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EDITORIAL

Not everything that can be counted counts.
Not everything that counts can be counted.

- (generally attributed to) Albert Einstein

he announcement on the launch of Bharat Container

Lines has brought Shipbuilding back in the talks
and tongues of maritime stakeholders. Undeniably,
construction-manufacture of two products have to be given
a good fillip: container ships and containers. The much-
laundered reasons and merits of boosting shipbuilding
are gaining heft. Indian fleet counts to 1500+ ships (12-15
million GT) and the average age of vessels is over 15 years,
with many being out of the teens in their twenties. It is no
brainer to say that this tonnage needs replacement, leave
alone the argument for addition of tonnage.

India has about 30-50+ shipyards. The capacity and
equipment vary from adequate to abysmally low.

If the yards are brought up to standard and the
replacement tonnage is constructed herein, it will be an
adrenalin shot for the fledgling sector. And the orderbook
of defence builds will keep the yards busy for the next
decade at least. The ancillary industries will need space
and scope to expand around the yards, resulting in an
organic growth. Jobs will multiply (shipbuilding has a
multiplier effect of 6-8). That will be Atmanirbhar Bharat
on track towards 2047.

Container manufacturing is riddled with quality and
financing woes. Raw materials supply and procurement
of manufacturing equipment have not seen the expected
enhancement, post-pandemic. The importance and
urgency felt due to the shortages have lost steam. Yet
container manufacture stays as a comparatively easy
product in the MSME portfolio. This needs oxygen.

Both the 125000 Cr. Fund, [18000+ Cr. shipbuilding
financial support are countable measures. Reduction of
duties for shipbuilding components, operational comfort
in logistics, GST relaxations/exemptions etc., can also
count. Industry pundits reckon the input tax credit
accruals available with yards can be of help. All this
requires a comprehensive policy revamping with shipping
as the omphalos. Else, we will be counting our tonnage
which will not couunt.

—\—
In this issue

We start with a discussion on Preventive Maintenance.
Prabu Duplex has been indoctrinating maritime
practitioners towards scientific approaches to
maintenance. In the current exposition, few preventive
maintenance approaches are well discussed and then
the finding the ambition level (the level of date required
for maintenance decision) is clarified and finally how the
approaches, ambition level and the data types alignments,
are explained. Though it gets a bit tricky through the
words and tables, the decision making enigma
will interest the marine engineers.

Following this is a paper from WMTC on Sustainable
Development for Maritime Industry. David Adkins presents
the model from the perspective of climate change.
Three pillars of People, Planet and Profit are taken to fit
in a Thematic Analysis, which in turn is brought into a
Template Analysis. The participants in the interviews for
building up the themes are from the maritime sector. The
description of the methodology is brief and then there
are findings with a few short discussions. The Summary
of the Data Analysis gives a better insight into the study
exercise. This is an easily followable read.

— X\

We pick another paper from the WMTC on lines of
sustainable solutions. But in this instance, it is a method
for treating ballast water. Prince Jeba Kumar et al., present
a sand bed filtration system (shore based) and mention
that a pilot plant with a seabed bore at 1.5 m water
depth yielded 99% plankton-free filtered seawater and
further tests at laboratory level had been encouraging.
Considering the shore area requirements with sandy beds
and the volumes of ballast which would be needed, the
concept and idea needs further investigation. This can
connect well with all mariners.

— X\
The Technical Notes section carries advancements in
marine engineering put together by a group of marine
engineering students and presented at the WMTC 2024.

MER Archives April 1985 carries an interesting
Transaction, ‘Evaluation and Prevention of Electrostatic
Hazards associated with Qil Tanker Operations’.

—\—

| take this issue for another appeal. We have been
applying elbow grease to transform MER as a Professional
Journal of repute that carries quality articles across the
range of maritime allied topics. The rationale for iMélange
and shifting of a few sections was aimed at this change
to make MER sober and inclusive. Yet our heart lies in
marine engineering and ship technologies. We need
matter from marine engineers and their minds for ideas.
| earnestly appeal to the readers to send in submissions.
There is scope under ‘Spanner in the Works’, where we
discuss shipboard problems and MER Archives, where
many topics connect well with marine engineers from
now and then.

N\
Here is the April issue as the summer and the cricketing
interests swell.

Dr Rajoo Balaji
Honorary Editor
editormer@imare.in
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Framework for the Selection of Preventive
Maintenance Approach

Prabu Duplex

Introduction

The objective of this work is to help maritime
practitioners in selecting the optimal preventive
maintenance approach for their situation, by proposing
a framework that provides support in these decisions.
This work addresses primarily the classification and
analysis underlying the following: Analysis of the range
of preventive maintenance approaches; classification of
the various ambition levels in preventive maintenance
and the available data types; and linking of approaches,
ambition level and data types.

' ' Maintenance

techniques should support
managers in maintenance
decision making by s
providing information -«
aboutthe current,and
preferably also the future . ° .
(predicted), performance . ° .
of assets . °

| .:.f::’.'

https://imare.in/

Selecting the Proper Maintenance Policy

Maintenance techniques should support managers in
maintenance decision making by providing information
about the current, and preferably also the future
(predicted), performance of assets. However, they
experience difficulties in the selection of the suitable
maintenance technique to apply. The main difficulties
that hinder the selection and application of the suitable
maintenance technique is discussed in this section.

Selection of Appropriate Preventive Maintenance
Approach

A maintenance approach consists of selecting a proper
maintenance policy, as well as the maintenance techniques
(MT) for operationalizing this policy. Although many
methods for maintenance policy selection are available
(such as reliability centred maintenance (RCM)), methods
to select the required MTs are few.

