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Maritime transportation has drawn international attention due to the gradual
rise and projected growth of Greenhouse Gas (GHG) emissions resulting from
fossil fuel consumption. It is alarming that the overall maritime transportation
emissions are neither attended to nor mainstreamed under the transportation
sector. The actual national inventory of GHG emissions vis-a-vis all types/sizes
of maritime vessels is so far not established particularly in developing countries,
which clearly indicates the inadequacy of their climate mitigation response.
Accurate assessment of GHGs is essential to provide reliable input for climate
policy, strategies, and decision-making processes by flag states. Therefore, the
establishment of a baseline reference scenario by considering all types/sizes of
maritime vessels is crucial to know the actual gravity of the problem, which is
still unknown. This entailed the need to explore the actual extent of GHG
emissions from the maritime transportation sector. In this context, the present
study tried to assess the potential GHG emissions from maritime vessels by
undertaking the case of Pakistan and using the top-down approach, which took
into account fuel consumption and emission factors for GHGs. It revealed that
2,468,789.21 tonnes of GHGs (COye) are being emitted annually from the
maritime vessels of Pakistan, which is 4.9% of the overall transport sector
emissions of the country. Carbon offset cost of 37, 031, 838.14 USS/annum
and approximately 20,020 hectares of mature mangrove forest to remove
2,468,789.21 metric tonnes of CO,e emissions from the atmosphere in a
timeline of lyear are required to become carbon neutral. It is anticipated
that this study’s outcome will serve as a baseline reference scenario for
national GHG inventory and help in devising climate mitigation responses for
maritime vessels by bridging the existing knowledge gap.
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1 Introduction

Climate change is quickly becoming a survival concern
because it brings multiple challenges globally (GoP, 2021b).
Since about 1750, the observed rise in Greenhouse Gases
(GHGs) 1is clearly due to anthropogenic activities (IPCC,
2021). The burning of fossil fuels due to anthropogenic
activities including transportation is one of the main causes of
the increase in CO, emissions (IPCC, 2014; Notte et al., 2018;
Hussain et al., 2020). Over the last century, international sea
transportation has been the primary means of transit (Halim
etal., 2018) accounting for 80-90% of global trade (Chang, 2012;
Chu-Van et al.,, 2019; MERSIN et al., 2019; Yang and Ma, 2019;
Zhou et al., 2020; Al-Enazi et al., 2021). Maritime vessels are
directly involved in climate change by releasing the substances of
global warming because of the utilization of fossil fuels
(Fitzgerald et al, 2011; Kokosalakis et al., 2020). Emissions
depend on the type of fuel used, the type of engine, and its
efficiency. Marine fuel oil, Heavy fuel oil, and Marine diesel oil
are the most often utilized fuels in maritime vessels (Walker et al.,
2018; Schnurr and Walker, 2019; Zincir, 2020). In 2019, annual
atmospheric concentrations of carbon dioxide (CO,), methane
(CH,), and nitrous oxide (N,O) have reached averages of
410 ppm, 1866 ppb, and 332 ppb respectively (IPCC, 2021)
and if storage and use methods are not developed, future
increases will lead to catastrophic problems of climate change
(Al Baroudi et al., 2021). It is critical to highlight that global
warming, in the 21st century, will increase by 1.5°C and 2°C
unless GHG emissions are significantly reduced in the next few
decades (IPCC, 2021).

The fourth International Maritime Organization (IMO)
GHG study demonstrated that shipping transportation is
accountable for 2.89% of global CO, emissions (IMO, 2021a)
whereas CO, emissions from the business-as-usual scenario of
shipping will probably increase up to 250% by 2050 (IMO, 2015;
Bouman et al., 2017; Gritsenko, 2017; Tatar and Ozer, 2018) if no
mitigation action will be taken (Bouman et al., 2017; Inal et al,
2021). Paris Agreement aimed to keep the century’s average
temperature rise to 2°C; however, reductions in GHG emissions
from maritime transportation were not included in the plan
(Halim et al., 2018; Muhammad and Long, 2020). In abatement
strategies that seek to preserve global GHG concentrations
around 450 ppm or 550 ppm, all forms of transportation
would be needed to significantly increase fuel efficiency, utilize
more low-carbon fuels, and implement behavioral changes
(Cames et al,, 2015). The objective of the Paris Agreement for
limiting the global temperature rise would be jeopardized unless
the maritime sector contributes towards climate mitigation
strategies (Halim et al., 2018).

However, the IMO approved a resolution in 2018 to cut
shipping emissions by at least 50% and CO, emissions by at least
70% by 2050 (Chen et al., 2019; IMO, 2019; Muhammad and
2020; Zincir, 2020). Considerable and

Long, resources
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investments are required to achieve this goal (UNCTAD,
2020). Merk (2014) projected that Asia and Africa will witness
the largest increases in emissions because of substantial port
traffic development and insufficient mitigating efforts. Therefore,
mitigation strategies are necessary for all types of sea-going
vessels, but the gravity of the problem needs to be identified
first which is a major challenge in developing countries including
Pakistan.

Existing studies now including the IMO studies have some
sort of shortcomings, for instance, the fourth IMO GHG study
has only covered ships of 100 GT and above. The omission of
fishing vessels and other small commercial vessels from IMO’s
GHG studies is also reported in a study in the United Kingdom
(Coello et al,, 2015). In addition, the national GHG emission
scenario is also not provided. So, there is a question that arises
where Pakistan is ranked among other countries in the
breakdown of GHG emissions. It is critical to mention that
significant gaps regarding the under-reporting of fuel data
(IMO, 2009), the unavailability of Automatic Identification
System (AIS) data for some years during the study period
(IMO, 2015), and no reporting of fuel consumption data to
International Energy Agency (IEA) by countries except a few
ones (IMO, 2015; 2021b) have been reported in IMO’s GHG
Studies. Accurate estimation of GHG emissions is vital for
providing credible input to policy-making processes and
climate response (Notte et al., 2018). So, the aforementioned
gaps raise the question regarding the accurate calculation of
global GHG emissions from maritime vessels of all types and
sizes.

On the other hand, in the case of Pakistan, the actual
national inventory of GHG emissions vis-a-vis all types/sizes
of vessels is so far not established. Moreover, the allocation of
emissions from ships has been hotly disputed based on the
nationality of the transporting firm, country of departure, or the
area where the fuel is sold, etc (Villalba and Gemechu, 2011a).
GHGs and other air pollutants are considered transnational
issues because they have no boundaries. However, a
transnational issue doesn’t mean that you should put your
emissions in the hands of others; rather, everyone must
come up with climate mitigation plans and strategies.
Therefore, the case of Pakistan is significant due to the large
number of fishing vessels that are active in the Arabian Sea.
Their cumulative effect, along with other types/sizes of vessels,
on GHG emissions is unknown. Therefore, the establishment of
a baseline reference scenario and knowing the carbon offset cost
is crucial to know the actual gravity of the problem to contribute
toward climate mitigation response as well as fulfillment of
objectives and targets set under the National Climate Change
Policy (NCCP) 2021 (GoP, 2021a) and Nationally Determined
Contribution (NDC) 2021 (GoP, 2021b).

Hence, this entailed the need to explore and assess the
overall GHG emission scenario from the most ignored and
unattended segment of the maritime economy. In this context,
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this paper tried to analyze the potential GHG emissions for all
types and sizes of sea-going vessels and their carbon offset cost
by taking the case of a developing country i.e. Pakistan. The
outcome of the study provides a baseline reference scenario
for the GHG inventory and adds knowledge to the existing
pool of literature which would help in developing policy and
climate mitigation strategies specific to all types of maritime

vessels.

