge and Standards”, reinforces the
excitement stirred by the release of ISO 5500x standards. On the one hand, the
words ‘asset” and ‘management’ are, respectively, broad and ubiquitous, and
engineering assets are basically technologies that exist in the form of man-made
tangible things. On the other hand, engineering and technology constitute diadel-
phous and dicephalous dualism, that is, of the same umbilical cord. Thus, as we
grapple with what should constitute the body of knowledge for a subject matter that
is cross-, multi-, and transdisciplinary, we prefer to name the field of endeavour, or
the subject area as “Engineering Asset Management (EAM)”:

i. to minimize ambiguity that may be inherent in the term ‘physical assets’—in the
sense that land and mineral resources are also ‘physical’;

ii. to provide a conventional academic home for studying, teaching and research in
Engineering Asset Management.
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With delegates from more than 18 countries, the 9th WCEAM programme
featured:

Research poster presentations
1 plenary presentation

4 keynote addresses

3 panel discussion sessions
4 seminar sessions

6 tutorial master classes

6 practitioner workshops
72 paper presentations

11 exhibitions

‘Madiba Magic’ tour
Wildlife Game drive
Memorable entertainment
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Research and application in various
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Market Risk Management in the Context
of Engineering Asset Management

Eben Maré

Abstract Engineering asset management has a broad scope and covers a wide
variety of areas. These would typically include general management, operations and
production areas as well as financial aspects. It is essential to consider risk
management aspects arising from asset management activities, in particular if we
view financial assets of the firm as financial derivatives of our engineering assets.
A coordinated strategic framework is required to ascertain Enterprise Risk Man-
agement. In this paper we focus on market risk aspects in the context of engineering
asset management. We demonstrate the market risk process and note implemen-
tation requirements.

Keywords Engineering asset management - Enterprise risk management - Market
risk quantification

1 Introduction

There are known knowns. These are things we know that we know. There are known
unknowns. That is to say, there are things that we know we don’t know. But there are also
unknown unknowns. There are things we don’t know we don’t know (Rumsfeld 2002).

There are various definitions for engineering asset management (EAM) in the
literature. There is, however, little uncertainty that EAM is conducted with the
ultimate aim of positive economic utility expansion (i.e., creating profits). We are
desirous to understand the overall total management of enterprise value resulting
from the financial dimensions of our engineering assets (see, Amadi-Echendu et al.
[3]). In this endeavour we need to heed the words above, noting the effects of various
uncertain events on our enterprise.
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Banks (2002) notes: Risk, which can impact all areas of personal and corporate activity, can
be defined as the uncertainty surrounding the outcome of future events. In order to manage
and control risks — to reduce or contain possible losses caused by uncertain future event —
firms should strive to use all available tools and approaches. By doing so they minimise the
chance that unacceptable losses will occur.

Modern business faces a multitude of risks such as liquidity, operational, credit
and market risks amongst others. Our aim in this paper is to discuss a market risk
management framework within the context of EAM. The outline of the paper is as
follows. In Sect. 2 we discuss the connection between EAM and financial aspects as
seen in the literature. Section 3 is devoted to a discussion on traditional market risks
while Sect. 4 describes the full risk management process. Section 5 is devoted to
implementation issues within the EAM setting. We conclude in Sect. 6.

2 Engineering Asset Management and Enterprise Risk
Management

Amadi-Echendu et al. [3] note that the definitions of EAM tend to be broad in
scope, typically covering general management, operations, financial and human
capital elements. In earlier work [1], the authors emphasize the importance of
considering engineering asset management holistically within the overall business
context. The view is echoed in [28], and further work in [2] emphasized the need to
embrace holistic thinking. Thorpe [25] notes the need for economic thinking while
[18] emphasize the EAM life-cycle, and [4] considers risk management and
quantification for EAM decision making.

There is acknowledgement [15] that effective asset management requires an
interdisciplinary approach with synergies between accounting, engineering, finance,
humanities, logistics and information systems. Badurdeen et al. [S] emphasize that
sustainability has become a key driver in the operations of companies. To ensure a
competitive approach they note the need to model risk and enhance decision sup-
port to enhance returns. In the modern financial environment we frequently
encounter this synergetic approach under the term Enterprise Risk Management
(ERM), see, for example, [11], and [20], as well as [23]. ERM typically calls for a
framework wherein all risks are assembled and strategically coordinated [26].

The paper by Amadi-Echendu et al. [3] differentiates between engineering asset
objects and financial asset objects. In their view, financial assets exist and have
value as financial derivatives of engineering assets. This point of view is extremely
important for our discussion. We will discuss a variety of market related risks which
could affect the financial asset objects of a firm.
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3 Traditional Market Risk

Market risk arises by virtue of changes to our enterprise value (typically income
statement or balance sheet related) as a consequence of changes in the values of
traded securities. These would typically be:

i. Equities,
ii. Foreign currency (or currencies),
iii. Interest rate(s)—nominal and/or real,
iv. Commodities,
v. Credit spreads,
vi. Energy prices,
vii. Changes in volatility and correlations of the above instruments.

In a typical financial institution these changes could be as a consequence of
direct exposures, i.e., physical holdings in bonds, equities or foreign currency, for
example. The institution could also have exposure to the above securities by virtue
of synthetic derivatives resulting from its business activities to hedge structured
products or facilitate corporate hedging schemes, for example. Typical examples of
bank client facilitation would be interest rate swaps, commodity swaps, foreign
exchange basis swaps, equity options and futures as well as corporate bonds and
credit default swaps.

Financial institutions could, however, also carry indirect exposures to changes in
the above securities. An example could be deterioration of the credit quality of a
bank’s mortgage loan book as a result of rising interest rates. An asset management
company, for example, typically levies its fees on the assets under its management
—a crash or bear market in equities would reduce the institution’s fee income
dramatically. Indirect exposures could include so-called real options as well; see,
for example [22].

In the setting described in [3], we will obviously aim to discover the effect of
market related variable changes on our financial asset objects. These can be viewed
as derivatives and the theory of conditional asset and liability modeling would
apply. Hence, foreign exchange adjustments on equipment imports, changes in the
prices of commodity used as inputs to be processed by engineering assets, increased
borrowing costs resulting from higher interest rates or decreased credit ratings as
well as corrosive effects of inflation constitute examples of direct market risks to
our financial asset objects.

4 Risk Management Process

Risk management is a total enterprise contained activity. We will discuss the
following key elements of the process.
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i. Risk identification,

ii. Risk measurement,
iii. Monitoring,

iv. Control,

v. Testing and evaluation.

Let us elaborate on these process elements below. See, for example, [7, 9, 21,
24, 27].

4.1 Risk Identification

We need to examine all aspects of our business to understand the consequences of
changes in market variables—these could be direct or indirect. We would critically
examine our regular management accounts and ensure a deep understanding of our
income statement and balance sheet. We would look at our regular budgeting
process and overlay what-if scenarios to ensure an understanding of the functional
relationship between our enterprise value and direct or indirect changes in market
variables. This should be seen as an ongoing process [7].

4.2 Risk Measurement

After we have identified sources of risk we need to quantify the extent of the risks
involved. Risk quantification is typically associated with some risk measurement
metric which could be based on statistical or analytical methods or scenario anal-
yses. At a basic level we could attempt to describe our risk exposure in terms of an
equivalent spot position, e.g., an equivalent nominal loan exposure amount. If a
company is exposed to a set of risks which are very similar we could construct a
proxy to perform a ‘back-of-the-envelope’ risk calculation. An example would be to
approximate a basket of equities by an index. The advantage of such an approach is
simplicity and yielding an ‘effective’ position which management relates to. The
obvious disadvantage is that we are making some serious assumptions regarding
basis risks between different (but related) positions.

In a typical financial institution, risk quantification is usually done through
several risk measurement metrics ranging from simple spot equivalent positions to
so-called value-at-risk (VaR) and stress testing; see [12]. VaR is a measure of the
loss on a portfolio that will not be exceeded over a holding period within a certain
confidence level. More formally, VaR has been defined as the loss (stated with a
specified probability) from adverse market movements over a fixed time horizon,
assuming the portfolio is not managed during this time. Hence VaR is measured as
the lower percentile of a distribution for theoretical profit and loss that arises from
possible movements of the market risk factors over a fixed time horizon. Stress
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testing looks at the effect of significant changes in market variables to our financial
exposures—an example could be to see how much we make/lose if the exchange
rate depreciates by 20 % overnight. Stress tests are very useful to identify risks [6].

4.3 Risk Monitoring and Control

After we have calculated some risk-measure associated with an identified risk it
means that we have a sense of the economic damage that could be caused as a result
of that risk. We should judge against that the economic benefit from having the risk
—such as the amount of profit or other advantage that we would derive. Realisti-
cally, we would not want unbounded amounts of any risk and would impose limits
to control these risks. It is important therefore to ensure that we set our controls
(limits) to be reflective of the identified risks and that these accurately control the
exposure that will ultimately feed through to our income statement. Our process is
therefore to monitor the measured risks against limits on a periodic basis and to
ensure the correct level of control of our risks.

4.4 Testing

Market risk management is most successful in an environment where risks are
transparently discussed and completely understood. It is extremely important to
dissect risk and to understand the impact thereof on our income statement, balance
sheet and enterprise value. We also need to understand whether we are adequately
compensated for risks that we carry. We need to monitor the full risk measurement
and management process continually to ensure that we have captured all risks and
to test the validity of our assumptions used to derive our understanding and mea-
surements of risks.

We started by investigating the effect of risks to our income statement—it is
therefore only fair to balance back to the income statement in the sense that observed
market moves applied to our calculated sensitivities should balance to our observed
profit/loss numbers. If this is not the case we are missing part of our exposures! By
regular testing we ensure that we do not ignore important risks by leaving them
undetected or wrongly view them as immaterial [24]. The 2008 credit crisis empha-
sized the need for continual risk model testing; see [26], as well as [19], and [13].

5 Implementation Issues: Requirements and Challenges

Implementation of a market risk measurement and management system in a typical
EAM setting could be challenging from an organisational and technological per-
spective. We provide a brief discussion of the requirements to implement the
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process described in the previous section. The approach we describe would extend
to other risk types in the organisation also, examples being liquidity, credit and
operational risks.

5.1 Risk Philosophy

From an enterprise risk perspective, firms need to establish a view of risk tolerance.
Firms need to determine how to attribute resources to manage risks; see [7]. An
essential part of the philosophy entails a firm wide exploration whether risk is an
integral part of the business of a by-product which needs to be eliminated or
minimised; see also [10]. Creating a risk policy requires balancing of many forces.
Amadi-Echendu et al. [3] notes that one of the requirements for broad based EAM
is organisational generality: “EAM takes place at all levels of the organisation, from
direct contact with the asset to strategic interactions that take place in the board-
room”. In this sense EAM is directly connected to risk management.

5.2 Information Systems

Measuring and understanding our exposures require full information of our engi-
neering assets and liabilities. Amadi-Echendu et al. [3] notes the need for an
information system which provides data on physical and financial conditions of
assets, while [1] discussed an accounting system as the basis of an EAM infor-
mation system in this context. Poor data quality would typically be the most sig-
nificant impediment [28], see also [16], and [17].

From a risk measurement perspective we would typically translate cash flows
obtained from the accounting system into risk sensitivities taking the discussion in
Sect. 3 into account [12]. In the EAM environment we have complex assets but low
volumes; this is fortunate as it allows for a deeper analysis of the risk sensitivities of
specific assets.

5.3 Management Action

Information flow is of paramount importance, and [24] notes: “In a typical com-
pany, the role of risk management is to identify and evaluate the risks faced by the
firm”. Risk measures are only meaningful if an enterprise is willing to use these to
reduce risk within the agreed tolerance of overall risk policy. It is essential that risk
measures be understood and treated as real exposures and not just “nice to have”
numbers.
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Risk management systems can break down as a consequence of inappropriate
risk metrics, mis-measurement of known risks, not taking known risks into account,
inappropriate risk communication to management and failure in monitoring and
managing risks [24]. Management need to ensure that appropriate actions are taken
to ensure a working risk capability. Risk management is a culture; a coordinated
risk management framework ensures that risk is managed at all levels in the firm. It
is therefore imperative that risk management actions be understood at all levels of
the firm [8].

6 Conclusion

Amadi-Echendu et al. [3] noted that EAM is multi-disciplinary requiring skills from
a multitude of disciplines including traditional engineering, information technology,
economics and management. They noted the need for information systems to
capture data to support decision making. We have shown that this requirement is of
vital importance for the risk function too. “It is no longer sufficient to consider asset
management as simply the maintenance of an asset, but rather as a holistic approach
to the management of asset, incorporating elements such as strategy, risk mea-
surement, safety, environment and human factors” [14].

Risk management is best implemented by professionals who are subject area
experts with an in-depth understanding of the risks associated with assets. In that
sense, we are broadening the traditional scope of EAM. To ensure an overall
coordinated risk framework we need to embrace an ERM framework.
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Application of a Performance-driven Total
Cost of Ownership (TCO) Evaluation
Model for Physical Asset Management

Irene Roda and Marco Garetti

Abstract The core concept of this paper is total cost of ownership (TCO) of
industrial asset and its relevance in supporting decision making if properly evalu-
ated through the analysis of the technical performances of the asset. The paper is
based on a framework that systematizes benefits and potential applications of TCO
for different kind of stakeholders at different stages of the life cycle of the asset,
supporting different kind of decisions. The aim is to present an experimental case
study that has been implemented in order to show the empirical evidence of what is
in the framework by focusing on one of the primary companies in the chemical
industry in Italy. The application proposes a modeling approach for trying to
overcome one main gap that still subsists when referring to TCO models that is that
most of the existing ones lack of the integration of technical performances evalu-
ations into the cost models or are based on very limiting hypothesis. In this paper a
comprehensive methodology for the evaluation of Total Cost of Ownership
of industrial assets that has being developed within a research activity carried out
at the Department of Management, Economics and Industrial Engineering of
Politecnico di Milano is presented.

Keywords Asset management performance - Total cost of ownership - Asset
performance measurement
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1 Introduction

In order to meet the challenges of global competition and changing market con-
ditions, production companies need to adopt an asset management strategy and
system to sustain or improve the life cycle profits of the original investment [11, 12,
18]. With this regard, one of the challenges in the physical asset management field
is to keep a life cycle perspective whenever a decision is taken both for acquisition
or configuration and management actions on any asset. Through this perspective, it
is essential to improve the quantification process of costs, in order to be able to
evaluate the total cost of operating a production system throughout its life cycle
(i.e., the so called Total Cost of Ownership (TCO)) as supporting evidence that
allows informed decision-making [27].