Scheaial | Ml rmu.u | (
| !
] - . 1 . S |} L = i . Jr,
e
[per e Vinrskines :.":J"_:': m.,.:m ] ":-“-;:- [ —
i L

Figure 1. Overview of maintenance policies
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As shown in Figure 1, on the highest level (A), a
classification is made between reactive, proactive and
aggressive policies. The preventive maintenance branch
is then subdivided into various policies on the levels B
and C, where they start to interact with the maintenance
techniques (e.g. condition monitoring, prognostic
methods).

The commonly used policy selection methods, like RCM,
support the selection on level A and in most cases also on
level B. For the selection on level B, various methods are
available in the literature that incorporate specific factors,
such as for example practical factors to consider in
comparing condition-based with time-based maintenance
as shown in de Jonge, Teunter, and Tinga (2017). Although
these methods help to incorporate various factors in the
selection of maintenance policies, the detailed selection
on level C is not supported by these methods, as that is
typically the level where a MT must be selected.

It is important that the selected combination of policy
and MT suits, amongst others, the company’s expertise,
current situation, maintenance organization, assets and
the use of their assets. Especially when practitioners are
dealing with approaches that are new to them, there
are many possible pathways towards better-informed
maintenance decision making, but they find it difficult to
determine the relevant methods and parameters to select.
Difficulties arise to identify and distinguish between the
suitable paths. To avoid a long and costly trial-and-error
process, either external consultants are hired, or the
techniques are not developed at all.

A set of initial solutions to select the appropriate
maintenance approach is discussed in the following
paragraphs. The structuring and classification of
maintenance policies, methods and techniques, as well
as the definition of ambition levels and data types is also
discussed subsequently. One solution is to differentiate
between various available preventive maintenance
approaches. The framework now comprises of five types
of preventive maintenance approaches:

I. Experience-based predictions of failure times are
based on knowledge and previous experience outside
(e.g. OEM) or within the company. Sometimes they

B.
. prognostic parameter is calculated
Stressor-based pI’EdICtIOI’]S are base or inferred using data analytics that

historical records supplemented with
stressor data, e.g. temperature, humidity

are supported by little or scattered data. Predictions
are based on expert judgement (e.g. facilitated by
FMECA techniques). These methods estimate the life
of an average component operating under historically
average conditions.

. Reliability Statistics prediction techniques are

based on historical (failure) records of comparable
equipment without considering component specific
(usage) differences. This approach accurately
describes population-wide failure probabilities.
These methods also estimate the life of an average
component operating under historically average
conditions and are based on e.g. Weibull or normal
distributions.

Stressor-based predictions are based on historical
records supplemented with stressor data, e.g.
temperature, humidity or speed, to include
environmental and operational variances and give
results in terms of expected lifetime of an average
system in a specific environment. Predictions are
based on the extrapolation of a general path derived
from a physical model, build-in-test results, or
operating history.

. Degradation-based predictions are based on the

extrapolation of a general path of a prognostic
parameter, a degradation measure, to a failure
threshold. By measuring symptoms of incipient failure,
e.g. rises in temperature or vibration, the system
can be diagnosed. The prognostic parameter is also
inferred from sensor readings, i.e. is always based
on a measurement. The prediction starts from the
current state of degradation and results in an expected
remaining lifetime of a specific system in a specific
environment.

Model-based predictions give the expected
remaining lifetime of a specific system under specified
conditions. Two types of model-based approaches can
be followed:

Physical model-based: The prognostic parameter is

calculated using a physical model of the degradation

mechanism based on direct sensing of the loads or

usage that govern the critical failure mechanisms of
individual components.

Data model-based: The

uses sensed variations of loads, usage
data, process data, or condition/
health monitoring data as input. The

or speed, to include environmental and

operational variances and give results in

terms of expected lifetime of an average
system in a specific environment

algorithms aim to derive patterns
or relations in the data or try to
detect anomalies by comparing with
historical data. The five approaches all
combine specific maintenance policies
with certain methods and techniques.
To clarify the link between policies

https://imare.in/
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and the proposed approaches,
Figure. 2 schematically shows

their relation. Q
aspect

An important
differentiating the various
approaches is how specific

the lifetime of a system can be
predicted. The lower maturity
methods of experience-based
(1) and reliability statistics (I)
cannot predict the lifetime of an
individual system or for a specific
operating condition, they only
provide fleetwide and long-time
averages, e.g. an MTBF value. This branch is therefore
denoted ‘fleetwide’ in Figure. 2. The more advanced
approaches lll, IV and V are based on condition-based
policies, which do differentiate between individual
systems or operating contexts. However, a model-
based approach (V) can also predict the lifetime for not
previously encountered situations, while the degradation-
based approach (IV) can only rely on extrapolating the
current trend.

Define the Ambition Level

The second identified problem is the commonly
observed mismatch between the ambition level of the
company and the initially available data. Therefore, both
a definition of the ambition levels (this subsection) and
the data types is required. The ambition level is defined
as the level of detail that is required in the maintenance
decision making process. Therefore, it is important to
consider the four aspects set out below.

1. Is predicting the assets life time on an individual basis
required?
- If this is not required, only a generic prediction can
be made for a fleet or group of assets;
- If individual predictions are required, this also means
that monitoring of individual assets is required.

2. Should variations in usage of the assets be included?
- If not included, maintenance will be based on
calendar time;
- Typical variations in usage to be included are
operating hours, driven kilometres, start/stops;
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Figure 2. Relation between preventive maintenance policies and
proposed types of MTs

level is defined as 3
the level of detail

thatis required in the *

- If these variations are to be
included, they must also
be monitored or registered
during operation;

Should wvariations in
environmental conditions be
included?

