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The Greenhouse Gas (GHG) emissions due to transport operations have drastically increased in recent years. The sea transport
in particular contributes 2.7 to 3 percent of CO,, a major component of GHG emissions globally. Numerous measures have been
undertaken locally and internationally to alleviate the sea transport share of Greenhouse Gases. However, most of these measures
will be fruitful if ship investors (e.g., ship owners and operators) would fully employ the GHG emission reduction strategies. Due
to the scarcity of the statistical data in this respect, this study therefore presents a rough set synthetic assessment (RSSA) model
to GHG emission abatement strategies in the Tanzanian shipping sector. The results of the assessment reveal that the Tanzanian

shipping companies engaged in Cabotage trade are aware of the abatement strategies and moderately apply them.

1. Introduction

Scientific findings suggest that the Earth’s average tempera-
ture is gradually increasing. More specifically, the Intergov-
ernmental Panel on Climate Change (IPCC) has predicted
a rise in global temperatures of between 1° and 2° Celsius
by 2020 and between 2° and 5° Celsius by 2070 [1]. This
phenomenon is a result of increased global emissions of
Greenhouse Gases (GHGs) such as carbon dioxide (CO,),
methane (CH,), nitrous oxide (N,0), and chlorofluorocar-
bon (CFC). CO, is the major contributor and accounts for
77 percent of the GHG emissions [2]. Increased international
awareness of this global temperature increase has led to
considerable international effort, such as the United Nations
Framework Convention on Climate Change (UNFCCC) and
the Kyoto Protocol, to prevent climate change by attempting
to reduce CO, emissions.

Transportation, on the other hand, is the fastest growing
major contributor to global climate change, accounting for
23 percent of energy-related CO, emissions. Trends have
shown substantial growth in Greenhouse Gases attributable

to the transport sector in the majority of countries. The
shipping industry in particular contributes 2.7 to 3 percent
of about 400 million tons of CO,, a component of GHGs
emissions worldwide [3]. As industrial as well as agricultural
production is expected to increase in the future, the demand
for shipping services will increase too. More specifically, CO,
emissions are forecast to increase by 150-250 percent by 2050,
due to increased freight volumes [4]. With this consideration
and the fact that the demand for shipping services is relatively
high compared to other modes of transport mainly due to
the economies of scale, the trend on CO, emissions from the
shipping industry is expected to increase at an increasing rate.
Thus, effective strategies are necessary in order to combat this
problem.

The literature proposes a number of available solution
methods to individual ship owners, policy makers, and regu-
lators for reducing GHG emissions from ships. The objective
of this study is to assess the strategies employed by Tanzanian
ship owners and ship operators (i.e., ship investors) to reduce
GHG emissions from ship operations. The results will be a
useful guide to the industry’s players for taking corrective



actions. The paper is structured as follows: in Section 2 we
review the relevant literature; an overview of two-stage rough
set synthetic assessment model is presented in Section 3; in
Section 4 we apply rough set synthetic assessment (RSSA)
model to GHG emissions in the Tanzanian shipping sector
and in Section 5 we present conclusions.

2. Survey of Previous Studies

There are a number of studies on measures that reduce
CO, emissions and/or improve fuel efficiency of shipping
and their cost effectiveness [5]. Crist [6] investigates the
reduction potential of GHG emissions from international
shipping. Corbett et al. [7] research the cost effectiveness
of speed reductions on shipping emissions. The IMO [8]
presents a proposal on prevention of air pollution from ships
by establishing a vessel efficient system. Blasco et al. [9] use
both qualitative and quantitative approaches to determine
pollutant emissions from ships and their distribution and fate.
Lindstad et al. [10] investigate the effects of economies of scale
on the direct emissions and costs of maritime transport and
find that 30 percent of a negative abatement cost per ton of
CO, can be reduced by replacing the existing fleet with larger
vessels. Moreno-Gutiérrez et al. [11] apply nine methods
for a comparative study to evaluate fuel consumption and
emissions and find no significant differences between the
methods. A study of the effects of speed reductions on the
direct emissions and costs of maritime transport is investi-
gated by Lindstad et al. [12] and shows that there is a sub-
stantial potential for reducing CO, emissions from shipping
operations. Maragkogianni and Papaefthimiou [13] estimate
NO,, SO,, and PM, s emissions for cruise ships in the five
busiest Greek ports for the year 2013 and find that anticipated
health impacts of ship emissions can reach €24.3 million or
€5.3 per passenger. Eyring et al. [14] present an assessment of
the contribution of gaseous and particulate emissions from
ocean going shipping to anthropogenic emissions and air
quality. Zhou and Wang [15] propose application of Carbon
Capture and Storage (CCS) on ships as an effective way to
mitigate CO, emissions while other low carbon shipping
technologies are being developed in order to meet the IMO
target of 20 percent reduction in CO, emissions from marine
activities by 2020.