More in detail, this work refers to the concept of TCO intended as the actual
value of the sum of all significant costs involved for acquiring, owning and oper-
ating physical assets over their useful lives [37]. TCO is strictly related to the
concept of Life Cycle Cost (LCC) and they are often used without distinction in
literature. The widely shared idea is that TCO provides a selected perspective on
LCC. In contrast to LCC, it focuses on the ownership perspective of the considered
object and all the costs that occur during the course of ownership [19]. Moreover
[8] and other authors later on, used it with a more strategic connotation, giving to
TCO the meaning of a supporting information for strategic choices regarding both
investment decisions and operational strategies.

It is widely accepted in the academic literature [32] that TCO should be an
integral part of an asset management strategy and the same is assessed by the ISO
55000 series of standards for asset management. In particular, the latter puts into
evidence the relevance of being able to quantify the TCO of an asset, being it an
industrial system or a single equipment, and it is indicated that: “[...] Life cycle
cost, which may include capital expenditure, financing and operational costs,
should be considered in the decision-making process. [...] When making asset
management decisions, the organization should use a methodology that evalu-
ates options of investing in new or existing assets, or operational alternatives”
[13, Sect. 6.2.2.4]. On the industry side, companies are more and more acknowl-
edging that a TCO model can represent a reliable economic-sound support for
taking decisions and conveying the information it represents to both internal and
external (costumers/suppliers) stakeholders [1].

This paper refers to the framework (Table 1) that the authors developed based on
an extensive literature review aiming at highlighting the benefits of the adoption of
a TCO model in decision making support for asset management [28]. Developing
the framework, three main dimensions have been identified:

a. type of stakeholder: given the meaning itself of TCO, it is evident that asset
users (asset owners/managers) are the main stakeholders; nevertheless asset
providers (asset builders/manufacturers) have also interest in evaluating the
TCO of assets they build/sell.
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Table 1 Framework of benefits of TCO adoption in decision making for asset providers/users

Asset provider Asset user
Configuration Management Configuration Management
BOL | Evaluation of project Communicating Evaluation of Suppliers and
alternatives value to the design tenders
customer and alternatives evaluation and
selling support offered by a selection
provider
Comparison and Propose to the Maintenance
optimization of design clients specific service
alternatives design solutions contract
evaluation
Components/equipment Pricing Investment,
procurement and budget
construction alternatives planning, cost
evaluation control
Spare parts requirements | Contracting
estimation maintenance
services provision
MOL | Proposal of re- Maintenance Reconfiguration Maintenance
configuration solutions service provision decisions scheduling and
offering management
Spare parts WIP sizing Repair level
provision offering analysis
Asset
utilization and
production
strategies
EOL | Proposal of Evaluation and Reuse strategies Evaluation of
reconfiguration for EoL proposal of for components/ | rehabilitation
optimization rehabilitation machines strategies
strategies

b. type of supported decision: a TCO model has got potentiality to support dif-
ferent kinds of decisions and in the framework two main categories have been
identified:

(1) configuration decisions and

(i) management decisions.

c. phase of the life cycle: TCO analysis can be carried out in any and all phases of
an asset’s life cycle (Beginning of Life (BOL), Middle of Life (MOL) and End
of Life (EOL)) to provide input to decision makers.

The framework shows which benefits a TCO model can bring to each of the two
types of stakeholder at each lifecycle phase by supporting different kinds of deci-

sions (configuration or management decisions).
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2 Problem Statement and Objective

Even if it clearly emerges from the literature that TCO has got positive effect in
supporting decision making for asset management; however, many limitations exist
up to day. The main issue is that most of the TCO methods developed so far only
consider the cost but neglect the performance of the system, which has significant
limitations [6]. A crucial point in order to understand the applicability of a TCO
model for supporting physical asset management is that the evaluation criteria for
the costs elements definition should encompass not only all incurring cost elements
along the asset life cycle but also system performance characteristics, like system
availability, in upfront decisions for achieving the lowest long term cost of own-
ership [8, 17, 37].

Indeed, some main issues should be considered when approaching the TCO
evaluation of a production system as a support for decision making:

i. alarge number of variables directly and indirectly affect the real cost items and
are affected by uncertainty in their future evolution (e.g. inflation, rise/decrease
of cost of energy, cost of raw material, cost of labor, budget limitations, etc.)
[9, 261;

ii. the evolution of asset behavior in the future is difficult to predict (e.g. aging of
assets, failures occurrence, performance decay) and ‘infinitely reliable’ com-
ponents or systems do not exist [31];

iii. complex relationships in the assets intensive system dynamics, due to the
presence of many coupled degrees of freedom, make it not easy to understand
the effects of local causes on the global scale [38];

iv. conventional cost accounting fails to provide manufacturers with reliable cost
information due to the inability of counting the so-called invisible and, in
particular, intangible costs, and thus there is inaccuracy in calculating total
costs [7].

It is evident that additional research is required to develop better TCO models to
quantify the risks, costs, and benefits associated with physical assets including
uncertainties and system state and performance evaluations to generate informed
decisions [33]. The objective of this paper is to present a comprehensive method-
ology for the evaluation of the TCO of industrial assets that has being developed
within a research activity carried out at the Department of Management, Economics
and Industrial Engineering of Politecnico di Milano. The methodology is based on
an integrated modelling approach putting together a technical model for the eval-
uation of the technical performances of the asset over its lifecycle (by accordingly
generating the asset failure, repair and operation events) and a cost model for
evaluating the final cost breakdown and the corresponding TCO calculation
(Fig. 1). An industrial application case study has been implemented and first
experimental findings of developed methodology are presented showing the rele-
vance and potentialities of such approach for companies.
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Fig. 1 Concept of integrated TCO evaluation model

3 Performance-Driven TCO Evaluation Methodology

The TCO methodology that is presented in this paper, is based on the idea that only
by the integration of a performance model and a cost model is it possible to develop
a reliable TCO model to support strategic decision-making (Fig. 1).

The underlying assumption is that proper system modeling has to be introduced
for availability, maintainability and operation and that it must be integrated with a
cost model for economic evaluations.

Cost model:

Whilst there is general agreement that all costs occurring along the life cycle of an
asset should be included in the related TCO model, opinion varies as to their precise
identification [37]. Several cost models have been proposed in literature and different
ways to categorize the main cost items can be found. Some models group cost items
depending on the life cycle phases of the asset, others refer to the two main categories
CAPEX and OPEX. In spite of these different categorization approaches, in the end
the detailed costs items list will depend upon the particular system under consider-
ation and a cost break down structure (CBS) approach is commonly adopted [4, 17].
The important point is that the cost structure must be designed so that the analyst can
perform the necessary TCO analysis and trade-offs to suit the objectives of the project
and the company concerned [37]. Table 2 shows the CBS that has been defined for
the specific case study that is presented in Sect. 4. The specific cost model includes
the main cost items that are usually considered by a manufacturing company for
evaluating different design solutions for production systems.

A relevant issue that must be taken into account and that is mostly undervalued
in practice, is the need to include those cost elements that depend on the perfor-
mance of the system within the cost model. For example, it has to be considered
that when an asset fails, the cost is not limited to the cost of repair or replacement
(in terms of manpower and material), but the money lost because the asset is out of
service must be included as well [35]. The same is valid for other performance
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Table 2 Cost categories in TCO cost model

Summary of costs per category

CAPEX OPEX

1. Purchasing price 7. Energy cost

2. Installation fixed cost 8. Line operators labor cost

3. Civil works cost 9. Maintenance visible cost

4. Commissioning cost 9.1. Maintenance personnel cost
5. Extra cost 9.2. Spare parts cost

6. Installation labor cost 10. Losses related costs

10.1. Management losses costs

10.2. Corrective maintenance downtime losses costs

10.3. Speed losses costs

10.4. Non-quality costs
10.5. Labor Savings
END OF LIFE COSTS AND SAVINGS

11. Decommissioning costs

losses consequences (e.g., quality losses, speed losses etc.). All these aspects must
be considered within a complete TCO model, hence it is necessary to evaluate and
to quantify factors that allow predicting the form in which the production processes
can lose their operational continuity due to events of accidental failures and to
evaluate the impact in the costs that the failures cause in security, environment,
operations and production [26, 36].

To this regard, a widely used performance measure in the manufacturing
industry is overall equipment effectiveness (OEE) originally introduced by [25, 14].
It is clear that for making asset management decisions it is important to have a
thorough insight into all involved costs and their impacts on the profit and com-
petitiveness. Managers need to consider the trade-offs between the amount of
investment and its impact on the OEE and TCO becomes an indicator required for
competitiveness analysis [13]. The following Fig. 2 shows which are the losses that
have been considered into the cost model in the methodology herein proposed, by
referring to OEE. The identified losses (availability, performance and quality los-
ses) lead to specific cost items in the OPEX category of the cost model (Table 2,
cost items under category 10) and they must be evaluated through a performance
model as it is detailed in next section.

Performance Model:

As assessed above, system state and performance evaluation is an essential step that
needs to be developed to feed with the proper inputs the cost model, hence to
evaluate the real TCO referring to an asset.

Obviously in complex systems, OEE should be calculated at system level, by
correctly considering the result of dynamic interactions among various system
components (i.e. individual assets). This issue has been identified by [15, 23, 24];
and the latters introduced the term overall throughput effectiveness (OTE) as a
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Fig. 2 Outline of losses and OEE calculation scheme

factory-level version of OEE that takes the dependability of equipment into
account. Some approaches have been proposed in literature in order to try and face
the quantification of costs related to system unavailability. On one hand, the most
traditional approach is to use ex-post analysis as a calculation based on historical or
actual data; applying the traditional RAM analysis based on statistical calculations
or probabilistic fittings. On the other hand, great potentialities are added by
applying ex-ante estimation aiming at a static or dynamic prediction of total costs
through estimated behavior over the life cycle [34]. Within this second perspective,
some works have been proposed in literature suggesting the use of stochastic point
process [16, 19, 26] and some others propose the use of simulation based on the
Monte Carlo technique [10, 30, 33]. In this work, the stochastic simulation is
proposed for modeling the casual nature of stochastic phenomena and the Reli-
ability Block Diagram (RBD) logic is used to express interdependencies among
events thus evaluating how individual events impact over the whole system (Fig. 3).

The Monte-Carlo method is used for generating random events relying on the
statistical distribution functions of the time before failure (TBF) and time to repair
(TTR) variables given as input values at component level. Both failures modes and
stops of the system related to other reasons (such as operations problems) can be
considered. Using the simulation technique, the system behavior can be generated
in a series of random iterations by calculating as a final result, a statistical estimate
value of operational availability and OTE for the complete system. One of the main
disadvantages of the use of simulation is the high effort that it requires for making
the system model and data preparation [17]. To this regard, new approaches are
introducing the use of some conventional modeling techniques such RBD for
simulation purposes [20, 21, 29]. In fact the RBD logic has the advantages of giving
a systemic, integrated and very compact view of the system with a bottom-up
perspective while keeping an easy implementation approach. In order to ease
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application, these concepts have been embodied recently in several software based
tools for asset management which use simulation (such as for example Availability
Workbench™ by ARMS reliability; Relex or R-MES Project©). Within this
approach, aspects that go beyond the pure unavailability evaluation determined by
asset failures can be considered such as production losses due to system perfor-
mance or quality reduction.

This approach has been adopted in the proposed model for the evaluation of
technical performances. The performance model allows evaluating the OTE of a
system by taking into account assets behavior and dependability during equipment
lifecycle. Such information is a relevant input for the evaluation of the OPEX cost
components within the cost model (Table 2).

After the evaluation of the costs elements using the outputs of the simulation
where needed, the sum of all costs can be actualized through the evaluation of the
Net Present Value (NPV) or the Average Annual Cost of the TCO.

4 Application Case
4.1 Background

The performance-driven TCO calculation methodology has been applied in a case
study regarding a primary chemical company in Italy, particularly concerning an
industrial line for rubber production. Next Fig. 4 shows the basic process flow-sheet
and the main equipment composing the plant section under analysis. The main
objective of the case study is to apply the developed TCO evaluation methodology
to prove its potentialities for supporting decision making.

Basing on the framework presented in Sect. 1, the methodology is applied by the
user’s perspective (owner and manager of the plant) dealing with the Middle of Life
phase of its asset. The main potentialities expected from the evaluation of the TCO
by the plant management are to support re-configuration choices through an eco-
nomic quantification of the effect of technical changes in the plant. Hence the focus
is on reconfiguration decisions/new acquisition investments.
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4.2 TCO Evaluation Procedure

The case is based on the use of the TCO evaluation methodology that has been
presented above based on the cost model and performance model. In particular, the
following steps have been developed for the application case.

Performance evaluation:

Step 1. Process understanding and system’s components identification.

Step 2. Identification of failures modes or stop causes of each component.

Step 3. Reliability, maintanability and operation data acquisition (TBF and TTR).
Step 4. Modeling of the as-is system through RBD logic.

Step 5. Simulation (Monte Carlo).

Step 6. Technical performance calculation of the system.

On the basis of the given situation, 156 equipments have been put in the model
and simulation runs (200 runs) were conducted in order to calculate the operational
availability and OTE of the as-is situation over a time span of 5 years.! Such data
was used as one of the inputs for the following cost modelling phase.

Cost evaluation:

Step 7. Cost model setting (Table 2).
Step 8-9.  Cost data acquisition and Calculation of TCO.

! The reliability oriented engineering software R-MES Project© (Reliability Maintenance Engi-
neering System Project) is used for performing the above mentioned modelling and calculation
steps from 4 to 6.
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Table 3 Results of OEE improvements in the investigated scenarios

Scenario A Scenario B Scenario C
Delta OEE +4.52 % +0.73 % +2.58 %

After evaluating the TCO for the as-is situation of the plant, a number of
alternative scenarios has been defined (configuration/management alternatives) and
the corresponding performance and cost models have been developed, thus
allowing the calculation of the related TCO values.

4.3 Analysis of Alternative Scenarios

The implementation of the methodology resulted for the company as a useful
approach in order to identify and support re-configuration decisions. The company
identified three main potential alternative configuration scenarios of the production
line and the methodology allowed evaluating the benefits in term of savings along
the lifecycle of the system by the estimation of the differential TCO.

More in detail, the scenarios that have been proposed by the company asset
managers for comparative evaluations are the following:

e Scenario A: the installation of a second machine of type E to be kept in stand-by
with the already existing one;

e Scenario B: the disposal of the mechanical transport machine N and its substitu-
tion with a pneumatic transport system;

e Scenario C: The installation of three more screens in stand-by to the existing ones.

After implementing the methodology for the as-is situation and the three alter-
ative ones, the technical outputs in terms of OEE (that are showed in Table 3) have
been used to make the economic evaluation by combining them with the related
cost inputs.