- If not included, maintenance
will be based on average
conditions;

- Operating the system at
elevated temperatures, high
humidity, etc. could lead to
accelerated degradation;

- If these variations are to be included, they must also
be monitored or registered during operation;

4. Do the future conditions differ from the current or
historical conditions?
- If there is no difference, an extrapolation of a general
trend can be made;
- Otherwise, these expected variances have to be
included in the prediction using a model.

Based on these four aspects, five different ambition
levels (AL) can be defined, as shown in Table. 1. The
decision scheme in Figure. 3 then provides a guideline
to select the appropriate ambition level.

Defining data types

The next step, that also follows from problem of gap
between ambition level and initially available data, is
defining the various data types used in maintenance.
Table. 2 shows four types of data that are required for
the five maintenance approaches.

Mapping data inputs and ambition levels to the five
maintenance approaches

The final step in solving problem is to map the various
ambition levels to the required data types and link

Table 1. Types of prognosis: ambition levels

Type Level of detail in maintenance decision making

Insight in future behaviour of the asset or fleet
considering static conditions

AL1

Insight in future behaviour of the asset or fleet

AL 2
considering differences in usage

Insight in future behaviour of the asset or
fleet considering differences in usage and
environmental conditions

AL3

Insight in real-time deterioration of the individual
asset and extrapolation into the future under
constant conditions

AL4

Insight in real-time deterioration of the individual
asset and extrapolation into the future under
largely varying conditions

ALS5

https://imare.in/
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them to the preventive maintenance approaches. This
will quickly reveal whether the chosen ambition level
matches with the available data. Selecting the appropriate
preventive maintenance approach is then proposed to be
a trade-off between the available input and the ambition

-
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Figure 3. Guideline for the selection of the ambition level

Table 2. Types of data

Type of data: Description:

This data can be gathered from
technical knowledge, inspection and
historical records of failures or costs
for instance. We can differentiate
between high and low quality
historical data. High quality data
includes information on historic
usage, loads (including environmental
stressors) or condition/health

per group of systems (fraction of
fleet, i.e. a specific unit or type).
This information is collected by
manual registration, e.g. logbooks
or databases, instead of detailed
monitoring.

Historical
data:

The process of acquiring operational
data, e.g. running hours, mileage,

or tons produced and/or process
control data (e.g. Supervisory Control
and Data Acquisition: SCADA). This
preferably includes environmental
data, consisting of measures of
temperature and moisture for
instance.

Usage
monitoring:

The process of acquiring loading
data, e.g. temperature, vibration,
humidity, strain or electrical current
(Tinga 2010).

The process of acquiring signs of
imminent failure, e.g. vibrations,
acoustics, temperatures, or data from
oil analyses (all denoted condition
monitoring) or data extracted from
the measured (dynamic) system
response to identify the presence
and magnitude of damage in a
system, denoted as structural health
monitoring.

Load
monitoring:

Health or
condition
monitoring:

The process of acquiring signs of imminent
failure, e.g. vibrations, acoustics,
temperatures, or data from oil analyses
(all denoted condition monitoring) or data
extracted from the measured (dynamic)
system response to identify the presence
d magnitude of damage in a system,

d as structural health monitoring

level. On the one hand, the ambition level determines the
techniques that should be applied. On the other hand,
the available data puts limitations to the applicable
techniques. Figure. 4 shows the relation between the
ambition levels, the available preventive maintenance
approaches and the required data types. The figure shows
that with some maintenance approaches, several types of
ambition levels can be achieved (i.e. reliability statics for
AL 1& AL 2). At the same time, the Figure. 4 shows which
data is required for each approach. For example, required
inputs for ‘analysis IV’ are high-quality historic data (1),
and condition- or health-monitoring data (4). Required
inputs for ‘analysis V sub A using a physics of failure
model’ are usage or load monitoring (2 or 3) data and
condition- or health monitoring data (4). Only when these
high-level data sources are available, an AL 4 prognosis is
feasible. Note that the difference between V sub A and V
sub B are the data requirements. A data model requires
high quality historical data to train the algorithm. If this
data is not available, the only other option is to use a
physical model.

Business case

The final identified problem shows that it is difficult for
the firm to prove the added value of the implemented
maintenance approach. However, it is known that
developing a business case is key for project success and
it is observed that often a costly trial-and-error approach
is followed in the implementation of CBM (Tiddens,
Braaksma, and Tinga 2015). Moreover, for almost 30% of
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Figure 4. Mapping preventive maintenance approaches to the
ambition levels and data types
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industrial equipment CBM does not provide any benefit.
Therefore, it is important to evaluate the investment
in CBM in a structured way before the MT is actually
selected. For techniques that are known to the company;,
or proven within the field, often a clear business case can
be defined as reliable estimates of the costs and benefits
can be made.

However, when more innovative techniques are
developed, estimating the costs and benefits is difficult.
Such a case often requires the costly collection of extra
data for which sensors have to be acquired and installed.
Moreover, the time before achieving the benefits is
longer and therefore the benefits are more uncertain.
In other work (Tiddens et al. 2017), developed a hybrid
method to construct the business case for condition-
based maintenance. This method shows that a justification
should be composed of both a non-financial and a
financial analysis. In case of innovative techniques, with
their highly uncertain costs and benefits, a business case
should be composed of non-financial elements. When the
costs and benefits can be reliably estimated, a financial
evaluation should be added to this business case.

