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Intra-port services are increasingly relevant within maritime decarbonisation strategies, as they operate
continuously in confined waters, close to urban areas and under highly variable load profiles. This
article presents the design of a pilot course on sustainable navigation and manoeuvring for tugboats
and port services, focused on competence acquisition through progressive simulator exercises. The
main contribution is a training framework that transforms sustainability into an observable professional
competence: eco-speed, thrust modulation, safe use of inertia, reduction of waiting times, interpretation
of energy data and coordination among port stakeholders. To achieve this contribution, the course is
structured as an applied training intervention: familiarisation with azimuth propulsion, slalom with
maintained heading, orbital displacement around a stationary vessel, replication of real tracks in ECDIS,
complex LNG berthing manoeuvres and comparison of executions with different levels of power use.

1. Introduction.

emissions by around 2050 [10]. In parallel, UNCTAD stresses
that maritime decarbonisation requires operational changes, in-

Maritime transport accounts for approximately 2.5% of global
greenhouse gas emissions, making its decarbonisation one of
the sector’s most pressing strategic challenges. The decarbon-
isation of maritime transport has become one of the sector’s
main strategic challenges. The 2023 IMO Strategy on the re-
duction of greenhouse gas emissions from ships sets a pathway
for reducing carbon intensity and transitioning towards net-zero
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novation, investment and cleaner technologies [15]. Although
much international regulation has traditionally focused on ocean-
going vessels, port areas also represent critical emission hotspots
due to the concentration of manoeuvres, auxiliary services, car-
go - handling activities and shore-based equipment. Auxiliary
craft, such as pilot boats, bunkering barges, mooring boats,
waste-collection units and harbour tugboats, operate continu-
ously and have a direct influence on local emissions and air
quality in urban port environments. Harbour tugboats are espe-
cially relevant because their operating profile differs from that
of conventional merchant ships. Their operations are charac-
terised by short but power-intensive manoeuvres, frequent load
transients, waiting periods with engines running, and repeated
acceleration and deceleration phases. These conditions can re-
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duce engine efficiency and increase specific fuel consumption
and emissions of CO,, NOx, SOx and particulate matter (PM).
However, environmental improvement in port services cannot
rely solely on technological renewal; it must also include spe-
cific training in low-impact operational decisions [9, 14].

The literature on harbour tugboats confirms their relevance
within emission inventories. Ergiiven et al. [5] analysed the
role of tugs in emissions associated with vessel activity in Izmit
Bay, while Ortega-Piris et al. [13] studied the concentration of
emissions from the Spanish tugboat fleet. These studies justify
treating the tugboat as a strategic agent for port decarbonisation
when local evidence is combined with applied training. The
tug master’s operational behaviour is therefore a key element
in any mitigation strategy. Decisions such as transit speed, de-
parture time from base, waiting position, application of thrust,
use of inertia and coordination with the pilot can substantially
modify the energy consumed during a manoeuvre. The TUG-
EMI project addresses this challenge through a methodology
to calculate and predict harbour tug emissions and to propose
operational reduction strategies [8,11].

This study is framed within two complementary lines of
work that together provide both the empirical basis and the edu-
cational proposal for the proposed training model. On one hand,
the TUG-EMI project contributes operational evidence drawn
from the analysis of 101 real harbour tugboat manoeuvres, en-
compassing power profiles, waiting times and concrete initia-
tives to reduce fuel consumption under actual working condi-
tions. The relationship between speed, engine load and fuel
consumption is a central principle of energy-efficient naviga-
tion. In tugboat operations, however, its application is more
complex than in deep-sea navigation because manoeuvres are
short, safety-critical and conditioned by pilot instructions, traf-
fic, weather, berth configuration and the type of assisted ves-
sel. Nevertheless, periods of free sailing, waiting, approach and
repositioning offer room for operational improvement. Analy-
sis of engine-load profiles and recorded speeds makes it possi-
ble to identify when power demand is operationally necessary
and when it can be reduced without compromising safety. As
illustrated in Figure 1, operation speeds in the Port of Barcelona
show considerable variability, and individual departure profiles
reveal frequent high-load transients that represent clear oppor-
tunities for fuel reduction.

