
Abstract

Life Cycle Assessment (LCA) is used to identify
environmentally preferred products or processes
and can be used as a support tool for decision-
making and policy development.  In India, LCA of
trawl fishing, wherein impact categories such as
Global warming potential (GWP), Abiotic depletion
potential (fossil) (ADP), Acidification potential (AP),
Eutrophication potential (EP), Marine aquatic
ecotoxicity potential (MAETP), Ozone layer deple-
tion potential (ODP) and Photochemical ozone
creation potential (POCP), are not studied. In this
study, LCA and carbon footprint of fish production
by trawlers operating in Kerala fisheries sector has
been carried out. Direct energy input for fishing
operations due to consumption of fuel account for
75 to 90% of the total energy inputs when compared
with energy inputs associated with vessel construc-
tion and maintenance, fishing gear and others. The
study showed that, the impact categories such as
GWP, ADP, AP, EP and POCP are predominantly
related to the consumption of diesel for vessel
operation and hence identified as the main hotspot
with respect to environmental burdens which need
focussed action in mitigation approaches. The
results of this study delineates approaches for
reducing carbon footprint of the trawl caught
resources in Kerala.

Keywords: LCA, global warming potential, trawl-
ing, Kerala fisheries, fuel conservation, climate
change
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Introduction

Combustion of fossil fuels and the release of
greenhouse gases to the atmosphere has environ-
mental impacts and contributes to climate change
and ocean acidification. Mechanised fishing opera-
tions are dependent on fossil fuels, the burning of
which releases high levels of carbon dioxide to the
atmosphere contributing to greenhouse effect. Cli-
mate change threatens the sustainability of fisheries
and is likely to affect biological processes and
biodiversity.

Intensification of fishing effort, extension of fishing
grounds, increase in overall length and fish hold
capacity and fishing effort in terms of enhanced
fishing hours and multi-day fishing in the
mechanised sector is recorded in the trawling sector
of the country in general and Kerala in particular.
Trawling is the most energy intensive fishing which
consumes 1.8 to 11 times more fuel when compared
to gillnetting, trapping, longlining, ring seining and
purse seining for every kilogram of fish produced
(Gulbrandsen, 1986; Edwin & Hridayanathan, 1997;
Boopendranath, 2000, 2008, 2012; Thrane, 2004;
Winther et al., 2009; Vivekanandan et al., 2013).
Direct fuel energy for fishing operations typically
account for 75 to 90% of the total energy inputs and
the remaining 10 to 25% is comprised of direct and
indirect energy inputs associated with vessel con-
struction and maintenance, fishing gear and others
(Tyedmers, 2000). Life Cycle Assessment (LCA) and
Carbon Footprint (CF) studies will be useful for
selecting energy efficient fishing systems and for
delineating approaches for fuel conservation in
fishing operations.

Information on LCA, wherein impact categories like
Global warming potential (GWP), Abiotic depletion
potential-fossil (ADP fossil), Acidification potential
(AP), Eutrophication potential (EP), Marine aquatic
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eco-toxicity potential (MAETP), Ozone depletion
potential (ODP) and Photochemical ozone creation
potential (POCP) are assessed, are lacking in respect
of Indian trawl fisheries. In this communication
hotspots causing maximum environmental impacts
pertaining to trawl fisheries of Kerala have been
identified using LCA and approaches to reduce the
Global Warming Potential (GWP) and related
impact parameters have been delineated to facilitate
sustainable and energy efficient fisheries.

Materials and Methods

LCA is a useful decision making tool for evaluating
inputs and their relative contribution to impact
categories causing environmental burdens in fish
production systems and to identify hotspots and
mitigation measures (Pelletier et al., 2007; Vázquez-
Rowe et al., 2010a; Avadi &  Freon, 2013; Ravi, 2015).
It is extensively used to analyse the environmental
burdens along the life cycle of products and
processes (ISO 14040, 2006a, 2006b). Environmental
hotspots of products or processes can be related
using LCA and this information can be used to
improve the environmental performance at every
stage of a product life cycle.

GaBi-6 software (PE International, Leinfelden-
Echterdingen) was used for Life Cycle Assessment
(LCA) and Carbon Footprint analysis. The CML
2001 - Apr. 2013 method developed by the Centre
of Environment Science of Leiden University,
Netherlands was used in order to perform the Life
cycle impact assessment (LCIA) in GaBi-6 software.
The seven impact categories included in this study
were; Global warming potential (GWP), Abiotic
depletion potential (fossil) (ADP- fossil), Acidifica-
tion potential (AP), Eutrophication potential (EP),
Ozone layer depletion potential (ODP steady state),
Photochemical ozone creation potential (POCP)and
Marine aquatic ecotoxicity potential (MAETP).