Designing a method to select the appropriate
maintenance technique

To offer decision-support for practitioners, a preventive
maintenance approach selection framework is proposed
in this section. This framework is based on the earlier
discussions. The proposed framework is shown in Figure. 5
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as a decision tree. The choice for a specific maintenance
approach can be made via two starting points. Either
decision pull, based on the demand to achieve a certain
ambition level as is shown in Figure. 6, or technology
push, based on available and (possibly) worthwhile data.
Ideally, the selection starts via the decision pull starting
point. This gives the company the opportunity to select
the optimal maintenance technique (i.e. a selection that
is not directly limited by the available data). After the
ambition level has been determined, it is checked whether
there is a match with the available data, as follows from
initial solution 2B. The mapping (initial solution 2C) is
then used to advise one of the five types of maintenance
approaches. When there is a match between the available
data and the ambition level, the framework will directly
indicate the associated maintenance approach. The issue
remaining then is that a business case should be made.
When a positive business case can be made to invest in
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Figure 5. Proposed preventive maintenance approach selection framework

https://imare.in/




MARINE ENGINEERS REVIEW (INDIA)
April 2025

= Initiation
l Technology Push |

SomoMig and Data Gathering
4 . [
ﬁll:u:lennnce lechnigues
| m [ v | v |
Mamtenance *Der_'i.-mm Making
[ Deecton | [ DR TSR

Figure 6. Support frame work

the maintenance approach for this asset, the selected
approach can be conducted.

However, in practice there will quite often be a mismatch
between ambition level and available data. The framework
will then guide the user to a matching combination.
When the required data is not available (for the selected
ambition level), the first check is to investigate whether
it is possible to start collecting this data. If so, again the
business case should be checked. If not so, other data
might be available. This leads the process to restart, but
now from a technology push starting point. When starting
from the technology push starting point, the available
data is leading in the choice of the maintenance approach.

Therefore, the first step after selection (and getting
advice for the associated maintenance approach) is to
examine whether a positive business case can be made
to continue with this approach. If the business case
check results in a negative advice to continue, it should
be evaluated whether improvements can be made with a
lower or different type of data and associated ambition
level. Note that starting from the technology push starting
point (led by the available data) is a common approach

Table 3. Support frame work

‘ ECTM is the process of using measured
characteristics (i.e. compressor speeds,
inter-turbine temperature and fuel flow)
during specified conditions (i.e. vessel speed,
sea condition outside air temperatures)
and comparing these to predicted value
provide confirmation of engine

in many companies. However, it is somewhat dangerous
since the definition of the ambition level is neglected. This
could lead to a positive business case for the selected
data type and maintenance approach, but the company
could discover at some stage that this approach does
not perform as expected. Explicitly defining the ambition
level beforehand and incorporating that in the selection
process, as is done in the framework, could prevent such
a situation.

Case study: Engine condition trend monitoring
for ship

For the marine propulsion systems, assume a fixed-
interval preventive maintenance policy has been applied
successfully in the past. Then recently the Engine
Condition Trend Monitoring (ECTM) technique has
become available. ECTM is the process of using measured
characteristics (i.e. compressor speeds, inter-turbine
temperature and fuel flow) during specified conditions
(i.e. vessel speed, sea condition outside air temperatures)
and comparing these to predicted values to provide
confirmation of engine. To reduce the maintenance
costs, the department is investigating whether it is
both economically and technically feasible to apply a
condition-based maintenance approach using ECTM.
Then the structure shown in Table. 3 assists in decision
making process. For this case there is a match between
the ambition level and the data available through the

Step in framework Result & explanation

Starting point maintenance

Decision Pull - aim to reduce maintenance costs by conducting condition-based

Type of data available

- Expert knowledge is widely available within the department
- Usage and loads data (sensors on ship measure ship speed, sea condition,
airspeed, outside air temperatures and inter-turbine temperature etc)

Ambition level

- Monitoring of individual engines
- Operated in varying environmental conditions

- Future conditions assumed to be similar (might be different, not included yet) ¢
Ambition level 4

Match ambition level
and available data?

Yes - AL 4 requires condition monitoring data (available)
Data required for physical model-based approach (AL5) is also available

Positive business case?

Yes - financial justification conducted (Tiddens et al. 2017) (total lifecycle costs of
ECTM lower than corrective maintenance or fixed-interval preventive maintenance)

Conduct MT

Advice: apply a degradation-based maintenance approach. Organization will further
develop ECTM, set ambition level is satisfied

https://imare.in/
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new technology (ECTM). The framework confirms that
this degradation-based maintenance approach is the
appropriate approach for this company.

Conclusion

Maintenance has evolved in the last decades from merely
reacting to failures, through preventive replacements at
fixed intervals or based on visual inspections, towards
automated methods that continuously inform about the
asset’s future state. Many different maintenance policies
are available now, ranging from the traditional corrective
maintenance to more advanced policies like condition-
based or predictive maintenance. Moreover, many
methods and techniques for monitoring and inspecting
assets, analysing data or predicting remaining useful life
have been developed. The proposed framework can help
practitioners reduce the costly trial-and-error-process in
applying a preventive maintenance approach. Therefore,

At MMA we do not cover the syllabus, we uncover it for you!

(MASSA MARITIME ACADEMY, NAVI MUMBAI CELEBRATES SILVER JUBILEE) =

MASSA Maritime Academy, Navi Mumbai
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selecting the optimal approach for
maintaining a specific asset has
become easier for the asset owner.
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Beyond Climate Change: A Model of Sustainable
Development for the Maritime Industry

- T T

D. G. Adkins

Abstract

Recent discussions on sustainable development in
the maritime industry have focused on climate change,
emissions reduction, and future fuels. While vital for
global trade and climate management, these topics are
only part of the broader sustainable development agenda.
The United Nations Sustainable Development Goals (UN
SDGs) highlight the need to expand this conversation.