2 Materials and methods

2.1 Review of methodologies and emission
factors

In the literature, the main available methodologies to
calculate shipping emissions are classified into the top-down
approach and bottom-up approach (Eyring et al., 2010)
proposed by Intergovernmental Panel on Climate change
(IPCC) (Yang and Ma, 2019). In a top-down approach,
emissions are calculated without regard to location.
Emissions are calculated by gauging fuel use by power
generation first and then it is multiplied by the emission
factor. Whereas, in a bottom-up approach, ship, and route-
specific emissions within a geographical context are directly
estimated depending on vessel characteristics, vessel
movements, and vessel emissions factors (Eyring et al,
2010).
problem of GHG emissions from the combustion of fuel

Several publications scientifically research the
oil in maritime vessels (Kokosalakis et al., 2020). Tokuslu
(2021) examined the GHG emissions from maritime vessels
in four of Georgia’s main ports using the bottom-up
approach. Kramel et al. (2021) presented a bottom-up
evaluation of GHGs and aerosol emissions from the
(2017)
worldwide emissions from shipping for the year 2015 by
using the Ship Traffic Model
(STEAM3), specification data of ships, and Automatic
Identification System (AIS) data. Chen et al. (2016)
evaluated ship exhaust emissions using activity-based
methods and AIS data for the Tianjin Port, China. Styhre
etal. (2017) examined the GHG emissions from ships in four

shipping industry. Johansson et al. estimated

Emission Assessment

ports using yearly data from the Ports of Gothenburg, Long
Beach, Osaka, and Sydney using a model developed by IVL
Swedish Environmental Research Institute. Olukanni and
Esu (2018) calculated the quantity of GHGs released by port
vessel activities in the Nigerian ports of Lagos and Tin Can
using a bottom-up technique based on individual vessel
(2013) examined GHG
emissions from port shipping activities in Korea’s Port of

characteristics. Chang et al.

Incheon and found significant differences when comparing

the results of the bottom-up approach with the top-down
approach. Additionally, several studies have discussed the
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best possible measures for climate mitigation in the maritime
transportation sector (Li et al., 2019; MERSIN et al., 2019;
Prasad and Raturi, 2019; Jiang et al., 2020; Joung et al., 2020;
Zincir, 2020; Al-Enazi et al., 2021; Inal et al., 2021). However,
no study has been found that explores and compares the
GHG
transportation sector by taking into account all types and

overall emission scenario from the maritime
sizes of maritime vessels — a research gap that is explored in
this study.

This section, as a whole, demonstrates the methodology
used for the calculation of GHG emissions from all types and
sizes of maritime vessels in Pakistan. The review of
methodologies used for calculations of GHG emissions
globally and emission factors are briefed in sub-section
2.1. Sub-section 2.2 deals with the implications of existing
methodologies for this study. Similarly, the selection of the
GHG emissions method and variables involved are described
in sub-section 2.3 and sub-section 2.4 respectively. Sub-
section 2.5 explains the data acquisition of maritime
vessels from concerned departments and authorities. The
of GHGs this

normalization of GHG emissions factors, and selection of

scope under study, selection, and
GHG emission calculation method for this study is described
in sub-section 2.6 to sub-section 2.9 respectively.

Various methodologies and emission factors relating to GHG
emissions were scrutinized during the methodological review
process. It has been identified that various GHG methodologies
and emission factors remained in leading practice globally by
Intergovernmental Panel on Climate Change (IPCC) (IPCC,
2006), International Maritime Organization (IMO) (IMO,
2015), United States Environmental Protection Agency (US-
EPA) (US EPA, 2022a), European Monitoring and Evaluation
Program/European Environment Agency (EMEP/EEA), and
Core Inventory of Air Emissions (CORINAIR) Guidebooks

(EEA, 2021).

2.1.1 Methodologies developed by IPCC

Over the time, IPCC has provided different methodological
approaches and emissions factors for measuring GHG emissions
generated from all water-borne navigation, which are followed
globally. IPCC guidelines 2006 for national GHG inventories are
the recent ones to which significant refinements were made in
May 2019. IPCC, in its 2006 Guidelines, has presented two
methodological tiers for the estimation of Carbon Dioxide,
Methane, and Nitrous Oxide emissions. In the Tier one
method, emissions of the above-mentioned gases can be
calculated based on fuel consumption data and default
emissions factors by applying the following equation:
Emissions = ), (Fuel consumed,;, ® Emission factor )

Where “a” is fuel type and “b” is water-borne navigation type.

However, Tier two also uses the same equation for
estimating shipping emissions yet country-specific emission
factors with higher precision in fuel type, classification mode,
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and engine type are required. Based on these variables, the
EMEP/CORINAIR emission inventory guidebook provides an
in-depth methodology for estimating shipping emissions
(IPCC, 2006).

2.1.2 EMEP/EEA Air pollutant emission inventory
guidebook

EMEP/EEA air pollutant emission inventory guidebook was
previously known as the EMEP CORINAIR emission inventory
guidebook. EMEP/EEA emission inventory guidebooks are
available from 2006 to 2019. EMEP/EEA air pollutant
emission inventory guidebook 2019 was updated in December
2021 (EEA, 2021) and provides three detailed methodological
tiers for estimating shipping emissions which include Tier 1
(Default approach), Tier 2 (Technology Specific approach), and
Tier 3 (Ship movement methodology). The Tier one method
simply uses the mass of fuel consumed with fuel-specific-
emissions factors for the type of fuel used. This guidebook
also presents emission factors for air pollutants of different
types of fuels for all three tiers but it doesn’t cover specific
GHG emission factors under its scope. However, Tier two and
Tier three methodological approaches are only useful when
detailed information is available about all required variables
i.e. engine types, fuel types, vessel trip phases, etc.

2.1.3 Methodologies used by IMO

IMO has used top-down and bottom-up methodological
approaches to estimate global shipping emissions in all its
previous studies (IMO, 2009, 2015; 2021b). The top-down
approach is based on fuel statistics and the bottom-up
approach is based on activity datasets.

2.2 Implications of the existing
methodologies for this study

IMO’s GHG Studies are based on AIS-transmitted data for
the bottom-up approach and fuel consumption data from
International Energy Agency (IEA) for the top-down
approach. However, significant gaps exist regarding fuel
consumption records at the international level for the years
i.e. 2012 and 2018 as reported in the third and fourth IMO
GHG Studies (IMO, 2015; 2021b). IMO doesn’t have the
breakdown of actual fuel consumption data vis-a-vis all
types/sizes of maritime vessels as they just relied on fuel
data IEA. Given the
unavailability of data for the study, the period is further

consumption provided by
challenging in determining the actual extent of global
shipping emissions which indicates that the global shipping
emissions would be much higher when actual fuel
consumption data of all types/sizes of vessels will be
incorporated. Moreover, IMO has relied on AIS data for a
bottom-up approach; AIS data covers ships of 100 GT and
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above only associated with an IMO number. Ships below
100 GT don’t have an IMO number and mostly fishing
crafts and harbor crafts fall in this category hence their
record is missing.

Collecting fishing vessel data is technically a difficult task.
There is no check and balance on how much fuel vessels
consume. Record maintenance is also not streamlined
particularly in developing countries. Operational aspects of
fishing vessels are not on record to determine the actual fuel
consumption by these vessels. So, it raises the question regarding
the trend of global shipping emissions when all the missing
aspects will be considered. All the aforementioned methodologies
evolved over time and have come up to an advanced level where
various variables are accounted towards the calculation of GHG
emissions. National maritime emission scenarios towards global
GHG emissions matter a lot since climate change has no
boundaries and these emissions impact globally. So, in
developing countries, particularly in the case of Pakistan, the
share of all types and sizes of sea-going vessels might be higher
than ships for national transportation which is unattended.
Given the constraints vis-a-vis time, resources, and the size
and scope of the study, this study is trying to attempt an
initial preliminary assessment.