Armstrong [16] suggests optimization efforts in the areas
of technical, commercial, and operational measures in order
to increase fleet utilization and profitability while ensuring
safety and reliability of service. Winnes et al. [17] quantify
potential reductions of ships’ emissions of GHG from efforts
implemented by ports by using the Port of Gothenburg as a
case study. Kitada and Olcer [18] address the challenges facing
managers in the shipping industry to implement energy effi-
cient measures in ship operations and their roles of managing
both people and technology under the fulfillment of their
Corporate Social Responsibility (CSR). Chang and Wang
[19] conduct a thorough assessment of available operating
strategies to identify the approach to speed reduction that
is best able to minimize costs and reduce the impact of
shipping on the environment. Heitmann and Khalilian [20]
propose various options suggested by the subsidiary body
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for scientific and technological advice of the UNFCCC for
allocating CO, emissions from international shipping to
individual countries investigated. Lun et al. [21] propose
and empirically validate an integrated model to study how
various environmental governance mechanisms are enacted
by shipping firms and their influence on shipping firms’
environmental performance. Poulsen et al. [22] examine
the relations between global value chain governance and
environmental upgrading in shipping industry. Lindstad et al.
[23] apply region-specific Global Warming Potential (GWP)
to assess costs, emissions, and climate impact by freight
shipping in the Arctic with main focus on the Northern Sea
Route. Calleya et al. [24] propose the Ship Impact Model
(SIM) to calculate the technical performance of a vessel with
one or more Carbon Dioxide Reducing Technologies (CRTs)
at an early design stage. Heitmann and Peterson [25] use a
marginal abatement cost curve (MACC) and find that the
shipping sector could always contribute to efficient global
emission reductions and thus could always achieve global
cost savings depending on the MACC assumed. Shi [26]
examines whether it is necessary to adopt market based
measures (MBMs) in furthering the reduction of shipping
GHG emissions.

Numerous methods are proposed in the literature to
assess GHG emissions from shipping. Chatzinikolaou and
Ventikos [27] present a novel mathematical framework which
incorporates the life cycle approach with the objective of
providing a holistic assessment of air emissions for ocean
going ships. Lu et al. [28] use a modified Kwon’s method to
select the optimum route for ship operators to increase energy
efficiency and hence reduce GHG emissions in the shipping
industry. Qi and Song [29] apply simulation-based stochastic
approximation method to design an optimal vessel schedule
in their liner shipping route to minimize the total expected
fuel consumption and emissions on the liner schedule. Miola
and Ciuffo [30] provide a critical analysis of the ship emission
modelling approaches and the results highlight uncertainties
from the different methods mainly connected with the
sources of information that are used as inputs to the various
studies.

The literature reveals that most of the studies propose
measures that can reduce the GHG emissions and do not
assess the employment of the suggested solution methods
(i.e., operational, technical, and market based measures). No
study assesses the applicability of these solution methods
to the Tanzanian shipping industry whose shipping compa-
nies’ characteristics (e.g., financial constraints and regulatory
framework) are quite different from that of the maritime
nations. This paper therefore assesses the applicability of the
operational and technical measures to the Tanzanian ship-
ping sector. In addition, most researchers and practitioners
in decision making employ Analytical Hierarchy Process
(AHP) approach and fuzzy set theory (FST) in ranking
decision factors. For example, Lam and Lai [31] develop a
decision support model which combines Analytical Network
Process (ANP) with Quality Function Deployment (QFD)
for shipping companies to attain environmental sustainability
in their operations. Ren and Liitzen [32] combine fuzzy
Analytic Hierarchy Process (AHP) and VIKOR to select the
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most sustainable technology for emissions reduction from
shipping. Mansouri et al. [33] present a review and future
directions of multiobjective decision support to enhance
environmental sustainability in shipping industry. As uncer-
tainty is inevitable when assessing the attributes of GHG
emission abatement measures in the Tanzanian shipping
industry due to the vagueness and incompleteness of the data,
the Rough Set Theory (RST) becomes the ideal approach
[34]. Moreover, the rough set approach is flexible and can
accommodate any finite sets of objects and indicators. The
main advantages of the RST include the following [35]:

(i) It does not need any preliminary or additional infor-
mation about data like grade of membership in the
fuzzy set theory.

(ii) The weight of the factor is not assigned subjectively
like in the AHP method.

(iii) It is easy to understand.

(iv) It offers straightforward interpretation of obtained
results.

(v) It allows reducing original data, that is, to find
minimal sets of data with the same knowledge as in
the original data.

(vi) It provides efficient methods, algorithms, and tools
for finding hidden patterns in data.

(vii) It allows evaluating the significance of data.