Figure 1: Operational evidence used to justify the course. Left:
distribution of average speeds between tug-assistance opera-
tions in 2024 in the Port of Barcelona. Right: engine-load pro-
file during an individual departure manoeuvre. Source: TUG-
EMI project.

Source: Authors.

Maritime education and training has traditionally focused
on safety, navigation, regulatory compliance and technical com-
petence. The transition towards sustainable maritime opera-
tions requires integrating environmental performance into pro-
fessional decision-making. Therefore, sustainable navigation
should be addressed as an operational competence and not as an
environmental concept separated from manoeuvring [2,3,11].

The COM-B model - capability, opportunity and motiva-
tion as conditions for behaviour - provides a useful theoreti-
cal frameworks for designing training aimed at changing opera-
tional habits [12]. Capability is related to knowledge and skills;
opportunity relates to access to simulators, operational data and
organisational culture; and motivation relates to the perception
that sustainability also improves economic efficiency and ser-
vice quality. Applying this framework to the present context,
the course design targets each of the three dimensions: building
technical knowledge of emission drivers, providing simulator-
based practice, and reinforcing the link between eco-efficient
decisions and professional performance.

The review of the GREENPORT alliance project material
makes it possible to identify emerging competences for port
services: eco-speed, time planning, use of inertia, power modu-
lation, consumption visualisation, data analysis, simulation for
eco-navigation, post-operation debriefing and communication
with the stakeholders involved. These competences form the
basis of the course analysed [8,11]. Together, these two sources
connect local operational data with training activities aimed at
behavioural change, better use of existing technologies and tar-
geted professional development [8]. Building on this dual em-
pirical and pedagogical basis, and in response to the identified
gap in competence-based training for harbour tug operators,
this article presents a pilot-course model for sustainable navi-
gation in port services, focused on the design and analysis of
simulator-based training activities. Following a structure sim-
ilar to competence-based maritime education studies, the arti-
cle is organised into a review and justification of the problem,
a training-design methodology, results organised according to
that methodology, and a discussion on competence acquisition.

2. Methods.

2.1. Course pilot framework.

The Course Framework proposed in this study translates the
simulator-based training sequence into a competence-based ed-
ucational structure. It is organised into three complementary
layers. First, the sustainable-navigation competences derived
from the exercises are identified and connected with observable
learning outcomes. Second, these competences are aligned with
STCW-related competence areas in order to make the course
traceable to maritime training standards. Third, an assessment
rubric defines how performance is evaluated through simulator
observation, ECDIS tracks, power and energy indicators, and
post-exercise debriefing.
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Table 1: Proposed sustainable-navigation competence frame-
work for the pilot course.

Competence

Learning outcome

Training evidence

Relate speed, engine load, consumption

Analysis of operational data from the

Table 3: Assessment rubric for the sustainable tugboat naviga-
tion and manoeuvring course. Assessment scale: 1 = insuffi-
cient, 2 = basic, 3 = competent and 4 = advanced.

Assessment component Assessment activity Performance indicators and evidence collected Weight

Energy competence and emissions during transit, waiting and TUG-EMI project, simulator records and
manoeuvring phases. technical discussion.
Eco-speed Sszlfeect!y"?l‘?::‘esﬁ ?fedds acx?ri?g la‘!li‘:rll: axﬁih Comparison of alternatives in the simulator
P M q N and analysis of the rush-and-wait pattern.
consumption reduction.
Thrust modulation Apply progressive thrust orders adjusted to | Observation of performance, thrust orders

the real needs of the manoeuvre.

and thrust-power relationship.

Use of inertia

Use the tugboat's momentum to reduce
unnecessary engine use.

Slalom, orbital-displacement, approach and
debriefing exercises.

‘Waiting-time management

Identify and reduce avoidable waiting
periods with engines running.

Time planning, comparison of tracks and
analysis of accumulated energy.

Initial handling exercises with ASD and | Understanding of engine order, azimuth angle, thrust, inertia and lateral

imulator SDM models smoothness of 1

Lateral control and heading
‘maintenance

Slalom along a single line of buoys
‘while maintaining heading

Heading stability, anticipation, controlled lateral displacement, continuity of
‘movement and minimum necessary thrust

Orbital displacement around a
stationary vessel

Safe distance, orbit stability, approximately perpendicular heading,

progressive thrust orders and controlled use of inertia 15%

Relative-position control

Data interpretation

Use power, energy, force and trajectory
indicators to assess the

Graphs of power, accumulated energy,
longitudinal force and g ical track.