2.3 Selection of GHG emissions method
for this study

Owing to the limitation of AIS Data for the bottom-up
approach and considering the unattended vessels having no
IMO number, the best possible method is the top-down
method (based on fuel consumption) which is adopted for
the current study. To narrow it down further to cover all
aspects, an in-depth study is needed, which can be
undertaken in the future but this study is also authentic
as it is relying on the actual data of fuel consumed by sea-
going vessels. This initial preliminary assessment would
provide an initial baseline upon which an in-depth study
needs to be built. Moreover, it would provide insight into the
actual gravity of the problem and scale and trend to foresee
its share in national transportation.

2.4 Variables involved

In this study, GHG emissions are taken as a dependent
variable, and fuel consumption as a major independent
variable. The GHG emissions and fuel consumption of
maritime vessels are depending on the type of vessel, size
of the vessel, type of fuel used, the average amount of fuel
consumed, emission factor of specific greenhouse gas
(i.e., CO,, CHy4, and N,O) and respective global warming
potential. Therefore, GHG emissions depend on a wide
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range of independent variables as a subgroup of the fuel
consumption, which includes type and size of the vessel,
type of fuel, fuel consumption vis-a-vis different phases of
trips, type of engine, size of the engine, engine speed, engine
nominal power, engine load factor, and emission factor of
pollutant, etc. (IPCC, 2006; EEA, 2021). However, the GHG
emissions will vary depending on the range of variables vis-a-
vis methodology selected for the calculation of GHG
emissions from maritime vessels.

2.5 Data acquisition

Fleet data of PNSC were collected from Pakistan National
Shipping Corporation (PNSC). This data includes annual fuel
consumption data of ships vis-a-vis ship type and fuel type for
the fiscal year 2021-2022. Data on PMSA’s own fleet including
ship type, engine type/size, and annual fuel consumption vis-
a-vis fuel type were collected from the Pakistan Maritime
Security Agency (PMSA). Fuel consumption data of fishing
vessels and other crafts of both provinces i.e. Sindh and
Balochistan were acquired from the PMSA as well as from
consultations with various boat owners and nakhudas. A
consultation session was arranged with the technical and
administrative assistance of WWE-Pakistan (World Wide
Fund for Nature) in Karachi to get information and data
about the business-as-usual case of fishing vessels’ fuel
consumption per trip vis-a-vis different types and sizes of
boats i.e. big sized (local term: Launch), medium-sized (local
term: Hora) and small-sized (local term: Dhonda). Moreover,
telephone interviews with random boat owners and nakhudas
of fishing vessels at fish harbors of Karachi, Korangi, Keti
Bandar, Ormara, Pasni, Gwadar, Gadani, and Jiwani were
conducted to determine the fuel consumption per trip. Based
on PMSA’s input and consultation with various relevant
actors, gathered data was scrutinized and rationalized to
determine the average annual fuel consumption. First of all,
fuel consumption data of vessels per trip viz vessels type/size
was determined, and then annual fuel consumption was
estimated. Annual fuel consumption data of harbor crafts
such as dredgers, tugs, barges, floating cranes, and ferry
boats were obtained from Karachi Port Trust (KPT) and
Port Qasim Authority (PQA).

2.6 Scope of GHGs in this study

Mainly six GHGs (CO,, CH,, N,O, HECs, PFCs, and SF) are
considered by the UNFCCC (United Nations
Convention on Climate Change) and its Kyoto Protocol
(UNCTAD, 2009). Over 90% of the fuel used for transportation is
petroleum based such as gasoline and diesel (US EPA, 2022b). As a
result of fuel combustion, the majority of the GHGs emitted are

Framework
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carbon dioxide (CO,) with relatively small amounts of methane
(CH,) and nitrous oxide (N,O). Moreover, a small amount of
hydrofluorocarbons (HFCs) emits from refrigerators and air
conditioners (IMO, 2015 US EPA, 2022b). The scope of this
study primarily covers three GHGs namely carbon dioxide,
methane, and nitrous oxide, resulting from fuel consumption in all
types/sizes of sea-going vessels except naval ships. GHGs and their
source of emissions from maritime vessels are given in Table 1.

2.7 Selection of GHG emission
factors (EFs)

The following emission factors (Table 2) have been
selected after a thorough review and cross-examination of
factors either developed or remained in use by US-EPA, IMO,
and IPCC.

2.8 Normalization of GHG emission
factors

As aforementioned, various emission factors of GHGs for
various categories of fuels have been retrieved from the literature.
All these emission factors were having different units so for
avoiding any confusion these emission factors have been
normalized and converted to the same unit ie., kg/gallon.
Emissions factors of GHGs for various fuel categories are as
follows:

2.8.1 Diesel
The GHG emission factors for diesel are provided in Table 3
hereunder.

2.8.2 Gasoline/petrol

The GHG emission factors for gasoline/petrol are provided in
Table 4 hereunder.

TABLE 1 Data retrieved from Third IMO GHG study 2015 and US-EPA.

(€] (€13 Source of emissions

CO, Fuel combustion in internal combustion engines

CH, Incomplete combustion of LNG, fuel combustion of heavy fuel oils
(HFO), and distillates

N,O Fuel combustion

HECs Leaks from cooling systems, air conditioners, and refrigerators

PFCs Fire-fighting foams and leakage from remaining stockpiles

N Not used in significant quantities on ships however compressed gas

cylinders are used to distribute and transport Sulfur Hexafluoride
(SF¢) supplies
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2.8.3 Marine gas oil (MGO)

The GHG emission factors for marine gas oil (MGO) are
provided in Table 5 hereunder.

2.8.4 Very low sulfur fuel oil (VLSFO)

The GHG emission factors for very low Sulfur fuel oil
(VLSFO) are provided in Table 6 hereunder.

2.9 Selection of GHG emission calculation
method for this study

Tier one method developed by IPCC is selected for this study
to calculate GHG emissions and customized according to the
need under the scope of the study. The equation is as follows:

Emissions =y, (Fuel consumed,;, ® Emission factor,,) (IPCC,
2006)

In the above equation,

«_»

a” represents the type of fuel, and “b”
represents water-borne navigation type such as boat or ship and
possibly the type of engine.

TABLE 2 GHG Emission Factors (EFs) for various fuel categories.

10.3389/fenvs.2022.1076585

2.9.1 Basis of formulae

Based on fuel consumption data and taking three gases, the
following two formulas were developed and used for the
calculation of GHG emissions load and GHG emissions in CO,e
with respect to global warming potential (GWP) of all types and sizes
of maritime vessels (except naval platforms) in terms of national
baseline maritime emissions reference scenario of Pakistan.

Formula Equation 1 - GHG emissions load estimation:

GHG emissions load = Fuel,u*(z co? + cHY +N,07 ), (1)

Where;
ac = average consumption
CO;f = GHG Emission Fcator for Carbon Dioxide
CHif = GHG Emission Factor for Methane
N,0% = GHG Emission Factor for Nitrous Oxide
Formula Equation 2 - GHG emissions (CO,e with respect
to GWP):

GWPco,. = Fuelac*(Z( o “*CO;f) + ( o ”"CHZf) + (o ""'NZO”f)),
(2)

GHG emission factors

GHG
emissions

Emission Source of EFs

factors (EFs)

Sr No.