Through a series of interviews, this study aims to
develop a sustainable development model tailored to
the maritime industry. Defining the maritime industry, and
contextualising sustainable development to the sector
provides significant challenges. The industry’s diversity
complicates any definition as it encompasses shipping,
maritime services, shipbuilding, education, equipment
manufacture, offshore supply, recreational boating,
fisheries, coastal tourism, marine mining, and offshore
energy.

The results show a model that can be applied to the
industry in order to address key sustainable development
challenges. Key areas that can be incorporated into
business strategy have been identified and explained.

Keywords: Sustainable Business Model; Maritime
Business; Social Sustainability; Environmental
Sustainability; Responsible Management.
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Introduction

In recent years discussion of sustainable development
within the maritime industry has tended to focus on topics
relating to climate change, minimising emissions, and
the development of future fuels. However, whilst critical
to the future of global trade and to managing climate
change, these form only one part of the wider sustainable
development agenda. A cursory glance at the seventeen
United Nations Sustainable Development Goals (UN
SDGs) highlights the need to widen the debate.

This study aims to develop of model of sustainable
development that is appropriate for the maritime industry.
Within that (relatively) straightforward aim lie a number
of challenges:

» what does sustainable development mean for the
maritime industry?

* what constitutes the ‘maritime industry’?
* what is the purpose of the model?

Sustainable development can be characterised by the
UN SDGs, but even using that as a framework, sustainable
development can mean different things to different
people, as well as being both an ongoing process and as
a goal in its own right.

Alongside this, defining the maritime industry can
be challenging, particularly as “Maritime business is
exceptional, diverse, and peculiar” [1]. Clearly shipping,
maritime business services and shipbuilding/repair are
core aspects of the industry, but the maritime industry
is broader. It includes education and training; equipment
manufacture and repair; offshore supply; recreational
boating; fisheries and aquaculture; coastal/marine
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tourism; marine minerals mining; and offshore energy.
For the purposes of this research, the term ‘maritime
industry’ is used to represent all of the aspects.

Turning to the purpose of the sustainable development
model, one has to consider the overall aim of business
models; Osterwalder & Pigneur relate business models
as describing how an organisation “creates, delivers,
and captures value [2].” Recent years have seen a
growing link between business models and sustainable
development as a result of the latter taking on greater
corporate significance. Sustainable business models
must therefore enable organisations to understand their
value proposition, along with focus on new ways of
working, infrastructure development and growth across
environmental and social aspects.

Defining Sustainable Development

Sustainable development emerged to address global
environmental and social concerns, encapsulated in the
‘Brundtland Report’ as “development that meets the
needs of the present without compromising the ability
of future generations to meet their own needs” [4].
This concept has historical roots, with early examples
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of resource protection dating back to the 17th century,
highlighting longstanding concerns about sustainable
resource use.

Sustainable development encompasses various
definitions but generally involves the interplay between
environmental issues, socio-economic problems, and
the need for a sustainable future. It is viewed as both
an evolving process and an ultimate goal. Reference [5]
(2003) proposed a taxonomy to mitigate ambiguities
in defining sustainable development, categorising goals
into aspects to be sustained (e.g., nature, biodiversity,
ecosystems) and aspects to be developed (e.g., people,
economy, community, society).

Although historically the notion that businesses exist
solely for profit, as argued by Reference [6], this has been
challenged, with recent perspectives recognising that
business viability depends on healthy ecosystems and
stable societies. For this study, the Brundtland Report’s
definition of sustainable development is adopted.

The Triple Bottom Line

Sustainable development extends beyond economic
considerations, incorporating social and environmental

https://imare.in/
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dimensions. The Triple Bottom Line (TBL), popularised
by [7], frames these dimensions as interconnected pillars
essential for sustainable development. This approach
argues that a company’s success is measured not just by
economic strength but also by social and environmental
performance.

The TBL serves as both a tool for improving organisational
functions and a reporting mechanism, providing early
warnings to react to stakeholder changes and mitigate
impacts. This framework suggests that development
goals must be socially focused, respect environmental
conditions, and be economically feasible [8].

Economic Sustainability

Economic sustainability is defined as the optimal
management of resources to achieve stable growth.
It involves maintaining economic growth, increasing
customer numbers, fostering innovation, and supporting
social and environmental issues. This requires considering
financial performance, strategic planning, and innovative
practices to ensure long-term viability.

Environmental Sustainability

Environmental sustainability focuses on maintaining
natural capital, which includes both critical and renewable
resources. This involves ensuring that resource use meets
current and future needs without compromising ecosystem
health. Organisations must use environmental knowledge

®

development
that meets the
needs of the
present without
compromising the
ability of future
generations to
meet their own

to inform decisions, minimise waste, and manage
operations within an environmental management system.

Social Sustainability

Social sustainability encompasses aspects like social
capital, cohesion, inclusion, and community engagement.
It involves ensuring equitable access to services,
intergenerational equity, community ownership, and
political participation. Organisations must consider skills
development, stakeholder engagement, and community
participation to achieve social sustainability.

Sustainable Business Models

Business models articulate how firms deliver value to
customers through interrelated functions and external
relationships. These models have evolved to incorporate
sustainable development, reflecting changes in business
practices and organisational goals. Sustainable business
models integrate value propositions, financial models,
customer interfaces, and business infrastructure,
emphasising long-term focus, resource sharing, and
stakeholder engagement.

Interest in linking business models with corporate
sustainable development has grown, recognising
sustainable development as a strategic goal that requires
structural and cultural changes within organisations.
External drivers like legal changes and customer pressure,
alongside internal drivers like personal beliefs and

https://imare.in/
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Environmental sustainability focuses on
maintaining natural capital, which includes
both critical and renewable resources

efficiency needs, drive the pursuit of sustainable business
models.