Sustainable coordination

Coordinate the manoeuvre with the pilot,
port control, terminal and assisted vessel to
avoid inefficiencies.

Joint debriefing, analysis of constraints and
proposal for operational improvement.

Transfer real tracks to the simulator and ~ . B .
. < Track loading, manoeuvre replication and
ECDIS/simulator competence use them as manoeuvre references in = :

free

Loading and ‘manoeuvr of track, planning of approach, route-deviation
I 2 tracks in ECDIS control, speed profile and briefing notes 15%
" Safe completion of' with anticipation,
bl fﬁ;‘:‘t’v"" limited to 50% of propulsive | o recsive thrust modulation, reduced power peaks and controlled 15%

accumulated energy

Justification of higher power only when operationally necessary; comparison
of time saving, maximum power and accumulated energy against the limited- 10%
power run

Professional judgement under

Free execution of the same manoeuvre
‘normal conditions

Comples manoeuvre intspration | LNG berthing scenario Coordination of approach, timing, track control, tug assistance and power use 10%
thing soenar in a realistic port manoeuvre while maintaining safety margins

Post.exercise analysis using simulator | Ability to relate manoeuvring decisions to power demand, accumulated

Data d debriefi

comparison of

energy, consumption and emissions; proposal of corrective actions

Source: Authors.

To make the training proposal traceable to maritime-education
requirements, the competence framework derived from the ex-
ercises is complemented with a STCW-based mapping and a
course assessment rubric. These two instruments translate the
simulator activities into observable performance criteria and mea-
surable evidence for briefing, execution and debriefing.

The STCW-based mapping shown in Table 2 does not cre-
ate a new regulatory standard; rather, it connects the specific
simulator activities with recognised maritime competence ar-
eas. This makes the sustainability dimension operational and
assessable, because eco-speed, thrust modulation, use of iner-
tia, ECDIS-based planning and energy-data interpretation are
expressed as observable professional behaviours.

Table 2: STCW-based competence framework for the sustain-
able tugboat navigation and manoeuvring course.

STCW competer c and activity ol

ECDIS-based replication of real manoeuvre | Follows the planned track safely, anticipates | Track comparison, ECDIS monitoring,

Plan and conduct safe navigation, |\, "ying Al Khor, Azabra and Cala course changes and avoids unnecessary route deviation, speed profile and instructor

‘maintain a safe navigational watch

Mesquida references

speed or power increases

observation

M d handle the ship in

with ASD and SDM

restricted waters

tugboat models

Relates propulsion order, azimuth angle,
thrust, inertia, lateral movement and
stopping distance

Smoothness of orders, heading control,
lateral-displacement accuracy and
instructor checklist

‘Maintain control and situational
awareness during manoeuvring

Slalom along a single line of buoys while
‘maintaining heading

Maintains heading, anticipates lateral
displacement and avoids abrupt corrections

Heading stability, position control,
continuity of movement and absence of
excessive thrust orders

Manoeuvre safely around vessels
es

Orbital displacement around a stationary

Maintains safe distance, controls relative
position and uses mininum necessary power

Orbit stability, safety distance, heading
angle, applied thrust and trajectory stability

Use of ECDIS and simulator
resources to support safe navigation

Loading and following real tracks in
simulator ECDIS

Uses the reference track, monitors
deviations and adjusts the manoeuvre
progressively

ECDIS track, deviation from reference
route, speed evolution and debriefing notes

Coordinates approach, timing, track control,

Comparison of executions, safety margins

Respond to operational constraints | LNG berthing scenario and comparison

tug assist d pow thout
and maintain safety betwween limited-power and free execution | -5 SSSIStance anc power use withou

compromising safety

‘manoeuvre timing, power profile and
instructor assessment

Justifies when higher power is necessary
and identifies power use by habit or lack of
anticipation

Average power, maximum power,
accumulated energy, load peaks, waiting
time and corrective actions

Leadership, decision-making and
environmental protection

Eco-speed, waiting-time reduction, thrust
‘modulation and post-exercise debriefing

Source: Authors.