Vessels using fuel

Fuel type

1 Diesel PMSA Fleet CO, 10.21 (Kg/gallon) US-EPA - GHG Emission factors Hub 2022
(Pg no. 02)
Fishing Vessels
Passenger Boats CH, 6.41 (g/gallon) US-EPA - GHG Emission factors Hub 2022
(Pg no. 03)
Water and Fuel carrying
Boats
Pleasure Boats N,O 0.17 (g/gallon) US-EPA - GHG Emission factors Hub 2022
(Pg no. 03)
Harbour Crafts (KPT
& PQA)
2 Gasoline/Petrol (2 Stroke) PMSA Fleet CO, 69,300 (kg/TJ) IPCC Guidelines 2006
Skiff Boats CH, 4.58 (g/gallon) US-EPA - GHG Emission factors Hub 2022
(Pg no. 03)
N,O 0.08 (g/gallon) US-EPA - GHG Emission factors Hub 2022
(Pg no. 03)
3 Marine Gas Oil (MGO) PNSC fleet CO, 3.206 (g/g fuel) Third IMO GHG Study 2015
CH, 0.00006 (g/g fuel) Third IMO GHG Study 2015
N,O 0.00016 (g/g fuel) Third IMO GHG Study 2015
4 Very low Sulfur fuel oil PNSC fleet CO, 3.114 (g/g fuel) Third IMO GHG Study 2015
(VLSFO)
CH, 0.00006 (g/g fuel) Third IMO GHG Study 2015
N,O 0.00015 (g/g fuel) Third IMO GHG Study 2015
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TABLE 3 GHG emission factors (EFs) for diesel.

GHG emissions

Emission factors (kg/gallon)

10.3389/fenvs.2022.1076585

Source of EFs

CO, 10.21 US-EPA - GHG Emission factors Hub 2022 (Pg no. 02)
CH, 0.00641 US-EPA - GHG Emission factors Hub 2022 (Pg no. 3)
N,O 0.00017 US-EPA - GHG Emission factors Hub 2022 (Pg no. 03)

TABLE 4 GHG emission factors (EFs) for gasoline/petrol.

GHG emissions

Emission factors (kg/gallon)

Source of EFs

CO, 9.132 IPCC Guidelines 2006
‘ CH, 0.00458 US-EPA - GHG Emission factors Hub 2022 (Pg no. 03)
‘ N,O 0.00008 US-EPA - GHG Emission factors Hub 2022 (Pg no. 03)

Where;
GWP = Global warming potential
CO,, = Equivalent to Carbon Dioxide
ac = average consumption
oc? = 1Global Warming Potential for Carbon Dioxide)
oc ¥ = 25 (Global Warming Potential for Methane)
o< ¢ = 298 (Global Warming Potential for Nitrous Oxide)
CO;f = GHG Emission Fcator for Carbon Dioxide
CHif = GHG Emission Factor for Methane
N,0%= GHG Emission Factor for NitrousOxide

3 Results

This section demonstrates the amount of greenhouse gas
emissions resulting from the maritime transportation sector of
Pakistan and the carbon offsetting costs for maritime vessels.
This assessment would provide insight into the most neglected
sector that how all types of vessels vis-a-vis sizes are contributing
towards national emissions as a silent contributor. As part of this
study, the GHG emissions load of all sea-going vessels and their
respective Global Warming Potential (CO,e) is studied separately.

3.1 GHG emissions from the maritime
transportation sector of Pakistan

In this study, Pakistan maritime vessels are classified into
six different categories i.e. PNSC’s merchant ships; PMSA’s
surveillance vessels at sea; KPT’s port operations’ assistance
crafts; PQA’s port operations’ assistance crafts; fishing
vessels; and recreational and other crafts.
illustrates the total share of GHG emissions (CO,e) with
respect to global warming potential contributed by each
category of the the

Figure 1

sea-going vessel in maritime
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TABLE 5 GHG emission factors (EFs) for marine gas oil (MGO).

GHG emissions Emission factors (kg/gallon)

CO, 12.13603
CH,4 0.000227124707
N,O 0.0006056658854

TABLE 6 GHG emission factors (EFs) for VLSFO.

GHG emissions

Emission factors (kg/gallon)

CO, 11.787772
‘ CH,4 0.000227124707 ‘
‘ N,O 0.0005678117676 ‘

transportation sector. Total GHG emissions and warming
potential of each gas i.e., carbon dioxide, methane, and
nitrous oxide by each category of the sea-going vessel are
presented in Table 7 and Table 8. The total greenhouse gas
(GHG) emissions with respect to their global warming
potential (GWP, CO,e) including carbon dioxide (CO,),
methane (CHy), and nitrous oxide (N,O), of Pakistan’s
maritime transportation sector, are 2,468,789.21 tonnes
(COse) based on annual fuel consumption for the year
2021-2022. total of
310,885.75 tonnes of fuel for the aforementioned period

Maritime vessels consumed a
including diesel, petrol, marine gas oil (MGO), and very
low sulfur fuel oil (VLSFO).

The results demonstrate that carbon dioxide is the highest
emitting GHG from the maritime transportation sector of
Pakistan. Carbon dioxide emissions from all types and sizes of

maritime vessels amounted to 2,423,211.88 tonnes while

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1076585

10.3389/fenvs.2022.1076585

Semab et al.
1.2%
0.4%
0.2%
EPNSC ®wPMSA ®KPT ®PQA wFishing uRecreational & Other Crafts
FIGURE 1

boats, water and fuel carrying boats.

Share of GHG emissions (CO,e) from maritime vessels (A)PNSC: Pakistan National Shipping Corporation (B) PMSA: Pakistan Maritime Security
Agency (C)KPT: Karachi Port Trust (D) PQA: Port Qasim Authority (E)Fishing vessels (F)Recreational and other crafts such as skiff boats, passenger

TABLE 7 Total GHG emissions load from each category of maritime vessels.

Categories of Maritime Annual fuel consumption

GHG emissions load (tonnes/annum)

vessels (tonnes/annum)
CO, CH, N,O Total GHG
emissions emissions emissions emissions load

PNSC 63,393.17 559,309.84 10.77 26.96 559,347.57
PMSA 3,691.85 28,172.62 17.66 0.47 28,190.75
KPT 1,122.60 8,573.98 5.38 0.14 8,579.51
PQA 722.97 5,521.74 3.47 0.09 5,525.30
Fishing vessels 224,261.22 1,697,300.77 1,049.00 27.22 1,698,376.99
Recreational and other crafts 17,693.94 124,332.93 66.50 1.35 124,400.78

Total 310,885.75 2,423,211.88 1,152.77 56.23 2,424,420.89

Bold are used for total values.

methane (CH,) and nitrous oxide (N,O) emissions are
1,152.77 tonnes and 56.23 tonnes respectively. Results show
that fishing vessels are the largest contributors to maritime
GHG Fishing vessels
1,731,638.31 tonnes of GHG emissions (CO,e) having a
total share of 70.1% of the country’s total maritime vessel

emissions. are responsible for

emissions. Similarly, PNSC’s merchant ships are the second
largest emitters of GHGs which corresponds to a 23% share
with emissions of 567,613.48 tonnes (CO,e). The third GHG
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contributor i.e. recreational and other crafts accounting for
126,397.07 tonnes (CO,e) have a total of 5.1% share in
maritime emissions followed by sea-going vessels of PMSA,
KPT, and PQA. PMSA’s surveillance vessels are responsible
for 28,753.46 tonnes (CO,e) emissions, along with port
operations’ assistance crafts of KPT and PQA accounting
for 8,751.10 and 5,635.80 tonnes (CO,e) and these three
collectively have a share of 1.8% in total GHG emissions
from the maritime sector of Pakistan.
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TABLE 8 Global Warming Potential (GWP, CO,e) from each category of maritime vessels and respective carbon offset cost.