3. Overview of Rough Sets

Rough Set Theory (RST) was introduced by Zdzislaw Pawlak
in 1982. The RST is useful for reasoning about knowledge
of objects represented by attributes (i.e., features). Some of
the fundamental concepts under the RST are approximation
space, information system, decision system, approximation of
sets, dependency of attributes, and significance of attributes.
Approximation space is a pair (U, R), where U is a nonempty
finite set called the universe and R is an equivalence relation
defined on U. Information system is a pair S = (U, A),
where U is a nonempty finite set called the universe and A
is a nonempty finite set of attributes; that is, a : U —
V., a € A, where set V, is called the value set of a. Decision
system (decision table) is a special case of information system
composed of condition and decision attributes; that is, S =
(U, A = C U {d}), where attributes in C are called condition
attributes and d is a designated attribute called the decision
attribute. Approximation of sets is built on three concepts:
lower approximation, upper approximation, and boundary
region. Let S = (U, R) be an approximation space and let X
be a subset of U.

The lower approximation of a set (RX) is union of all
granules which are entirely included in the set; that is,

RX ={xeU|[x]g € X}. (1)

The upper approximation of a set (RX) is union of all granules
which have nonempty intersection with the set; that is,

RX ={xeU | ([x]gn X) # 0}. )

The boundary region of a set (BNR(X)) is the difference
between the upper and the lower approximation of the set;
that is,

(BNg (X)) = RX ~ RX. (3)
Set X is rough in S provided
(RX —RX) #0. (4)

Suppose S = (U,A), BC A,and X c U.

Accuracy of approximation (ap(X)) is the ratio of the
lower approximation of a set to the upper approximation of
the set; that is,

X
=="7 < <1.

ag (X) E(X)|) 0<ag(X)<1 (5)
| X| denotes the cardinality of X # 0.

If ag(X) = 1 then X is crisp with respect to B (i.e., X is
precise with respect to B).

If ag(X) < 1 then X is rough with respect to B (i.e., X is
vague with respect to B).

Dependency of Condition and Decision Attributes. Let D and C
be subsets of A. We say that D depends on C in degree k (0 <
k < 1), denoted by C — Dy, if

[POS. (D)

, 6
Ul (6)

k=y(C,D)=
where POS(D) = [Uxey;p C(X), called a positive region of
partition U/D with respect to C, is the set of all elements of U

that can be uniquely classified into blocks of partition U/D,
by means of C. Obviously,

C(X
k=y(@CD)= ) |_|I(J|)|‘ )

XeU/D

If k = 1 we say that D depends totally on C, and if k < 1, we
say that D depends partially on C.

Dispensable and Indispensable Attributes. Let S = (U,A =
C U D) be a decision system (i.e., decision table). Suppose
C; < C. Attribute C; is dispensable in S if POS.(D) =
POS¢_¢,(D). Otherwise, C; is indispensable. Decision system

S is independent if all attributes in C are indispensable.

Significance of Attributes. The significance of attributes
enables us to express how important an attribute in an
information table is by assigning a real number from the
closed interval [0, 1] (i.e.,a € [0, 1], a € R). The significance
of an attribute C; in a decision table T = (U,C U {d}) (with
the decision set D) can be evaluated by measuring the effect
of removing of attribute C; < C from attribute set C on the
positive region defined by table T. Number y(C, D) expresses
the degree of dependency between attribute sets C and D or
accuracy of approximation of U/D by C.

We can determine how coefficient y(C, D) changes when
removing an attribute set C;, that is, what the difference is



between y(C, D) and y(C - C j,D). We can normalize the
difference and define the significance of attribute set C; as

:y«LDy44C—cPD)

) (8)
« ( ]) y (C, D)
This mathematical relation also can be written as
C-C,D
a«%)zl_zi___L_l )
y(C,D)

The next section describes in brief the two-stage rough
set based modelling procedure for assessing the strategies
to reduce GHG emissions. Since multiple primary and
secondary factors are considered for assessment to make a
decision, a process is called a two-stage rough set synthetic
assessment model.

4. Description of Two-Stage Rough Set
Synthetic Assessment Model

A rough set based assessment procedure for the two-stage
synthetic model with a number of prime factors and subfac-
tors is as follows.

4.1. Classifying of Prime Factors and Subfactors. Let U and u;
be sets of prime factors and subfactors, respectively. Now U =
{w},i e {1,2,...,1}, and uy; = {uij}, ie{l,2,....,I},j €
{1,2,...,J}

4.2. Setting Up the Weight Set. Let A = {u}, k € {1,2,...,1},
be the set of weighted prime factors and let A; = {u;},i €
{1,2,...,1I},j € {1,2,..., ]}, be the set of weighted subfactors.
These weights are determined by rough set approach (RSA).

Each prime factor and subfactor weight fulfills the follow-
ing properties:

I

Zuk =1, u >0
k=1

Zuij =1,

j=1

(10)

Ui

>0, ie{l,2,...,1}, je{L,2,...,]}.