In particular, for each scenario, the differential costs and savings with respect to
the as-is situation have been considered (such as, energy consumption, acquisition
and installation costs, end of life disposal cost for the new equipment etc.), as well
as the additional margin resulting from the increase in production volume.

After establishing a lifetime period for the evaluation of the various scenarios,
the TCO cost calculation model allowed the company estimating the money cash-
flow over the asset lifecycle and the payback time related to the investment required
by each scenario. These data are not presented due to confidentiality reasons,
however the results were very promising and attracted the attention of the company
management asking for a more detailed estimation work.
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4.4 Benefits and Limitations

After the case was developed and results generated, the plant management confirmed
the usefulness of the model as a tool for supporting investment decisions by proving
the return of an investment taking into account the life of the asset and its performance
along it, going beyond the pure acquisition cost. The use of RAMS modeling tech-
niques combined with Monte Carlo simulation engine provided a fast way to evaluate
trade-offs among availability and redundancy. It resulted that performance analysis
and reliability engineering are fundamental for financial and economic evaluations
referring to capital-intensive asset systems. During the development of the case some
criticalities emerged that need to be overcome in the future. In particular, the main
limit was found at the data acquisition step. In fact, data regarding the past failures
and repair events where spread among different sources and not complete to be used.
This limit was overcome through the use of estimations asked to the plant experts of
TBF and TTR values. The estimations allowed building triangular distributions for
the two variables for each component to be used for the simulation. Anyways, it is
evident that a reliable and complete historical data base would have made the cal-
culations more precise through a fitting of the distributions over the real data.

5 Conclusions

TCO is seen a useful indication for guiding asset managers in the decision making
process by companies and the main value is that it is a synthetic economic value
including in itself a lifecycle vision and technical evaluations. TCO can be used as a
management decision tool for harmonizing the never ending conflicts by focusing
on facts, money, and time [5] and, if properly estimated it does represent a com-
petitive advantage for companies.

Up to day, there are still a number of difficulties that limit a TCO model wide-
spread adoption by industry and there is no single model that has been accepted as a
standard. As it is pointed out by [1] the desire to implement life cycle costing was
much talked about but little practiced. This can be attributed to several major
obstacles which also emerged through the application case: (i) absence of a database
and systematic approach to collect and analyze the significant amount of information
generated over the life of projects [37], (ii) general lack inside the organizations of
the adequate consideration of the entire asset life cycle that requires inter-functional
cooperation and alignment [2, 3, 22], (iii) establishment of the more appropriate
modelling approach for evaluating the technical performances of the asset over its
lifecycle by accordingly generating the asset failure, repair and operation events.

The research work presented in this paper is following these issues moving in the
direction of integrating technical performance and cost models so to be able to develop
a realistic evaluation of the TCO of an asset over its estimated lifecycle. By using
simulation together with RBD modeling of the system under study, allows to easily
evaluate the technical performances of production systems in a computer environment.
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On the other hand, the use of an appropriate cost model can support management in a
decision making process which is oriented to the whole asset life cycle. This approach
allows combining the reliability engineering concept to the economic and financial
evaluation of investments translating them into the money-language which is essential
to make the connection between asset management and profitability. Future research
must include in the models also intangibles problems that are not necessarily related to
production losses, but that lead to costs for the company. Moreover, more case studies
may be developed to make the methodology generalizable.
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Government Entity Contribution
to an Effective Partnership Privatisation

David Mills

Abstract The partnership form of privatisation is increasingly being used, in
particular to carry out complex and evolving bundles of services. These have not
previously been privatised because of incomplete contracts and contract management
difficulties. Improved performance of the government entity as contract administrator
and member of the partnership is crucial to modern service delivery expectations yet
the privatisation literature has focused on other aspects of partnerships leaving the
understanding of factors impacting the effectiveness of the government entity
underdeveloped. This paper proposes the development of knowledge as to the range
of factors which impact the effectiveness of the government entity. There is limited
data available as to the operation of trust in the partnership relationship, and as to the
capability of a range of privatisation forms to achieve stewardship of infrastructure.
This research will utilise the findings from that research to build a tentative frame-
work which will be utilised in staged research interrogating first the privatisation
literature and then the literature of other disciplines and sectors. The combined data
will be analysed to provide government and practitioners such as government entity
CEO’s with a complete listing of the operation of the factors which impact the
effectiveness of the government entity in contributing to improved service delivery.

Keywords Public-private partnership - Asset management contracts - Asset
service delivery

1 Introduction

The use of various forms of privatisation by government has increased significantly
since the 1980s as governments seek to access the skills, expertise and funding of
the private sector [11, 15]. The partnership form of privatisation is increasingly
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being used, in particular to carry out complex and evolving bundles of services [1]
which have not previously been privatised.

Some services had not been privatised because of the practical problems which
lie at the heart of the contractual model, i.e. the difficulties faced by governments in
clearly specifying what they want from contractors (incomplete contracts), moni-
toring whether they get it, and in replacing contractors who perform unsatisfactorily
[7, 12, 16]. Now governments subject to intense pressures to be financially sus-
tainable and to improve service delivery are reapplying the contestability strategy
[14, 15] extending privatization into the activities previously judged difficult to
privatise.

The privatisation literature has focused on the design of those “partnerships”
targeted at accessing the funding and expertise of the private sector to construct
and/or operate infrastructure [6], typically Private Finance Initiatives (PFI) or Public
Private Partnerships (PPP). Less attention has been given to partnerships which are
formed to carry out ongoing activities such as operations and maintenance or the
delivery of services. The literature traverses the configuration and benefits of
models of partnership, the joint venture and the alliance [13] giving particular
attention to the role of the private sector participants. However, only limited
attention is given to the role of the government entity, its configuration and staff
arrangements.

Yet the partnership form of privatisation is distinguished from other forms of
privatisation, such as classical contracts or the Build Own Operate Transfer
(BOOT) form, by substantial involvement of the government entity. The role and
scope of the government entity goes beyond that of contract management to include
active collaboration and mixing with partnership members [18]. This mixing occurs
between technical and service staff, executives and governance board members.
Collectively, partnership staff are then required to handle the more difficult public
administration activities, those characterised by uncertainty and complexity [1]. The
question then is whether the government entity and its staff will be successful in
contributing to improved service delivery through the partnership.

In Australia, a number of privatisations conducted by government entities with
deep experience, typically engineering, in contracting with the private sector have
failed. It follows then that government entities not experienced in privatisation are
highly likely to not have the capabilities required for the partnership role.

The question then is: “What must be done by governments to ensure that each
entity and its staff can achieve the objectives of the privatisation partnership?”

If this research were able to provide evidence or proposals as to how Govern-
ments and CEQO’s of government entities might configure the structural and staffing
arrangements of the entity then it is highly possible that the objective of the pri-
vatisation i.e. improved service delivery, will be achieved.

There is some evidence [1] as to the types of factors and issues which govern-
ment must address when configuring the partnership, and in turn participating in the
ongoing partnership. This paper will explore the strategy of using that evidence to
set the likely scope of future research and to illustrate the benefit of knowledge
regarding the government entity.
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The focus of this research will be partnerships between a government organi-
sation and a private company or not-for-profit organisation for the provision of
ongoing services which previously have been produced internally by government.
This paper will first explore the literature as to the range of modern models of
government/non-government partnerships. Second for these partnership models the
knowledge available as to the capabilities required of the government entity and
the skills required of the staff of the entity will be assembled. Third the gap in the
knowledge as to such government capability and the skills of its staff will be
discussed. Fourth the path that research might take to fill that gap so that govern-
ments can achieve successful privatisation partnerships will be set.

2 Models of Partnership

This section of this paper explores the literature as to the modern models of
government/non-government partnerships that have the capability of being used to
provide ongoing services for government. There are two key models of partnership,
the joint venture and the alliance with the key features that distinguish the part-
nership from other forms of privatisation being that the relationship between parties
is horizontal (non-hierarchical) and all parties contribute resources and staff and are
generally “involved in the action” [18]. This consideration of the models of part-
nerships that are suitable for the ongoing provision of services will not include the
PPP principally because it is mainly used in the context of construction of infra-
structure and the term is imprecise, sometimes being extended to encompass the
alliance model.

Thus the concept of a partnership establishes the government and non-govern-
ment parties with a theoretically equal legal status. This partnership can be formed
by establishing a new entity (typically a corporations law company) to which each
party contributes specified assets e.g. infrastructure or intellectual property and has
a specified shareholding (ownership), all directed at a specified purpose which is
much narrower than the overall activities of any party.

The following paragraphs will explore the features of the joint venture and
alliance having particular regard to the role of the government entity and its staff.

2.1 Joint Venture

The joint venture is typically established by the forming of a corporations law
company in which the government and a private sector company are each share-
holders. Where infrastructure or assets are key to the activity it is common that the
assets are sold into the new entity [13]. The extent of shareholding by government
depends upon whether the government wishes to get the project off the balance
sheet or wishes to retain control. A joint venture may contract with another entity,
possibly the same entity which is a partner, for the delivery of the core services.
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An example is an Australian urban water system where the government has sold
the water and electricity activities into tandem joint venture utilities partnerships.
The joint venture is comprised of two equal partnerships each between the gov-
ernment entity and one of two large utilities companies. One joint venture dis-
tributes utilities services and the other retails those services. The two joint ventures
are partnerships governed by a single governance board applying formal agree-
ments established between the three parties. The government entity has entered into
a 20 year contract with the two partnerships for the operation and maintenance of
the water system which remains owned by the government.

The staff (approximately 1,300) were seconded to be employees of the two joint
ventures by way of legislation passed by the relevant parliament. Only 30 staff
(approximately) remain in the government entity. They provide policy advice to
government across all utility services, manage the contract for the water services
and support the board of the government entity. The joint ventures are governed by
a single board comprised of equal numbers of nominees from the private companies
(three members) and the government company (three members drawn from the
board and executive of the government entity). Thus the seconded staff are subject
to the direction of this board and have been required to achieve increasing, com-
petitive levels of productivity as measured and published in the annual National
Report: Urban water utilities [10].

The configuration of the joint ventures and performance of the staff were found
to have a direct causal link to achievement of the closely specified objectives of the
government. The objectives were specified in performance measures which ranged
from financial through to customer satisfaction. The performance targets were
adjusted 4 or 5 yearly by negotiation with the government entity, this period
aligning with the re-set of prices by the independent regulator. The joint venture
advised that the inability to adjust the targets more frequently made its role difficult
because of frequent increase in costs, e.g. energy, chemicals and labor.

The capability of the government entity was completely redesigned at the time of
establishing the joint ventures. At the time of the research the joint ventures had
been in operation for approximately 10 years and the government entity was
governing the contract arrangements with the joint ventures to the satisfaction of all
independent review bodies e.g. health authority, environmental authority, auditor-
general, independent regulator.

The matter of the staff contribution to the achievement of the government’s
objectives of privatising must distinguish between the two different groupings of
staff, the small staff of the new government entity and the staff employed by the
joint ventures which was formed around a core of staff seconded from the gov-
ernment entity some 10 years earlier.

The question of the suitability of the staff of the government entity was not
explored deeply as the focus of the research was upon the performance of the
steward entity, the joint ventures, and unlike other case studies in the research, there
was no suggestion of the government’s objectives not being achieved.

The joint venture staff were found to have contributed significantly to the suc-
cessful achievement of the government’s objectives by way of their knowledge of
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the water system and customer needs, their dedication to providing water services,
and the close match between the area served by their organisation and the geo-
graphical bounds of the regional community in which they lived.

The joint ventures were found to achieve the objectives of the privatisation by
way of the tight governance and control exercised by the government entity and
because of the sense of responsibility to the joint ventures and to the community on
the part of the joint venture staff.

2.2 Alliance

Whilst the alliance form was initially used as a form of partnership between gov-
ernment and specialist contractors for the construction of infrastructure [16] it is
increasingly used to carry out operations and maintenance work, customer service
or capital works in Australian water systems. Alliances are distinguished from joint
ventures and other partnerships in that an alliance is built on an explicit ‘no-
disputes’, ‘no-liability’ framework and has a much stronger emphasis on teaming
than these other relationships [3]. Also alliances are characterised by innovative
features which address the key issues of risk apportionment, flexibility to focus on
unspecified or evolving government objectives and gain/share pain/share arrange-
ments. The alliance form of contract was developed as a response to the experience
of traditional contracts which were typically incomplete in their specification of
outcomes required in the comparatively distant future encompassed in their long
contract period [3, 12, 16], found that typically alliance contracts:

1. share risk equally between customer and supplier;

2. include a ‘no-disputes clause’ which prohibits recourse to external disputes
resolution (including litigation);

3. preclude liability between alliance participants for loss, damage or negligence;
and

4. provide that all transactions are of an ‘open book format’, and all cost escala-
tions or savings are shared between the parties.

In the public sector context “...the project team is integrated; it is required to act
in good faith, with integrity...and make unanimous decisions and recommendations
on all key project issues” 4. The alliance contract is typically structured to incen-
tivise the parties to work quickly and collaboratively to resolve issues as they arise
and work cooperatively to complete the project on time and within budget,
requiring the government entity and its staff to instigate and foster relationships
with non-government partners.

The water system stewardship research involved two case studies which dem-
onstrated the operation of the alliance model. Case study one was a 10 year contract
between a government water entity and a consortium of a private civil construction
company and an engineering services company for operations and maintenance
and capital works plus works for third parties in the name of the government entity.
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The relationship was configured in a typical modern alliance form e.g. risk was
allocated to the participant best able to bear the risk, the government entity con-
tributed a significant number of employees, there was a no-blame clause in the
contract and all transactions were transparent and costs and gains were shared
between the parties. The Alliance was found to be a “virtual” organization with each
participant retaining their own assets, entering into contracts in their own names and
the staff being employed by whichever of the participants was appropriate. A formal
agreement commits all parties to ensuring the highest standards of probity, full
transparency and open discussion of all financial and operational matters and doc-
uments, including open-book accounting. The agreement requires that all decisions
of the board be unanimous and best for alliance. The Alliance was characterized by
all informants asserting that annual adjustment of the targets for performance mea-
sures and the incentive payment being tied to the achievement of these targets led to a
highly focused sense of responsibility. The government entity was found to be highly
capable in its dual roles of contract management (with the alliance) and in partici-
pating in the alliance. The alliance satisfied the demanding government objectives for
this privatisation, without the government surrendering ownership of the system.

