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To initialize the wave model, TOMAWAC, WAVEWATCH III° dataset was used to force the
ocean boundaries (spatial resolution of 30 min and temporal of 3 h). Wind data from NCEP/NCAR
Reanalisys” with spatial resolution of 1.875° and temporal resolution of 6 hours were also used to force
the superficial conditions of the wave model.

This study was carried out using data from the period between January and December of 2012.
In order to represent the spatial domain, a mesh with 205.617 nodes (Figure 1) was used, with 1.5 km
between nodes near the coast, and 8 km, approximately, in ocean boundaries.

Figure 1. Study area located in the South-Southeastern Brazilian Shelf. The red lines represent the
oceanic liquid boundaries and the spiral represents the atmospheric surface conditions. The green
dot represents the initial position of the ship. The yellow dot represents the in situ data from buoy
PNBOIA-SC. Bathymetry is shown in the color bar.

3. Calibration and Validation

To validate the hydrodynamic and wave models a simulation comprising the year of 2013 was
performed and compared against observed buoy data.

A validation comparison was performed throughout a comparison of time series, the modeled
and observed, and applied a set of performance skills and statistical metrics to validate TOMAWAC
(Hmo and Tp) and TELEMAC-3D (intensity of current velocity) results. The comparison was done with
the time series measured by the wave buoys from PNBOIA® (Programa Nacional de Boias) which is a
Brazilian project to collect oceanographic and meteorological data along the Brazilian coast. The data
from PNBOIA were obtained on the coast of Santa Catarina (28.8333° S, 47.6000° W, 500 m depth)
(Figure 1).

Despite the small number of observed data (5 months) available for 2013, the time series
comparison between model and buoy data (Figure 2) indicates a good representation of the model
results, when compared to the buoy data tendency. Nonetheless, visual comparison cannot be used on
its own to define the accuracy of the model.

ftp://polar.ncep.noaa.gov /history /waves
https:/ /www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html

8 http:/ /www.goosbrasil.org/pnboia/
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Figure 2. Time series of spectral significant wave heights (m), peak period (s) peak direction (°) from
TOMAWAC (blue), and velocity intensity (m-s~1) from TELEMAC-3D (black), compared against the
observed data from the Santa Catarina PNBOIA buoy (red).

The usage of statistical metrics and well-known performance skills can quantify this comparison
for better understanding the tendencies observed [21-25]. The desirable results for these statistical
metrics are values closer to 0 (for RMSE, MAE, MSE, Bias, and SI), while others indicate better
agreement between model and buoy with values closer to 1 (IC, SS, R?).

At Table 2, Hy,, shows low RMSE values (near to 0.6 m), this tendency is enforced by low
MAE values with 0.43. These values are lower than those found in the literature [23,26]. The Willmot
Concordance Index (IC) [21] represents the ability of the model to reproduce the observations, resulting
in 0.70, the accordance of the model data presents good confidence.

Table 2. Comparison between statistical metrics for wave and current data. Spectral significant wave
height (Hyn,), peak period (Tp) and current intensity (Int) analyzed among the Santa Catarina PNBOIA
buoy. RMSE, MAE, Bias, n10dan, 0bSmean, m0dgyy, 0bsgty are in the same units of the parameters, SI is

in percentage. NA = Not Applied.

Hmo T, Int

modmean 197 9.85 026
0bSmean 1.75 9.10 0.18
modyy 070 253 0.14
obsgtg 0.67 140 0.10
RMSE 057 NA 0.6
MAE 043 NA 013
IC 070 NA 086
MSE 033 NA 0.02
Bias 022 074 0.07
SI (%) 33 23 NA
SS 112 110 NA
R? 070 0.65 NA

Despite the differences presented (Table 2), other wave statistics (Rz, Bias, SI and SS) were
also applied to the analysis [22,27,28] to better validate the accuracy of the model. Khandekar [27]
performed several model verifications with statistical methods, concluding that most models with SI
lower than 35% are considered able to predict the studied environment; for instance, all SI comparisons

(Table 2) show competence [28].
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Standard deviation and mean values are within the range of acceptance, with bias close to zero
indicating excellent agreement between predicted and observed data. A slight overestimation of
the model data over the buoy is observed since SS values are higher than 1. The Pierson correlation
coefficient (R) remains around 0.70, which is an acceptable result, according to Lalbeharry [23].

TELEMAC-3D ability to predict the buoy data was evaluated for the intensity of velocity (Table 2).
RMSE (MAE) of 0.16 m-s~! (0.13 m-s~!) presented low values in this comparison resulting in good
agreement, in addition to an IC of 0.86. The MSE presented values closer to zero in all cases, indicating
good agreement between model and buoy.

In this section a validation has been discussed in terms of current and wave parameters,
whereas the hydrodynamic model TELEMAC-3D and wave model TOMAWAC were able to show
good reproducibility of results behalf the buoy data and also being able to maintain the patterns and
tendencies observed.

4. Results and Discussions

To study the influence of each force involved in the MMG Model methodology, five simulations
were performed with the forces applied separately. The vessel had an initial velocity of 9.72 knots on
the x axis, and —9.72 knots on the y axis, resulting in 13.7 knots approximately (the resulting vector).
This energy was dissipated over the time according to the intensity of each force of the MMG Model
and the dissipative forces.

The forces applied in the model are not necessarily dissipative forces only—they can be viscous
forces, sometimes dissipating the ship energy, sometimes “helping” the ship to perform its movements.
It depends on the relative direction between the forces and the ship.

Figure 3 shows the results of 5 h of simulation on 5 April 2012. This figure shows the routes
performed by the ship with each influence applied separately, in all cases with the same initial
conditions. Wave height is shown in the color bar. White vectors represent the wave direction while
the black vectors represent wind direction.

To compare the simulated cases and see the differences between the ship with and without
external forces, a simulation where no forces were involved and the ship had only the initial velocity
condition was performed; in this way, the vessel dissipation of the energy only occurred trough the
viscous and frictional forces acting as drag forces, as well as the dissipation trough the additional mass
of the ship.

Chen et al. [19] showed the wind influence on a vessel’s trajectory, when the vessel trajectory was
deflected to North due to the influence of South acting wind. In the present study, it was possible
to confirm that wind factor exerts a major role determining the trajectory distance and direction,
while ocean currents induce more variations on rotational angles of the ship movements.

When the wind influence was simulated by the SHIPMOVE, it was possible to notice affinity to
the results presented by [19]. On the simulation day, the wind conditions had major incidence direction
of east. In this way, it was expected that the ship should deflect to starboard, and start to change
its route direction South. From Figure 3 it is possible to notice that the ship did deflect to starboard
corroborating with the previously studies, and demonstrating the accuracy of the SHIPMOVE.

Also, in Chen et al. [19], the effects of incident waves striking the lateral of vessels were studied.
The authors conclude that waves focusing on the lateral of the ships have the strength to drive the
vessels to the wave direction. For example, if the waves come from the South and collide on the lateral
of a vessel, it will deflect the vessel trajectory a few degrees North.
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Figure 3. Routes performed by the ship in 5 hours of simulation.

Once again the present study demonstrated good agreement with the literature. For the case
study, the waves of the simulated day were traveling North, with significant wave height varying from
2.5 m to 1.5 m close to where the vessel trajectory was calculated. With these conditions, the wave
action was capable of deflecting the vessel trajectory port and deflect the trajectory that firstly started
South-east to East and tendency to go North-east.

When the rudder force is analyzed trough the SHIPMOVE model it is possible to notice the
proportionality of the force compared to the ship velocity; therefore, the force tends to reduce over
time along with velocity. In the beginning of the simulation, the force is capable of making the ship
change its direction to the North-east; however it is not strong enough to make the ship dissipate
its initial energy totally; then, the vessel obtained a large trajectory, been the forces in x and y axis
positives, in this case, first quadrant of a Cartesian grid.

The case in which the ship suffers hull force is similar to the rudder force case, but in the hull
case the force is great enough to make the ship dissipate its initial velocity, and that is the reason
the vessel trajectory is so small. In the first moment, the force is so strong that it can almost stop the
ship, but when its velocity becomes small, the forces follow the velocity decay, allowing it to move,
even with a small velocity. This is why the ship does not stand still over the 5 h of simulation.