For the analysis of LCA of mechanised trawl fishing
operations, the entire process was separated into
three subsystems viz., Fishing Sub-system I (fishing
vessel construction and maintenance); Fishing Sub-
system II (trawl net construction and maintenance);
and Fishing Sub-system III (fishing operation) (Fig.
1).

In this study, cradle to gate approach has been
followed and mass allocation was considered. For
each subsystem, the quantity of material used in one
year was obtained and corresponding amount of

impact was determined using GaBi 6 database. The
capital items such as fishing vessel, machinery and
equipment; and fishing gear were amortised over
their anticipated useful lifetimes. Representative
samples from each category of vessel and gear were
examined, to collect design and operational details.
Material input details of 65 trawlers (belonging to
15 types) were collected for LCA analysis. The types
were 10.66 m small wooden single day trawler, 13.71
m medium wooden multiday trawler, 15.3 m
medium wooden multiday trawler, 18.9 m large
wooden multiday trawler, 19.81 m large wooden
multiday trawler, 21.33 m large wooden multiday
trawler, 13.71 m medium steel multiday trawler,
15.3 m medium steel multiday trawler, 18.9 m large
steel multiday trawler, 19.81 m large steel multiday
trawler, 21.33 m large steel multiday trawler,
22.86 m large steel multiday trawler, 24.38 m very
large steel multiday trawler, 25.9 m very large steel
multiday trawler and 27.43 m very large steel
multiday trawler. Detailed material input and
design details of 15 different types (total 137 Nos.)
of trawl nets were collected for LCA of trawl nets.
For operational analysis, a total of 1074 fishing trips
of trip duration ranging from one day to 12 days
were collected using structured questionnaires,
during June 2012 - May 2013.

Fishing harbours and mechanised fish landing
centres of Kerala, were visited during the study and
details on design and construction of fishing vessels,
gear, operation, engine and other relevant informa-
tion were collected from boatyard operators, net
makers, fishermen and other stakeholders using
structured questionnaires. Data regarding fishing

Fig. 1. System boundaries for life cycle assessment of
mechanised trawl fishing operations
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vessels were also collected from Fishing Vessel
Registration Database of the Marine Products
Export Development Authority (MPEDA) and data
on fish landings were sourced from Fishery Re-
sources Assessment Division of ICAR-Central Ma-
rine Fisheries Research Institute (ICAR-CMFRI).
Major fishing centres visited were Cochin fisheries
harbour, Munambam fisheries harbour, Munambam
mini fisheries harbour, Kalamukku and
Murikumpadam landing centres in Ernakulam
district; Sakthikulangara and Neendakara in Kollam
district and; Cheruvathur and Thaikadappuram in
Kasaragod district (Fig. 2.). About 58% of the
trawlers operating from the state are from these
areas (CMFRI, 2012).

Table 1. Classification of trawlers based on L
OA

Type of trawlers L
OA

 (m)

Small trawlers < 12

Medium trawlers 12 - 16

Large trawlers 16 - 24

Very large trawlers > 24

Trawl nets operated along the coast of Kerala are
mostly two-seam designs. Based on the target
groups for which the nets are used, trawl nets can
be classified into three, viz., fish trawls; shrimp
trawls and cephalopod trawls (Table 3). The values
estimated for the different impact categories namely
GWP, ADP-fossil, AP, EP, MAETP, ODP and POCP
for different categories of trawl nets are presented
in Table 4.

Estimates of impact category values per tonne of
marine fish landed during single-day and multi-day
trawling operations are given in Table 5.

Most of the environmental concerns with respect to
commercial fishing focus on direct impacts to
targeted species, bycatch and discards, alterations to
benthic communities, and modifications to trophic
dynamics (Pauly et al., 2002). These concerns do not
cover all aspects related to the environmental
impacts of fishing activities. As material and energy
inputs to vessel construction and maintenance have
previously been found to make relatively small
contributions to the environmental impacts of
seafood products (Hayman et al., 2000), most of the
studies have not taken into account information on
these aspects (Hospido and Tyedmers, 2005). Litera-
ture pertaining to environmental burdens related to
gear production and their use in fisheries are scarce
(Ramos et al., 2011; Vázquez-Rowe et al., 2011).
Ghosh et al. (2014) had studied the carbon footprint
of marine fisheries from Visakhapatnam. The
hotspots identified in trawler construction and
maintenance, trawl net construction and mainte-
nance and trawling operations; fuel consumption in
mechanised trawling operations and approaches to
reduce environmental impacts of the trawl fisheries
are discussed below.