4.3. Setting Up the Assessment Set. Let an assessment set be
E = {E;} where E;, i € {1,2,...,1}, is a possible assessment
result for the objective of investigation (i.e., assessment
linguistic term, e.g., Very high, Low). Essentially, a two-stage
rough set assessment (RSA) is a product of prime factor
weight set and one-stage rough set synthetic assessment
(RSSA).

4.4. Ist Stage of Two-Stage Rough Set Synthetic Assessment.
The influence of each subfactor on the applicability level
of the ship investors’ strategies to reduce GHG emissions
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enables us to construct an assessment matrix of subfactors
corresponding to factor i, R;, i € {1,2,...,I}; the respective
set of one-stage RSSA (i.e., ith single factor rough set based
assessment matrix) is

E,=A; R, ie€{l,2,...,1}. 1)
4.5. 2nd Stage of Two-Stage Rough Set Synthetic Assessment.
When we transpose the single factor rough set based assess-
ment matrix we get ET = [Ei]T, i€{l,2,...,I}. Now the set
of two-stage RSSAis B = A - E”. The expected applicability
level is given by E[x] = Y, xP(X = x), where each x
and P(X = x), respectively, represent an assessment value
corresponding to a particular linguistic term, for example,
Very low, and its probability of occurrence.

5. Reduction of GHG Emissions Based on the
Rough Set Synthetic Assessment Model

We first establish the reduction strategies of CO, emissions
from the shipping industry to be used as inputs into the RSSA
model.

5.1. Measures for Reducing CO, Emissions from the Shipping
Industry. DNV [36] presents the following emission reduc-
tion measures available to the shipping industry. Technical
measures, on the one hand, aim at either reducing the power
requirement to the engines or improving fuel efficiency.
Examples of these measures are fuels and power sources.
The alternatives range from supplementary measures (e.g.,
wind and solar power) to a complete switch of fuel (e.g.,
to gas, biodiesel, or nuclear fuel). However, these measures
require significant investments up front, both onboard and
in new infrastructure. As such, most ship investors comple-
ment these measures with operational measures. Operational
measures, on the other hand, relate to the way in which
the ship is maintained and operated and include measures
such as optimized trim and ballasting, hull and propeller
cleaning, better engine maintenance, and optimized weather
routing and scheduling. Generally, these measures have low
investment needs and moderate operating costs. However,
the implementation of many of these measures requires
execution of programs involving changes in management and
training.

The technical and operational measures are also proposed
by the IMO [37] which gives a relatively extensive list
of fifty (50) energy efficiency improvement measures. In
addition to these GHG emission abatement measures, market
based measures are proposed by some studies. However,
these measures are disregarded by this study due to their
difficulty in implementation. Thus, this study is based on
the technical and operational measures that seem to be
practical in the Tanzanian shipping industry. Below is a
brief description of components of GHG emission abatement
measures, that is, technical and operational measures. Each
of the proposed prime abatement measures (i.e., first-level
measures) is composed of a number of submeasures (i.e.,
second-level measures).
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5.1.1. Operational Measures (C,). Propeller polishing (C,,):
propeller surfaces can be cleaned to reduce roughness
and the accumulation of organic materials. Autopilot
upgrade/adjustment (C,,): adjusting the autopilot to the
route and the operation area prevents unnecessary use
of the rudder for keeping the ship on course. Weather
routing (C,;): there are weather routing services available
that help to optimize the route a ship takes, given the
corresponding weather conditions; reduction of travel time
leads to a reduction of fuel consumption. Hull cleaning (C,,):
by reducing the frictional resistance of a hull, consumption
of bunker fuel and thus emissions of CO, can be reduced;
this is often the outcome of a hull resistance management
program. One way of reducing the frictional resistance is to
enhance the smoothness of a hull by means of coatings that
prevent/reduce fouling.