The total distance performed by the ship in all cases can be discovered by calculating the resulting
distance; Figure 4 shows the distance in each axis of the translational movements of the vessel.

In the case of only wind force acting on the ship, it covered approximately 65 km on the x axis
and 90 km on the y axis, totalizing 112 km. With only the hull force, 21 km on x axis and 4 km on y axis
totalizing 22 km. The study case only with wave forces was when the ship had his greater trajectory
on x axis, 132 km, and 48 km on the y axis, totalizing 140 km. The ship navigated 117 km in the rudder
case (110 km on x and 40 km on y). When the ship was simulated only with initial velocity, without any
of the forces applied, it navigated 100 km, approximately (79 km on x and 61 km on y). Figure 4 also
shows the ship’s linear movements on z axis (heave movement), which has much smaller magnitude
in all cases.
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Figure 4. Translational movements performed by the ship.

The timeline of ship’s velocity in each case can be seen in Figure 5.
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Figure 5. Timeline of ship’s velocity.

To better understand the movements performed by the ship, we studied the velocity timeline of
the ship over the 5 h of simulation for each case.

When the ship suffered only the wind forces, its velocity remained almost constant, reaching
10.5 knots near to the second hour of simulation, and then it raised to 12.5 knots approximately.

The ship had the greater velocity in the wave forces case, reaching 22.5 knots in the last hour
of simulation, but it had a minimum (12.5 knots) between the second and third hour of simulation.
The increase of the velocity can be attributed to the wave direction. In Figure 3, the wave starts to push
the ship North.

In the rudder case, the ship had a peak near the beginning of the simulation, reaching more than
15 knots, but it starts to decrease after the first hour of simulation, and finishes with less than 10 knots.
The hull case was the slowest case of them all. The ship began with 13.7 knots and then started to slow
down from the beginning because the velocity depends on the force. The ship, after the first half hour
of simulation, stabilized near to 2.5 knots and finished with this speed.

To finish, the case where the ship navigated only with the initial velocity dissipating its energy
due to dissipative forces, had an initial velocity of 13.7 knots and, almost linearly, decreases to 8 knots.
This is acceptable due to the fact that no external forces are involved, so the dissipative forces remain
almost the same during all 5 h of simulation, since the ship and fluid properties did not change during
the simulation.
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Also, the angular movements of the vessel were studied in for every case, as shown in Figure 6.
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Figure 6. Rotational movements performed by the ship.

Looking at the roll movement, the vessel had the greater oscillation in the hull case (—0.225°),
it can be attributed to the fact that the vessel had smaller speed, so the hydrodynamic forces could act
more intensely.

On the other hand, in the wind case, the ship remained near to 0°, corroborating the study of
Chen et al. [19] that said the wind has a smaller contribution on angular movements.

When the ship navigated without any external forces, its movement was a little larger when
associated with the wind case, transcending —0.1°, but its variation from 0° to 0.125° was almost linear.

In the rudder case, the ship oscillated around —0.2°, with a peak (—0.22°) around the first hour of
simulation. After that it stabilized on —0.2°.

The roll movement on the wave case was the case where the ship had the greatest instability,
varying from 0° to almost —0.2°, and between the third and fourth hours of simulation the ship
presented a movement of —0.075°.

Almost all cases were positive in the pitch movement, with the wave case as the largest one and
the case where the ship had its greater variations, the same occurred in the roll movement, due to the
high speed. It reached 0.25 °.

Right below was the rudder case with 0.24° as a peak in the first hour. After this, it stabilized in
0.225° until the end. In the hull case the ship did not oscillate after the first hour, remaining on 0.16°. In
the case without any external forces the ship had not transcended 0.1°, been almost linearly variation.

The only case in which this movement was negative was in the wind case, remaining near to
0° during the 5 h of simulation, showing again the fact that the wind has no major influence under
angular movements.

In the yaw movement, the hull case was the case that the ship had the largest value, reaching
—0.24°, but it had no oscillations during its simulation after the first hour, showing stability. The rudder
case was the second largest value, remaining in —0.21° with a little variation between the first and the
last hour of simulation.

When the ship navigated suffering no external forces, it had the second largest instability
(0° to —0.125°), increasing almost linearly during its simulation. In the wave case, the ship had
larger oscillations, varying from 0° to —0.07°, and then returns near to —0.05°. After the fourth hour of
simulation, the ship performed yaw movements from —0.06° to —0.15° in the end. Again, the wind
case was the case with fewer values related to angular movements. In general, all cases the ship had
behaved similarly in roll and yaw movements, coincidentally.

When it is stated that there were more variations or instability, it means the ship had more
variations during the 5 h of simulation—it does not mean the difference between the initial and the
final value. It can be understood that in the cases where the hull and the rudder were studied, the ship
reaches some stability near to the first hour and in the other cases, the angular movements vary during
all simulation periods.
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The behavior of the ship observed in all cases disagrees with the results reported by similar
studies (Cha and Wan [29], Chuang and Steen [30], Bennett et al. [31], Ozdemir and Barlas [32]).
Cha and Wan [29] had obtained regular sine-wave behaviors for the pitch movement, with linear
characteristics. Such behavior was not observed on the Figure 6; however, the present study uses real
waves and not regular waves such as in Cha and Wan [29].

The pitch movement angles presented by Ozdemir and Barlas [32] range between —3° and 3°,
which is greater when compared to the angles found in the present study. However, the vessel used by
Ozdemir and Barlas [32] was significantly larger (320 m), and the waves were 180° related to the ship’s
direction, while in the present study the waves focus with different angles.

It is crucial to acknowledge the uncertainties related to ship modeling in the ocean, due to the
stochastic nature of this environment [33]. Such uncertainties are caused by the several approximations
considered in both the hydrodynamic and ship model, the environmental data used to force the
hydrodynamic model at its boundaries, and the MMG ship characteristics. The center of mass is
a commonly used approximation in many ship models; however, it is expected that not considering the
complex geometry of the ships may be an important source of uncertainty. Moreover, accessing the ship
coefficients that are necessary to run and calibrate the MMG Model is still a difficult task, due to the
private and commercial nature of the ships. Papanikolaou et al. [34] applied a model with 4 degress of
freedom to simulate ship behavior under extreme conditions. They found that theorical and numerical
results provide good results for practical uses, yet their accuracy decays as the simulation evolves
over time.

5. Conclusions

Numerical simulations using three numerical models (SHIPMOVE, TELEMAC-3D and
TOMAWAC) have been performed seeking to understand the movements performed by a ship under
external forces classified trough the MMG Model. In this study, a few cases were simulated where each
case corresponds to a different external force applied on the ship, allowing the authors understand the
influence of each force.

In this way, some conclusions can be taken from the study:

e The ship had its trajectory deflect to starboard due to East winds, showing that wind has an
influence on the ship behavior during navigation;

e The ship had its trajectory deflect to port due to North waves; in this way the waves can influence,
significantly, the ship’s route, mostly on the longer ones;

e The wind force has no major influences in the angles of angular movements, but it can influence
the ship’s trajectory mainly in longer distances;

e The wave force can significantly deflect the vessel trajectory and it is able to affectthe angles of
angular movements performed by a ship;

¢ The external forces classified as MMG Model can push the vessel or make its linear movements
difficult, which depends on the relative angle between the vessel and the forces;

e The external force direction associated with high intensity of sea and wave height can deflect a
ship’s trajectory or reduce its final displacement;

. The physical characteristics of a vessel, such as mass and geometric, form can influence the
performance of a ship under severe scenarios;

e The velocity of a ship can significantly influence the external force magnitude, which depends on
the relative velocity, including the hull and rudder forces;

From the results of this study, it can be concluded that external forces can affect significantly
a ship’s trajectory, and these effects can be observed in the final trajectory, and during the trajectory
also as angular movements and the ship’s instability.
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As well as these results, the numerical modeling using the SHIPMOVE model can be an effective
and useful tool for predicting and avoid unstable zones in the ocean, including vessel movement under
various scenarios.