The government entity contributed approximately 450 staff of the overall 1,300
staff of the alliance reasoning that it wished to maintain the capability to operate and
maintain the water system and to maximize the career opportunities of its staff.
There was strong evidence of collaboration between the three partner organizations
and between their staff. A new brand name was created and all staff were relocated
to a new site. A high level of reciprocated trust was evident with informants
attributing this to there being contractual experience between the three parties
which preceded the alliance and to the experience of the private participants with
alliance relationships throughout the world.

In contrast, case study two was two identical contracts between a government
water entity and two unrelated private companies for the provision of water system
operations and maintenance in contiguous regions. The contracts were labelled
“alliances” by the government but whilst having some features of an alliance e.g.
transparency of transactions, gains and pain were not shared and the government
entity did not contribute a significant number of staff. The underlying contractual
relationship was that of a traditional contract. The government went to market for a
single alliance saying that it was experiencing diminishing returns from its reform
efforts. Tender documents showed the government believed that the existing
“alliance” arrangements had not always encouraged strong co-operative focus on
business improvement and that there was a lack of alignment of goals and objec-
tives and of collective responsibility for outcomes. The government saw the modern
alliance form of partnership as resolving these issues.

The performance of government entity staff was identified by private participant
informants as impacting negatively on the ability of the private participants to act in
the interests of the government entity. Private company informants put the prop-
osition that the government entity had an immaturity as to understanding the
legitimacy of the contracted-out business model and a deficiency in capability to
manage the contracts. The government entity management and staff were said to
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focus on short-term cost, adopt a command-and-control approach and not under-
stand the operational detail of their business.

The replacement NG alliance addressed many of these issues by reforming the
performance measurement and incentive arrangements and adding a substantial
number of government entity staff to the alliance. This mixing of staff into the
alliance was achieved by broadening the scope of the alliance to include planning
and capital project functional sections which had been involved in an adversarial
relationship in the previous model.

Bringing together the evidence from both cases, the following factors which
contributed to the alliance model achieving the objectives of the government:

Risk being allocated to the participant best able to bear that risk
Contractual outcomes specified with great clarity

Transparency of transactions between alliance participants
Information symmetry

Capacity to frequently (annually) adjust performance targets

Intense measurement, rigid reporting and incentives to private parties
Transparency to the public through external reporting and scrutiny
Long term of contracts

Each party contributing a significant proportion of the alliance staffing
Capability of government entity to manage contracts with private sector
Reciprocal trust

2.3 Discussion

This consideration of the two major forms of privatization partnership, the joint
venture and the alliance, has focused on the closely related matters of government
entity capability and the staffing arrangements. This preliminary scan of the liter-
ature has shown that governments choose to privatize, and choose a partnership
model because of a shortfall in capability on the part of the government entity as
judged against expectations of continually improved service delivery. The shortfall
may be at an organization-wide level e.g. customer service orientation or com-
mercial acumen. The shortfall may be in person-specific skills e.g. project man-
agement skills or specialist welding skills.

Governments utilize the partnership model to obtain these benefits of the non-
government sectors whilst achieving a public sector benefit namely the retention of
ownership of the core asset or government maintaining the capability to operate a
key community asset.

However the very decision to make a government entity a member of a priv-
atization partnership places the entity and its staff in an environment which will
require the organisation to evidence different, typically commercial capabilities
whilst invariably operating in a public service legal and cultural environment.

The nature of the capabilities required will be explored in the following section
with the objective of developing a template for future, more detailed research.
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3 Capabilities and Skills Required

The preceding section described the general features of the government/non-gov-
ernment joint venture and alliance models and utilized three privatization case
studies to provide information as to the experience of the operation of those models
of partnership. The availability of such empirical data as to the operation of the joint
venture and alliance models in the operations and maintenance or ongoing service
context is limited. Yet these case studies have shown the partnership form of
privatization to require the government entity and its employees to succeed within
an environment characterized by the range of private sector commercial pressures—
all whilst remaining subject to public sector accountabilities. For the purpose of
understanding how the government entity might successfully meet that challenge
the knowledge available as to the capabilities required of the government entity and
the skills required of the staff of the entity will be explored in the following
paragraphs.

Prominent within the underdeveloped area of literature specific to the capability
of the government entity and its staff is the work of Alford [1] who identified inter-
organizational trust as crucial to the success of the partnership and identified
obstacles to the maintenance of inter-organisational trust. The following paragraphs
will set out the issues and actions to mitigate those obstacles as identified by Alford
[1] with a view to developing a listing of the areas governments seeking successful
performance by the government entity must address.

3.1 Organisational Issues and Actions

Reference [1] believes that trust between the participants is essential for any part-
nership but that the performance of the public servant may be rendered problematic
by the following four structural and operational imperatives specific to the workings
of government:

e turbulence—turnover of leadership, reassignment of staff, restructuring, funding
and political re-prioritisation;

¢ the intra-governmental complexity caused by interdependency of government
agencies (multi-function agencies or multiple agencies);

e accountability requirements of the public sector;

e organisation cultures of the government and non-government partners will differ
resulting in a dysfunctional relationship.

Turbulence is harmful turnover of leadership by organisational restructuring,
reassignment of staff, funding changes and political re-prioritisation which is more
frequent than in private firms. Turbulence results in continual resetting of the rules
which damages the ability of the government entity and its staff to maintain the
support and trust of the non-governmental organisation.
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Intra-governmental complexity is caused by interdependency of a number of
government agencies (within or beyond the government entity) to produce public
value e.g. law and order, and their competing priorities. This clash may subject the
partnerships to demands at odds with their purposes causing the non-government
partner to turn to the government entity to redress the conflict.

Accountability requirements: Financial reporting obligations, public service
employment protocols, freedom of information laws, expenditure delegations, and
government purchasing rules and procedures which ossify into rigid and elaborate
systems of a generic nature, not tailored to the circumstances of the partnership. Alford
[1] observes that these accountability mechanisms constrain the scope of the gov-
ernment entity staff to adjust when unexpected circumstances arise in partnerships.

Organisational cultures of partners differ, and the perspective that organisational
culture is what people in an organisation believe about how things work in or-
ganisations and the behavioural outcomes of those beliefs. Where two partner
organisations have differing cultures, core values and beliefs then it will be difficult
to engender trust and commitment to the partnership purposes.

3.2 Other Issues and Factors

In listing these issues obstructing trust, Ref. [1] had judged that trust was highly
important to the resolution of other factors which themselves are obstacles to the
government entity being successful in the partnership. The threshold point that the
work task faced by partnerships is often the more difficult of those faced in public
administration. Further the research found if trust was achieved was key to the
success of the joint venture and alliance models in the water case studies.

The difficult nature of activities allocated to partnerships was identified by [1]
who observed that partnership is the form most suited to complex and evolving
bundles of services. The partnership is chosen because the task is problematic and
the roles of contributors to the particular service or outcome were difficult to
distinguish. Put another way, as the partnership is often applied to difficult (if not
wicked) service delivery problems the government entity and its staff are consis-
tently faced with a more difficult challenge than that found in the classical buyer/
provider relationship.

Information symmetry (no party being disadvantaged by another party having
information denied to the first party) was seen by [1] as engendered by trust and in turn
allowing the parties to adjust their processes, innovate and increase effectiveness. The
water system joint venture and alliance revealed high levels of transparency of
information within the partnerships to the point of transaction data being shared,
amounting to information symmetry at all levels of the operation. This complete
sharing of information was a key element of the cultures of each case study partnership
and made possible the performance management and reward systems. Accordingly,
rather than seeing trust as engendering information symmetry it is suggested that a
minimum expectation of a partnership is shared, complete partnership information.
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3.3 Discussion

This paper has followed the thread developed by [1] in exploring the obstacles to
the government entity and its staff maintaining trust in the partnership. Broadening
that thread, the factors which support the capability of the government entity and its
staff to be effective in the water system case studies were explored and linked to the
issues identified by [1]. There is considerable commonality suggesting that the way
forward is to combine the issues or factors which must be addressed by govern-
ments seeking to ensure success of the government entity.

Accordingly this preliminary consideration of the partnership literature suggests
that the following factors and features are highly important to the success of the
government entity (and in turn its staff) in the partnership:

Allocate a task or outcome to the partnership which is achievable
Reconfigure the organizational structure of the government entity to better
complement the partnership
e Mitigate intra-governmental complexity by active development of the wider
authorizing environment
Accountability regime tailored to the specific risks of the partnership
Active crafting of a shared culture in the partnership
Shared, complete partnership information
Government entity staff in each role being chosen for their suitability to the new
partnership role
e Government entity staff who interface with the non-government staff do so on a
team basis to ameliorate the impact of reassignment of staff

4 The Knowledge Gap

These eight factors have been drawn from narrow research areas, the operation of
trust in partnerships and the stewardship of critical infrastructures by various
models of privatization. This listing of factors does not purport to portray the
complete range of factors which must be addressed if a government entity is to be a
successful member of a partnership. The potential for key factors to not be caught
up in this preliminary process is large. A process based on obstacles and issues
offers the real possibility of not identifying factors which contributed to the success
of the government entity in an unremarkable manner. Similarly research involving a
limited number of case studies from within one of the infrastructure sectors may not
provide knowledge that is generalizable to the broad range of modern privatization
partnership activities. Thus the research relied upon in this paper does no more than
illustrate the possible benefits of future research.

However this data does illustrate that privatizations if not configured in ways
which recognize the limitations of the government entity (the “alliances” which did
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not have the required allocation of risk, incentives or mixing of staff) will not
achieve the objective of privatization. The joint venture and alliance which were
configured in accordance with the key features of the models [3] paid close
attention to the design of the roles of the government entity and to crafting the
relationship between staff of partnership members and achieved the objective of the
privatization. In that way the water case studies provide an example of the direction
of future empirical studies.

The scope of the contestability and privatisation literature [6, 9, 11, 14] brought
focus to the range of typical forms of privatisation and in so doing presented a
considerable body of knowledge as to the skills, knowledge and experience which
the non-government organisation can bring to a partnership. However there is not a
comparable body of knowledge regarding the government entity and its staff.

Such focused knowledge is highly important to the success of privatization
partnerships, not only because partnerships are often allocated difficult activities [1]
and are subjected to heightening expectations as to service delivery, but also
because the community is not tolerant of failures in privatizations.

5 The Research Path

As the wave of privatisation of government services reaches those not previously
judged suitable for privatisation the partnership family of models is increasingly
being employed by governments desperately focused on their ongoing financial
viability and subjected to expectations by the community that service delivery will
continually improve. Partnerships may be allocated the more difficult privatisation
roles resulting in the dual roles of role of the government entity and its staff of
managing the contract and being a member of the partnership delivering the service
being very difficult. Thus it is imperative to the success of privatisations that gov-
ernments and key decision-makers such as the CEO of the government entity fully
understand the factors which positively and negatively impact the government entity.

The privatisation literature, specifically that going to the operation and perfor-
mance of the partnership models e.g. joint ventures and alliances does not fully
develop the factors which impact the success of the government entity and its staff
as a member of the partnership. Accordingly the objective of this research is to
develop a comprehensive listing and explanation of the factors which impact the
effectiveness of the government entity in contributing to the partnership.

Faced with the government entity element of the literature being underdevel-
oped, or at best dissipated in many sources, the path of this proposed research will
proceed in stages, each informing decisions as to the conduct of the next stage.

The first stage will interrogate the broad privatisation literature with the objective
of gleaning direct or indirect data regarding expectations or actual performance of
the government entity in partnerships. It is proposed to tease out the nuances of the
variances within the partnership model e.g. the differing configurations of alliances,
and the impact of those variances on the role of the government entity. The
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framework of factors developed in this paper based on the work of [1] will be
modified based on information gathered in this stage.

The second stage assumes that the first stage will not deliver complete infor-
mation and explores the literature of other disciplines and sectors to find infor-
mation regarding the expectations upon government entities in partnerships.
Examples are procurement and law literature and housing, health or social services
literature. The framework of factors would be finalised in this stage.

The third stage will be utilised to analyse the data and determine how the
findings can be best presented to satisfy the needs of academics, government and
practitioners such as government CEO’s. The framework and findings will be tested
with typical users.

This staged research is being carried out to develop knowledge to assist deci-
sion-makers and their advisors to understand the issues which must be addressed in
the operation of a partnership and before government enters into a privatisation
partnership. This paper sets the path for research which will satisfy underdeveloped
aspects of the privatisation partnership literature and contribute to government
entities and their staff being more effective in their role of service delivery.
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Implications of Cadastral Systems
on Engineering Asset Management

Anthea Amadi-Echendu and Joe Amadi-Echendu

Abstract Fixed or immovable assets include engineered infrastructure such as
buildings, bridges, electrical and water utilities, roads, railways, and manufacturing
and processing plants. These assets are built on land that often have inalienable
rights implications, and in most jurisdictions, proposals to acquire and/or establish
fixed or immovable assets, or even to deploy and utilize certain classes of movable
assets must comply with a multitude of legislative stipulations. For example, the
development of land through the establishment of an immovable asset may be
embroiled in legal disputes between contending stakeholders asserting inalienable
and alienable rights to land titles. Such disputes add to the costs of capital devel-
opment projects, as well as the cost of utilizing major assets, and influence deci-
sions as to where an asset intensive business venture may be located. Legislation
not only provides the means to resolve ownership/custodianship rights but also, it
stipulates legal imperatives for control and utilization of engineering assets. It is in
this regard that this paper discusses some of the implications of land registration
and cadastral systems on the management of major engineering assets.

Keywords Engineering asset management - Cadastral systems - Legal imperatives

1 Introduction

Major engineering assets such as airports, manufacturing and processing plants,
water extraction and treatment plants and distribution systems, electricity genera-
tion plants, transmission and distribution systems, shopping malls, roads, railways
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and other infrastructure are built on land. In most jurisdictions, land is treated as a
natural asset, and in indigenous areas in particular, ownership/custodianship and
exploitation of land are often vested in hereditary inalienable rights. By convention,
the creation and establishment of an engineering asset on a piece of land is regarded
as developing the land or making the land more valuable in economic and socio-
political terms, sometimes neglecting the sustainability considerations.

In the first instance, access to land has to be obtained before it can be developed,
and the process of obtaining access depends on the registration and cadastral system
that confers title and establishes the rights to ownership, custodianship and
exploitation of land. In the second instance, the zoning of land often requires
granting of alienable right or permission to develop the land, for example, to
establish fixed/immovable assets, and/or operate mobile/movable engineering
assets. In the third instance, excise taxation rules may stipulate peculiar declarations
on certain classes of movable assets before they can be deployed on landed
property. This means that processes of land registration and certification have
ramifications on the cumulative costs of developing and establishing, as well as
operating, maintaining and decommissioning of an engineering asset such as a rail
line, a dam, a mineral extraction, processing, and refining plant, or any type of
building for that matter. Furthermore, excise taxation may also be applied to impose
right of tenure costs for the deployment and usage of certain classes of movable
assets like motor cars and mobile equipment. In simple terms, this also means that
both immovable and movable engineering assets have to be legally registered, so
that the registration process similarly confers certain rights to ownership, custodi-
anship, control, deployment and utilisation of an engineering asset.