5.1.2. Technical Measures (C,). Water flow optimization of
hull openings (C,,): the water flow disturbances from hull
openings can be reduced by installing scallops or grids.
Propeller upgrade (C,,): energy losses can occur at the top
of the propeller blades from water escaping from the high
pressure side to the low pressure side. Both a nozzle, that is, a
ring around the propeller, and winglets at the tip can reduce
these energy losses. Air lubrication (C,;): frictional resistance
of a vessel’s hull surface can be reduced by a so-called air
cavity system. Such a system has to be integrated into the flat
bottom part of a vessel. Hull coating (C,,): by reducing the
frictional resistance of a hull, consumption of bunker fuel can
be reduced. One way of reducing the frictional resistance is
to enhance the smoothness of a hull by means of coatings
that prevent/reduce fouling. Wind power (C,5): with a kite
that is attached to the bow of a ship, wind energy can be
used to substitute power of the ship engines. Waste heat recov-
ery/reduction (Cys): with a waste heat recovery (WHR) sys-
tem the waste heat of the engines can be used to drive turbines
for electricity production, leading to less fuel consumption by
the auxiliary engines. Design speed reduction (C,;): emission
savings can be reaped when a vessel is slow steamed. The
design speed can be reduced by, on the one hand, derating
the main engine or, on the other hand, by using less powerful
engines or engines that can deactivate cylinders (so as to
have available reserve power for safety considerations). Main
engine adjustment/tuning (Cyg): in main tuning, the most
commonly used load ranges have to be determined and then
the main engine is optimized for operation at that load.
This measure requires a different engine mapping and entails
changes in cam profiles and injection timing. Speed control of
pumps and fans (C,): this reduces onboard power demand
by using pumps and fans at variable speed, according to the
actual need. High-efficient (i.e., energy saving) lighting (C,,):
the usage of low energy lighting is useful for reducing the
power demand onboard. Solar power (C,;;): solar panels can
be used in place of the conventional power sources to deliver
electricity for the onboard power demand and hence reduce
CO, emissions from ships.

5.2. Weight Determination of Influential Factors. The gen-
eral procedure for weight determination using rough set

goes through the following four steps: Step one involves
the formulation of a decision table consisting of objects,
condition attributes, and decision attribute. Step two involves
the deletion of redundant attributes and retaining of the
key attributes to form the simplified decision table. Step
three involves the calculation of the significance of each
condition attribute in the simplified decision table. Step four
involves the computation of the weight of each condition
attribute by normalizing the significance of the attributes.
However, our procedure does not involve step two as we
want to see the influence (i.e., contribution) of each condition
attribute (i.e., abatement measure) in its corresponding factor
set and/or subfactor set. The contribution of each factor
and/or subfactor can be determined using the following
mathematical relations for indispensable and dispensable
attributes.

5.2.1. Indispensable Attribute. Let C; be a conditional
attribute and «(C) its significance in the attribute set and
then the weight of C; is given by

_a(g) ’
“ ZkK=1“(Ck)

5.2.2. Dispensable Attribute. 1f 3C; < C, POSC_Cj(D) =
POS-(D), a decision system (i.e., decision table) is not
independent and y(C - Cj,D) = y(C,D) which in turn
gives a(C;) = 0. This may give unsatisfactory results as
the influence of each factor or subfactor cannot be revealed.
Whenever a relatively large number of factors or subfactors

satisfy such a condition, it is useful to compute the weight of
C;by

je{l,2,....]}. (12)

_r(¢D) j
“ ZkK:IV(Ck’D)’

5.3. Computational Results of GHG Emissions Based on
Rough Set Theory. A sample of eight Tanzanian companies
involved in coastal shipping (i.e., Cabotage trade) was chosen
randomly and asked for either company’s chief engineer or
company’s captain to fill in a survey questionnaire. Each
evaluator was given enough time to think critically about
their company’s policy towards GHG emission abatement
measures. The assessment results are as given in decision
Tables 1, 3, and 5, whereas the weighted factors and/or
subfactors are presented in Tables 2, 4, and 6.

€{1,2,...,]}. (13)

Note on Table 1. P, is company i’s corporate policy (i.e.,

strategy) on GHG emission abatement measure:
U = {Py, P,, P;, P,, P5, P, P;, Py}

U\ C = {{P, Py, Py, P}, {Py, P;}, {Ps}, {Pol}
U\C, =U\C-GC,

= {{P\, P, Py, P5, P}, {Py, Py, Py }} (14)
U\C,=U\C-C,

= {{Py, P, Py, P;, P, Py}, {Ps}, {Po}}
U\ D = {{P,, P, Py}, {Py, Py, Ps, P;} , {Pel}



TABLE 1: Rough set based assessment results for prime operational

and technical abatement measures on GHG emissions.
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TABLE 6: The degree of dependency and weight for the subtechnical
abatement measures.

Company Operational Technical Decision
policy (U) measure (C,) measure (C,) (D)
P, M L L

P, H L M

P, M L M

P, M L L

P M M M

P, H H H

P, H L M

P, M L L

TaBLE 2: The significance and weight for the prime abatement

measures.
Significance Weight
Fact
actor a(C) W,
C, 0.71 0.55
c, 0.57 0.45

TABLE 3: Rough set based assessment results of company’s policy on
suboperational abatement measures for GHG emissions.

Company’s policy (U)

Cll

Ch

Cis

C‘14

Decision (D)

T

Z<<Z<zTz<

T I Tt~ ZZ I T

T T - Zt X2

T

T o< I T T T

SEZEZEXR=ER

TABLE 4: The degree of dependency and weight for the subopera-
tional abatement measures.