Moreover, the SHIPMOVE numerical model can be useful to study the influence of each external
force and how researchers can improve the performance of a ship in severe scenarios.
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The following abbreviations are used in this manuscript:

CESUP-UFRGS  Supercomputing Center of the Federal University of Rio Grande do Sul

CNPq Conselho Nacional de Desenvolvimento Cientifico e Tecnol6gico
HYCOM Hybrid Coordinate Ocean Model

1C Index of Concordance

JTTC Japanese Towing Tank Conference

LANSD Laboratério de Analise Numérica e Sistemas Dindmicos
LNCC Laboratério Nacional de Computagao Cientifica

MAE Mean Average Error

MMG Model Maneuvering Modeling Group

modmean Mean value of the model data

modgy Standard deviation value of the model data

MSE Mean Square Error

NA Not Applied

NOAA (National Oceanic and Atmospheric Administration)
NCEP National Centers for Environmental Prediction

NCAR National Center for Atmospheric Research

0bSmean Mean value of the observed data

0bsg14 Standard deviation value of the observed data

PNBOIA Programa Nacional de Boias

RIOS Research Initiative on Oceangoing Ships

RMSE Root Mean Square Error

R? Pierson error coefficient

SI Scatter Index

SS Mean Square Inclination

SHIPMOVE SHIP MOVEMENT MODEL

TOMAWAC TELEMAC-Based Operational Model Addressing Wave Action Computation
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Abstract: Critical aspects of the environment can reduce the efficiency of Environmental Management
Systems (EMS) when applied to Marine Transport. Accordingly, this paper focuses on the improvement
of the traditional EMS approach through the usage of Balanced Scorecard (BSC). The BSC represents
a managing tool able to measure and increase organizational performance, taking into consideration
environmental aspects. The proposed method, based on the ISO 14001 standard, allows management of
environmental metrics through conventional BSC systems and it is applied to the biggest organization
for marine transport in Montenegro as a case study methodology. In this qualitative investigation,
particular attention was paid to creating EMS criteria able to orient the complete business operation of
the organization but also to test their potential linkage to the conventional BSC approach. Four models
of the BSC were created, each one including to a different extent the issue of environmental protection.
Finally, an expert’s evaluation of model efficiency, based on the ISO 9126, was carried out. As a result,
the best ranked model is recommended for the selection of an approach toward environmental
protection based on the use of the EMS metric in a conventional BSC system. This method—in short
ECO-BSC—was developed for the specific benefit of those organizations operating on the marine
transport market.

Keywords: marine transport; environmental management system; balanced scorecard; ISO 14001;
1SO 9126; ISO 14598; AHP method; MCDM method

1. Introduction

The ISO 14000 group of standards provides recommendations and practical tools for companies
and institutions of all types seeking to manage their environmental responsibilities. In particular,
the ISO 14001, focused on the Environmental Management System (EMS), gives basic directions for
the systematic improvement of environmental protection. Furthermore, it could be applied to all
organizations regardless of their size, sector of activity and so on. EMS helps the firms to reduce
their adverse environmental impacts while improving their economic efficiency [1]. The proof that
an organization respects the requirements of ISO 14001 standards is a special certificate. The certificate
compels an organization to pursue a way to improve their environmental management system; however,
it is not a guarantee of real ecological enhancement. In other words, the ISO 14001 certification itself
cannot ensure improvement of environmental performance.

In addition, it is noteworthy that the initial version of the ISO 14001, dated 2004, did not provide any
direct obligation referring to the improvement of ecological goals. The new issue, dated 2015, includes
conditions focused on how to improve ecological performance in management but achievements in that
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direction are still not mandatory prerequisites for obtaining the ISO 14001 certificate. As a consequence,
even if this new issue is quite clear in showing the relevance of ecology in business, there is not a clear
explanation for how an organization can measure and then improve environmental performance. This
limit in the standard is maybe related to the fact that, up to now, practical results of specific managing
situations, more than general methodologies, seem the most appropriate way to prove a positive effect
of the implementation of an EMS.

Research articles focused on improvements of environmental performance through the
implementation of the ISO 14001 standard, in fact, propose unresolved conclusions. On one side,
Franchetti [2] is determined to show the positive effect of the application of environmental standards.
In particular, the author examined the effect of the ISO 14001 certification on solid waste generation in
US industrial organizations and found that solid waste generation rates are significantly reduced with
EMS certification. On the other side, several groups of researchers propose discordant indications.
In Reference [3-5] it was argued, for instance, that the ISO 14001 standard does not improve the
environmental performance of organizations, while in References [6-8] quite the opposite evidence
was provided, suggesting the possibility of performance declination.

Therefore, the ISO 14001 implementation should be amended in its application to include
elements of performance management as the only way to ensure the continual harmonization with the
requirements set out in the standard. According to this, a possible solution could be setting the ISO
14001 objectives throughout an entire organization and for all employees, through some instrument for
performance measurement

In this sense, the Balanced Scorecard (BSC) as a strategic management system and performance
management system could turn out to be quite a good choice for organizations that consider the
environmental management system as strategically relevant.

In part 4 (four), different models of the BSC have been implemented and discussed, each integrating
the same EMS orientations but in a different way. These models have been assessed by Experts with
reference to a specific case study on marine transport. The evaluation has been performed in accordance
with the requirements for product quality of the consolidated standard ISO 9126: Software engineering-
Product quality (later replaced by the ISO 25010 with marginal changes [9]), widely adopted for the
assessment of software products and similar applications.

The fundamental scope of the ISO 9126 is to correctly define priorities and assess them in reference
to measurable values in accordance with four main directions: quality model, external metrics, internal
metrics and quality in the use metrics. This quality approach takes into consideration general criteria:

Functionality
Reliability
Efficiency
Maintenance
Portability
Usability

* & & o o o

These quality criteria are detailed by sub-characteristics (as Suitability; Accuracy; Interoperability;
Security, ... ) and further divided into attributes. The most relevant peculiarities of those attributes are
related to the fact that they have to be selected in a way that they represent a measurable and verifiable
entity of the product. At the same time, those attributes are not rigidly defined a priori through the
standard. Thus, the ISO 9126 can be reoriented for its use in the presence of different applications
(in respect to the evaluation of software products), as in the present case.

The final assessment is performed in accordance with the procedure of evaluation defined in the
standard ISO 14598 (later replaced by the ISO 25040 with minor changes in the procedure of evaluation).
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2. Materials and Methods

2.1. Strategic Management System-Balanced Scorecard (BSC)

Among different concepts and tools for achieving high performance and, therewith, an efficient
management system—such as SWOT (strengths, weaknesses, opportunities, threats) analysis [10,11],
Value Chain [12], Lean Six Sigma [13], Total Quality Management [14,15] etc.—the Balanced Scorecard
(BSC) represents a managing tool able to transform the strategy of an organization into objectives and
measures (metric) at all organizational levels. Through BSC each individual in an organization has
an opportunity to provide a personal contribution to strategy accomplishment and simultaneously has
an insight into the value of the work.

Furthermore, the BSC identifies strengths in the company, highlighting in the analysed company
the return over assets, return over equity, product quality, operative cycle time and the satisfaction of
employees [16]. The strengths and weaknesses identified have a direct relationship with the achievement
of goals, which are set according to the historical information of the company and the average values
of the industry of stony aggregates.

The graphical presentation of the BSC in Figure 1, based on Reference [17], shows the translation
path passing by the Mission, Vision and Strategy concepts into a system of activities grouped
through 4 key Perspectives [18]. All perspectives, representing the direction of strategic activities
inside an organization, are of equal importance and have to be monitored. In particular, these four
perspectives must be continuously measured, analysed and improved so as to conduct comprehensive
measurements [19]. This endless process of improvement was represented coupling a Top-Down direct
path with a Bottom-Up feedback [20-22].