Most organisations require engineering assets that are built on, or erected on land
in order to conduct business, and the processes involved in acquiring land for such
assets are sometimes embroiled in legal disputes between contending stakeholders,
especially where land registration and associated cadastral system are misaligned
betwixt governance structures and exacerbated by the modern realities of globali-
sation and sustainability. The erection of a shopping mall, the construction of a road
or railway line, the development of an airport infrastructure, the establishment a
manufacturing or process plant, can easily be stifled, not only by environmental
activism but also, by legal disputes as to ownership or custodianship of the land.
Such disputes have taken on new significance in the modern era of globalisation
and sustainability imperatives. Both practitioners and scholars would readily
acknowledge that the acquisition of a major engineering asset saliently involves the
location where the asset is to be deployed. Hence, the processes involved in
acquiring engineering assets must comply with a number of legal regulations and
legislative provisions. The prominence of environmental impact assessments is a
case in point. There are many legislative directives in most jurisdictions (see, for
example, Ref. [15], and a key feature of legislation stipulates that consultation with
the stakeholders is a primary requirement for landed property development projects,
even though the process of identifying stakeholders may not be trivial taking into
consideration the mix and plurality of customary and state laws, and formal,
informal, indigenous and traditional settlements.
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This paper briefly discusses the land registration and differences between
cadastral systems, in the context of the importance of landed property rights on
investment and management of major engineering assets. Section 2 provides a brief
background to land registration and landed property transfer processes. Section 3
highlights the role of cadastre systems with some contrasts, while Sect. 4 cites some
examples of the implications of land registration, property transfer and cadastre
systems on investment and management of major engineering assets.

2 Engineering Asset Management and Enterprise Risk
Management

Organisational structures for land management differ widely between countries and
regions and reflect cultural and judicial settings [14]. The purpose of any legal
jurisdiction is to regulate the relations between its subjects (i.e., its peoples), in
order to maintain order within the society concerned. These include relations
between a government and its peoples. The allocation of property rights within
many societies have been significantly derived from traditional rules of land tenure.
The rules more or less define the processes that govern the granting of rights to
access, use, control and transfer of land and landed properties, stipulating, in some
cases, restraints and responsibilities. Investors recognize that, without secure land
rights, that is, titled land ownership rights, there is increased risk to long-term
sustainable development of engineering assets deployed on farmlands, coal mining
and rock quarrying sites, or oil and gas exploration and drilling platforms [3] and
[9]. Most formal rules of tenure tend to categorise land as follows:

i. private—incorporating the rights of an individual or groups of people;
ii. communal—rights assigned and conditioned on community rules
iii. open access—non-exclusive rights
iv. state property—rights assigned to public sector authority

In formal settings, land registration and cadastre systems capture and record
information on land rights. With customary land tenure prevalent in some indige-
nous areas, information may be held within a community in tacit form through
natural demarcations and collective memory of witnesses. Documents generated
from such informal tacit information may be used by the community to recognise
customary tenure rights. In formal settings, rights may be enforced through a
system of courts and tribunals. Perplexingly, in many countries, formal and cus-
tomary or indigenous land administration co-exist [18], even where official land
registry systems of private ownership through legal documentation do not recognise
customary land rights and other local agreements [27]. Some argue that the for-
malisation of land rights through titling may have little impact in countries or areas
where existing rights are already secured through informal and customary admin-
istration. The success of a registration system is not dependent on its legal or
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technical sophistication, but on whether it protects land rights and whether it
records such rights efficiently and at low cost [26]. Traditionally, most customary
tenure favour men, granting women rights through existing marriage to a husband,
or via the father, brother or son in the case of an unmarried woman [9].

Security of tenure is the certainty that someone’s land rights will be recognised
by others and protected if these rights are challenged [1]. Reference [25] contends
that complex indigenous rights have gradually emerged to afford protection under
international law, and posits that the sequence of precedence of customs and laws
regarding land rights only complicate transactions and agreements for develop-
mental projects. The importance of long term security has wide ranging ramifica-
tions, for example, people may be reluctant to effect improvements on property in
the absence of secure land rights [11]. Reference [24] points out that, in some
countries where vast areas of communal land are used solely for subsistence, the
customary methods of management may seem adequate. Where commercial
development of communal land has taken place, there may be the need to support
existing customary methods of management with regulations, especially where
present tenure security provided by traditional conventions may not sufficiently
protect indigenes and locals against claims made by global multi- and trans-national
corporations.

2.1 Indigenous Legal Land Transfer Systems

Most indigenous legal systems occurred as a result of age-old traditions and cus-
toms that over time became respected as ‘law’. As the values of the community
changed, so did the law. Customary law was originally not recorded in written
statutes, textbooks and law reports. Traditional court procedures were conducted
orally and the law was orally transferred from one generation to the other. This
occurred mainly through the active participation of adult men. The community thus
had broad knowledge of the general law. Disputes were decided in the community
as it not only affected the individuals concerned but also the future relations
between members of the community. Individual family members, or the family, and
the community, were considered to be the role-players, and the interests of the
community were accorded higher priority than those of the individual [10]. Despite
many cultural, linguistic and other differences, indigenous people the world over
affirm special relationships to their ancestral lands. Individuals and groups of people
often derive much of their own identity from a deep sense of attachment to land that
has been occupied by their ancestry over generations [2].

According to Ref. [7], in terms of indigenous law, general property belongs to
the family as a whole, but, the head of a family has top priority control especially
over the landed assets. In the principle known as primogeniture, the head is not the
personal owner of landed property but, the family’s rights are vested in the head of
the family; the oldest child succeeds the family head, and takes full responsibility
for the inalienable landed properties. An individual’s share of rights to family
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property depends on status determined by factors such as sex, age, marital status,
and matrilineal or patrilineal order. Irrespective of status, an individual may not act
independently of the group, thus, indigenous customs generally operate on norms
which the whole community regard as binding and which should be obeyed. This
situation is rapidly changing in many communities that are also governed under
formal rules of law. Reference [23] points out cases where dominant persons use
access to formal law to exert excessive influence causing land to be alienated
without the consent of the family, and such situations may be exacerbated when the
land is transferred to investment and development stakeholders.

2.2 Modern Formalised Property Transfers

In more modern and formalised land administration situations such as provided in
private law western legal systems, the rules of law are applied to decide the powers
of the holder of a right, as well as the limits to the content of a right. A right held by
a legal subject (whether individual or group) imposes a duty on other legal subjects
to respect that right [11]. Real rights may be acquired in respect of ownership to
freely use and enjoy, alienate or sometimes, to destroy a property [22]. In specia-
lised legal systems the emphasis is placed on the individual, whereby an individual
may uphold his or her rights even when this is against the interests of the com-
munity or the state. Formal land administration procedures can be time consuming,
cumbersome and costly [6]. High transaction costs may result in land dealings
taking place informally without proper recoding procedures.

As illustrated in Fig. 1, for property transfer to take place, a number of role
players and numerous transactions and processes may be involved. For example, an
offer-to-purchase a property may be concluded between a buyer and a seller, and in
some jurisdictions, with professional assistance from a registered estate agent. The
offer fulfils all the requirements for a valid contract to be concluded, that is, buyer,
seller, and estate agent having the necessary capacity to act, the ability to perform in
terms of the contract, in lawful compliance to formalities. The offer contains the
identity of the parties, the essentialia of the contract, signatures of the parties, and
other material terms in the form of provisions and conditions of the agreement.
There are two essentialia of a contract of sale, namely delivery and payment of a
price. A buyer may obtain a loan to afford the property price. The lender (typically a
bank) may request due diligence valuation before granting the loan to bond or
mortgage the property. A bond attorney may be instructed to carry out registration
of property and recording of transfer of title at the deeds office where records of
property titles are kept.

In essence and in most jurisdictions, formal property transfer involves convey-
ancing processes such as [5]:
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Fig. 1 An illustration of conveyancing processes for transfer of landed property [6]

il.
ii.

ii.
iii.
iv.

valuation of property (e.g., by actuarial scientists, quantity surveyors, real estate
agents)

financing activities (e.g., by banks, financial institutions)

contracts (e.g., by attorneys, notaries, and conveyancers)

statutory registration (e.g., by local government, internal revenue), and,
custodians and owners (i.e., sellers and buyers).

Similarly, engineering asset management also involves:

valuation of an asset

financing the acquisition, operations, maintenance and divestment of an asset
contracts (e.g., supply chain, service delivery)

registration of assets (for fiduciary and technical integrity compliance)
ownership and custodianship (legal responsibility).

The corollary is that landed property transfer involves asset management pro-

cesses, hence land registration and cadastre systems form part of the broad infor-
mation systems for the management of major engineering assets.

3

Significance of Cadastral Systems

The cadastral system is typically maintained by the state; it includes at least two
databases [8] and contains public domain information to facilitate title searches and
property transfers at commensurate transaction costs [1]. The basic component of
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any land administration system is the land parcel as identified in the cadastre [14].
In formal settings, the cadastre is established by state statute, typically:

i. as a register of owners where only the transaction is recorded [8], or
ii. as a register of titles [14].

The purpose of the cadastre is to protect the interests of owners and encum-
brances by notifying all creditors, subsequent purchasers, and other interested
stakeholders like investors and developers. The title is usually mandatory for
commercial loans to be granted for the development of the corresponding parcel of
land, thus a benefit of registered titles or deeds is that it provides access to credit
which in turn may stimulate economic growth [7]. The absence of a cadastral
system may result in lengthy and expensive chores to identify and trace land title to
ensure that there are no encumbrances.

Interestingly, there are many countries with plural systems where both state and
customary institutions continue to jointly manage and administer land issues. For
example, in Ghana [1], private land refers to traditional land while state land refers
to land acquired by the state from private land owners. Private land vests in
communities that are represented by families and chiefs. In the traditional land
market oral land grants are made before witnesses. Proof of evidence is therefore
not based in writing, but by physical possession and occupation and the recognition
by the members of society. In some parts of Ghana traditional land law has evolved
to reflect a form of documentation for property transfers. With global stakeholder
interests, it may be necessary to harmonize the plural systems to address socio-
political challenges. In Rwanda and most countries in the South Pacific region,
customary land constitutes 80-90 % of the total area, and the transfer of customary
land is prohibited, except in accordance with custom [23].

Whereas far-reaching legal and institutional changes were initiated to provide
secure land tenure and eliminate bias against female land ownership in Rwanda [4],
however, most South Pacific governments have preferred to not intervene in land
issues and allow customary processes and the principles of common law to regulate
decisions and action taken in relation to customary land. One exception is Fiji, where
complete control of the management of customary land is vested in a statutory body
[23]. Several countries in sub-Saharan Africa have revised their land laws to grant
legal recognition to customary forms of land tenure. Most of these reforms have
taken place within the last 15 years. In Botswana for instance, customary land rights
are secured by a customary land grant certificate which grants exclusive and heri-
table use rights to individual applicants. Botswana’s land reform is seen as very
visionary but exclusive and may be unsustainable in the long term [18].

Although many other countries in Africa exhibit slight variations of the Bots-
wana and Rwanda examples, however, many development projects on so called
indigenous lands have been negatively affected by transactions between govern-
ments and investment stakeholders [19]. The corresponding disruptions, delays and
exorbitant costs, especially in legal fees, have resulted in many abandoned and
mothballed development of major engineering assets. A few such examples are
briefly described.



46 A. Amadi-Echendu and J. Amadi-Echendu

4 Examples of Cadastral Systems Implications

In Matladi v Greater Tubatse Local Municipality in South Africa, a claim to farm
land which was in the process of being developed as a new township that includes
necessary roads, water and electricity infrastructure, was challenged. Although the
appeal was not upheld, there was much time and resources employed in the many
court cases that lasted a number of years [26].

A civil action claim commenced more than 20 years ago regarding provincial
forestry licenses that were granted in land occupied by six Indian Act bands. The
Supreme Court of Canada delivered unanimous decision in Tsilhqot’in Nation v
British Columbia on 26 June 2014. This decision will create challenges for gov-
ernments and proponents who seek to initiate development projects on Aboriginal
land in large parts of British Columbia, Atlantic Canada, northern Ontario and
Quebec. All future activity on titled land will require the consent of the new title
owners and may no longer be imposed unilaterally [17]. This decision will also
impact on another development where the Enbridge’s Northern Gateway pipeline
project to the Pacific coast to export tar sands oil was approved on 16 June 2014.
Chinese state-owned companies have invested more than $40 billion in Canadian
energy in the past few years. Native groups are unanimously opposing the pipeline
and tar sands projects [29].

In Vancouver a dispute over native land of the Peel River watershed started more
than 10 years ago. The area has been marked for development and agreement has
still not been reached. However, in Kitimat, a town in northern British Columbia,
agreement was reached on 1 July 2014 for proposed liquefied gas projects to
continue.

In 2012, an Indonesian court ruling affirmed the constitutional rights of indig-
enous people over land, following imprisonment and fined after ancestral lands
were nationalised under government laws aimed at preventing illegal logging [21].

The increased demand for palm oil worldwide has created serious land conflict
in Indonesia as land is being cleared without the consent of indigenous land owners
[20]. Similar problems are being experienced in Liberia, Cameroon, Ivory Coast
and the Democratic Republic of Congo with massive expansion of palm oil
extraction and processing ventures. Governments are handing out permits without
first consulting with the local communities. Outside companies are coming into take
over forests and land of these indigenous people and local communities and this is
creating much conflict [20].

5 Concluding Remarks

On the one hand, the IWR White Paper cited as Ref. [16] states that “...the eco-
nomic assumptions surrounding the Panama Canal’s expansion remain inconsistent
...; predicting the expansions impact as well as the timing and location of the
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impacts on fleets (shipping vessels) and cargo is very challenging...”. Remarkably,
the six recommendations stated in the report make no reference to land rights,
presumably because the titles have long been resolved in the well-established
cadastral systems prevailing in the region. On the other hand, Ref. [13] discusses in
reasonable detail, the issues of “land titling and economic restructuring in
Afghanistan”, while Domeher and Abdulai [12] argues that the “relationship
between landed property registration and agricultural investment in the developing
world are made defective in Africa by factors such as poverty, lack of appropriate
agro-based infrastructure, and the fact that land registration per se does not improve
the profitability of agriculture, neither does it improve access to credit”.