The assessment component of the Course Framework is pre-
sented in Table 4. It converts the competence mapping into
measurable indicators, combining instructor observation with
simulator-derived evidence such as track deviation, heading sta-
bility, thrust orders, average power, maximum power, accumu-
lated energy and the comparison between limited-power and
free executions.

Taken together, Tables 1, 2 and 3 define the Course Frame-
work used in this article: Table 1 identifies the sustainable-
navigation competences developed through the exercises, Table
2 aligns those competences with STCW-related areas, and Table
3 specifies the assessment criteria and evidence. This structure
supports a coherent progression from simulator activity design
to competence acquisition and measurable evaluation.

Source: Authors.

2.2. Scenarios Analysis strategy.

The methodological strategy to design simulator scenarios
is organised according to an applied educational-research logic
(see Figure 2).

Figure 2: Methodological sequence of the course: from oper-
ational evidence to sustainable competence through simulator
activities and debriefing.

Course methodological
sequence

From cperaticnal evidence to sustainable competence

Common conditions

Absshice calm - ASDYSDM - ECDIS - Detriefing

Operational evidence

AIS - real tracks
engine load - waiting times

Exercise design

familiarisation - slalom
orbit - ECDIS replication

Technical debriefing

compare executions
pawer - energy © inertia

Sustainable competences

§ eco-speed - thrust modulation
- anticipation - continuous improevement

Source: Authors.
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First, the available operational evidence from the TUG-EMI
project is analysed, including records of real tugboat manoeu-
vres in the Port of Barcelona, Automatic Identification System
(AIS) tracks, simulator data and energy records associated with
power use. The tracks used as references correspond to ma-
noeuvres of the vessels Al Khor, Azabra and Cala Mesquida,
selected for their didactic usefulness in representing routes of
different length, curvature and planning demand. Second, a se-
quence of simulator activities is designed to transform the iden-
tified inefficiencies into trainable competences. Third, simu-
lator execution records are analysed to compare manoeuvring
styles and convert them into briefing and debriefing material.
The acronyms used in the text are ASD (Azimuth Stern Drive),
SDM (Ship Docking Module), ECDIS (Electronic Chart Dis-
play and Information System), AIS (Automatic Identification
System), LNG (Liquefied Natural Gas), NTI (Navi-Trainer In-
structor) and VET (Vocational Education and Training).

This strategy is consistent with a competence-based train-
ing approach: the objective is not only to deliver content on
sustainability, but to observe whether the participant is able to
make navigation and manoeuvring decisions that reduce unnec-
essary power use while maintaining operational safety. There-
fore, assessment focuses on performance during exercises, data
analysis and subsequent reflection.

2.3. Design of the sustainable navigation and manoeuvring sce-
narios.

The workshop was designed as a progression of difficulty in
which each exercise addresses a specific sustainable-navigation
competence before integrating it into complex manoeuvres. The
first phase corresponds to familiarisation with the simulator and
with ASD and SDM models. The second phase introduces
isolated exercises in lateral control, heading maintenance and
use of inertia. The third phase transfers these learning out-
comes to realistic manoeuvres through tracks loaded in ECDIS
and complex scenarios, where an execution limited to 50% of
propulsive capacity is compared with a free execution. In this
way, the methodology allows progression from isolated techni-
cal skill to sustainable decision-making under conditions close
to real operation. All exercises were carried out in absolute
calm in the simulator, i.e., without wind, current or waves. This
methodological decision made it possible to isolate the manoeu-
vring and energy components, increase comparability between
exercises and attribute the observed differences to the partic-
ipant’s operational judgement rather than to external environ-
mental forcing.

The activities were carried out with both ASD and SDM
models. This decision allows different propulsive responses to
be compared and prevents the acquired competence from be-
ing linked to a single platform. In both cases, the training is
oriented towards the same principles: eco-speed, thrust modu-
lation, use of inertia, reduction of waiting times and operational
coordination.

For complex manoeuvres, the real manoeuvre tracks are
downloaded in order to transfer them to the simulator and dis-
play them in ECDIS. Once this representation has been achieved,
the manoeuvre can be replicated under controlled conditions.