Top o Al
X:  improvement s
‘I@*-- N . ~o N
Plan XUV T TNy
Vision
Strategy
Perspective
Internal Learning | 4
Finance | Customer processes |and Growth
Objective | Objective | Objective | Objective
Measure | Measure Measure | Measure
Do
Targets Targets Targets Targets
v Activities | Activities | Activities | Activities
Dow — Bottom

Figure 1. Managing mission, vision and strategy with the Balanced Scorecard (BSC) approach [17].

The importance of the BSC is particularly evident in the Bottom-Up path where the activities that
are directed to the accomplishment of the target values are defined with the purpose of monitoring the
degree of goal fulfilment. Such an approach continually provides management with a real picture of
the organization’s status in relation to defined strategic methods and indicates critical points where
performance improvements are both possible and desirable. In order to attain the strategy, the objectives
and measures of all defined perspectives have to be compatible and connected in a cause-and-effect
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chain so as to contribute to fulfilment of the strategy. In this way, the activity of an organization aimed
at a continual improvement through the PDCA cycle becomes permanently initiated; the environment
today is ever changing and therefore it is impossible for one defined strategy to be applied without
improvements and reconsiderations.

The Balanced Scorecard recommends 4 standard perspectives (as listed in References [18,23,24]):
learning and growth, internal processes, customers and finance; but these perspectives are not strictly
defined parts that should be followed completely. Actually, the number and structure of perspectives
depend on strategic organizational orientation, so some organizations can include in their strategy
only 3 perspectives while other organizations can have 5 or more perspectives. Even though there
is no strict form of the BSC system that could be applied to all organizations, it is possible to define
two different concepts of the BSC which present the first decision in its implementation [7,20]:

¢ Concept of profit organization
¢ Concept of non-profit organization

Profit organizations are mainly focused on financial profit, which indicates that all objectives of
the different perspectives are linked in a cause-and-effect chain, which is driven towards financial gain
of the organizations. Non-profit organizations have a budget that services objective realization of all
other perspectives, where the perspective of the customer’s satisfaction is the most important and
represents the outcome of the cause-and-effect chain of all other perspectives.

2.2. Environmental Management System and Balanced Scorecard

How can the metric of the environmental management system of a certain organization be
included in the Balanced Scorecard system and which approach is more effective?

According to References [23,25-28] environmental and social aspects can be integrated into the
BSC, in order to create a SBSC, in 3 different ways:

1. Modify the existing perspectives of the BSC model
Create new perspectives that include these elements
3. Create a special ecological/social scorecard

Between them, the most common approach is the first one (through 4 perspectives) but the second
approach is also quite common, with the new perspective of focusing on environmental objectives.
However, there are many supporters of the following concept: the addition of a new perspective
depends on the strategic importance of these objectives [18,25,29-34].

However, EMS managers have a justified fear that there is an insufficient number of ecological
objectives within the BSC model, meaning that these issues will be more and more neglected. It is also
important to mention that this kind of involvement of the environmental objectives into a profit
oriented BSC has to be realized in a way that also achieves the objectives of the financial perspective.

On the other side, in the BSC systems of non-profit organizations, the relations between perspectives
are defined in order to achieve satisfaction of customers or stakeholders by using the available budget.
According to this point of view, the non-profit approach of BSC could be much more efficient for the
issue of an environmental management system than the profit oriented BSC model.

The third approach which includes the environmental metrics in the BSC represents the creation
of the so-called SBSC (Sustainable Balanced Scorecard) which encompass all metrics that are in relation
to the Environmental Management System, the social and financial perspective and which is connected
with the BSC of the whole organization. The most important thing is that the SBSC is always profit
oriented in profit oriented organizations. The possible negative aspect of its usage in practice is the
establishment of a parallel system focused on EMS in relation to the conventional BSC. In accordance
with the EMS established by ISO 14001, any other management system which is not entirely included
in the BSC can also be considered a parallel system.

In line with this, there is a proposition where:
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The Balanced Scorecard system with the ECO BSC system based on the principal of non-profit
organizations and oriented toward the environmental protection management system presents an
efficient management system which mainly improves ecological performance.

This hypothesis suggests the fact that the key to accomplishing an effective and efficient
management system providing and improving environmental performance lies in a good connection
between ECO BSC and the conventional BSC system where is ECO BSC is based on a non-profit model
of connected perspectives.

2.3. The Case-Study: A Profit Organization Performing Marine Transport

In the paper “AD Barska plovidba”, a profit organization located in Montenegro—an active
marine transport organization—was studied as a case of the implementation of the EMS approach
based on the conventional BSC system. This action allowed environmental metrics to be included in
the company management for the first time with results used to evaluate and select the best model
for implementation.

Probably better known as “Montenegro Lines”, the Company was founded with the aim of
providing marine transport services, marina activities, international freight forwarding and a marine
agency. The Company carries out its basic activity (marine transport) through the transport of passengers
and cargos (Figure 2) on the lines between Montenegro and Italy (mainly Bar-Bari-Bar). It is located in
the Port of Bar which is traditionally seen as the strategic node in the pan-European corridor connecting
East Europe and the Balkans (as Budapest, Belgrade) with Central-Southern Italy (Bari, Taranto) and
other Mediterranean ports, relevant in terms of passenger and merchandise flows.

Figure 2. Montenegro Lines passenger ships and cargos at anchor in the Port of Bar, namely, “Sveti
Stefan”, “Sveti Stefan II” and “Bar”cargo (from left to right).

The Company conducts its core business with 2 passenger ships:

¢ “Sveti Stefan”, class “Bureau Veritas”, length 109 m, speed 21 knots, with the capacity of
550 passengers, 240 beds in the cabins and freight capacity of 205 vehicles,

¢ “Sveti Stefan 11”7, class “Det Norske Veritas”, length 118 m, 22 knots, with the capacity of
920 passengers, 495 beds in the cabins and freight capacity of 36 trucks (up to 12 m) or 24 (up to
18 m) or 225 cars.

Inside this organization, the conventional BSC system allowed planning for the entire business but
prior to this survey, the issue of the environmental management was covered by a rather insignificant
set of measures. At the same time, an established Safety Management System (SMS), based on the
International Safety Management (ISM) Code and mainly oriented towards environmental protection,
is prescribed by the International Maritime Organization (IMO) as a mandatory regulation for all
marine companies operating in international maritime traffic.

This combination made “Montenegro Lines” a very interesting case study for the current analysis,
also taking into account the new company strategy, which focuses on environmental protection, in due
accordance with the international standards and the legislative requirements applicable to marine
transport organizations.
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3. Development

3.1. Approaches to Integrating the EMS into the Balanced Scorecard

Popular books about Balanced Scorecard [20,23,25,32] have not elaborated in detail the issues
of implementation of the ecological aspects in BSC models; besides, they have presented strategic
maps of specific for-profit organisations with a considerable number of ecological goals within existing
BSC perspectives.

The environmental protection goals within these profitably oriented strategic maps (in the way
that they lead to the fulfilment of financial goals as the organisation’s ultimate goal) are mainly focused
on the offer of a “green” product to sensible “green” buyers and on their financial gain.

Nevertheless, there are research papers on the sustainable concept of the BSC, namely SBSC as
Sustainability BSC.

This concept primarily seeks to determine the strategically relevant environmental and social
goals of the organization that lead to the creation of economic value by the causal and consequential
relationships of the perspective so that it is oriented towards three key elements: finance, ecology
and society.

Literary sources show that adding a new perspective or creating a special scorecard actually
depends on the strategic relevance of environmental protection for the organisation [23-25,29-34].

3.2. Integration of Environmental and Social Aspects

Environmental and social aspects can be considered by the existing 4 perspectives through strategic
elements, objectives and measures. In this way, environmental and social aspects become an integral
part of the conventional BSC and are automatically integrated into a causal chain that is hierarchically
oriented towards the goals of the financial perspective in profit organizations. These aspects need to be
integrated into the market system and to tend to the ‘green’ products’ buyers.

However, the number of environment-centred objectives and measures that involve such an
approach in the BSC is fairly limited and insufficient to cover the overall issue.

However, a large number of organisations that are insufficiently focused on the issue of
environmental protection still accept these approaches explaining that this issue is still covered
by certain BSC objectives.