Many examples of the implications of land registration and cadastral systems on
engineering assets appear as stories in local print and electronic media in just about
every jurisdiction in the world. The stories range from agitations to disputes
between contending stakeholders regarding the scope, exclusions and limitations
implied in either inalienable or alienable land rights and title deeds. It is not
uncommon to read a newspaper story containing statements like (cf: [28])

...the proof of concept version of the asset was erected without proper consultation and
before a formal public participation process or advertisements. This does not represent a
due or legal process.... The public comments will be submitted and the objections will be
heard. Should the town planning tribunal approve the re-zoning application, XYZ will
submit formal plans to erect the permanent structure...

In this case, a particular stakeholder group is protesting the installation of an
engineering asset, for example, a mobile telephone tower in a residential area, even
though the asset is being deployed to improve the mobile telephony coverage
within the estate. Often, it is only when the frequency and the manner of reporting
of such news item increases to a frenzy that the affected asset manager (owner,
custodian, steward, operator, or maintainer) realizes that it is not just about engi-
neering or technology but also about legal responsibility and corporate citizenship.
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A Decision Support Framework
for Prioritization of Engineering Asset
Management Activities Under Uncertainty

Michael E. Cholette, Lin Ma, Lawrence Buckingham,
Lutfiye Allahmanli, Andrew Bannister and Gang Xie

Abstract Engineers and asset managers must often make decisions on how to best
allocate limited resources amongst different interrelated activities, including repair,
renewal, inspection, and procurement of new assets. The presence of project
interdependencies and the lack of sufficient information on the true value of an
activity often produce complex problems and leave the decision maker guessing
about the quality and robustness of their decision. In this paper, a decision support
framework for uncertain interrelated activities is presented. The framework employs
a methodology for multi-criteria ranking in the presence of uncertainty, detailing
the effect that uncertain valuations may have on the priority of a particular activity.
The framework employs employing semi-quantitative risk measures that can be
tailored to an organisation and enable a transparent and simple-to-use uncertainty
specification by the decision maker. The framework is then demonstrated on a real
world project set from a major Australian utility provider.

Keywords Project prioritisation - Decision support - Uncertainty

1 Introduction

Engineering asset managers must often make decisions regarding maintenance,
replacement and capacity building activities in an environment of limited resources.
Prioritisation of these activities is thus a key question. However, objectives are
often varied, conflicting and interrelated, making optimal activity selection over-
whelming without appropriate tools.
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In large organisations, the selection of activities is complicated by a number of
factors, e.g.

e The disparate nature of the activities and their values. Potential activities often
have risks and rewards of a very different nature. For example, equipment
breakdown can carry safety and financial risks while the procurement of a new
piece of equipment may allow expansion of the business, carrying financial
reward.

e The unavailability of an appropriate cost model. It is often difficult to assign
dollar values to certain “intangibles” such as “reputation” and “safety.” Nev-
ertheless, such intangibles are important considerations for real organisations.

e The uncertainty of values. Uncertainty enters the analysis through inherent
randomness as well as incomplete information, either as a result of the cost
model or the decision maker making the evaluation.

The most relevant frameworks and methods for activity selection can be found in
literature under the umbrella of the “capital budgeting” problem [1-5, 6, 7], which
includes specific applications to R&D projects [8], healthcare [7], military base
closure [9], and nuclear power plant project selection [10]. Generally, the capital
budgeting problem is viewed from a mathematical programing perspective where
the goal is to maximise the net present value (NPV) of the project collection, while
more recent methods address uncertainty [8, 10—12].

Practitioners often base capital budgeting on priority lists [10], in contrast to
mathematical programming methods prevalent in literature. While generally sub-
optimal, these lists can serve as the basis for transparent heuristics for activity
selection [5]. This transparency is often favoured in practice, since mathematical
optimisation techniques have opaque solution procedures and the sensitivity to
uncertainty requires sophisticated analysis [10-12]. Such opaqueness makes intu-
itive and qualitative reasoning all but impossible. Another drawback is the tendency
to employ NPV maximisation as the objective. Quantifying an activity’s benefit in
dollar terms is often not feasible, partly due to the difficulty in assigning costs to
considerations such as “safety” and “reputation.” In such situations, it is common to
use semi-quantitative risk measures, which have considerable precedent in engi-
neering analysis (e.g. Failure Mode, Effects and Criticality Analysis) [13, 14].

In this paper we develop a methodology for ranking asset management activities
based on well-known semi-quantitative risk assessment techniques. We develop a
model for project interdependencies and ask expert decision maker(s) to assess the
consequence of deferring a project. As with any expert-based method, uncertainty in
the judgement will be present. Our method directly addresses this uncertainty through
expert assessment and describes how the uncertainty affects the prioritisation ranking.

The remainder of this paper is structured as follows. Section 2 details the ranking
framework, including project deferral risk evaluation, multi-criteria fusion, mod-
elling of risk aversion, and project interdependencies. Section 3 details a simulation
algorithm for estimating the ranking distribution to assess the impact of the decision
makers’ uncertainty. Finally, Sect. 4 details a proposed decision support workflow
and a case study based on activities from a real utility provider.
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2 Ranking Framework

We consider the following scenario. The decision maker has a collection of
potential activities to undertake. These activities may be repair, overhaul, renewal,
procurement, augmentation or other activities that are designed to improve asset
performance or capability. Due to resource limitations and other constraints, it is
impossible to carry out all activities so the decision maker is forced to select a
subset of projects that will go ahead. Alternatively, it will be beneficial for the
following formulation to think of the decision maker as deciding to defer some of
the potential activities. It is therefore desirable that the decision maker has a ranking
of the most important projects, i.e. those whose deferral lead to the highest lost
value.

This value is assessed by considering the risk that the organisation is undertaking
by deferring the project. This risk could be financial, but it could also be risk due to
safety, legislative obligation or reputation. An example of the latter is when deferral
of a project would result in a breached agreement, damaging the reputation of the
organisation in the eyes of the client/supplier.

In our discussions with practitioners, we found that they responded quite neg-
atively to framing consequences in money-only terms. Decision makers made the
case that they either simply did not have the information to make a sufficiently
accurate cost model or did not believe that any cost model could adequately account
for intangibles such as “reputation.” For this reason, we adopt a semi-quantitative
approach for consequence assessment. Such semi-quantitative analysis has ample
precedent in national/international standards (e.g. FMEA/FMECA standards
[13, 14]) and in intra-organisation standards, thus making it likely that practitioners
will be comfortable making such assessments and enhancing transparency of the
project consequence accounting.

In such a setting, an expert enters the probabilities for a given project into a
worksheet in the format of Table 1. The rows of the matrix represent different
consequences for the deferral of a project and the columns are the consequence
numbers. The exact details of the worksheet will depend on the organisation’s risk
assessment standard. Included in such a standard would be guidelines for assigning
a consequence number to an outcome. An example of this in the “Financial”
category would be cost ranges for each consequence level.

Table 1 Deferral consequence matrix for project i

Criteria/ 0 1 2 3 4 5
Consequence | No Impact | Minor | Significant | Moderate | Major | Catastrophic
Criterion 1 pi1(0) pi(1)  |pa(2) pi(3) pii(4)  |pa(5)
Criterion 2 p2(0) pa(l)  |pn(2) pi2(3) pa(4)  |pa(5)
Criterion M pim(0) piu(1) | pim(2) pim(3) pin(4) | pim(5)

The expert is responsible for filling in the probabilities of each consequence for each of the
M criteria
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In each cell, the expert enters the estimated probability that a consequence for is
realised if the project is deferred. It should also be noted that a combination of
expert knowledge and data can be utilised. For instance, if one of the criteria was
“Financial” historical financial losses could be used to quantify the necessary
probabilities, with the organisational standard denoting what levels of financial
impact are considered minor, moderate, etc. Assessment of consequences for
subjective or qualitative criteria such as “reputation” requires the professional
opinion of one or more domain experts and managers.

The framework places no restriction on the number of criteria. However, they
should remain as independent as possible. For instance, if the set of consequences
includes a Financial category and a Regulatory category, and the impact of a breach
of regulation is purely financial (that is, a fine) then the Regulatory consequence
should be removed and its impact counted as part of Financial. On the other hand, if
the Regulatory consequence entails both financial and non-financial components, the
financial component should be accounted for under Financial but the non-financial
part should be retained as an independent Regulatory consequence. Another
example might be a project whose deferral causes a safety hazard. Consequences
arising from a safety hazard will typically include financial components such as
medical expenses or compensation, but the impact of safety-related events often goes
beyond simple financial outcomes. A careful decision must be made as to how the
separate components should be distributed between Financial and Safety categories
to ensure each component is correctly accounted for in the decision calculation.

2.1 Deferral Consequence Model

We consider the deferral of a project to carry certain consequences for a number of
different criteria important to the organisation. Let N be the total number of
potential activities that are to be judged using M criteria. Let C’,] eN,i=
1,2,...,N,j=1,2,...,M be a discrete random variable representing the conse-
quence for the deferral of project i for criterion j. Each C',-j has a probability mass
function p;(c) = P[C‘ij = c] which is simply a row of the consequence matrix in
Table 1.

The M criteria are combined into a single project-level deferral consequence as

Ci = Z;Wjuj (Gy) (1)

where w; denotes the weight of criterion j and u;(-) is a non-decreasing function.
This project-level criterion will serve as the basis for preference, with a lower C;
implying a lower consequence for project deferral.

Since the consequence numbers are standard for an organisation, it is expected
that a “moderate” consequence is equally risky whether it be a safety or financial
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consequence, implying that w; = wy, Vj, k. If this is not the case, a number of
methodologies may be utilised to set the relative weights, such as the analytic
hierarchy process [15].

Despite the standardisation of criteria, it is still preferable to have a tool for
expressing risk aversion, which may be dictated by organisational policy. For
example, a policy such as “safety first” may prompt risk aversion on the safety
criterion. In order to allow the decision maker to explore how this affects the
resulting ranking, we employ a utility-like function, u;(-) in Eq. (1). The simplest
case is risk neutrality, in which case we have

Ujm(c) =c
On the other hand, if the organisation is moderately risk averse in criterion j, we use

c c<a
Wira(c30, b) = {b(c_”> +a—-1 c>a

where a represents the consequence value beyond which the organisation is risk
averse and b > 1. Strong risk aversion is modelled similarly, but with a more
dramatically increasing function

c c<a
Ujsra(c;a, b) = {b(c—”> +a—-1 c¢>a. @

The activities will be ranked based on the project-level consequences in Eq. (1).
It will be convenient to utilise the probability mass function (PMF) of C; in our
following methods. Given our assumption that we have not “double counted”
consequences with criteria, we may assume that, given that project i is deferred,
each of the Cj; are independent. This allows us to compute the PMF straightfor-
wardly using discrete convolution

pi(z) = P[Ci = z] = (pi * pio * - - % pimr) (2) 3)

where (f % g)(z) denotes the discrete convolution operation. If the individual cri-
teria cannot be considered independent given deferral, a model for their dependency
would be required to determine the joint PMF. Such a model is not considered in
this paper.

2.2 A Model for Activity Dependencies

So far, activity deferral has been considered in isolation; that is, it does not affect the
deferral consequences of other projects. In this paper we will develop a model for
pre-requisite dependencies.
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Fig. 1 A directed graph representing a pre-requisite relationship in a four activity collection

Activity j is said to be a pre-requisite of activity i if i can only be done if j is
done. This implies that the deferral of j induces the deferral of i. To model these
dependencies we borrow a few notions from Graph Theory [16]. Dependencies are
represented as a directed graph where the directed connection indicates that a pre-
requisite-type dependency exists between the nodes. An example of this can be seen
in Fig. 1. In that example activity 1 is a pre-requisite of activities 3 and 4, 2 is a pre-
requisite of 3, and 3 is a pre-requisite of 4.

An activity can have any number of pre-requisites or dependencies, though it is
assumed that the dependencies are not circular, i.e. there is no directed path from
any node that returns to the same node. This condition ensures that all dependencies
are representable by a directed acyclic graph.

We are now in a position to define the fotal deferral consequence for activity i,
which we define as

C=C+Y G (4)
JeD(i)

where D(i) denotes the descendants of activity i in the dependency graph. Clearly,
this total consequence takes into account the deferral consequence of each indi-
vidual project as well as the induced deferrals.

3 A Method for Ranking Under Uncertainty

Using the consequence matrix and dependency model, activities can be ranked
based on the total consequence of deferral, defined in Eq. (4). A straightforward
method for ranking would using some measure of central tendency, such as the
median or mean total consequence.

Yet, some important information would be lost. Namely, how certain are we that
a project will be in position x Given the subjectivity and inherent uncertainty in
consequence information, it would be helpful to the decision maker to have a notion
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for the range of possible activity rankings. Therefore, projects will be ranked on
their median along with an assessment of the uncertainty in this ranking. In this
section, the algorithm for determining this ranking will be detailed.

We begin by making some key definitions. We first sort the N activities by the

total project consequences, C;,i = 1,2,--- N in descending order
Cy>Cp>--2Cpy>->2Cpy

where F[r] denotes the activity with the r th largest total deferral consequence. We
define the activity priority number (APN) of activity j as

R; = minr
: _ (5)
subject to:  C; > Ciy

which is simply the number of activities that have a total deferral consequences
greater than activity j. A bit of consideration should convince the reader that this
definition assigns activities with equal total deferral consequences to the lowest
rank.

Our ranking methodology will now center on finding the probability distribution
of APN, i.e.

Gj(r) = P[R;<r]. (6)

Once we have this distribution we can compute any measure of uncertainty we
wish. In this paper, we’ll employ percentiles of the distribution, which can be
computed as

rip = min{r € NIF(r) 2 p} )

where p € [0, 1] is an arbitrary percentage of the data. Using this definition, we
compute the median as 7; 5, inter-quartile range of the priority number for activity j
as iqrj = [rj02s,75075) and the 95 % confidence interval

Cl = [rj,o.ozs, 7 j,0.975] :

What remains is to compute the activity priority distribution number from Eq. (6).
In this work, we take a simulation approach. First, the project-level consequences are
randomly generated according to the distributions in Eq. (3). Then, the project
dependency model is employed by using Eq. (4) to compute the total project con-
sequences for each of the N projects. The projects are then sorted in descending order
and the definition in Eq. (5) is used to determine the APN. The simulation process is
repeated M times and the results are averaged to determine the priority number
distribution of Eq. (6). The algorithm is summarised in Algorithm 1.
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4 Decision Support Case Study on a Real Activity Set

We now demonstrate how the APNs can be utilised in a decision support frame-
work. A real-world set of asset activities was collected from an Australian utility
company (we cannot be more specific due to proprietary considerations). The
potential activity set of 37 projects included augmentation, repair, replacement, and
procurement activities. Their deferral consequences were assessed by experts within
the organisation, who filled in the probabilities of each consequence number in a
table similar to Table 1. This table included four sub-consequences (row of
Table 1): Safety, Regulatory, Financial and Performance.