Subfactor Degree of dependence Weight
Y (CU’ D) Wcij
Cy, 0.88 0.41
C, 0.38 0.18
Cis 0.12 0.06
Cu 0.75 035

TABLE 5: Rough set based assessment results of company’s policy on
subtechnical abatement measures for GHG emissions.

U Cll C22 C23 C24 C25 C26 C27 C28 C29 C210 C211

N

SRR e R
z Z < ZZ z Z

H

ZI<IITT o

Z z Z 'z Z 'z Z Z

TZ<ITT<ZXT

zZ zZ ZZzZ ZZZZ

Z ZRZZEZZ

T T <EEmE<E

ZZ<ITZTZ

TN <ITITL @

T Z< I R ZT

z Z zZ zZ 2z Z

H DD

Subfactor Degree of dependency Weight
4 (Cij> D) Wcij
Ca 0.38 0.05
Ca 0.38 0.05
Cas 1.00 0.15
Ca 0.25 0.04
Cas 1.00 0.15
Cas 0.25 0.04
Cor 0.62 0.09
Cas 0.75 0.l
Cao 0.38 0.06
Cato 0.75 011
Can 1.00 0.15

Using (3) and (10) we get

C({P,, P, Bs}) = {P,, P, Py},
C({P,, P;, P, P,}) = {P,, P, P,},
C({Ps}) = {Pé}
lCX)| _7

X;U/D |U| 8

&({Pvpmps}) = {P1>P4>Ps}’
&({Pz’P3’P5»P7}) =0,
Ci({ps}) =0 (15)

] s

Y(Q’D) = U] g

XeU/D

2({P1’P4’P8}) =0,
2({P2’P3’P5’P7}) = {P5}>
g({Pa}) = {Ps}

x| 2

C,,D)= - =—.
Y(_z ) X;U/D U] 8 4

Using (9) and (12) we get the significance and weight for
each of the two condition attributes as indicated in Table 2.

Table 2 shows that Tanzanian shipping investors apply
more operational measures compared to technical measures
for reducing GHG emissions from shipping operations.
Thus, these investors are relatively good at maintaining and
operating vessels. In addition, this situation could be caused
by relatively low financial resources that they have to support
the technical abatement measures.
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The proposed operational measure constitutes a number
of subabatement measures and its assessment is as shown in
Table 3.

Note on Table 3. C,; is propeller polishing, C,, is autopilot
upgrade/adjustment, C,5 is weather routing, and C,, is hull
cleaning:

C=1{C,;,C5,Cy3Cpy};
C-Cyy ={C15,C5,Cra}s
C-Cy, ={C;,Ci5:Cua}s
C-C;3 ={C1,C1»Cuaks
C-Cyy ={C1,Cpp Cis}
Uu\C

= P} (B APsE (P} P} (P} (P R
U\Cy, = PI’PS’PS}’{PZ’P4’P6>P7}’{P8}}
Py, Py, Py, P P} {Ps} (P} {Ps})
Py, Py, P}, {Py, P} {Ps} Py, Py}

PI’PZ’P3’P4’P5’P7’P8}’{Pé}}

U\C,, =

{{
{{
U\Cy; = {{ ()
U\Cyy = {{
U\C-Cy,

= {{Pi} AR} (P} (P} {Ps) (Pt (P P}
U\C-Cy,

= (P} AP P} (P {Ps) (P} AP} (Pl

U\NC-Cy;

= {{Pi} . {Py P} B3} (P} {Ps} P {1}
U\C-C,

= {P}, P} {5} AP (P} PG (P} {PsH)
U\D = {{P,, P;, P, P;, iy} , {P,, P, P,}} .
Using (1) we find that

Jc-ci=Jcw

VxeD VxeD

17
:{PI’PZ’P3’P4’P5’P6’P7>P8}’ a7

Vt € {2,3,4}.

Thus,

Y (C -Cip D) =y(C,D) — « (Clt) =0, 18)
Vt € {2,3,4}.

Since Cy,, Vt € {2,3,4}, is a dispensable attribute we
resort to (7) and (13) to compute weights of the subop-
erational abatement measures and represent the results in
Table 4.

From Table 4 we find out that most shipping investors
apply propeller polishing for operational abatement measures
whereas the minority of the investors apply weather routing
for the same purpose. The operational abatement measures
are complemented by the technical abatement measures
whose assessment is depicted in Table 5.