3.3. Creating a New Ecological/Social Perspective

With this approach, there is a large number of environmental and social aspects that cannot
be fully integrated into the market changes for the simple reason that they are not being explicitly
marketed. Creating a new perspective provides a clearer picture of the integration of environmental
and social aspects into the conventional BSC model, at the same time creating an opportunity for
expanding the metric that encompasses this issue. Elements of an ecological/social perspective must
be linked to all other perspectives, not just to the financial perspective. It is also possible to create
two perspectives that include independently social and ecological requirements.

However, in practice, the most common approach is the inclusion of sustainable development
elements in the conventional BSC model, while adding the perspectives that these goals are unifying
is less common because, for most organizations, sustainable development is not strategically
relevant. This is the reason why there are numerous advocators of the concept that the addition of
a “new perspective depends on the strategic relevance” of these elements [18,23,25,30-33,35,36].

3.4. Creating A Derived Ecological/Social Scorecard

The previous two concepts always create a justifiable concern with the managers responsible for
environmental protection, on the grounds that this problem will be even more neglected due to a scarce
number of objectives focused on the financial perspective within the BSC model.
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The third approach to integrating environmental and social aspects into the BSC involves
creation of a specific ecological/social scorecard in parallel with the conventional BSC. The derived
ecological/social scorecard is not detached from the conventional BSC and must be associated with it in
order to strengthen the ecological commitments of the organization’s development.

Actually, scientists developed an extended architecture of BSC under the name of SBSC and they
did it for two reasons [37]:

1. to allow management to define specific metrics in all the three dimensions of the company
sustainability: economic, environmental and social;

2. to let SBSC merge these three dimensions in a single integrated management system instead of
a parallel system.

The point is that this particular scorecard that would manage to cover the overall issue of
sustainable development would be profit-oriented. The reason for the rare usage of this model in
practice is the creation of a parallel system in relation to the conventional BSC [38,39].

However, in the literature, several examples of the application of SBSC exist but always dealing
with EMS in profit-oriented situations [35,36,40,41].

Furthermore, in Reference [42], the authors claim not to have great expectations for SBSC, since this
method seems not appropriate to permit radical changes in business operations when oriented at
providing a sustainable development. In these terms, it is considered, in practice, a simple managing
tool for the implementation of a strategy (as in References [42,43]). This is why the management
has to set strategic priorities for sustainable development in the first place and then use SBSC for
implementing strategic priorities [42]. The survey [26] is in compliance with the aforesaid as it says
that the sustainable development must address a strategic direction of an organization, so as to provide
the success of SBSC by continuous monitoring of metrics related to these issues and the continuous
work of all employees.

Otherwise, sustainable development becomes an activity which is not considered a factor of
competitive advantage for an organization and is therefore not dealt with in the organisation [26].

In Reference [44], an investigation implemented inside the port industry, it is shown how tools
like BSC can permit employees to effectively take part in the EMS application; this condition represents
an aspect fundamental for gaining environmental performance in real situations.

In Reference [45] it is pointed out that in all organisations where the clear compliance with
the regulations governing environmental protection is mandatory, as in the case of port industry
organisations, it is possible to combine different management tools with BSC with the aim of increasing
the environmental protection effectiveness and efficiency. In this way, the application of management
innovations would enable both employees and management to actively and efficiently find ways to
work in the field of environmental protection [45].

In Reference [46], an assessment of the effect of different environment management strategies
based on the Port of Alexandria, all environmental aspects of the port were presented in the first
place for relevance. Then, by modelling the system, it appeared that the application of SBSC system,
which provides “more environmentally, socially and economically friendly approach to port operations over the
long run”, could effectively lead to the reduction of gas emission.

In Reference [46], in particular, it is also claimed that the SBSC approach is especially suitable for
those organisations that have not implemented a BSC yet but want to integrate sustainable development
goals into employees’ everyday activities without establishing BSC for complete business practice.
It can also be appropriate for those organisations with established BSC but wishing to get strategically
oriented to and put special emphasis on the sustainable development [46].

In Reference [47], a survey is reported, done with regards to the relationship between the SBSC
and a traditional eco-efficiency analysis. The study highlights that the “eco-efficiency is an instrument for
estimating and controlling the appropriate key performance indicators for two major aspects of sustainability;
namely, environmental and economic issues”. In this terms, the eco-efficiency analysis may be considered
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as a connection between SBSC and the EMS, just because both systems rely on material and energy
flow analysis and use life-cycle assessment approaches.

Hence, experiences in the application of SBSC are quite different. However, it is typical that these
approaches, as the ones previously presented, move toward the inclusion of sustainable development
goals and measures into the BSC for profit organisations. Therefore, the environmental protection
involves goals and measures connected through BSC perspectives in such a way to be completely
in compliance with models for profit organisations. It means that they aim at fulfilment of financial
perspective goals, as clearly shown in Reference [18,20,25,29,31,47-51].

In particular, [36] points out that specific conceptual modifications inside the BSC (respect to
the original model) have enabled its evolution with the effect to increase its application in practise.
The paper creates a new ECO BSC model respecting the operating principle of non-profit organisations
but also considering the budget as a relevant issue inside all ecologically relevant measures. It means
the attention to the budget is not limited only on those aspects that increase organisation’s profit.
At the same time, such model locates financial perspective on the top, in the way that financial effects
of such financing of environmental protection can be measured. With this approach, tested in practice,
new version of BSC, conceptually oriented to the environmental protection, can be created.

4. Results

4.1. ECO BSC System Created on the Concept of a Non-Profit Organization

With the aim of analysing all the approaches adopted of the EMS by the application of the BSC
and with the aim of finding the most efficient way, the definition of ‘ECO BSC’ systems was initiated.

Objectives and measures of the ECO BSC are integrated within the framework of 5 perspectives
(budget, learning and growth, internal processes, stakeholders, finance) and mutually connected
in a cause-and-effect chain through strategic map created on the approach of BSC for non-profit
organizations, as shown in Figure 3. Therefore, the essence of this model is to link the objectives
and measures related to EMS so as to establish their mutual correlation and finally their impact on
financial results. The point of such a model where objectives and measures are defined at all levels of
the organization is that all employees at all levels of the organization are engaged in environmental
issues and that such activities can be measured.
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Having in mind that the BSC system consists of a well-designed metrics that cascade translate
organization’s strategic objectives to all employees, for the purpose of creation of the ECO BSC
system, the communication with the employees and the EMS manager was accomplished in this work.
Thus, a list of goals and measures was identified, acting as an environmental metric at a corporate
level, that depicts the strategic activities of this organization in the area of the EMS. After defining the
entire metric, the objectives need to be translated to the lower levels in the organization in cascade-like
manner, to reach all the employees and other resources.

Figure 3, shown in line with Reference [41], shows evidence of a portion of the features
characterizing the ECO BSC system for the entire organization. This figure shows the general review of
the organization in terms of a functional composition and strategic map, as expressed by the software
suite QPR. Specifically, the layout splits the system information into three different frames portraying,
from left to right: the overall structure with its substructures, list of (several) system features under
consideration, their links and mutual influences.

In particular, left frame in Figure 3, it can be noted that the ECO BSC can be regarded as being
comprised of 3 separated and ecologically oriented sub-systems, namely:

¢  ECO Catering
¢ ECO ships, specifically, Eco ship Sveti Stefan I and Eco ship Sveti Stefan 11
¢ ECO travel agency

It is also evident—see the central frame in Figure 3—that the system, together with its subsystems,
have been analysed taking into account traditional features such as: budget, finance, internal processes
and such. But also additional aspects, less common in this kind of investigations, as potentially
hazardous, stakeholders (complaints and satisfactions) have been included in the study.

This ECO BSC system is created on the approach of BSC for non-profit organizations as a first step;
it means that the perspective budget and other similar perspectives are directed to the satisfaction of the
stakeholders, instead of generating profit. It is not possible to act differently, since, in strictly financial
terms, environmental protection would always be a cost. Any business management tool developed in
exclusive profit logic would lead to the exclusion of the environmental protection measures, even at
the cost of leading the company to act outside the limits set by the regulations. At the same time, the
deflection of a business-oriented concept from the classic concept of non-profit organizations means
creation of the fifth—financial perspective in order to measure financial effects of this kind of ECO BSC.