The expert entered the data into a custom Microsoft Excel spreadsheet, which
served as a simple graphical interface with data quality checking. The sheet had a
macro that exported the pertinent data to a Comma-Separated Value file and reset the
sheet for the entry of a new project. The CSV files were imported into MATLAB and
Algorithm 1 was employed to estimate the APNs. In MATLAB on a Windows 7
notebook with an Intel Core i5 processor, the simulation takes about 15 s to run with
M = 40,000.

Algorithm 1 provides the probability distributions of the APNs, allowing the
median, inter-quartile range, and 95 % confidence interval to be computed using
Eq. (7). This allows the decision maker to assess the effect of the consequence
uncertainty has on the ranking. The visualisation of the APNs with simple box plots
is proposed as a way to visualise the results and assess the certainty of the ranking.

The results for the 37 activity set can be seen in Fig. 2, where they have been
sorted according to their median APNs (denoted by solid dots). The project iden-
tifiers are on the vertical axis. There are a few interesting points to note that
highlight the power of using APNs as a decision support tool:

e The three lowest APNs, which are highly certain given their small 95 % con-
fidence interval. This indicates that these projects are high priority and should
not be deferred;

e The next 5 activities have equivalent median APN and almost identical confi-
dence intervals, making them effectively equivalent;

e Above Activity 29 there is a clear upward shift in the APNs and their confidence
intervals. The decision maker may choose to defer these final 12 projects.

In the final case, the decision maker would remove the final 12 projects from
consideration and re-run Algorithm 1. To see why this is needed, consider Fig. 2
again. The two large asterisks indicate activities that are dependencies of the first
activity. When the final 12 activities are deferred by the decision maker, then
Activity 04 has one less dependent project, and its deferral will nor induce the
deferral of Activity 03 (it has already been deferred). The new APN ranking after
deferring the last 12 activities can be seen in Fig. 3. We see that Activity 04 has
dropped in median APN to 2 and has only one dependency, denoted by the large
asterisk.
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Fig. 2 Box plots for the activity priority number for the real-world project set. The higher APNs
indicate higher priority

Finally, we explore what happens if the organisation was extremely risk averse
in the safety criterion. To do this, we recompute the project consequences in Eq. (1)
using the strong risk aversion function of Eq. (2), i.e. u;(-) = ujga(-,a,b). We then
employ a = 2 and b = 2 which models a strongly increasing slope after a conse-
quence number of C’ij = 2. Clearly, depending on the organisation, these parameters
may be different to express different levels of aversion. We then re-compute the
project-level consequences using Eq. (3) and re-simulate.

The results can be seen in Fig. 4, where the order of Fig. 1 has been used for
easier comparison. We can see that the strong safety aversion has affected only two
rankings significantly: Activity 20, which is fairly clearly the fourth-highest-ranked
project and Activity 29, whose median ranking has decreased by 2.
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Fig. 3 APN after deferral of the 12 lowest-ranked projects. Note that the deferral of a dependency
has lowered the APN of Activity 04

Algorithm 1 Estimation of activity priority number distribution.
Input: M, p;(2), j=1,2,...,N
Output: G;(r), j=1,2,...,N
Initialize:

Sort projects topologically
Rj(r) =0, Vj,r
for m=1,2,...,M do
for j=1,2,...,N do
Generate C; according to distribution in Eq. (3)
Compute C; using Eq. (4)
end for
Sort C; in descending order — Cl)
forr=1,2,...,N do
for j=1,2,...,M do
if éj > C’[r] then
Ry(r) = Ry(r) +1
end if
end for
end for
end for
for j = 1’2’1“’N do
Gy(r) = 4
end for
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Fig. 4 APN under strong risk aversion in the safety consequence. Note that the projects are
displayed in the same order as Fig. 2

5 Conclusion

This paper has presented a framework for ranking engineering activities under
uncertainty. The framework employs common semi-quantitative techniques to
assess the consequences of deferring an activity. Experts are used to assess the
probability of each consequence number occurring along different criteria that are
important to the organisation.

A ranking methodology was employed that enabled multi-criteria ranking in the
presence of uncertainty, and described the effects that uncertain valuations may
have on the priority of a particular activity. Finally, the framework was demon-
strated on a real world project set from a major Australian utility provider.
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Planning Rehabilitation Strategy of Sewer
Asset Using Fast Messy Genetic Algorithm

Jaena Ryu and Kyoo-hong Park

Abstract The present study suggests a model for planning sewer asset rehabilitation
strategy, developed with an optimization algorithm. The fast messy genetic algo-
rithm was used to suggest an optimized rehabilitation strategy with an objective
function to minimize total costs of sewer rehabilitation and I/I treatment. The
developed model was tested in a selected case study network of Banpo in Seoul,
South Korea. Within a reasonable and finite number of searching, it was successful
to obtain optimum rehabilitation schedules and costs for both cases of optimization
problems that were for individual sewer lines and for group of sewer lines. It is
expected that this model can contribute as a decision making tool in prioritising of
sewer rehabilitation projects and estimating the optimal budget for officials of
municipalities or local government. Also, this model can act as a supplemental tool
in conducting the cost-effective analysis for sewer rehabilitation projects for engi-
neering consultants.

1 Introduction

Sewer systems are valuable public assets in many metropolitan cities. While
structural quality and functional efficiency are fundamental to guarantee those
performances, they face different problems because of those characteristics
embedded underground. The American Society for Civil Engineering (ASCE) [1]
reported that most sewer lines in the US reached state of near collapse in 2005.
Undetected defects would get more severe. In England and Wales, about 4,600
sewers were collapsed each year, and this means approximately 20 collapses per
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100,000 properties [2]. Reference [3] reported that 20 % length of total 304,000 km
were considered as critical sewers and about 225 km of critical sewers were
replaced each year. In case of Korea, large number of wastewater treatment plants
and sewers were constructed in 1990s and 2000s. The rate of population connected
to public sewerage has reached up to 92 % in 2012 [4]. Therefore, the recent focus
of the government is to increase qualitative level of sewer service rather than
quantitative enlargement of the system. The requirement for systematic sewer asset
management also has been raised from various sectors as a result of series recent
experiences on urban (sewer) flooding events. It is also true that sewer infrastruc-
tures are managed on a worst-first basis, but this leads to ineffective funding
allocations and more frequent system failures [5]. In order to plan effective strat-
egies for sewer operation, maintenance and rehabilitation, it is important to provide
methods and tools to support strategic planning.

The fundamental framework of asset management widely used in transportation
area consists of seven components: (1) inventory of asset, (2) condition assessment,
(3) prediction model, (4) decision making, (5) maintenance and rehabilitation, (6)
prioritization, and (7) GIS visualization [6]. Once condition assessment and the
prediction model are executed with the available data in well-prepared inventory,
then municipalities have a comprehensive understanding of their infrastructure
asset. This concept will lead to well-organized long term repair and rehabilitation
strategies and optimized resource allocation for sewerage areas either.

Over the years, a number of studies was conducted to suggest a strategic frame-
work and tools on asset management of civil infrastructure. In Canada, ‘Best
practices for utility-based data, a best practice by the national guide to sustainable
municipal infrastructure’ was published by the Federation of Canadian munici-
palities and national research council [7]. ‘Asset management: a guide for water and
wastewater systems’ is one of the guidelines proposing efficiency in asset man-
agement [8]. A series of guidance were produced by US EPA including ‘Asset
management: a handbook for small water systems’ and ‘Asset management: a best
practices guide’ [9]. The most well known model in the sewerage areas is pre-
sumably the Computer Aided Rehabilitation of Sewer and Storm water Networks
(CARE-S). This was carried out as a joint European initiative supported by the
European Commission under the Fifth Framework Programme (EVKI1-CT-2001-
00167) for Research and Development. CARE-S is a decision support system
including models and tools for the design and the exploration of rehabilitation
strategies and programs for wastewater network, which proved its application in
many studies [10, 11]. While CARE-S is powerful tool, it does not seem to be
applied to every place where the existing rehabilitation methodology is conven-
tionally used. If sewers are not repaired in time with perspective of integrated
watershed management, it cannot consider the effect of the increased sewage
treatment cost resulting from the inflow/infiltration (I/T) [12—14].

This study proposes a model for sewer asset rehabilitation planning. The model
assumes the severity of defects in sewers would increase in time if not repaired.
And this would result in the increased infiltration/infiltration flow as well as
treatment costs. The optimization model in this study is to use one of the developed
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forms of genetic algorithm, called a fast messy genetic algorithm (fmGA) [15]. The
GA already have had a known reputation in higher probability in converging to the
global optimum [16, 17], and the fmGA has an improvement in solving large
problems easily by adding building block filtering process. The specific strength of
fmGA is rapid search in solving optimization problem [15, 18, 19]. The developed
model was designed to find solutions for minimizing total costs of sewer rehabil-
itation and I/I treatment under limited budget. The model was tested in selected case
study network of Banpo in Seoul, South Korea.

2 Model Developments

The sewer lines in a drainage basin can be divide into finite sewer sections be-
tween two consecutive manholes. The type of defects of each sewer section, i, is
described as j. Depending on the number and extent of defects of each sewer
sections, various repair options, k, can be applied to the existing sewers, which
consist of sewer replacement after excavation, cured-in-place pipe lining process,
and line grouting, and so forth.

To propose a decision strategy for optimal sewer rehabilitation planning for a
long planning period, 7z, in a given drainage basin, several statements of problem
are suggested prior to formulating the objective function and constraints as follows:

1. Present values of sewage treatment cost, sewer repair cost and maintenance cost
are calculated by the single-payment and continuous compound interest method
with the nominal discount rate, ry.

2. The repair costs depending on various sewer repair methods and sewage
treatment cost are estimated using the linear relationships having been used in
the sewer rehabilitation projects actually implemented in parts of Seoul.

3. In order to select a sewer repair method to be implemented to each sewer, the
existing algorithm MOSP is used [20]. MOSP is programmed to select one
repair method considering the approximate repair costs of the currently available
repair methods according to the predetermined judgment criteria using CCTV
inspection data, which can be used to determine in this study the repair method
k for the sewer defect j.

4. The either sewer sections does not have self-cleaning velocity or insufficient
hydraulic capacity should be excavated and replaced.

5. Three types of costs are considered, namely treatment cost, repair cost and
maintenance cost. The treatment cost are sum of sewage treatment cost and
construction cost of wastewater treatment cost. Three repair options are applied
to existing sewers depending on the number and extent of defects of each sewer
sections. The cost for sewer replacement after excavation, cured-in-place pipe
lining process and line grouting cost are the repair cost. The maintenance cost
includes cleaning cost of each sewer.
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6. Maintenance cost is estimated assuming that all the sewer sections are cleaned
once a year to remove the sediments.
7. Design variables of the optimization problem are the sewer repair time,

tR = (t,-ﬁlR,t,-,zRJ,;gR, .. .,t,-,pR), within a long planning period, 7z, in a given
drainage basin. For instance, 7;,® =3 means that the p-th repair on the i-th
sewer line section is implemented in the 3rd year after the sewer rehabilitation is
started.

8. The sewer repair is assumed to implement at the beginning of the repair time
suggested by the model.

For0<r< t,zle — 1, the I/I of the i-th sewer at any given time ¢, I],;, is expressed
as

R
1i1

I,; = Z Iy, - (DRR)" (1)

n=1

where

1 ; average I/l of the i-th sewer at t = 0.

DR;®R rate of increase of the annual I/I due to the increase of defects in progress
unless the i-th sewer is repaired.

For tile <t<t;,® — 1, we assume that the annual I/I could still increase at a rate
of DRF as time goes by even after the repair is implemented.

tinR—t;, %

1; = Z {IIOJ. (DRiBR)ti.lR*dII,'i} - (DRAR)" (2)

n=1

where
dIl;;  reduced I/I resulting from the repair of the i-th sewer at time .
DRAR rate of increase of the annual I/I after the i-th sewer is repaired.

Thus, assuming that p—repairs using the same repair method are implemented
on the i-th sewer due to the endurance period of the repair method, I;; can be de-

. R T
scribed for t® = (1%, 1;2%, 1;3%, .. 1, %) as

R R R
_ ti1 Pi tigi1” —lig

R
(it )=> (DR +Y "¢ - [lloyi.(DRiBR)t,.l —dil;|-(DR®)
n=1 g=1 n=1

n

fort,-,p,'gtH—l (3)
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If p—repairs are to be implemented in a planning period, ¢, then p—design

variables for sewer i are required since t* = (#;1%, 1,7, 1;5%, ..., 1;,iX). Because the
condition of the sewer is deterministically unknown when sewer i is firstly repaired
or at f; X, however, it is impossible to estimate values of the remaining
(t:2R, 13", .., 1, %). As an alternative, therefore, we are to assume to use the same
repair method as the first-implemented repair on sewer i after the endurance period
of each repair method. With this assumption, p; —design variables decrease to 1 for
the i-th sewer.

In order to minimize the sum of I/l treatment cost and rehabilitation cost, as a

result, the sewer rehabilitation optimization model with design variables tR =
(iR R nsR, L, R) for i=1,2,... 0y and 0<#® <ty is summarized as
discrete optimization problem with constraints as follows:

N Ny = N

Minimize: TC,(j; t?) + Z [RCi(ji; tR) + MC;(ji; tR)] (4)

i=1

Subject to:

' {Rc,» (ji;tﬁ) + MC; (ji?tR):| <By (5)
i=1

TC <T; tﬁ) =uch. 3" (ji; ?) (6)

uc” =UCh - e ! (7)
L4
| it = o (DRFF)"
n=1
tfzﬁ»l 7’1[?(1 (8>

> (o (DR)N —dir] . (DRA)"

pi
>

q=1 n=1
- Pi ®
RC; (,,, th) => {Uc,’; en'ih L,} (9)
n=1
- TH—Di N
MC; (ji;r}‘) = {ucrer L) (10)
n=1
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time passed from the present

present value of the wastewater treatment cost at time ¢

present value of the repair cost implemented on sewer i at time ¢
present value of the maintenance cost implemented on sewer i at time ¢
present value of the unit cost of wastewater treatment at time ¢
unit cost of wastewater treatment at present (¢t = 0)

unit cost of repair k implemented on sewer i at present

unit cost of maintenance implemented on sewer i at present

total budget (Korean won)

length of sewer i

total number of sewer

3 Model Applications—Description of the Study Network

A part of the sewer system within a subarea of Banpo in Seoul, Korea is selected to
apply the model developed in this study. This sewer network system consists of 289
reinforced concrete circular pipes with diameter of 300-900 mm and 1 box-shape
culvert of 3.5 m widths and total length of 10,652 m. It serves an area of
approximately 57.21 ha with a population of 7,870. The schematic diagram of the
sewer lines in this subarea is shown in Fig. 1.