Carbon offset

Categories of Annual fuel Global warming potential (tonnes CO,e/annum)
Maritime vessels consumption (tonnes/ cost/
annum) CO, CH, N,O Total GHG annum (US$)
emissions emissions emissions emissions
PNSC 63,393.17 559,309.84 269.26 8,034.38 567,613.48 8,514,202.20
PMSA 3,691.85 28,172.62 44153 139.30 28,753.46 431,301.84
KPT 1,122.60 8,573.98 134.57 42.54 8,751.10 131,266.47
PQA 722.97 5,521.74 86.67 27.40 5,635.80 84,537.02
Fishing 224,261.22 1,697,300.77 26,224.88 8,112.66 1,731,638.31 25,974,574.64
Recreational and other 17,693.94 124,332.93 1,662.45 401.68 126,397.07 1,895,955.98
crafts
Total 310,885.75 2,423,211.88 28,819.36 16,757.96 2,468,789.21 37,031,838.14
Bold are used for total values.
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FIGURE 2
Breakdown of annual GHG emission load from all vessels of PNSC based on fuel consumption (VLSFO).

3.2 Breakdown of GHG emissions from
sea-going vessels

A detailed breakdown of GHG emissions from each type of
sea-going vessel is given below:

Frontiers in Environmental Science 09

3.2.1 PNSC's merchant ships

Pakistan National Shipping Corporation (PNSC) is
national flag carrier and provides effective shipping services to
other countries and seaborne trade in Pakistan (PNSC, 2015).
Currently, Pakistan National Shipping Corporation (PNSC) has

a
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FIGURE 3
Total annual GHG emissions (CO,e) from PNSC fleet based on fuel consumption (VLSFO).

TABLE 9 Breakdown of total GHG Emissions from PNSC'’s fleet based on fuel consumption of VLSFO.

Vessel Vessel Annual GHG emissions load (tonnes/annum) Total annual GHG emissions (tonnes CO,e/annum)
type name
COo, CH,4 N,O Total GHG Cco, CH, N,O Total GHG
emissions  emissions  emissions emissions  emissions emissions  emissions  emissions
Tanker Karachi 62421.67 1.20 3.01 62425.88 62421.67 30.07 896.03 63347.77
Tanker Lahore 64837.77 1.25 3.12 64842.14 64837.77 31.23 930.72 65799.71
Tanker Quetta 59908.58 1.15 2.89 59912.62 59908.58 28.86 859.96 60797.40
Tanker Shalamar 71239.54 137 343 71244.34 71239.54 34.32 1022.61 72296.46
Tanker Bolan 50350.01 0.97 243 50353.41 50350.01 2425 722.75 51097.02
Tanker Khairpur 47828.10 0.92 2.30 47831.33 47828.10 23.04 686.55 48537.69
Bulk Hyderabad 44953.48 0.87 2.17 44956.51 44953.48 21.65 645.29 45620.42
Carrier
Bulk Multan 22432.65 0.43 1.08 22434.16 22432.65 10.81 322.01 2276547
Carrier
Bulk Chitral 35835.81 0.69 173 35838.22 35835.81 17.26 514.41 36367.47
Carrier
Bulk Sibi 31664.96 0.61 1.53 31667.09 31664.96 15.25 454,54 32134.74
Carrier
Bulk Malakand 56725.33 1.09 2.73 56729.16 56725.33 27.32 814.27 57566.92
Carrier
Total 548197.90 10.56 26.41 548234.87 548197.90 264.06 7869.12 556331.09

Bold are used for total values.

a total of 13 ships; out of which eight are tankers and five are bulk whereas Chitral, Malakand, Hyderabad, Sibi, and Multan are
carriers. The vessel names of the tankers are Khairpur, Bolan, bulk carriers. Two tankers (Mardan and Sargodha) have been
Quetta, Lahore, Karachi, Shalamar, Mardan, and Sargodha added to PNSC’s fleet recently however only 11 ships were

Frontiers in Environmental Science 10 frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1076585

Semab et al.

10.3389/fenvs.2022.1076585

4000

3500

3000

2500

2000

# Carbon Dioxide

H Methane

1500

u Nitrous Oxide

1000

GHG Emissions (tonnes/annum)

500

FIGURE 4

Breakdown of annual GHG emissions load from all vessels of PNSC based on fuel consumption (MGO).
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Total annual GHG emissions (CO,e) from PNSC fleet based on fuel consumption (MGO).

operational on the ground during the study period. Figure 2
represents the breakdown of GHG emission (CO,, CHy4, N,O)
load from all merchant ships of PNSC based on annual fuel
consumption i.e. Very Low Sulfur Fuel Oil (VLSFO) for the fiscal
year 2021 to 2022. Whereas6, Figure 3 illustrates the total annual
GHG emissions (CO,e) from the PNSC fleet. A detailed
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breakdown of GHG emissions from PNSC’s fleet resulting
from the consumption of VLSFO is presented in Table 9.

The results depict that PNSC’s fleet accounted for a total
of 556,331.09 tonnes of GHG emissions (CO,e) annually
based on the fuel consumption of VLSFO. As shown in
Figure 2, Shalamar is contributing the highest amount of
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TABLE 10 Breakdown of total GHG Emissions from PNSC fleet based on fuel consumption of MGO.

Vessel Vessel Annual GHG emissions load (tonnes/annum) Total annual GHG emissions (tonnes CO,e/annum)
type name
Cco, CH,4 N,O Total GHG Cco, CH,4 N,O Total GHG
emissions emissions emissions  emissions  emissions emissions  emissions = emissions
Tanker Karachi 18.16 0.00 0.00 18.16 18.16 0.01 0.27 18.44
Tanker Lahore 390.37 0.01 0.02 390.40 390.37 0.18 581 396.36
Tanker Quetta 254.19 0.00 0.01 25421 254.19 0.12 3.78 258.09
Tanker Shalamar 145.25 0.00 0.01 145.26 145.25 0.07 2.16 147.48
Tanker Bolan 81.71 0.00 0.00 81.71 81.71 0.04 1.22 82.96
Tanker Khairpur 14525 0.00 0.01 14526 14525 0.07 2.16 147.48
Bulk Hyderabad 2995.87 0.06 0.15 2996.07 2995.87 1.40 44.55 3041.82
Carrier
Bulk Multan 1289.13 0.02 0.06 1289.22 1289.13 0.60 19.17 1308.91
Carrier
Bulk Chitral 172.49 0.00 0.01 172.50 172.49 0.08 2.57 175.14
Carrier
Bulk Sibi 2233.28 0.04 0.11 2233.43 2233.28 1.04 33.21 2267.54
Carrier
Bulk Malakand 3386.24 0.06 0.17 3386.47 3386.24 1.58 50.36 3438.18
Carrier
Total 11111.94 0.21 0.55 11112.70 11111.94 5.20 165.26 11282.40

Bold are used for total values.

carbon dioxide emissions i.e. 71,239.54 tonnes followed by
Lahore and Karachi with emissions of 64,837.77 tonnes and
62,421.67 tonnes respectively. Malakand, Quetta, Bolan,
Khairpur, Hyderabad, Chitral, Sibi, and Multan also have
a significant share of global CO, emissions. On contrary,
methane (CH,) and nitrous oxide (N,O) emissions from all
vessels are negligible.