Note on Table 5. C,, is water flow optimization, C,, is
propeller upgrade, C,; is air lubrication, C,, is hull coating,
C,5 is wind power, C,; is waste heat recovery/reduction,
C,; is design speed reduction, C,g is main engine adjust-
ment/tuning, C,, is speed control of pumps and fans, C,,, is
energy saving (i.e., high-efficiency) lighting, and C,,, is solar
power:
C= {CZI’ CZZ’ C23’ C24’ CZS’ CZG’ C27’ C28’ C29’ CZIO’
Cn}s
C- CZl = {CZZ’ CZS’ C24’ C25’ CZG’ C27’ C28’ C29’ CZlO’
L
C- C22 = {CZI’ C23’ C24’ C25’ C26’ C27’ C28’ C29’ CZIO’
Conks
C- C23 = {CZI’ C22’ C24’ CZS’ C26’ C‘27’ CZS’ C29’ CZIO’
Conts
C- C24 = {CZI’ CZZ’ C23’ C25’ C26’ C27’ CZS’ C29’ CZlO’
L
C- C25 = {CZI’ C22’ C23’ C24’ C26’ C27’ CZS’ C29’ CZIO’
Cn}s
C- C26 = {CZI’ CZZ’ C23’ C24’ C25’ C27’ C28’ C29’ CZlO’
L
C = Cy; = {Cy1,C, Ca3, Cay G5 G5 Cigs G5 Con
Conks
C- C28 = {CZI’ CZZ’ C23’ C24’ CZS’ C26’ C27’ C29’ CZIO’
Conts
C- C29 = {CZI’ CZZ’ C23’ C24’ C25’ C26’ C27’ CZS’ CZlO’
Conbs
C- CZlO = {CZI’ C22’ C23’ C24’ CZS’ C26’ C27’ CZS’ C29’
Cn}s
C- C211 = {CZI’ CZZ’ C23’ C24’ C25’ C26’ C27’ C28’ C29’
CZIO}
UNC = {{P} P} (P} P {Ps) {Ps) {Pr} Ry
U\ Cyy = {{P, Py, P5, Py, P}, {Py, P}, { P}

U\sz = {{P1>P2’P3>P4>P5’P7}’{P6}>{P8}}
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U\Cy; = {Pl,PZ,P3,P4,P5,P6,P7,P8}
U\C,, = {{P,, P, P, P, P}, {P,, P}, {P,}}
U\Cys = {P P2,P3,P4,P5,P6,P7,P8}
U\Cy = {{PI,PZ,P4,P5,P7,P8} s {P3,P6}}
U\C,, = {{P,, P;, P}, {P,, B}, {P,, P,, Pg}}
U\ Cys = {{Py, Py, Py, P}, {Py, Py, s}, { P}
U\ Cy = {{P,, P, P, P5, P, 3}, {P,}, {Ps}}
U\ Cyyo = {{Py, P, P}, {Py, P}, B3}, (P} (Pt}
U\Cy, = {PI,Pz,P3,P4,P5,P6,P7,PS}

UNC = Cos = {{P1 P} (P} (P (i} P} {Pr} R}

U\C-Cy = {{P}. {P,} AP} (P} (P} {Pe} (P}
{P}}, Vte{1,2,3,4,56,7,9,10,11}
U\D= {{Pl)Pz’p3>P4)p7>Ps}r{Ps}){ps}}~
(19)
Now
POS_,; (D) = POS., (D)
:{PDPZ’P3’P4’P5’P6’P7’P8}> (20)
vVt €{1,2,3,4,5,6,7,9,10,11}.
Thus,
y(C-Cy, D) =y(C,D) — a(Cy) = @

Vvt €{1,2,3,4,5,6,7,9,10, 11} .

Since Cy,, Vt € {1,2,3,4,5,6,7,9,10, 11}, is a dispens-
able attribute we resort to (7) and (13) to compute weights
of the subtechnical abatement measures and represent the
results in Table 6.

The assessment results in Table 6 indicate that air lubri-
cation, wind power, and solar panels are the more applied
technical abatement measures in the Tanzanian shipping
sector. On the other hand, hull coating and waste heat
reduction are the less applied technical abatement measure.

5.4. Formulation of Rough Assessment Set for GHG Emission
Reduction Strategies. We apportion the applied strategies
into a vague scale and its corresponding scores. Thus, the
assessment set is V. = {V,V,,V5,V,,V:} = {Very high
(V), High (H), Moderate (M), Low (L), Negligible (N)} =
{1.00, 0.75,0.50,0.25, 0.00}. Based on Table 4, we construct a
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rough set assessment matrix of subfactors corresponding to
prime factor 1 (i.e., operational measure) as

R,

0.75 1.00 0.75 1.00 0.75 1.00 1.00 0.00

0.75 0.75 0.50 0.00 0.25 0.75 0.75 0.75| (22)
0.25 0.50 0.50 0.25 0.00 0.25 0.75 0.75 |

0.75 0.75 0.75 0.75 0.75 1.00 0.75 0.75

From Table 5, we construct a rough set assessment matrix
of subfactors corresponding to prime factor 2 (i.e., technical
abatement measure) as