The solution is the one suggested below. The financial perspective in the management system
under development does not represent the orientation of the BSC system but only depicts the financial
consequences of the EMS in this way.

The ECO BSC can exist independently and cover the overall segment of the Environmental
Management System and as such with a purpose of monitoring the entire EMS with measurements
and enhancement of environmental performance.

To avoid creating a parallel management system with divergent goals, it is necessary to include
a key metric (goals and measures) of the ECO BSC in the conventional BSC system.

This link can be realized in one of the following ways:

1. By adding one or more objectives from the ECO-BSC to the perspective of the conventional BSC;
2. By creating the fifth perspective with key objectives from the ECO-BSC;
3. By combining the two approaches above.

In this way, the ECO BSC would include entire environmental management system coordinated
by an EMS manager while the BSC system would be coordinated by top management which is focused
on the whole business with the key metric of the environmental management system.

4.2. Approaches of Making Connection between ECO BSC and Conventional BSC

As explained, the ECO BSC needs to be well connected with the conventional BSC model in order
to avoid establishing parallel management systems
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Aimed at establishing good connection between the ECO BSC and the conventional BSC model,
the ECO BSC key metrics referring to the EMS need to be introduced into the conventional BSC.
This is possible since each objective or measure in the scorecard framework (map of the cause-effect
metric of one organizational level) can present functional dependency of other objectives or measures
of the same or other scorecard.

Figure 4 shows connection between the ECO and the conventional BSC. Actually,
all the perspectives of conventional BSC involved some EMS objectives and measures which established
connections between the conventional BSC and the ECO BSC (for example: EMS process into internal
processes of scorecard Ships, as represented in Figure 4). Following this, Model 1 was obtained and
implemented. In particular, the left frame in Figure 4 shows how the system under investigation is
changed in a way that considers more articulated situation. Instead of three subsystems (displayed in
Figure 3, left frame), where only one of them—namely EcoShips—showed a further level of structure,
here the overall model is initially divided in two branches: one attributable to the company as a whole
and the other to the sustainability part of the business. Also in this case, features were presented,
as shown in the central frame but they assumed different relevance and mutual connection in reference
to the previous case.
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Figure 4. Model 1: Connection between conventional BSC and ECO BSC by involving key environmental
objectives and measures into existed perspectives of conventional BSC model.

Another way the ECO and the conventional BSC system connection can be integrated, as listed, is
when the fifth perspective, the so-called ECO perspective, is added to the conventional BSC system.
This perspective includes key metrics of the ECO BSC, as shown in Figure ?? and allows creation
of Model 2.

In accordance with literature sources [23,25-28] apart from the two previously designed models,
additional two were created combining the previous approaches:

1. Model 3, which corresponds to the inclusion of the EMS metric in the existing BSC: this model is
similar to conventional BSC of Model 1 but without the ECO BSC;
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2. Model 4, which corresponds to the inclusion of the EMS metric in the newly created ECO
perspective: this model is similar to conventional BSC of Model 2 but without the ECO BSC.

As a result, 4 different models have been developed that are able to include, in different ways,
the aspects of environmental protection inside the conventional BSC system.

Since, for a matter of fact, it is complicated to analyse the efficiency of those alternative models in
real working conditions, especially considering the quite long period (up to a decade) that would be
necessary for the implementation of each model and for the evaluation of their quality, the choice of
the most suitable one to be used in Montenegro Lines was realized based on expert evaluation. In this
way, the risk of adopting an ineffective model has also been reduced.
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Figure 5. Model 2: Connection between the conventional BSC and ECO BSC by a new perspective called ECO.

5. Discussion

5.1. Model Assessment

With the aim of carefully implementing this process of model assessment, available standards were
followed and, further to this, experts from the BSC and EMS area were asked to provide special support.

The standard ISO/IEC 9126-Software engineering-product quality is used for the assessment of the
BSC models. The standard consists of criteria for assessment of internal and external quality of software
products. According the standard, the assessment of the four BSC models was conducted on internal
and external quality evaluating 6 criteria (Functionality, Reliability, Efficiency, Sustainability, Portability
and Usefulness) and their 27 sub-criteria. Evaluation of the software (models) quality in use was
postponed after a certain time of application of the best ranking model.

The model evaluation process was conducted by two teams of experts. Experts have been selected
with the aim of providing the highest level of expertise in each of the specific areas covered by these
models but also to ensure the maximum objectivity during the evaluation process.

Specifically, Team 1, consisting in academic members, was created with the scope to provide
competences respect to the wide scientific and research knowledge on the topics covered by the models.
In a complementary action, Team 2, consisting in employees and top managers, was created with
the scope to provide a wide and deep practical knowledge about the key processes characterizing
the organisation; furthermore, Team 2 is also in charge of an evaluation on the application of new
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methods and technologies for the purpose of innovation and for the improvement of work processes
in organisation: exactly the aspects that the present investigation has a chance to witness.

Table 1 summarizes the fields of expertise for the external experts and roles of the internal
managers involved in the evaluation.

Table 1. Role and fields of expertise for External Experts (Academic Group) and Internal Experts
(Company Group) involved in the assessment.

External Experts (Team 1) Internal Managers (Team 2)

Quality and ISO standards Environmental Protection
Environmental Management Systems Financial & Accountability

Performance measurement Technical & Technological

Entering in further details:

(1) Team 1 experts are university professors and researchers, recognised for their references in those
areas that are crucial for performing an evaluation on the considered issues, such as:

¢ Environmental Management System.
¢ Quality and ISO Standards.
¢ Performance measurement.

Their task during the analysis was focused on observing the importance of the models under
investigation from the standpoint of scientific soundness and validity. The team conducted the
evaluation in order to find the best solution for establishing an efficient and effective management
system, respect to the whole organization, which can enable continuous measurement and improvement
of environmental performance.

(2)  Team 2 experts are key-member inside the ‘"Montenegro Lines’ organisation chart. As a result of
their technical competences and long-time employment, these employees have relevant roles
(e.g., responsible or managers) in fundamental processes. Their position and experience provide
them a deep knowledge about company and work processes, also permitting an access to all
available information. Hence, Team 2 is comprised of the following experts:

¢ Environmental Manager in charge to compliance with legal regulations and relevant
environmental standards in the organization;

¢ Financial Director in charge to manage the organisation from the aspect of finances and
accountability and fully aware of all financial aspects;

¢ Technical Director to charge to directly manage all processes performed inside the
organisation, especially in terms of technical and technological aspects, with full access to
the related information.

Their task during the analysis was focused on observing the importance of the models under
investigation from the standpoint of practical applicability, effectiveness and efficiency respect to the
processes performed in “Montenegro Lines.” The team also assessed which model could fulfil the
present and future company needs, especially in terms of strategic organizational management and
environmental management.

Experts from both sides provided an evaluation based on their knowledge but also based on
direct and indirect analysis on data from metrics, as well as by semi-structured interviews.

The evaluation was done in respect to the criteria reported to in Table 2, where each aspect used
in classifying the internal and external evaluation items was reported. It represents the list questions
the experts were asked to reply, able to represent the mentioned (6) criteria and (27) sub criteria for an
accurate evaluation. The (6) experts performed their assessment independently from each other.
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Experts performed their task using individual survey sheets, provided by the researchers. In this
way, the experts had not idea of others’ opinion or final results. The researchers used a commercial
software, Expert Choice, for managing and analysing data. In particular, in the case of inconsistency in
values, the researches supported the experts in the way to re-examine those aspects which caused the
data inconsistency. This procedure was in line with standards.

5.2. Approach to the Evaluation of Models (Software Solutions) Based on ISO Standards and AHP Method

Among the standards for evaluation, it is possible to list ISO/IEC 9126 and ISO/IEC 14598, used
in the case of developed or ready-made software products. The ISO/IEC 14598: Software product
evaluation represents a support for applying ISO/IEC 9126. Therefore, standard ISO/IEC 9126 defines
general purpose of quality of software solutions, quality criteria and provides examples of measures,
while ISOIEC 14598 provides directives in the process of evaluation of software products.