Figure 4 represents the breakdown of GHG emissions
(CO,, CHy, N,O) load from all vessels of PNSC based on
annual fuel consumption i.e. Marine gas oil (MGO) whereas,
Figure 5 illustrates total annual GHG emissions (CO,e) for
PNSC’s fleet. A detailed breakdown of GHG emissions from
PNSC’s fleet resulting from the consumption of MGO is
presented in Table 10. Results depict that PNSC’s fleet
of GHG
emissions (CO,e) based on annual fuel consumption i.e.
Marine Gas Oil (MGO) for the fiscal year 2021 to 2022. As
shown in Figure 4, Malakand, followed by Hyderabad and

accounted for a total of 11,282.40 tonnes

Sibi, are the leading contributors to global carbon dioxide
emissions, contributing 3,386.24 tonnes, 2,995.87 tonnes, and
2,233.28 tonnes per annum respectively. On the other hand,
methane (CHy), and nitrous oxide (N,O) emissions from all
merchant’s vessels are very low.

Frontiers in Environmental Science

3.2.2 PMSA’s fleet

Pakistan Maritime Security Agency (PMSA) is a law
enforcement agency that is controlled and managed by
Pakistan Navy. Currently, PMSA has a total of 34 vessels
which includes 15 hundred tons maritime patrol vessels
(15 HT MPVs); 6 hundred tons maritime patrol vessels (6 HT
MPVs); corvettes (397 tons); island class (250 tons), and inland
patrol boats. Figure 6 illustrates the breakdown of annual GHG
emissions load from all types of vessels of PMSA. Figure 7 shows
the total annual GHG emissions (CO,e) from the PMSA fleet. A
detailed breakdown of annual GHG emissions from PMSA’s fleet
is presented in Table 11. Results show that the total GHG
PMSA  fleet
28,753.46 tonnes (CO,e) based on annual fuel consumption of
3,691.85 tonnes for the period 2021-2022. As shown in Figure 6,
6HT MPVs are leading contributors to carbon dioxide with

emissions  from  the accounted  for

emissions of 17,505.40 tonnes followed by the second highest
contributor i.e. 15HT MPVs with emissions of 8,549.84 tonnes
annually. However, Corvettes (397 tons), Island Class (250 tons),
Inland Patrol Boats (caterpillar-C9), and Inland Patrol
Boats - OBM (outboard motor) are

1,090.34 418.71 205.25
403.07 tonnes of carbon dioxide. Whereas, on other hand,

responsible  for

tonnes, tonnes, tonnes, and
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annual emissions of methane (CH,) and nitrous oxide (N,O) are

very low.

3.2.3 Karachi port trust

Karachi Port Trust (KPT) is a federal government agency
administered by Federal Maritime Secretary. KPT manages
the operations of the Karachi port through several harbour

Frontiers in Environmental Science

Corvettes Island Class Inland PatrolInland Patrol
(250 tons) Boats - C9

13

Total
Boats -
OBM

crafts which include dredgers, tugs, barges, floating cranes,
and ferry boats. Figure 8 illustrates the breakdown of GHG
emissions load from all types of harbour crafts of KPT.
Figure 9 shows the total annual GHG emissions (CO,e)
from harbour crafts of KPT. Table 12 presents a detailed
breakdown of annual GHG emissions resulting from fuel
consumption of harbour crafts of KPT. Results show that
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TABLE 11 Breakdown of total GHG Emissions from PMSA Fleet.

Annual GHG emissions load (tonnes/annum)

10.3389/fenvs.2022.1076585

Total annual GHG emissions (tonnes CO,e/annum)

Vessel type
Cco, CH,4 N,O Total GHG Cco, CH,4 N,O Total GHG
emissions emissions emissions emissions emissions emissions emissions emissions
15HT MPVs 8549.84 5.37 0.14 8555.35 8549.84 134.19 4242 8726.46
6HT MPVs 17505.40 10.99 0.29 17516.68 17505.40 274.75 86.86 17867.02
Corvettes 1090.34 0.68 0.02 1091.04 1090.34 17.11 5.41 1112.87
(397 ton)
Island Class 41871 0.26 0.01 418.98 41871 6.57 2.08 427.36
(250 tons)
Inland Patrol 205.25 0.10 0.00 205.35 205.25 2.57 0.54 208.36
Boats-C9
Inland Patrol 403.07 0.25 0.01 403.33 403.07 6.33 2.00 411.40
Boats-OBM
Total 28172.62 17.66 0.47 28190.75 28172.62 441.53 139.30 28753.46
Bold are used for total values.
4500
_
£ 4000
z
= 3500 -
My
@i
& A
) 3000
g
& 2500 - # Carbon Dioxide
w
= A
§ 2000 & Methane
wn
172 - .
‘g 1500 - i Nitrous Oxide
=
% 1000 -
O 500 - l
0 = T T T = T . 1
Dredgers Tugs Barges  Floating Ferry Boats
cranes
FIGURE 8
Breakdown of GHG emissions load from all types of harbour crafts of KPT.

the total annual GHG emissions from the harbour crafts of
KPT accounted for 8,751.10 tonnes of CO,e emissions based
on annual fuel consumption of 1,122.60 tonnes of diesel and
petrol for the years 2021-2022. Figure 8 depicts that tugs are
the leading emitters of carbon dioxide among all other types
with an annual emission of 3,994.14 tonnes followed by
dredgers with emissions of 3,689.77 tonnes of CO,. On
other hand, barges, ferry boats, and floating cranes are
responsible 534.04 tonnes, 248.14 tonnes,
107.89 tonnes of CO, respectively with negligible amounts
of CH, and N,O.

for and
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3.2.4 Port gasim authority

Several harbour crafts are used by Port Qasim Authority
(PQA) to manage and facilitate the operations at Port Qasim
including tugs, pilot boats, and small boats. Figure 10 presents the
breakdown of the annual GHG emissions load and Figure 11
illustrates the total annual GHG emissions (CO,e) from the
harbour crafts of PQA. Results illustrate that the total GHG
emissions from harbour crafts of PQA are 5,635.80 tonnes
(COse) per annum based on annual fuel consumption of
722.97 tonnes of high-speed diesel (HSD). Carbon dioxide is
the highest emitted greenhouse gas with emissions of
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Total annual GHG emissions (CO,e) from harbour crafts of KPT.

TABLE 12 Breakdown of total annual GHG emissions from harbour crafts of KPT.

Annual GHG emissions load (tonnes/annum) Total annual GHG emissions (tonnes CO,e/annum)

Vessel
type co, CH, N,O Total GHG Cco, CH,4 N,O Total GHG
emissions emissions emissions emission emissions emissions emissions emission

Dredgers 3689.77 2.32 0.06 3692.14 3689.77 57.91 1831 3765.99
Tugs 3994.14 2.51 0.07 3996.72 3994.14 62.69 19.82 4076.65
Barges 534.04 0.34 0.01 534.39 534.04 8.38 2.65 545.08
Floating 107.89 0.07 0.00 107.96 107.89 1.69 0.54 110.12
cranes
Ferry Boats 248.14 0.16 0.00 248.30 248.14 3.89 123 253.27
Total 8573.98 5.38 0.14 8579.51 8573.98 134.57 42,54 8751.10

Bold are used for total values.

5,521.74 tonnes annually as shown in Figure 10. Relatively,
annual emissions of methane and nitrous oxide are very low
i.e. 3.47 and 0.09 tonnes respectively.