Sustainable Maritime Business Models

The maritime industry has limited literature on
sustainable business models, often focusing on specific
outcomes rather than holistic approaches. However, some
studies examine port sustainable development, proposing
frameworks for managing environmental impacts and
developing sustainable practices.

Reference [9] developed a Port Sustainability
Management System for smaller ports, aligning with
the value proposition, customer interface, and business
infrastructure aspects of sustainable business models.
Although financial modelling is less represented, the
system’s focus on asset longevity and maintenance
provides a base model adaptable to wider maritime
contexts.

Figure. 1. shows the a priori themes developed from the
literature; these themes formed the basis of the interviews
which sought to confirm and expand themes for the final
model.

In summary, sustainable development integrates
economic, environmental, and social dimensions, with
business models evolving to reflect these goals. The
maritime industry, particularly ports, demonstrates
specific sustainable development needs that can inform
broader applications. Sustainable business practices
ensure long-term viability by balancing profitability with
environmental stewardship and social responsibility.
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Figure 1. a priori Themes of Sustainable Development
Source [3]

Methodology

Interview subjects were selected from
those deemed to be involved or have an
interest in sustainable development within
organisations across the maritime industry in
the UK.

Table 1shows the list of participants.

Thematic Analysis enables the analysis of different
types of data, varying sizes of datasets and the
production of theory-driven analyses [10]. This is of
particular importance given the need in this study to
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Table 1. List of Interview Participants

Interviewee Position Sector

A Harbour Master | Port Authority
B Sales Manager Engineering
© Head of Marine Shipping &
Operations Engineering
D Director Education
E Chief Executive Maritime Business
Services
F Director Maritime Business
Services
G Partner Maritime Legal
Services
H Owner Shipowner
| Senior Business | Cultural
Developer Organisation
J Chief Executive Cluster Practitioner
K Legal Director Maritime Legal
Services
L Chief Executive Cluster Practitioner

Source [3]

synthesise literature and interview data to produce a
theory-driven sustainable business model appropriate
for the diverse nature of the maritime sector.

Template Analysis as a Form of Thematic Analysis

As a form of Thematic Analysis, Template Analysis
has been used extensively in business, management
and organisational research [11] [12] [13]. Reference
[14] identifies two key advantages of using template
analysis; it can be particularly flexible to meet the
needs of the research, and it is argued to work well in
research examining the views of differing groups in an
organisational context. Template Analysis is regarded as

Thematic Analysis enables thé'a'nql:y"s:ig'_éf IE{
Gtionfofjth

of datasets and;the produ

a flexible approach that can be used across a range of
philosophical positions within qualitative research [13].
As a result, there is no one prescriptive method, although
there are general principles; these steps, based on [15]
[13] [16] were followed:

Stage 1: Develop a priori Themes

a priori codes, based on established literature, range
from ‘hard’ to ‘soft’ themes (King and Brooks, 2017).
‘Hard’ themes are clearly defined, while ‘soft’ themes are
potential areas of interest. This study focuses on ‘harder’
themes. Two considerations in using a priori themes are
to remain open to new themes and to adjust or discard
predetermined ones if needed, to maintain research
validity [15] [17].

Stage 2: Data Familiarisation

This stage aims to immerse the researcher in the data
through repeated reading and listening; it goes beyond
data familiarisation, involving more analytical and critical
reading [18]. While some analysis occurs, it is less formal
and precise than later stages, and outcomes from this
stage were not solely relied upon.

Stage 3: Preliminary Coding

This stage involves identifying data relevant to the
study’s aims, objectives, and research questions, similar to
most thematic analysis methods [17]. The coding process
starts with ‘complete coding,” identifying anything of
interest [18]. Potential themes, alongside a priori themes,
are identified at this stage.

Stage 4: Define Initial Coding Template

This stage focuses on identifying and reporting patterns
in the data, with emphasis on the meaning of patterns
rather than their frequency. Saliency analysis, introduced
by [19] and discussed by [18], emphasises the importance
of infrequent items. Unlike other thematic analysis
methods, template analysis often uses a data subset for
initial coding [17]. However, this study used the entire data
set for preliminary coding, enhancing validity by ensuring
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no emergent themes were overlooked and allowing for
template modifications.

This study employed hierarchical coding to develop the
initial coding template. This process groups similar codes
into higher-order themes, typical of template analysis
[17]. Hierarchical coding aligned well with using a priori
themes, which were organised as top-level and sub-level
themes.

Stage 5: Applying and Developing the Template

This stage typically applies the initial template to new
material. Since the entire data set was used to develop the
initial template, the template was reapplied to the same
data with a different perspective. This iteration confirmed
the template, ensured inclusion of relevant material, and
verified the relevance of previously included material.

Stage 6: Finalise Template

Reference [17] identify three aspects of final
interpretation and presentation: examining theme
patterns, prioritising themes, and exploring connections.
Analysing patterns can offer insights and justify further
examination. Listing and summarising findings are
crucial, particularly in this research, as the qualitative
phase justified the themes in the quantitative survey.
Understanding theme connections can lead to
revising theoretical models, which is significant for the
development of the quantitative phase.

Findings

A comprehensive literature review enabled the
development of core a priori themes as required by the
Template Analysis approach. Interview topics were based
around these themes with the aim of confirming, revising
or removing them.

Perceptions of Sustainable Development

Each interviewee was asked to give their perception
of sustainable development. There was consensus that
sustainable development should be viewed as growth that
does not deplete or destroy the resources or environment
needed to sustain itself, although others acknowledged
that sustainable development may mean different things
to different people.