The training protocol includes a first execution with an explicit
constraint: not to use more than 50% of propulsive capacity. A
second free execution is then carried out, in which participants
manoeuvre according to their professional judgement. Compar-
ing both executions makes it possible to assess the increase in
power and, consequently, the potential increase in consumption.

2.3.1. Scenario 1: familiarisation with the simulator and ASD
/ SDM models.

The first scenario of the course has a preparatory and com-
petence - building function. Its objective is for the participant to
understand the tugboat’s dynamic response before facing an as-
sistance manoeuvre. The relationship between engine order, ef-
fective thrust, azimuth-propulsor rotation, lateral displacement,
loss of headway and inertia is addressed. This phase is car-
ried out with both ASD and SDM models so that students can
identify differences in propulsive response and do not associate
sustainable navigation with a single tugboat configuration.

From a sustainability perspective, this activity introduces
the first key competence: distinguishing between necessary po-
wer and power applied by habit. Students learn that a higher
thrust order does not always imply a safer or faster manoeuvre,
and that smooth application of power can reduce load peaks,
overcorrections and accumulated consumption.

2.3.2. Scenario 2: slalom along a line of buoys while maintain-
ing heading.

The second exercise consists of a slalom along a single line
of buoys. Unlike a conventional slalom, the objective is not to
alternate the bow continuously, but to cross the line of buoys
while maintaining, as far as possible, a constant heading. The
tugboat must move laterally between buoys through coordinated
management of the azimuth propulsors. Figure 3 presents the
didactic diagram used to explain this exercise visually to stu-
dents, highlighting the buoy line, heading maintenance and the
tugboat’s lateral trajectory.

This exercise trains three competences directly related to
sustainable navigation: lateral control with minimum power,
anticipation of drift and reduction of abrupt corrections. The
participant must plan each lateral displacement before the posi-
tion error becomes excessive, avoiding late reactions that usu-
ally result in high thrust orders and greater consumption. The
debriefing analyses continuity of movement, heading stability
and the actual need for applied power.

2.3.3. Scenario 3: orbital displacement around a stationary
vessel.

The third exercise consists of performing an orbital dis-
placement around a stationary vessel while maintaining a head-
ing approximately perpendicular to the assisted vessel. The aim
is for the student to control relative position, course, safety dis-
tance and progressive use of thrust simultaneously. Figure 4
shows the orbital-displacement diagram, representing distance
control relative to the stationary vessel, the orbital trajectory
and maintenance of an orientation approximately perpendicu-
lar to the side.
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Figure 3: Explanatory diagram of the scenario 2: lateral slalom
exercise with a single line of buoys while maintaining heading.

Exercise 1. Lateral slalom with one line of buoys
while maintaining heading

Constant heading
l’ o
\
ek 0 E Buoys

~

R
Lateral
displacement

o) ‘|
() I Tugboat
H P trajectory
} 5 5
= = = = Trajectory (real motion)

’ A
!
6
a
———  Fixed course -~

{constant heading) -

—— Bow direction (heading)

Source: Authors.

Figure 4: Explanatory diagram of the Scenario 3: orbital dis-
placement exercise around a stationary vessel. Source: authors’
own elaboration based on the design of the course exercises.

Exercise 3. Orbital displacement around a
stationary vessel

Legend
Heading
perpendicular
to vessel

—p  Lateral
displacement

——= Orbital
trajectory

Distance
control

The azimuth tugboat keeps its heading perpendicular to the vessel side
while moving laterally along an orbital trajectory.

Source: Authors.

The main sustainable competence in this activity is the strate-
gic use of inertia. Students learn to sustain relative movement
without continuously resorting to high engine orders, using the
tugboat’s momentum as an active part of the manoeuvre. This
activity allows a central idea of the course to be discussed: the
efficient tugboat is not the one that applies the most power, but
the one that applies the necessary power at the right moment.

2.3.4. Scenario 4: transfer of competences between ASD and
SDM models.

The previous exercises are carried out with ASD and SDM

models. This comparison has important training value because

it forces participants to adapt the same sustainable principles
to different manoeuvring responses. In an ASD model, under-
standing of thrust orientation and its effect on lateral displace-
ment is reinforced; in an SDM model, coordination of propul-
sive response and movement stability in assistance manoeuvres
are addressed.