3.2.5 Fishing and other crafts in sindh

There are a total number of 21,899 ships currently operational in
the Sindh Province of Pakistan which includes fishing vessels, skiff
boats, passenger boats, water and fuel carrying boats, and pleasure
boats. Figure 12 shows the breakdown of GHG emissions load from
all types of sea-going vessels in Sindh based on annual fuel
consumption. Figure 13 presents the total annual GHG emissions
(COye) from fishing vessels and other crafts in Sindh. A detailed
breakdown of GHG Emissions from fishing and all other types of
crafts in Sindh is provided in Table 13. Results demonstrate a total
amount of 1,467,672.71 tonnes of GHG emissions (CO,e) emitted
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from fishing vessels and all other types of crafts in Sindh based on
annual fuel consumption of diesel and petrol for the period
2021-2022. Fishing vessels are the largest contributor to carbon
dioxide emissions among all other types of sea-going vessels. Fishing
vessels are responsible for 1,391,615.06 tonnes of CO, emissions.
Emissions from skiff boats are 42,719.30 tonnes of CO,. Water and
fuel-carrying boats, passenger boats, and pleasure boats are
responsible for 2,623.92 tonnes, 753.21 tonnes, and 487.37 tonnes
of CO, respectively. On contrary, methane and nitrous oxide
emissions are very low.

3.2.6 Fishing and other crafts in balochistan

A total number of 6,837 ships are currently operational in
the Balochistan Province of Pakistan which includes fishing
vessels, skiff boats, passenger boats, and water and fuel-
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TABLE 13 Breakdown of GHG Emissions from Fishing and other crafts in Sindh, Pakistan.

Total annual GHG emissions (tonnes CO,e/annum)

Annual GHG emissions load (tonnes/annum)

Vessel type
CO, CH4 N,O Total GHG CO, CH4 N,O Total GHG
emissions emissions emissions emissions emissions emissions emissions emissions
Fishing vessels 628394.34 394.52 10.46 628799.32 628394.34 9862.90 3117.97 641375.21
(Big-Sized)
Fishing vessels 518000.96 32521 8.62 518334.80 518000.96 8130.23 2570.22 528701.41
(Medium-Sized)
Fishing vessel 39779.99 24.97 0.66 39805.63 39779.99 624.36 197.38 40601.74
(Small-Sized)
205439.77 128.98 3.42 205572.17 205439.77 3224.46 1019.35 209683.58
Skiff Boats 42719.30 21.43 0.37 42741.10 42719.30 535.63 111.52 43366.45
Passenger Boats 753.21 0.47 0.01 753.69 753.21 11.82 3.74 768.77
Water and fuel 2461.46 1.55 0.04 2463.05 2461.46 38.63 1221 2512.31
carrying Boats
162.46 0.10 0.00 162.56 162.46 2,55 0.81 165.81
Pleasure Boats 487.37 0.31 0.01 487.68 487.37 7.65 242 497.44
Total 1438198.86 897.53 23.61 1439120.00 1438198.86 22438.23 7035.62 1467672.71
Bold are used for total values.
5,521.74
3.47 0.09
Carbon Dioxide Methane (tonnes/annum) Nitrous Oxide
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FIGURE 10
Annual GHG emissions load (tonnes/annum) from harbour crafts of PQA.

carrying boats. Figure 14 shows the breakdown of GHG emissions
(CO, CH,4 and N,O) from all types of sea-going vessels in
Balochistan based on annual fuel consumption. Figure 15
illustrates the total annual GHG emissions (CO,e) from fishing
vessels and other crafts in Balochistan. A detailed breakdown of
GHG Emissions from fishing and all other types of crafts in
Balochistan is provided in Table 14 The results demonstrate a
total amount of 390,362.66 tonnes of GHG emissions (CO,e)
emitted from fishing vessels and all other types of crafts in
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Balochistan based on annual fuel consumption for the period
2021-2022. Figure 14 depicts that fishing vessels are the largest
contributor to carbon dioxide emissions among all other types of
sea-going vessels. Fishing vessels are responsible for 305,685.70 tonnes
of CO, emissions. Emissions from skiff boats are 48,822.06 tonnes of
CO,. Passenger boats and water and fuel-carrying boats are
responsible for 24,102.61 tonnes and 4,824.46 tonnes of CO,. On
contrary, methane and nitrous oxide emissions from all types of sea-
going vessels are very low.
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3.3 Comparison among all types of sea-
going vessels in Pakistan

Figure 16 presents the share of all types/sizes of maritime vessels
in the country’s total maritime transportation sector emissions. Results
depict that fishing vessels are the largest contributor to maritime GHG
emissions. Fishing vessels are responsible for 1,731,638.32 tonnes of
GHG emissions (CO,e) having a total share of 70.14% of the country’s
total emissions from the maritime transportation sector. Tankers are
the second largest contributors accounting for 362,926.87 tonnes of
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GHG emissions (CO»e). Tankers have a share of 14.70% of overall
maritime transportation sector emissions. Tankers are followed by
bulk carriers and skiff boats. Bulk carriers
204,686.61 tonnes of CO,e emissions with a share of 8.29%.
Similarly, Skiff boats have a share of 3.76% with annual GHG
emissions of 92,928.11 tonnes of CO,e. 6HT MPVs and Passenger
Boats represent around 2% of GHG emissions having a value of
17,867.02 and 25,369.28 tonnes of CO,e respectively. The rest of the
vessels altogether contributes 1% of the share towards national

maritime GHG emissions.

account for
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3.4 Calculations of mangroves vis-a-vis
carbon offset cost

The area required for mangrove forest vis-a-vis carbon offset
scheme is given in Table 15. Mangroves which are recognized as
“Blue carbon sinks” sequester 308 kg of carbon dioxide emissions
from the atmosphere per tree and 3,082.8 metric tonnes of CO,e
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are sequestered by mature mangrove forests per hectare based on
average growth life i.e. 25 years (Donato et al, 2011; Fatoyinbo
et al,, 2018; Projects, 2020). Results show that 1ha of mature
mangrove forest will remove 123.312 metric tonnes of CO,e per
year hence 20,020 hectares of mature mangrove forest are required
to remove 2,468,789.21 metric tonnes of CO,e emissions from the

atmosphere in a timeline of 1 year.
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TABLE 14 Breakdown of GHG Emissions from fishing and other crafts in Balochistan, Pakistan.

Annual GHG emissions load (tonnes/annum)

Total annual GHG emissions (tonnes CO,e/annum)

Vessel type
CO, CH,4 N,O Total GHG CO, CH,4 N,O Total GHG
emissions emissions emissions emissions emissions emissions emissions emissions
Fishing vessels 138504.25 86.96 231 138593.51 138504.25 2173.88 687.23 141365.36
(Big-Sized)
Fishing vessels 35753.61 2245 0.60 35776.65 35753.61 561.17 177.40 36492.18
(Medium-Sized)
Fishing vessel 3711.28 1.86 0.03 3713.18 3711.28 46.53 9.69 3767.51
(Small-Sized)
127716.56 64.05 1.12 127781.73 127716.56 1601.35 333.42 129651.33
Skiff Boats 48822.06 24.49 0.43 48846.97 48822.06 612.15 127.45 49561.66
Passenger Boats 24102.61 15.13 0.40 24118.15 24102.61 378.30 119.59 24600.51
Water and fuel 4824.46 3.03 0.08 4827.57 4824.46 75.72 23.94 4924.12
carrying Boats
Total 383434.84 217.96 4.96 383657.76 383434.84 5449.10 1478.72 390362.66

Bold are used for total values.