Many of the responses focused on the long-term
survival and growth of the organisation, for example
“ports that aren’t sustainable wither and die” (Interviewee
A). Sustainable development was described as the ability
to operate within one’s financial means, ensuring that
income and expenditure are balanced with a small surplus.
Environmental concerns were included, with emphasis on
approaches being environmentally conscientious, aiming
to generate surplus funds that can be invested in long-
term infrastructure and maintenance for the benefit of
both current and future stakeholders. The long-term
view was further reinforced. It should not be viewed as
a short-term, profit-driven venture but rather one that

ensures longevity, integrating environmental and social
responsibilities for long-term benefits.

It was argued that in a business context, sustainable
development encompasses the wellbeing of staff, the
environment, and the positive impact of their products
both locally and internationally. Sustainable development
was linked to maintaining good client relationships and
ensuring client satisfaction. Furthermore, sustainable
development was closely associate with trust,
emphasising the importance of long-term relationships
and partnerships. Sustainable development is about
ongoing collaboration and mutual trust rather than
one-off transactions.

The social aspect of sustainable development was
highlighted by some interviewees: “...it means wellbeing
of staff...” (B); “...responsible development as well as the
social aspects...” (G), with a particular focus on skills from
J: “...the big challenge for the maritime sector is skills...”

The discussions continued by examining the pillars
of sustainable development that form part of the Triple
Bottom Line proposed by [7]. For this study, these
pillars were referred to as the profit, people, and planet
dimensions of sustainable development.

Profit

Issues around profitability and long-term economic
viability dominated the initial discussions on sustainable
development; “any business that is not profitable is not
sustainable” (C) and efforts must “be economic at the
end of the day” (F).

Whilst those issues were the most significant, there was
discussion of how to embed sustainable development
in to strategic planning, and the need for innovation to
support business growth.

https://imare.in/
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Table 2. Summary of Data Analysis
Theme Sub-theme Key Findings
Skills are critical
Skills Development Staff development and engagement with educational institutions
Long-term issue
Engagement with wider region
Stakeholder Engagement | Provide benefit to stakeholders
Stakeholder involvement in development issues
Increasing awareness of industry issues
People Stakeholder Influence Promoting the maritime industry
Providing benefit
] Contributing to region
tz:zlﬁ)z?;?]umty Engagement with educational institutions
Engaging with local community
Open dialogue through relationships
X?:ri%?g f}ga System Considers different factors
Long-term view of business development
Operations take environmental considerations into account
Environmental Knowledge | Exercising diligence in decision-making
Collaboration to develop knowledge
Operating in a conscientious way
ST Informing decision-making
Management System
Formal recognition not significantly important
New ways to use waste by-products
Planet Value from Waste Collaboration to solve common problems
Proximity important to achieve this
Developing renewable energy sources through collaboration
Resource Substitution Knowledge creation and diffusion to meet challenges
Lower recognition in business service firms
Sharing assets
Resource Efficiency Integration of systems
Lower recognition in business service firms
Sustainable development in business plan
Strategic Planning Key part of sustainable development
Meeting future needs
Sharing best practice
Efficient Business . .
Practices Closer integration
Contributes to new ways of working
Profit Process Adaptability Ability to meet changing regulations
Significant challenge to the maritime industry
Innovation Link to academic and R&D institutions
Environmental focus
Remaining in business
Economic Impact Contribution to region through wages, taxation and indirect spend
Financial management critical to sustainable development
Source: [3]
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reservation: “I don’t think sustainable development’s
a useful term in this context... you know, | mean, you
know these are service businesses... they don’t destroy
resources that they need. | mean it just doesn’t work like
that” (E).

In summary, perceptions of sustainable development
demonstrated the importance of sustaining and
developing the business as a central tenet of sustainable
development. Other related activities were generally seen
as secondary to, or supportive of, staying in business.
Table. 2 summarises the key findings from the interviews.

Conclusion

Whilst decarbonisation and climate change have
dominated much of the discussion around sustainable
development across the maritime sector in recent years,
the sustainable development agenda is much Smore
extensive. With sustainable development meaning
different things to different people at different times,
firms can find meaningful engagement with the topic
difficult. Implementing a sustainable business model,
focusing on the people, planet and profit pillars of
sustainable development can provide a useful tool for
maritime firms to develop their sustainable development
strategies.

[This Paper was presented in the WMTC 2024, 4-6
Dec, Chennai, India]
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Sustainable Shipping In The Climate Change
Scenario — A Technology Initiative
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S. Ragumaran,
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Abstract - Sustainable development is not just about
climate change but about effectively meeting present
needs without compromising the ability of future
generations to meet their own needs. This paper discusses
a port-based eco-friendly filtration system, a crucial
step towards this goal. It effectively balances economic
growth, social well-being, environmental protection
and addressing climate change impacts. In the shipping
industry, ballast water discharges significantly threaten
marine biodiversity through the spread of Invasive Alien
Species (IAS). This system envisages avoiding the entry
of planktonic forms and IAS, which provide ecosystem
service of avoiding sediment formation in ballast tanks,
reduces the coat of chemical and energy usages of ballast
water treatment system and 99% efficiency of achieving
D2 standards of International Convention for the Control
and Management of Ships’ Ballast Water and Sediments
(BWM), expected to enable easy policing of treated
water for quality assurance. Introducing a port-based
eco-friendly filtration system envisions clean water and
sanitation, decent work, responsible water consumption
and production and more. This technology is a preliminary
initiation towards securing a sustainable and resilient
future for marine ecosystems.