The competence sought is not to memorise a steering pat-
tern for a single tugboat, but to develop transferable operational
judgement: anticipating, modulating, conserving energy, avoid-
ing overuse of thrust and maintaining safety. This approach is
essential for continuing professional training, as tug masters
may operate different tugboat configurations and must apply
sustainability criteria without losing adaptability.

2.3.5. Scenario 5: replication of real manoeuvres in ECDIS
LNG berthing and preparation of the NTI scenario.

The fifth exercise incorporates real manoeuvres as the basis
for advanced scenarios. In this case, tracks associated with the
vessels Al Khor, Azabra and Cala Mesquida are used, making
it possible to work with real spatial references before transfer-
ring them to the simulator. The manoeuvre tracks are down-
loaded, converted and loaded into the simulator so that they are
represented in ECDIS. This visualisation ensures that the par-
ticipant works not on an abstract situation, but on a recognis-
able operational track, with spatial references, approach times
and conditions similar to those of the real manoeuvre. Figure
5 represents three real trajectories obtained from latitude and
longitude coordinates. The use of different colours makes it
possible to use these tracks as briefing material before loading
them into ECDIS and facilitates comparison of spatial complex-
ity between manoeuvres.

The execution is organised into two comparable runs. In the
first, the participant must complete the manoeuvre under the
constraint of not exceeding 50% of propulsive capacity. This
restriction is not intended as a fixed operational rule, but as a
didactic tool that forces anticipation, use of inertia, adjustment
of eco-speed and avoidance of abrupt orders. In the second
run, the participant executes the manoeuvre according to their
usual judgement. The subsequent comparison makes it possible
to discuss whether the increase in power really provides less
time or greater safety, or whether it only increases accumulated
energy, consumption and emissions.

The coordinate analysis is used for a training purpose: to
obtain sufficiently clean real tracks to prepare the briefing, se-
lect the exercise difficulty level and subsequently compare the
student’s execution with a spatial reference. The selected tra-
jectories present different lengths and geometries - 4.11 km for
Al Khor, 11.19 km for Azabra and 4.30 km for Cala Mesquida
(Figure 5)- making it possible to grade the demands of plan-
ning, anticipation and eco-speed control. Therefore, the main
interest is not to validate the simulator in this article, but to con-
vert real navigation data into useful scenarios for competence
acquisition.

From a training perspective, the main value of this scenario
lies in the replication methodology. First, the real manoeuvre
track is reconstructed and prepared so that it can be displayed in
the simulator ECDIS. Once the track is available in the bridge
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Figure 5: Real manoeuvre trajectories obtained from latitude
and longitude coordinates, corresponding to Al Khor, Azabra
and Cala Mesquida. Each trajectory is represented with a dif-
ferent colour to facilitate identification, comparison and subse-
quent loading as a reference track in ECDIS.

Comparative trajectories: Latitude Longitude

—— AZABRA (185 pts)
CALA MESQUIDA (173 pts)
—— AL KHOR (396 pts)

41.36

41.35

4134

Latitude (°N)

41.33

41.32

2150 2155 2160 2165 2.170 2175 2.180
Longitude (°E)

Source: Authors.

environment, the manoeuvre is replicated in two successive ex-
ecutions. The first is performed with an explicit constraint: not
to exceed 50% of propulsive capacity. This restriction forces
the participant to anticipate the manoeuvre, use the vessel’s in-
ertia safely, modulate thrust and avoid abrupt corrections. The
second execution is carried out without this limitation, accord-
ing to the participants’ professional judgement. The subsequent
comparison makes it possible to analyse whether the increase in
power actually reduces manoeuvre time or whether it only in-
creases accumulated energy and estimated consumption.

Figure 6: Didactic flow of the complex LNG berthing scenario:
from the real track to replication in ECDIS and comparison be-
tween execution limited to 50% of propulsive power and free
execution.

1. Real track 2. Conversion 3. ECDIS
Download / reconstruction Preparation of the file Presentation of the track
of the real manoeuvre for simulator and ECDIS as execution reference

6. Debriefing 5. Free execution 4. 50% execution

Repetition according to the [ 4——
participant's professional ‘
judgement

Comparison of power,
energy and estimated
consumption

First manoeuvre with
<50% propulsion limit

Source: Authors.