In the case of wooden trawlers, higher Global
warming potential (GWP) is for aluminium, fol-
lowed by steel. In the case of steel trawlers, higher
GWP is for steel especially hull, followed by
welding electrodes. Steel as a construction material

Fig. 2. Landing areas selected for the study

Results and Discussion

Commercial trawlers in Kerala are mostly in the size
range of 10.66 to 24 m L

OA
 but recently trawlers up

to 28 m L
OA

 have also been introduced. Trawlers are
classified into four categories, viz., small trawlers,
medium trawlers, large trawlers and very large
trawlers based on the L

OA
 using general classifica-

tion and regression tree model analysis (Edwin et
al., 2014) (Table 1). The values estimated for the
different impact categories namely GWP, ADP-
fossil, AP, EP, MAETP, ODP and POCP for different
categories of wooden and steel trawlers are pre-
sented in Table 2.
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has higher global warming potential than wood.
However, scarcity of wood appropriate for vessel
construction is a limiting factor. Upgrading of
wooden boat building materials sourced from high
yielding short life span wood species after preser-
vative treatment, can be considered for construction,
wherever appropriate, particularly for coastal op-
erations.

In the case of trawl nets, higher GWP is for HDPE
webbing, followed by iron sinkers, HDPE floats, PP
ropes and lead sinkers. As GWP value is higher for
HDPE webbing, approaches to reduce its usage in
trawl construction such as trawl design improve-
ment, use of large meshes, knotless webbing and
substitution with thinner and stronger materials
with low drag have to be reviewed.

There is considerably higher environmental impacts
for multi-day trawl landings mainly due to the high

energy consumption. The fuel consumption (diesel
production and use) is the major factor contributing
to GWP in both single day and multiday trawler
operations and hence offers maximum scope for
impact reduction, through operational fuel savings.
This observation is in agreement with earlier studies
by Boopendranath (2000, 2008, 2012); Thrane (2004);
Hospido and Tyedmers (2005); Tyedmers et al.
(2005); Schau et al. (2009); Vázquez-Rowe et al.
(2010b, 2011); Iribarren et al. (2011) and Vivekanandan
et al. (2013). The GWP was incrementally higher for
multi-day trawler operations corresponding to in-
crease in size of trawlers, due to the inorganic
emissions to air especially CO

2
 emissions. The ADP-

fossil was incrementally higher for single-day
trawler operation and multi-day trawler operation
corresponding to increase in size of trawlers, due to
consumption of diesel. The AP for single-day
trawler operation and multi-day trawler operation
also showed increase corresponding to increase in
size of trawlers, due to the inorganic emissions to
air especially Sulphur dioxide and Nitrogen oxides
mostly derived from diesel. Similarly, the EP also
showed incrementally higher values for single-day
trawler operation and multi-day trawler operation
corresponding to increase in size of trawlers, due to
the inorganic emissions to air especially Nitrogen
oxides mostly derived from diesel. The MAETP

Table 2.  Comparison of LCA impact categories from different trawlers

Type of vessel

Wooden Trawlers Steel Trawlers

Impact Small Medium Large Medium Large Very large
Categories wooden wooden wooden steel steel steel

single-day multi-day multi-day multi-day multi-day multi-day
trawlers trawlers trawlers trawlers trawlers trawlers

(<12m L
OA

) (12-16m L
OA

) (16-24m L
OA

) (12-16m L
OA

) (16-24m L
OA

) (>24m L
OA

)

GWP, kg -2165 -2953 – -3781 – 2824 - 3245 4206 - 4956 5202 - 6648
CO

2
 Equiv. -3297 -4328

ADP-fossil, MJ 1.42E+04 1.72E+04 - 2.59E+04 - 4.54E+04 - 6.75E+04 - 8.02E+04 -
2.05E+04 3.09E+04 5.34E+04 7.68E+04 9.91E+04

AP, kg SO
2 

Equiv. 5.62 6.87 - 8.26 10.64 - 12.89 19.89 - 23.19 29.17 - 33.27 34.81 - 43.13

EP, kg 0.43 0.56 - 0.68 0.89 - 1.19 1.21 - 1.42 1.79 - 2.05 2.14 - 2.66
Phosphate Equiv.