Keywords: Subsurface intake system; Eco-friendly
technology; port-based ballast water treatment system;
Invasive Alien Species
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Introduction

Sustainability transforms our societies and economies
into more inclusive, resilient, and workable. It requires
sustainable consumption and production patterns,
biodiversity and ecosystem protection, sustainable cities
and infrastructure development, and universal access
to essential health care and education services. These
efforts ensure a liveable planet for current and future
generations.

Shipping, a vital component of global trade, is crucial
in sustainability. The industry accounts for 80% of world
trade and has been essential for trade since 4000 BC.
The Maritime Report 2023 highlights measures such as
decarbonisation to protect the marine environment and
biodiversity and improved restrictions on invasive alien
species from ballast water, marine litter, plastics and the
quality of antifouling paint to ensure environmentally
friendly and fair cargo transition [1].

Popular available technologies help reduce unplanned
issues such as Invasive Alien Species (IAS) and the
impact of antifouling paint, etc. However, they also
generate process waste that must be disposed of
by statutory norms. It is envisaged that developing
technology with a renewed focus and changing
processes without harming marine ecosystem
components will ensure sustainable development. In
this context, we will discuss one such technology for
preventing the introduction of invasive alien species
through ballast water.

Given its significant impact on global trade, the shipping
industry bears a weighty responsibility in this journey
toward sustainability.
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Ballast water and bio-invasion

It represents critical concerns within the maritime
sector, as the inadvertent introduction of diverse
organisms into foreign aquatic environments through
ballast water discharge poses a significant threat to local
ecosystems. The ramifications encompass considerable
ecological and socioeconomic implications. The disruptive
influence of invasive species within marine ecosystems
compromises sustainability, impacting indigenous
communities reliant upon these environments. Predation,
ecological disturbance and disease propagation are
among the adverse effects perpetuated by translocated
species, further affecting the community and population
ecology. Notably, invasive species interferences can
significantly compromise food webs, water quality, and
disease transmission, amplifying their socio-ecological
impact. Indigenous populations, profoundly ingrained
with the natural biodiversity, wildlife, and aquatic
domains, encounter formidable challenges when invasive
species disrupt the availability of native marine species.

Consequently, the viability of local food resources and
fisheries is endangered, significantly impacting these
communities. The translocation of non-native species
via ballast water transportation constitutes a pressing
concern within the maritime industry, as underscored by
the recent incursion of South America’s Charru mussel
(Mytella strigata) into Pulicat Lake, a Ramsar site on the
Chennai Coast in India. This invasive event has garnered
Indian national attention, highlighting the urgency
of addressing this matter. Ascertaining the requisite
treatment of ballast water and the efficacy of associated
technologies demands careful consideration.

State of ballast water treatment technologies

The Ballast Water Convention of 2017 mandates
the installation of a ballast water treatment system for
most trading merchant vessel categories. Two primary
classifications of treatment systems, onboard and ashore,
are utilised, with current designs predominantly focused
on shipboard applications. Support measures, such
as sampling and testing, surveys and risk assessment,
have generally been shore-based. Onboard methods
encompass physical separation techniques, including
filtration and hydro cyclones and
disinfection processes, such as
UV irradiation, ozonation, heat
shock and chemical biocides.
Most available systems combine
one or more methods [2,3, 4]. The
adoption of treatment protocols
typically occurs during ballast
water uptake (57%), discharge
(34%) and sea passage (10%)
[5]. The costs of these systems,
both capital and operational,
exhibit variability based on the
employed methods and flow

disruption and harness

natural forces to remove .

rates. Ongoing development and testing of promising
technologies aim to attain higher treatment standards
in the future. According to the International Maritime
Organization (IMO) regulations, ships must adhere to an
approved Ballast Water Management Plan and treat their
ballast water with available technologies to meet specific
standards before discharging it by 8" September 2024.

Nonetheless, commercially available technologies
come with significant costs. Several technologies exhibit
limitations, such as the filtration method being prone to
frequent blocking and necessitating filter backwashing
and the hydrocyclone-based separation technique
showing inefficiency in small organism separation. Various
disinfection methods experience shortcomings, including
UV radiation being impacted by macro-organisms in the
ballast water and electro-chlorination releasing total
residual oxidant to the environment [6]. Finding practical
means to ensure compliance with stringent IMO standards
remains a key challenge despite the evolution of these
technologies being primarily driven by existing technical
capabilities aimed at eliminating invasive species. It is
crucial to minimise ecological disruption and harness
natural forces to remove alien species effectively To
achieve sustainability.

Sustainable technology for ballast water
treatment

A paradigm shift of conceiving a problem, designing
technological solutions and implementing methodology
was considered for sustainably treating ballast water. Any
technology implementation for solving problems in the
ocean needs to be considered holistically, as most of the
Earth’s surface is covered by its oceans, which contain a
remarkably varied set of ecosystems. These oceans are
crucial for controlling our climate, offering nourishment
for numerous species and maintaining the overall well-
being of the planet. Regarding invasive species, selective
elimination of IAS might be limited, but technological
intervention should minimise the disturbance to marine
ecosystems. The available technologies intend to eliminate
IAS without purging phytoplankton and zooplankton,
keystone species of the marine food web that cause
significant disturbances to dynamic marine ecosystems.
Seawater intake industries also
augment it and marine pollution
causes synergistic effects and
aggravates the problem. The
thrush holds signals expressed
by the marine ecosystem in the
form of harmful algal bloom and
reduction in capture fisheries as
the juveniles are planktonic killed
during seawater disinfection,
apart from the detrimental effects
of 1AS from shipping ballast. The
shipping industry has to face the
problem of sedimentation in their
ballast tanks, and the seawater
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