Fig. 1 Layout of sewer lines
of selected case study network
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4 Rehabilitation Strategy Planning

4.1 Rehabilitation Planning for Individual Sewer Lines

The change of sewer rehabilitation cost for a planning period of 20 years is com-
puted, as shown in Fig. 2, as the available budget may increase from 0 to 50 billion
wons. The rehabilitation cost of 14.5 billion won at zero budget results from the
cost of excavation and replacement of sewers with hydraulic capacity less than
demanded and in need of their slope correction at £,k = 0. As budget increases, the
rehabilitation cost attains at approximately 15.7 billion won, suggesting that it can
be used as temporary budget for future rehabilitation planning.

The costs required to implement the sewer rehabilitation program in the subarea
are estimated by executing the model with the discount rates of 5 % for each of the
following 4 cases.

Scenario I: No sewer rehabilitation is implemented in a planning period of
20 years.

Scenario II: All sewers are repaired at the beginning of the final year (t = 19).
Scenario III: Only the sewer lines lack of hydraulic capacity and hydraulic
gradient are repaired at t = 0.

Scenario IV: Optimized sewer rehabilitation using the pseudo-optimal budget.

The above scenarios may be evaluated depending on the financial status of a
local government and the preference of policy makers. Table 1 shows the reha-
bilitation costs and I/I treatment costs of each case above and compares the effects
of the optimization. As for scenario II, since the sewer rehabilitation is postponed
for 20 years, additional 11.6 and 17.6 billion won should be expended for the sewer
rehabilitation and I/I treatment. The total wasteful expenditure is 29.2 billion won,
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compared with scenario IV, suggesting that postponing the implementation of a
sewer rehabilitation project for 20 years can lead to tremendous loss due to the
increase of I/I treatment cost as well as rehabilitation cost. Although, in scenario III,
additional 4.67 billion won is required compared with scenario IV, total wasteful
expenditure is 7.1 billion won since scenario III needs greater expenditure for I/
treatment than scenario IV by 11.7 billion won. With comparison of several sce-
narios for sewer rehabilitation, it can be seen that the sewer rehabilitation should be
implemented by optimization techniques.

4.2 Rehabilitation Planning for Group of Sewer Lines

It is rather unrealistic to repair individual sewer lines of different locations at a time.
The common practices are to categorize the sewers required for the rehabilitation
into groups and priorities the rehabilitation schedule for the group of sewer lines
instead of selecting individual sewer lines. Sewers in the study area were classified
in 34 groups considering the location of each sewer and accessibility in conduction
the rehabilitation work first. Five year term of the 20 years (0-4, 5-9, 10-14 and
15-19 years term) was considered as the planning period. Every sewers lack of
hydraulic capacity and hydraulic gradient are repaired at t = O in this case. The
available budget applied was the same with that of planning for individual sewers
(15.7 billion won). Among the 34 groups, selected numbers of groups required for
rehabilitation for the four term period were 8, 10, 9 and 7 respectively. The total
rehabilitation costs and I/ treatment costs for the whole planning period, 20 years,
were also estimated from the model as 12.8 and 15.1 billion won respectively.
Comparison to the planning for individual sewer lines, the rehabilitation planning
for group of sewer lines suggested 0.4 billion won of additional expenditure, but the
efficiency in the rehabilitation works are expected. Table 2 summarized the results
of rehabilitation strategy suggested for group of sewer lines.

Table 2 Suggested rehabilitation strategy of groups of sewer lines for different planning period

Planning Selected number (and sewer Total rehabilitation I/ treatment cost
term groups) for rehabilitation cost (billion won) (billion won)
04 8 (1, 2,9, 10, 15, 22, 30, 31) 3.1 7.0
5-9 10 (13, 14, 21, 23, 24, 25, 26, 3.6 2.0

217, 28, 33)
10-14 9@3,5,7,11,12, 18, 19, 20, 29) 3.9 3.8
15-19 7 (4, 6,8, 16, 17, 32, 34) 23 2.4

Sum 12.8 15.1
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5 Conclusions

Sewer rehabilitation for reduction of I/ has been recognized as a project requiring
optimization, which needs an enormous budget for a long planning period. The
mathematical model was formulated to compute I/I with or without implementing
one of several repair methods on each of the sewers in any time in a planning
period. A fast messy genetic algorithm was refined to take into account the opti-
mization of existing sewer rehabilitation to minimize the sum of sewer repair cost
and treatment cost in sewage treatment plant considering the rate of the I/I. It is
shown that the model can be effectively used to estimate the optimal budget for a
planning horizon. The model application both for the rehabilitation strategy plan-
ning of individual sewer lines and grouped sewer lines were successful. With
comparison of several scenarios for sewer rehabilitation, it was found that the sewer
rehabilitation could be beneficially implemented by optimization techniques. Using
the model suggested in this study, city officials and engineering consultants as
decision makers could have the broader perspectives and to consider various
options of policy and design strategy in planning and implementing the sewer
rehabilitation. Also, this model can act as a supplemental tool for asset management
of sewer infrastructure.
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Abstract Manufacturers need be proactive, innovative and operationally efficient
to succeed in the current business environment. The transition toward sustainable
manufacturing requires new approaches in the design, manufacture and use of
products and services. These approaches need to take into account the network of
stakeholders who influence and can be influenced by the sustainability of the
product in the course of its life cycle. This paper presents results of a case study that
used and tested methods and tools developed for creating a sustainable business
model for a manufacturing company. The main research questions addressed here
are: how to develop a sustainable business model; and how to explicitly illustrate to
potential customers the life cycle costs of different solutions.
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1 Introduction

The transition towards sustainable manufacturing will require significant shifts in
the design, manufacture and use of products and services. Initiatives till date around
eco-efficiency, eco-innovation, waste management, and social responsibility are
helpful but incremental and limited in their ability to drive system wide changes. As
suggested by [10], ‘companies must design products for longevity and ease of
recovery at end-of-life, and must consider the business potential of processing used
products to harness the residual value in their components’. Reference [5] recom-
mended ‘new strategies and solutions to obtain a better overall performance of
high-tech engineering and manufacturing assets’. This would enable longer
equipment life cycles and higher performances in respect to resource and energy
consumption, product quality and equipment availability, achieved ‘through
effective and efficient maintenance, making this enterprise function an important
issue for sustainability’.

To succeed in an ever-changing business environment, manufacturers must be
proactive and innovative as well as operationally efficient [7, 8]. The industrial
companies are increasingly confronted with demands to consider environmental
and social aspects next to financial results. For manufacturing companies’ com-
petitiveness, development toward sustainability can bring new means of differen-
tiation, and operations and growth related benefits and new business opportunities.
Recent studies also help to understand the importance of non-tangible assets [6] and
elements of sustainability [13] as a source of competitive edge.

Sustainability is driven mainly by the need for regulatory compliance, cost
savings through eco-efficiency, corporate social responsibility initiatives, and sat-
isfying customer demand. While important, these approaches have not generally
embedded sustainability into the core of the business and become part of an inte-
grated solution, and as such their impacts are often limited. For many companies
sustainability remains at the level of PR, expressions in strategies and branding, if it
is considered at all. Moreover, the inter-connected nature of the world—multiple
networks of stakeholders and inter-relationships between different industries
through product use and disposal phase requires a long term vision and holistic
solution focusing on redesigning business models for sustainability to co-create
multi-stakeholder value. As Krantz [11] proposes ‘companies will need even bigger
changes, including new business models, greater trust, and greater stakeholder
engagement’ based on a ‘long-term vision’ for pursuing sustainability.

A transition towards sustainability will be possible only with strategies and
policies that recognize business as a part of the solution and create the right incen-
tives, enabling the manufacturing industry to adapt and remain competitive [27].
Such a transition means a significant shift in the way businesses are conceived and
operated through collaboration amongst stakeholders in the value network. More
specifically, this requires emphasis on business models that deliver sustainability not
only through incremental social and environmental initiatives, but by actively
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addressing the problems from a multi-stakeholder approach that deals with network
interdependencies and complexities across company, industry and global levels.

Sustainable business models (SBM) incorporate economic, environmental and
social aspects of business and consider a wide range of stakeholder interests. The
objective of a sustainable business model is the harmony of stakeholders’ interests
to ensure broader positive value creation for sustainability. Key authors who have
articulated a business modeling process and defined the components of a business
model (value proposition, creation, delivery and capture) include [16, 20, 24, 29].
Their focus has not been specifically on delivering sustainability, but they provide
an extensive overview of the current state-of-art and state-of-practice. References
[1, 2, 14, 15, 18, 21, 23, 25] amongst others have contributed to academic and
industrial research on business models, concepts and strategies for delivering sus-
tainability. However, there is still a need for further clarity on the sustainable
business model design process and supportive tools that will provide companies
with a holistic solution to create, transform and implement sustainable business
models.

Major part of the product life cycle costs as well as environmental impacts over
the whole product lifecycle is defined by the decisions taken in the early concept
and design phase. Often the acquisition price comprises only a minor part of the
total cost of ownership (e.g. [4]). However, most business-to-business (B2B)
negotiations concern only purchasing price and do not take the product’s whole life
cycle costs and effects on the environment into account (e.g. [13, 22, 26]). One
reason for this is the lack of practical tools to calculate and show estimates of the
life cycle costs.

The processes, frameworks and tools proposed by the leading authors all have
merit and provide sound basis for sustainable business modeling. Nonetheless, an
enhanced and simplified process and set of tools that better integrates the business
model concept with sustainability is considered necessary. Hence, the sustainable
business modeling process and some of the supportive tools' used and discussed
through the results of a case study—manufacturing company in this paper is
expected to support the analysis and design of sustainable business model/s.

This paper, in particular investigates:

i. how to develop sustainable business model.
ii. how to transparently show to potential customers the life cycle costs of different
solutions.

The paper first presents the methodology—the case company and the methods
and tools used in the case study followed by findings from the case study. The last
section discusses the results of the study.

! Identified and developed in the Sustain Value project http://www.sustainvalue.eu/publications/
D2_6_Final.pdf.
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2 Methodology

The objective of the case study was to develop sustainable business model and to
improve the company’s offering of sustainable solutions. The case company is a
small company providing power supply systems to the energy, ICT, transport and
process industries. The battery back-up systems are necessary to guarantee 24/7
operation of critical devices also in any failure situations of the electrical mains
network. Battery back-up DC power supply system solutions are being used in
many power plants and stations, substations and other locations, including e.g.
uninterrupted power supply of process automation. The case company’s products
are typically customized solutions for its B2B customers who are project suppliers
of larger systems and integrate the solutions delivered by the case company into
their own offerings to end-users.

The case study was carried out in a series of workshops to assist the case
company in understanding, developing and applying the new value proposition and
sustainable business model. Life cycle cost estimation (LCC) tool was developed to
be utilised in the delivery project negotiations with potential customers to explain
higher purchasing price with lower life cycle costs and more sustainable solutions.
The methods and tools used by the case company were the following:

i. Sustainable Business Modelling (SBM) process;
ii. Corporate sustainability continuum;
iii. Value mapping tool;
iv. Business model canvas;
v. Life cycle cost (LCC) estimation tool.

These methods and tools are described in the following paragraphs.

To support companies in developing sustainable business modelling a five-step
SBM process is developed. This process considers a network-centric perspective to
deliver sustainability ([9, 19]). The SBM process accompanied by a portfolio of
tools provides companies with assistance in the analysis and design of sustainable
business models for network level change. This approach introduces the sustain-
ability dimensions (environmental, social and economic) and priorities, language
around multi-stakeholder value and shared-value creation across the industrial
network and harmonizing stakeholder objectives through the identification of
conflicting interests between them. The process is iterative, in that as changes occur
in one step it not only impacts on the following step but also on the preceding ones
and occurs over a period of time. Companies can be at various stages of the SBM
process so using the process and toolset will rely on the preference of the
participants.

Corporate sustainability continuum [28] represents the progress of a company on
the path towards sustainability. It supports companies in reviewing their current and
future path towards sustainability.

Value mapping [3] is a tool designed to help companies to create value prop-
ositions to support sustainable business modelling. The tool builds on four value
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forms—captured, destroyed and missed and opportunities with a multi-stakeholder
approach. The tool has the following specific aims:

e Understand the positive and negative aspects of the value proposition of the
value network (i.e. the network of stakeholders involved in creation, delivery
and receipt of value associated with provision of a product/service)

e Identify conflicting values (i.e. where one stakeholder positive benefit creates a
negative benefit for another stakeholder), so that action can be taken to tackle
these

e Identify opportunities for business model redesign and realignment of interests
to reduce negative outcomes and improve the overall outcome for the stake-
holders in the value network—especially for society and the environment.

The business model canvas [16] supports companies in the coordination and
configuration of the value network. The canvas attempts to capture all the dominant
components of the business model (value proposition, creation, delivery and cap-
ture) and is made up of nine building blocks—value proposition, customer seg-
ments, channels—describes how a company communicates with and reaches its
customer segments to deliver a value proposition, customer relationships, revenue
streams, key resources, key activities key partnerships and cost structure. The
canvas was not specifically designed for sustainability but as it addresses the key
components of a business model, it is considered helpful to configure the value
network for the sustainable value proposition/s and associated business model/s.

Life cycle cost (LCC) analysis is a method to calculate or estimate all costs from
the beginning of product/system life to the end of life. In principle life cycle cost
calculation is a simple method. It just sums up all relevant cost factors. Calculation
of basic key performance indicators, like net present value of costs, is also well
established. Life cycle profit (LCP) analysis is another well-known method which
considers also profits in addition to costs. In this case life cycle cost calculation
method was selected because the nature of the case company’s products is about
achieving cost savings by guaranteeing uninterrupted supply of electricity [12].

Analysing life cycle costs is not without challenges. The first challenge is to
establish a cost structure which includes all relevant cost factors and their effect on
total life time cost of the product/system in question. Another challenge concerns
the availability of data for cost factors. Especially, if LCC analysis is done in the
early phases of a life cycle uncertainty about the future costs related to the end of
the life cycle is high. Applying LCC analysis in practise can be a challenge, too. It
is possible to make calculations by ‘pen and paper’ but performing the analysis in
that way is time consuming. Thus a tool supporting LCC analysis is needed and the
developed LCC tool strives to tackle the aforementioned challenges.
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3 Results of the Case Study

Application of the different methods and tools provided the case company with new
understanding about their business model as well as their products. Structured
information concerning business models and their elements 