MAETP, kg 6.51E+05 8.28E+05 - 1.35E+06 - 1.52E+06 - 2.22E+06 - 2.63E+06 -
DCB Equiv. 1.05E+06 1.79E+06 1.76E+06 2.52E+06 3.26E+06

ODP, kg 2.17E-07 4.72E-07 - 1.13E-06 - 4.22E-08 - 6.69E-08 - 8.07E-08 -
R11 Equiv. 6.99E-07 1.77E-06 5.26E-08 7.64E-08 1.02E-07

POCP, kg Ethene Equiv. 1.00 1.25 - 1.45 1.78 - 2.09 2.06 - 2.43 3.07 - 3.46 3.60 - 4.41

Table 3. Size ranges of trawl nets based on target groups

Type of trawls Head rope length (m)

Fish trawl 39.6 - 85.6

Cephalopod trawl 33.4 - 57.6

Shrimp trawl 34.2 - 58.0
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values increased for single-day trawler operation
and multi-day trawler operation corresponding to
increase in size of trawlers, due to the inorganic
emissions to air especially Hydrogen fluoride
mostly derived from HDPE webbing and use of iron
sinkers in trawl nets; diesel; and steel and electricity
for vessel construction and maintenance. Vázquez-
Rowe et al. (2012) studied that ODP in fishing
vessels was mainly associated with the leakage of
refrigerants such as R22 from the storage freezers
onboard. In Kerala, ODP related with trawl fishing
was low, as there are no storage freezers onboard
mechanised commercial trawlers. However, ODP
was incrementally higher for single-day and multi-
day trawler operations corresponding to increase in
size of the trawlers, due to the halogenated organic
emissions into the air especially R114
(dichlorotetrafluoroethane) and R11
(trichlorofluoromethane) emissions mostly derived
from copper nails and aluminium sheets used for
wooden vessel construction. POCP values for single-
day and multi-day trawler operations increased in

accordance with increase in size of the trawlers, due
to the inorganic emissions to air especially Sulphur
dioxide, Nitrogen oxides and organic emissions
especially the group NMVOC to air mostly derived
from diesel.

All mechanised trawlers use diesel for propulsion,
gear handling and operations. It was estimated from
the present study that, single-day trawling opera-
tions from Kerala consumes 7.6 million litres of fuel
and the multi-day trawling operations from Kerala
consumes 98.7 million litres of fuel annually. The
total quantity of diesel burned by the mechanised
trawl sector in Kerala fisheries accounted for 106.3
million litres of fuel during the period June 2012 to
May 2013. The quantity of fuel consumed per kg of
marine fish landed works out to be 0.25 kg for
single-day trawlers, 0.43 kg for multi-day trawlers
and 0.41 kg for both the sectors together. Studies by
Boopendranath (2000, 2008, 2012) in India showed
a fuel consumption rate of 0.41, 0.38 and 0.33 kg fuel
kg fish-1 from motorised mini-trawling, small-scale

Table 4. Comparison of LCA impact values from different trawl nets

Impact Categories Type of trawls

Fish trawls Cephalopod trawls Shrimp trawls

GWP, kg CO
2
 Equiv. 214 - 1357 282 - 608 214 – 522

ADP-fossil, MJ 3.15E+03 - 2.90E+04 6.45E+03 - 1.20E+04 3.15E+03 - 9.73E+03

AP, kg SO
2
 Equiv. 1.61 - 9.34 2.38 - 4.34 1.61 - 3.78

EP, kg Phosphate Equiv. 0.088 - 0.553 0.112 - 0.248 0.088 - 0.213

MAETP, kg DCB Equiv. 2.08E+05 - 1.26E+06 2.38E+05 - 5.73E+05 2.08E+05 - 4.90E+05

ODP, kg R11 Equiv. 6.57E-09 - 6.90E-08 1.65E-08 - 3.05E-08 6.57E-09 - 2.23E-08

POCP, kg Ethene Equiv. 0.112 - 0.725 0.191 - 0.329 0.112 - 0.280

Table 5. Estimates of impact category values per tonne of marine fish landed during trawling operations in Kerala

Impact categories Single-day Multi-day Both single-day and
trawl sector trawl sector multi-day trawl sectors

GWP, kg CO
2
 Equiv. 985 1764 1674

ADP-fossil, MJ 1.26E+04 2.18E+04 2.07E+04

AP,  kg SO
2
 Equiv. 3.16E+00 5.47E+00 5.21E+00

EP, kg Phosphate Equiv. 1.53E-01 2.67E-01 2.54E-01

MAETP, kg DCB Equiv. 5.22E+04 1.01E+05 9.52E+04

ODP, kg R11 Equiv. 5.60E-09 6.52E-09 6.42E-09

POCP, kg Ethene Equiv. 0.23 0.39 0.37
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mechanised bottom trawling and large-scale
mechanised aimed midwater trawling, respectively.
Studies by Tyedmers (2001) in North Atlantic
showed a fuel consumption rate of 0.44, 0.76 and
0.85 kg fuel kg fish-1 for groundfish trawling, shrimp
trawling and Norwegian lobster trawling, respec-
tively. Tyedmers (2001); Eyjólfsdóttir et al. (2003);
Ziegler et al. (2003); Thrane (2004); Ellingsen &
Aanondsen (2006) and Guttormsdóttir (2009) re-
ported 0.67 kg fuel kg fish-1 for cod harvested by
trawling. Studies by Thrane (2004) showed a fuel
consumption rate of 0.4 and 0.84 kg fuel kg fish-1