4 Discussion

The overall results of the study revealed that the total GHG
emissions from all types and sizes of maritime vessels
(excluding naval platforms) in Pakistan are
2,468,789.21 tonnes (CO,e) as a result of annual fuel
consumption of 310,885.75 tonnes for the period 2021-2022.
The business-as-usual case of all types and sizes of maritime
vessels in Pakistan has a 4.9% share of reported total emissions
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from the transportation sector i.e. 51.3 million tonnes (COze) in
Pakistan’s updated NDC 2021 (GoP, 2021b). Whereas,
Pakistan’s Second Communication on Climate Change had
reported only a 1% share (0.413 million tonnes CO,e) of
maritime vessels in overall transportation sector GHG
emissions i.e. 41.197 million tonnes CO, (GoP, 2018).
(Villalba and Gemechu 2011a) highlighted that the allocation
of shipping emissions has been the subject of significant
controversy (Villalba and Gemechu, 2011b). Although there
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TABLE 15 Mangroves vis-a-vis carbon offset scheme.

Description

Mangrove forest area (Hectare)

Carbon offset (Metric tonnes of COe)

Carbon offset/Area based on average life span (25 years)

Carbon offset/Area based on 1 year duration

3,082.8

‘ 123.312 ‘

20,020

is a conflict about which emissions should be counted or not
counted in the national GHGs inventory vis-a-vis concerns
about international voyage-based emissions, the emissions of
PNSC’s merchant ships and other crafts should be counted
towards the flag state of maritime vessels considering the
responsibility, commitments, and strategies of a country
towards climate mitigation response.

It is significant to mention that fishing vessels are the largest
of GHG (CO4e)
1,731,638.32 tonnes among all types of sea-going vessels and

emitters emissions accounting  for
have a 70% share of the total GHG emissions from the maritime
transportation sector. During interviews with various boat
owners and Nakhudas from Sindh and Baluchistan, it was
found that all kinds of fishing are banned during breeding
seasons in June and July. Above mentioned fishing vessels’
emissions are for 10 months excluding June and July. Even
then, fishing vessels have dominated as the highest emitters of
greenhouse gases.

On one side, fishing vessels, recreational and other crafts
collectively are responsible for 75% of the total maritime
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‘ 2,468,789.21 ‘

emissions which are ignored and unaccounted for in the
national GHG inventories. It is also quite evident from the
study of Parker et al. (2018) that marine fishing fleet is often
excluded from global GHGs assessments. The findings of this
study revealed that the global fishing fleet accounted for
179 million tonnes of CO,e as a result of 40 billion liters of
fuel consumption in 2011 (Parker et al., 2018). On the other side,
IMO covered ships of 100 GT and above only for the estimation
of global GHG emissions, ignoring ships below 100 GT in which
a large number of maritime vessels fall. Fishing vessels,
recreational and other crafts are used for multiple purposes
in a huge number, and a substantial amount of fuel is
consumed, which has not received due attention from
authorities or policymakers at the national or international
levels. How can the role and impact of the aforementioned
vessels be ignored when they have the highest and most
significant share of GHG emissions in the maritime sector?
Supporting evidence is also reported by Coello et al. (2015)
and Endresen et al. (2007) that a significant underestimating
of emissions from the maritime sector is non-etheless
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anticipated to occur from the exclusion of fishing vessels
below 100 GT.

Alarmingly, the contribution of GHG emissions from the
business-as-usual case of maritime vessels would exceed the
calculated value when the fuel consumption of naval ships
will be taken into account. Moreover, this study’s results are
based on the tier one approach developed by IPCC which relies
on fuel consumption data of ships viz-a-viz fuel type. Emissions
from maritime vessels would be much higher when detailed
studies will be done based on activity-based methods including
various aspects of vessel characteristics. The same evidence is also
reported by Chang and Wang (2012) and Chang et al. (2013)
which highlights the need for a more in-depth analysis of GHG
emissions from ports.

The findings of the study by Chang et al. (2013) indicated
that the results of GHG emissions from port vessel operations
based on an activity-based approach were five times higher than
that estimated employing a top-down approach. Therefore, in-
depth analysis will assist port authorities in better monitoring
GHG emissions and developing GHG emission reduction
policies (Chang et al, 2013). However, this study is also
significant because this initial preliminary assessment provides
insight into the actual gravity of the problem and scale and trend
to foresee its share in national transportation. It is critical to
highlight that the Government of Pakistan would require 37, 090,
381.57 US$/annum for offsetting carbon emissions i.e.
2,468,789.21 tonnes (CO,e) with an average current market
price factor of 15$/tonne CO,e. However, a developing
country like Pakistan which is least responsible for the global
rising level of GHG emissions (GoP, 2021b) than developed
countries but is among the top ten most vulnerable countries
(Eckstein and Kreft, 2020) needs to adapt to and mitigate by
ensuring a vibrant climate governance framework to combat the
emerging climate crisis.

As long as the implication of the carbon offset scheme vis-a-
vis mangrove forests is concerned, Pakistan needs
approximately 20,020 hectares of mature mangrove forests
to remove 2,468,789.21 metric tonnes of CO,e emissions from
the atmosphere in a timeline of 1year. Mangroves are
considered one of the most economically effective methods
for offsetting carbon emissions because of their massive
carbon sequestration potential ranging from 4-10 times
more than terrestrial forests (dslb; GreenBiz Group, Inc.,
2022). Taillardat et al. (2018) also suggested that mangrove
blue carbon strategies are the most effective for climate
mitigation at the national level. Now is the time to wake up
and take necessary actions and measures to fight against the
frightening level of GHG emissions at all levels. The
Government of Pakistan must encourage the afforestation
of mangroves to deal with the real issue of climate change
by offsetting carbon emissions and combatting the climate
crisis, successful and effective implementation of which will
prove to be fruitful in the years to come.
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5 Conclusion

The findings of this study revealed that the total greenhouse gas
emissions, including carbon dioxide (CO,), methane (CH,4), and
nitrous oxide (N,O), from the maritime transportation sector of
Pakistan, are 2,468,789.21 tonnes (CO,e) resulting from fuel
consumption for the period 2021-2022. The business-as-usual
case of all types and sizes of maritime vessels in Pakistan has a
4.9% share of the reported total transportation sector’s emissions in
Pakistan’s updated NDC (2021) whereas, Pakistan’s Second
Communication on Climate Change had reported only a 1%
share of maritime vessels in overall transportation sector GHGs
emitted in 2015. Carbon dioxide emissions from maritime
transportation amounted to 2,423,211.88 tonnes whereas methane
(CH,) and nitrous oxide (N,O) emissions are 1152.77 tonnes and
56.23 tonnes respectively. It is identified that 37, 090, 381.57 US$/
annum is required for offsetting carbon emissions. As long as the
implication of the carbon offset scheme vis-a-vis mangrove forests is
concerned, Pakistan needs approximately 20,020 hectares of mature
mangrove forests to remove 2,468,789.21 metric tonnes of CO,e
emissions from the atmosphere in a timeline of 1 year. The study’s
findings provide a baseline reference scenario for future studies and
national GHG inventory and add knowledge to the existing pool of
literature which would help in decision-making processes, policy
development, and climate mitigation strategies for all types of
maritime vessels. Based on the findings of this study, the federal
government is suggested to devise a proper mechanism for
monitoring of carbon footprint of sea-going vessels and
maintaining a periodic GHG emissions inventory by considering
the outcome of this study as a baseline reference scenario and launch
a GHG emissions reduction programme through shifting maritime
vessels to low-carbon or zero-carbon alternative fuels. Besides, this
study gives dimensions to future studies to assess the GHG emissions
scenario of maritime vessels by employing a bottom-up approach
and proposing effective climate mitigation measures for the maritime
transportation sector of Pakistan. In addition, this study is limited to
the assessment of three GHGs (CO,, CH,, and N,0) resulting from
fuel consumption only hence it opens doors for future researchers to
explore and analyze the rest of GHGs and other non-GHGs
emissions from the maritime transportation sector of Pakistan
depending on data availability.
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