The recommendation of ISO/IEC 14598 standard (later replaced by the less known ISO 25040,
with minor changes in evaluation procedure) is that the software evaluation procedure shall include
all phases as presented in Figure 6.

— Establish purpose of
evaluation
Establish -
vl — ‘ Identify types of products ‘
requirements
‘ Specify quality model ‘
ISO/IEC 9126
i |
Specify the Establish decision criteria
evaluation — for measures
requirements
Establish criteria for
assessment
~—
Design evaluation <« > Produce evaluation plan
requirements
‘ Take measures ‘
Execute the
evaluation ‘ Compare with decision I

requirements

‘ Assess results ‘

Figure 6. Software solutions evaluation procedure in compliance with the ISO/IEC 14598 standard.

Even if this procedure is quite standardized, the related recommendations are not so simple to be
implemented: between other aspects, a clear choice of the specific methods to be used is missing.

With the aim of compliance with the evaluation procedure recommended by the ISO/IEC 14598,
the AHP method probably represents the best way: [52-58] report, in fact, that AHP can be considered
as the most common procedure in the software products evaluation, whereas evaluation criteria are
based on the recommendations under standard ISO/IEC 9126.
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In Reference [59], in particular, the application of AHP in choosing the ERP software in production
companies has been shown. In Reference [60], the authors have created their own evaluation model
in the Component Based Development (CBD) process, respecting the standards ISO 9126 and ISO
14598. Such evaluation model has been tested by applying AHP method in order to confirm the model
validity showing satisfactory results.

The general recognition regarding the AHP validity is the reason why this method has be used in
the study as a tool to provide as objective model evaluation and as much as possible in compliance
with the criteria provided by ISO/IEC 9126 and with the procedure which is fully compatible with the
evaluation approach defined under standard ISO/IEC 14598.

5.3. Analytic Hierarchy Process

In brief, it is a quite common idea that any problem that requires structuring, measurement and
synthesis of the results represents a good opportunity for applying AHP.
The AHP method has many advantages as following [54,61-65]:

the method is based on a well-defined mathematical model;

quantification of elements structured in a hierarchical model with the possibility of documenting;
applicable in situations involving a number of criteria;

allows subjective assessment;

uses qualitative and quantitative data;

allows to measure consistency;

it is widely analysed and applied in scientific literature;

it has very good software support;

suitable for group decision making.

* S S S S O o oo

Furthermore, during its use, the method offered additional advantages [66]:

¢ AHP successfully simulates the decision-making process in all its phases: from defining the goals,
criteria and alternatives to evaluating criteria and alternatives and obtaining results.

¢ AHP gives to the decision maker information about the weight coefficients of the criteria relative
to the target providing useful index for monitoring the efficacy of the procedure.

¢ Whenused in group decision-making, AHP significantly improves communication between group
members [67,68], which results in better understanding and finding an easier path to consensus
and as a final result provides group members with more confidence in the chosen alternative.

1. AHP successfully identifies problems and points to the inconsistency of decision makers.

5.4. Models Ranking

Results achieved with the Team 1 evaluation (experts not employed in the company) using the
AHP method in the commercial software program Expert Choice are shown in Figure 7. They rank
Model 2 as the best one. Model 2 consists of ECO perspective in the conventional BSC and ECO
BSC focused on the Environmental management system. Results achieved by the Team 1 evaluation
(experts not employed in the company) using the AHP method in the commercial software program
Expert Choice are shown in Figure 7.

In the same way, the application of the AHP method in the commercial software program Expert
Choice helped during the assessment performed by Team 2 (managers from the company), with final
results reported in Figure 8. Also in this case, it can be seen that Model 2 shows an important advantage
over all other models. At the same time, Team 2 favoured models which imply creation of a separate
ECO BSC system (Models 1 and 2) while Model 3 and 4 are estimated with drastically lower marks.

In order to get the final hierarchy for the recommendation of models, an additional AHP approach
is used which merged the results obtained through the assessment performed by both teams (Figure 9).
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Figure 9. Final results of ranking of the models.
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5.5. Further Details on Models

Through this assessment, supported in method by the application of the AHP approach in the

evaluation procedure we can notice a certain rule of ranking the models related to the volume of their
orientation to the environmental management system. Following considerations were made:

¢
¢

The best estimates were given to the models that most broadly encompass the EMS (Model 1 and 2);
Final evaluation result has shown that Model 2, which involves ECO BSC and Eco perspective in
conventional BSC, is the best ranked one. This model was also the best evaluated one by each
team individually, what was not the case with Model 1.

The third ranked model is Model 4 which includes eco perspective in conventional model but does
not have ECO BSC. This model has stronger orientation towards the environmental protection than
Model 3, since Eco perspective in conventional BSC offers more space for environmental metrics.
The lowest ranked model in final evaluation result is Model 3, although it is the most frequently
applied one. The reason for this shall be sought in the fact that organisations that have
implemented BSC are mainly profit oriented organisations which are not strategically oriented to
environmental protection.

As main methodological outcome, these results confirm the risky hypothesis, which argues that

the BSC system with the specially created ECO BSC, based on the concept of a non-profit organization
and focused solely to the environmental management system, produces an efficient management
system that improves ecological performance.

Finally, Figure 10 summarizes the main results dealing with the models’ assessment. In particular,

it shows by lines the capability of each model to reach the specific goal and in histograms the alternative
options they take into account.
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Figure 10. Details on comparing models (obj% = objective goal, in lines; al% = alternative options,
in histograms).

5.6. Comparative Analysis

Tables 3 and 4 show comparison between the 4 BSC models, both in terms of structure

and consistency.
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Table 3. Details in the comparative analysis of the 4 recommended BSC models.

Model
— ode Model 1 Model 2 Model 3 Model 4
Characteristics
Existence of the ECO BSC Y Y N N
Existence of a Budget perspective Y Y N N
Additional ECO Perspective N Y N Y
Profit Organization N Y N Y Y Y
Base of the strategic map ECO BSC ECO BSC BSC BSC
Inclusion of the significance of goals in iy jig LD No application of No application of
the perspectives obtained with the ST us ST significance coefficients in  significance coefficients in
application of AHP LD LD ECO the goals the goals
IP (AG)  IP(CG) IP (AG) LD No application of No application of
Inclusion of coefficients of significance of ST Us coefficients of significance  coefficients of significance
measures in AHP targets ST (AG) ECO of measures in the of measures in the
Lb(4aG)  LD(CG) LD (AG) (AG) objectives objectives

Legend: Yes (Y); No (N); Internal Processes (IP); Learning and Development (LD); Stakeholders (ST); Users (US);
All Goals (AG); Company goals (CG).

Table 4. Numbers of targets, measures and objectives in the 4 recommended BSC models.

Model Model 1 Model 2
ECO BSC ECO BSC

Number of A B C D A B C D A B C D A B C D
Eco targets in the scorecard 0 10 10 10 3-13 39 3-10 310 10 10 10 10 5-12 5-11 5-12 5-12
Eco measures in the scorecard 33 34 21 29 7-27 8-21 5-15 8-18 33 34 21 29 4-24 5-18 2-12 5-15
Related objectives 9 6 6 6 6 6 6 6 8 8 8 8 8 8 8 8
Associated measures 9 9 8 8 6 6 8 8 6 6 5 5 3 3 5 5

Model Model 3 Model 4

BSC BSC

Number of A B C D A B C D
Eco targets in the scorecard 3-13 39 3-10 3-10 5-12 5-12 5-12 5-12
Eco measures in the scorecard 10-32 11-24 6-16 11-21 19-38 20-33 10-20 17-26
Related objectives 5 5 5 5 7 7 7 7
Associated measures 12 11 7 11 21 20 11 16

Legend: Scorecard at the corporate level (A); Scorecard at Ship level (B); Scorecard at the Travel Agency level (C);
Scorecard at the Catering level (D).