This procedure turns LNG berthing into an advanced sus-
tainable - navigation activity. Unlike the familiarisation, slalom
or orbit exercises, in which microcompetences are isolated, LNG
berthing requires them to be integrated into a complete manoeu-
vre: time planning, track control, coordination with the bridge
team, thrust modulation, safe use of inertia and subsequent en-

ergy assessment. Consequently, the exercise allows progression
from individual technical skill to an integrated and measurable
operational competence.

4. Results.

4.1. Pilot case.

The pilot case was used to test the practical applicability
of the proposed course framework under controlled simulator
conditions. Its purpose was not only to describe the training
activity, but also to obtain operational evidence on how different
manoeuvring styles influence power demand, energy use and
sustainable decision-making during tugboat operations.

The pilot course was delivered to eight maritime profession-
als linked to port operations, including tugboat masters, Marpol
captains and captains of bunkering vessels. It was conducted at
the Barcelona School of Nautical Studies (FNB-UPC) during
January 2025, using the institution’s bridge simulator, and had
a total duration of 16 hours. The case study was developed
in the operational context of the Port of Barcelona, where the
high volume of tug-assisted manoeuvres justifies the need for
specific training strategies focused on energy-efficient port op-
erations.

To illustrate the potential of the method, two simulator re-
cords corresponding to exercises performed with an ASD tug
model were analysed. These records made it possible to com-
pare manoeuvre duration, average power, maximum power, ac-
cumulated simulated energy, average thrust, time with high thrust,
longitudinal force, the relationship between ordered thrust and
power, and geographical track. Although the available quantita-
tive records correspond to the ASD model, the complete course
design also included exercises with SDM models, ensuring that
the proposed training framework was not limited to a single tug-
boat configuration but could be applied to different propulsion
responses and operational behaviours.

4.2. Analytical result: comparison of two ASD executions.

The comparison between the two ASD executions is pre-
sented synthetically so that students can interpret the result dur-
ing debriefing. Both executions correspond to exercises per-
formed in the simulator within the context of the pilot course
and show clear differences in manoeuvring style. For this anal-
ysis, total propulsive power was defined as the sum of the in-
stantaneous power recorded in the port and starboard engines.
ASD exercise 1 had a longer duration, 71.5 minutes, but showed
a lower total average power, 907.8 kW, and accumulated simu-
lated energy of 1081.2 kWh (Figure 7). ASD exercise 2 was
shorter, 57.9 minutes, but required a total average power of
1701.2 kW and accumulated 1640.7 kWh (Figure 8). From a
didactic perspective, a faster manoeuvre is not always more ef-
ficient: any time saving must be assessed against average power
and accumulated energy. Both executions were carried out in
absolute calm weather, so the comparison more clearly reflects
the effects of manoeuvring style on power demand (Figure 9-
10)
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From the debriefing perspective, the comparison was re-
duced to simple and directly interpretable indicators: total av-
erage power, accumulated energy and temporal evolution of
power. This simplification prevents a single graph from mixing
too many variables and helps students relate their manoeuvring
decisions to energy consumption, eco-speed, anticipation and
thrust modulation.

Figure 7: Total average power of the two ASD executions, cal-
culated as the sum of the port and starboard engines.
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Figure 8: Accumulated energy at the end of each ASD exercise.
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5. Discussion.

This article is structured around competence acquisition ra-
ther than a general course description. Each exercise fulfils a
specific training function: familiarisation builds technical ca-
pability; the slalom trains modulation and anticipation; orbital
displacement develops use of inertia; replication in ECDIS con-
nects training with real operation; and LNG berthing integrates
all competences in a complex scenario. This progression turns
sustainability into an observable and assessable nautical skill.

Figure 9: Temporal evolution of total propulsive power during
ASD exercise 1.
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Figure 10: Temporal evolution of total propulsive power during
ASD exercise 2.
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The use of operational graphs reinforces the training valid-
ity of the course. The speed distribution and engine-load profile
show that there are phases in which power and speed manage-
ment can be improved. The ASD execution graphs demonstrate
that efficiency does not depend exclusively on finishing a ma-
noeuvre earlier, but on the combination of duration, average
power, thrust used and accumulated energy.