R,

[0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00]
0.75 0.75 0.75 0.75 0.75 1.00 0.75 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.75 1.00 0.75 0.75 0.75 1.00 0.00 0.75
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=0.00 0.00 0.50 0.00 0.00 0.50 0.00 0.00
0.50 1.00 0.50 0.75 0.50 1.00 0.75 0.75
0.00 0.75 0.00 0.75 0.75 1.00 0.00 0.00
0.75 0.50 0.75 0.75 0.75 1.00 0.75 0.75
0.75 0.00 0.50 0.25 0.75 1.00 0.00 0.75
10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 j

(23)

5.5. Ist Stage of Two-Stage Rough Set Synthetic Assessment
for GHG Emission Reduction Strategies. The first-level assess-
ment is carried out to get the 1st stage of the two-stage rough
set synthetic assessment matrix as follows:

El :Al 'R1> (24)
where

A, = (0.41,0.18,0.06,0.35);

R,
0.75 1.00 0.75 1.00 0.75 1.00 1.00 0.00 (25)
0.75 0.75 0.50 0.00 0.25 0.75 0.75 0.75
~ 1025 0.50 0.50 0.25 0.00 0.25 0.75 0.75
0.75 0.75 0.75 0.75 0.75 1.00 0.75 0.75
Thus, E;, = (0.720,0.838,0.690,0.688,0.615,0.910, 0.852,
0.442):

E,=A, Ry, (26)
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where

A, =(0.05,0.05,0.15,

0.04,0.15,0.04,0.09,0.11,0.06,0.11,0.15) ;

R,
[0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00]
0.75 0.75 0.75 0.75 0.75 1.00 0.75 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.75 1.00 0.75 0.75 0.75 1.00 0.00 0.75 (27)
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
= (0.00 0.00 0.50 0.00 0.00 0.50 0.00 0.00
0.50 1.00 0.50 0.75 0.50 1.00 0.75 0.75
0.00 0.75 0.00 0.75 0.75 1.00 0.00 0.00
0.75 0.50 0.75 0.75 0.75 1.00 0.75 0.75
0.75 0.00 0.50 0.25 0.75 1.00 0.00 0.75
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ]

Thus,

E, = (0.240,0.280,0.232,
(28)
0.290, 0.322,0.530, 0.150, 0.225) .

Hence the single factor rough set based assessment matrix is

E

0.720 0.838 0.690 0.688 0.615 0.910 0.852 0.442] (29)
10240 0.280 0.232 0.290 0.322 0.530 0.150 0.225]

5.6. 2nd Stage of Two-Stage Rough Set Synthetic Assessment
for the Reduction of GHG Emissions. The multifactor rough
set synthetic assessment for the strategies employed by
Tanzanian ship investors is given by

B=A-E'
B

= (0.55 0.45) (30)

0.720 0.838 0.690 0.688 0.615 0.910 0.852 0.442
0.240 0.280 0.232 0.290 0.322 0.530 0.150 0.225

B=(0.504 0.587 0.484 0.509 0.483 0.739 0.536 0.344).

The assessment set is composed of the values that rep-
resent the applicability of the strategies for GHG emission
reduction from the eight interviewed shipping companies.
Taking into account that each shipping company has equal
chance of applying these reduction strategies, the expected
applicability level is given by

E[x] = ) xP (X = x). (31)
Vx

Thus,
1 1 1
E[x] = 3 (50.4%) + 3 (58.7%) + 3 (48.4%)
1 1 1
+ 3 (50.9%) + 3 (48.3%) + 3 (73.9%) (32)
1 1
+ 3 (53.6%) + 3 (34.4%) = 0.52325.

This figure implies that the applicability of both opera-
tional and technical abatement measures by the Tanzanian
shipping investors for GHG emissions is 52% (i.e., moderate).
The results also reveal the awareness of the Tanzanian
shipping investors on the local and international regulations
aimed at combating the GHG emission and its disastrous
effects (i.e., climate change). Nevertheless, more efforts are
needed by all interested parties to give more satisfactory
results.

6. Conclusions

The shipping industry is currently pressurized to reduce a
drastic increase in CO, emissions which negatively influence
the world climate. More specifically, maritime rules and
regulations that safeguard the interests of society in this
respect, that is, that limit climate change effects of emissions,
are likely to emerge in future. Consequently, ship owners
and operators will have no choice but to adopt measures
that abate emissions from shipping operations. Taking into
account the current shipping situation in Tanzania, the
viable measures are technical and operational strategies.
This study applies RSSA model to assess the landscape of
the Tanzanian ship owners and operators on the solution
measures to reduce CO, emissions from shipping operations.
The assessment results show that the level of applicability of
the abatement measures for GHG emissions is moderate. The
results albeit unsatisfactory are promising taking into account
the investment capital and financial resources needed to cover
the technical abatement measures. Nonetheless, regulators,
policy makers, and any other interested parties are called to
assist the Tanzanian ship investors in applying the abatement
measures to the full. Moreover, the assessment results validate
the usefulness of rough set based models in exploratory
studies.
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