In particular, Table 3 summarizes the inclusion/exclusion of determined perspectives (e.g., budget,
eco-sustainability) in the analysis in respect to each model. It can be noted, for instance, that a strategic
map based on ECO targets could be considered only for Models 1 and 2.

A clear indication of the profit/non-profit orientation is also reported, together with the applicability
of specific coefficients in AHP targeting. Amongst other potential approaches, the investigation was
focused on evaluating the effect of changes in the goals between the following options: Internal
Processes (IP); Learning and Development (LD); Stakeholders (ST) or Users (US).

Bearing in mind these options, the effects of changing the goals when choosing between a more
general attention of All Goals (AG) and the most relevant goals (CG) for the company, such as the
profit were also considered.

The following text contains a more detailed analysis of the results.

Table 4 details the values of targets, measures, objectives adopted during the analysis. In particular,
it reports the number of:

¢  Eco targets in the scorecard (in relation to the total number of goals)
Eco measures in the scorecard (in relation to the total number of measures)
Related objectives (of the conventional BSC with eco goals at the same level)

> & o

Associated measures (of conventional BSC with eco measures)

In particular, four different approaches were considered for defining the scorecards: Scorecard at
the corporate level (A); Scorecard at Ship level (B); Scorecard at the Travel Agency level (C); Scorecard at
the Catering level (D). Also in this case, it can be seen that a deeper analysis (in terms of combinations)
has been performed for Model 1 and 2.
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When determining the number of measures and targets (in Table 4), measures that belong to
the second hierarchy level were not included because their values were included on a higher level
of measures by simple summation. It should be also noted that Models 1 and 3 created a specific
objective, which incorporates 3 sub-objectives (controlled aspects, potential hazards and regulatory
compliance) for which there are no explicitly defined measures and these sub-targets were evaluated
as measures in the table. Analysing the Tables, it can be noted that there are considerable differences
between the models. Namely, Models 1 and 2 contain ECO BSC and therefore have a lower number of
eco targets and measures explicitly included in the conventional BSC model, while Models 3 and 4
directly include selected eco targets and measures.

In this way, the total number of objectives and measures of Models 3 and 4 increases significantly,
with their connection entirely based on models of profit organizations that would correspond to the
concept of sustainable development that is not fully justified and applicable to the operations of
the company.

Also, in the process of building the ECO BSC model, the significance of metrics was evaluated
using the group AHP method to determine the key points that can be operated in order to improve
the business results. The results of such measurements were included only in Models 1 and 2 at the
corporate level of the ECO BSC and then transferred to the level of the conventional BSC model to the
extent to which it ensured feasible connecting.

5.7. Applicability

The synthesis of the evaluation results has shown that those models which include a separately
created ECO BSC have a better ranking (in terms of all previously considered criteria) with respect to
those models only comprising of a certain number of goals and measures within the conventional BSC
model. This general result is exactly where the major contribution of this paper lies. The same model
ranking for strategically oriented to environmental protection has been obtained in consideration of a
specific real situation and involve a well-definite for-profit organisation. At the same time, it implies
that the same recommendations are almost valid in respect to those organisations having similar
dilemma with regard to the choice of management’s approach to the performance based on a BSC
approach. In details, the recommendations are:

¢  Organisations strategically oriented to environmental protection shall choose Model 1 or Model 2
since these models contain separate ECO BSC which completely covers the entire environmental
protection field of an organisation. These models provide a good connection between the ECO
BSC and a conventional BSC model, therefore avoiding the possibility of creating parallel systems
on one side and on the other side, providing for the conventional BSC model not to be over-loaded
with environmental protection goals and measures, what would make environmental protection
a priority over other issues.

¢ Organisations not strategically oriented to environmental protection or those that have less
significant impact on environment, may choose Model 3 or Model 4, depending on their
commitment to this issue. Model 4 is more oriented to the environmental protection due to
a special eco perspective, while Model 3 contains only some of the environmental protection
targets and measures within existing perspectives.

¢  Furthermore, organisations aiming to implement the ISO 14001 standard but not in a position to
implement BSC system on the level of the entire organisation, shall establish the network of goals
and measures following the model ECO BSC, so as to enable more efficient monitoring, measuring
and improvement of ecological performance, what has been assessed as the greatest shortcoming
in application of ISO 14001 standard. ECO BSC model has been created on the operating principle
of non-profit organisations, with the aim to grow into a profitable model in case that the amounts
of budget and profit from environmental protection management come even in justified conditions.
Such approach is also a logical one with regard to environmental protection management, much
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more logical that the one based on the operating principle of for-profit organisations which
includes provision of financial benefits form environmental protection.

An additional contribution of the paper may also be found in the manner of creating the ECO
BSC model. Explicitly, ECO BSC has been made on the operating principle of non-profit organisations
with the budget as a basic perspective. Thus, the goals set in the budget perspective shall lead to the
fulfilment of other perspectives, what is the approach which is suitable for an objective approach to the
environmental protection management in most organisations.

Although created on the operating principle of non-profit organisations, having budget as a starting
perspective and finance perspective on the top of a strategic map, ECO BSC still tends to grow into
a profitable model if the amounts of budget and profit from environmental protection management
come even in justified conditions.

6. Conclusions

This manuscript focuses on environmental sustainability issue, specifically on environmental
management systems (EMS) and its reading and application by combining the EMS and BSC approach.

This methodological study also explores the case of one marine organization in Montenegro,
used as a case study for testing this integrated application of the EMS and the BSC.

The field of investigation receives still little attention by researchers and several suggestions are
provided in terms of integrated and more effective managerial instruments and practices that can be
adopted to face the barriers that still exist in applying and following the managerial approach based
on the respect for the environmental.

In particular, in this paper, four models of the BSC have been presented which, in different ways,
include the metric of the EMS applied to the relevant case of the company operating in the marine
transport field. Models 1 and 2 include the so-called ECO BSC component, created in relation to the
concept of non-profit organizations. Models 3 and 4 do not contain this ECO BSC component, oriented
to environmental protection. In that case, this aspect is covered by the framework of already existing
perspectives and/or additionally created perspective in the conventional BSC.

Expert assessment, based on the AHP method and with respect to the criteria stipulated under the
ISO 9126 standard, largely ranked Model 2 as the best one. This method is based on the special criteria
of the ECO BSC system that covers the area of the EMS and has ECO perspective in the conventional
BSC system that is able to connect these two systems.

This kind of model considers organization strategically oriented to the environmental protection
in line with the robust requirements stipulated by international standards and laws on marine transport
organizations in the field of environmental protection.

This general result should be a recommendation for all organizations committed to the EMS which
have dilemmas when opting for the BSC approach with EMS elements.

As specific results, the advantages on applying the models 1 and 2 can be listed, in brief, as a:

1. continuous monitoring and measurement of all ecological performance, which proved to be the
biggest drawback of the implementation of the ISO 14001 standards;

2. comprehensive knowledge about the relationship between ecological performance and
strategic goals;

3. comprehensive knowledge about the relationship between ecological performance and user
perspective/user satisfaction;

4. comprehensive knowledge about the relationship between EMS and Finance in order to measure
the ecological efficiency (if this can be said);

5. database containing information to be considered for more efficient decision making in the field
of Environmental Management strategies.

Finally, beyond any specific results of the present case, this qualitative investigation also provides
information and compares different alternative methods to connect the ECO and the conventional BSC
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system avoiding the creation of parallel management systems, in a single ECO BSC system able to
measures ecological performance in a new environmental management system.

Regarding the future, this analysis could be conveniently oriented to different directions. From one
side, the current study can be validated in (at least) a couple of years. In fact, after a reasonable period of
time, a consistent database will be available that will allow discussion on assumptions and predictions.

On the other hand, it may be interesting to repeat the same analysis taking in consideration
a different maritime transport company. It would be ideal to define a new case study that would
present different conditions, while preserving correspondence in a way that simplifies the analysis. For
example, it would be extremely interesting to involve a company active in the passenger transport
between islands of Croatia or Greece. In this way, general aspects such as variations in the tourist
demand for services but also local ones, such as fuel and personnel costs, could be compared.
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