The slalom and orbital displacement activities are useful be-
cause they isolate microcompetences that appear mixed in real
manoeuvres. The slalom trains lateral control and thrust modu-
lation; orbital displacement trains relative position, orientation
and use of inertia. Replication of real manoeuvres in ECDIS
then allows these microcompetences to be integrated into more
realistic scenarios. Acquiring these new competences is partic-
ularly relevant in port operations, where time pressure, safety
constraints and energy efficiency demands must be managed si-
multaneously. Traditional training prepares students to perform
the manoeuvre safely; sustainable navigation adds an additional
competence layer: performing it with the lowest reasonable use
of power, fewer load peaks, fewer unproductive waiting periods
and more precise coordination with the pilot, assisted vessel and
port control. This competence does not arise solely from the-
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ory, but from repeated exercises, comparison of executions and
data-based debriefing.

The initial restriction of not exceeding 50% of propulsive
capacity has clear didactic value. It is not intended to estab-
lish a universal operational limit, but to oblige the participant to
explore lower-power solutions, anticipate the manoeuvre and
verify whether safety can be maintained with lower energy de-
mand. The subsequent free execution allows usual practice to
be contrasted with an optimised alternative. In complex exer-
cises, such as LNG berthing, this restriction acquires additional
value because it is applied to a real track displayed in ECDIS.
The participant does not work on an abstract scenario, but on a
recognisable manoeuvre, which facilitates professional transfer
of learning.

Sustainable navigation should not be interpreted as a sim-
plistic reduction in power or speed. In a port environment,
safety remains the priority. Professional competence consists of
determining when power is necessary and when its use responds
to habit, time pressure or lack of coordination. Therefore, train-
ing must include briefing, execution, data analysis and debrief-
ing.

The collective component is another critical dimension. Ma-
ny measures - Just-in-Time arrival, reduction of waiting times
and adjusted departure from base - depend on coordination a-
mong the tugboat, pilot, assisted vessel, terminal and port con-
trol. Therefore, future editions should incorporate multi-actor
exercises and scenarios with more tugboats, time constraints,
emergencies and weather variability [4,8].

6. Conclusions.

This article presents a pilot-course model for sustainable
navigation applied to tugboats and port services in the Port of
Barcelona. Unlike approaches focused exclusively on surveys
or awareness-raising, this work is organised around the design
of training scenarios, the replication of real manoeuvres and the
analysis of bridge simulator data.

The main practical contribution is a sequence of separate
and progressive exercises that makes it possible to train sus-
tainable - navigation competences: familiarisation with ASD
and SDM models, slalom with maintained heading, orbital dis-
placement around a stationary vessel, replication of real tracks
in ECDIS, LNG berthing and comparison of executions with
different power use. Separating the exercises allows micro-
competences to be isolated and then integrated into complex
manoeuvres, helping students understand not only what they
should do, but why certain decisions reduce consumption and
emissions without compromising safety.

The analysis of two ASD executions shows that a shorter
manoeuvre may involve higher average power and greater ac-
cumulated energy. This result provides a strong training ba-
sis for discussing the relationship between safety, time, power
and consumption. Although the available quantitative records
correspond to ASD, the course was also developed with SDM
models, reinforcing the transferability of the principles to dif-
ferent tugboat configurations.

The proposed competence framework can serve as a ba-
sis for future editions of professional and continuing training
(VET, Vocational Education and Training), as well as for train-
ing programmes addressed to tugboat masters, pilots and port
operators. In addition, the framework highlights the need to in-
corporate sustainability-related competences into the academic
curriculum aligned with the STCW Convention. Energy-efficient
navigation, eco-speed, thrust modulation, reduction of unneces-
sary power peaks, use of inertia, interpretation of energy data
and environmental decision-making should not be treated as
complementary topics, but as operational competences integrated
into navigation, manoeuvring, bridge resource management and
environmental protection training.

From this perspective, the course contributes to the devel-
opment of new STCW-oriented competences linked to sustain-
able maritime operations. These competences allow trainees to
connect traditional safety-based manoeuvring with the current
need to reduce fuel consumption and emissions in port environ-
ments. Sustainability thus ceases to be formulated as an ob-
jective external to the manoeuvre and becomes integrated into
the STCW academic curriculum as an observable professional
decision-making criterion in the simulator.
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