respectively, for cod and flatfish harvested by
bottom trawling in Denmark. Studies by Ziegler &
Hansson (2003) in Iceland and Schau et al. (2009)
in Norway reported a fuel consumption rate of 0.65
and 0.28 kg fuel kg fish-1 respectively for groundfish
trawling. Thrane (2004); Iribarren et al. (2010) and
Vázquez-Rowe et al. (2010b) reported a fuel
consumption rate of 0.30 kg fuel kg fish-1 for
mackerel caught by trawling. Studies by Emanuelsson
et al. (2008) showed a fuel consumption rate of 0.52
kg fuel kg fish-1 for artisanal trawling of shrimps
and prawns, in Senegal. Parker & Tyedmers (2015)
have studied the current understanding and knowl-
edge gaps in fuel consumption of global fishing
fleets and reported that  the median fuel use
intensity of global fisheries since 1990, as 639 litres
per tonne and that fuel inputs to fisheries vary by
several orders of magnitude, in different categories
of fishing.

In the Indian context, annual fuel consumption by
the mechanised and motorised fishing fleet has been
reported to be 1220 million litres which formed
about 1% of the total fossil fuel consumption in 2000
(Boopendranath, 2000). These release an estimated
3.17 million tonnes of CO

2
 into the atmosphere at

an average rate of 1.13 tonnes of CO
2
 per tonne of

marine fish landed. Vivekanandan et al. (2013) had
estimated the fuel used by the mechanised and
motorised fishing vessels in India as 1378.8 million
litres in 2010. These release about 3.13 million
tonnes of CO

2
 into the atmosphere at an average rate

of 1.02 tonnes of CO
2
 per tonne of live-weight of

marine fish landed. The current LCA studies
indicate that about 0.362 million tonnes of CO

2

Equiv. was released into the atmosphere from
sources such as construction and maintenance of
trawlers and trawl fishing gears and trawling
operations, in Kerala, at an average rate of 1.674
tonnes of CO

2
 per tonne of marine fish landed by

trawling.

The LCA performed on mechanised trawl fishing
operations in Kerala covering impact categories
such as GWP, ADP-fossil, AP, EP, MAETP, ODP and
POCP has highlighted several hotspots where
attention is required to minimise the environmental
impacts. The GWP, ADP-fossil, AP, EP, MAETP, and
POCP was consistently higher in steel trawlers, and
their values increased with increase in size of the
trawlers and consumption of steel in construction.
Hence there is scope for optimisation in hull design
and material substitution wherever appropriate,
aiming at reduction in steel consumption, in the
construction of steel trawlers. It will also be
advisable to optimise vessel size for coastal and
distant water trawling operations. Though GWP
values were consistently negative for wooden
vessels and decreased with increase in vessel size,
wood appropriate for vessel construction is becom-
ing scarce and expensive. ODP, though low in value,
was higher in wooden trawlers compared to steel
hulled trawlers, due to the use of copper nails and
aluminium sheathing in their construction, it will be
appropriate to identify substitutes for copper and
aluminium in the construction of wooden trawlers.
The values for GWP, ADP-fossil, AP, EP, MAETP,
POCP and ODP for trawl construction mostly
depended on the consumption of HDPE webbing,
followed by use of iron sinkers and floats. As
pointed out, approaches to reduce the consumption
and use of HDPE webbing, iron sinkers and HDPE
floats through design optimisation and material
substitution, wherever appropriate, seem to be
necessary. Among the LCA impact categories, GWP,
ADP, AP, EP and POCP are predominantly related
to the consumption of diesel. Hence, diesel used for
trawling operations can be highlighted as the main
hotspot, in respect of environmental burdens and,
therefore, focussed action is required for minimiz-
ing fuel consumption, particularly in fishing opera-
tions. Approaches for fuel conservation from fishing
operations have been reviewed by Gulbrandsen
(1986); Boopendranath (1996, 2009); Rihan et al.
(2010); Walsh (2010) and Boopendranath and Hameed
(2013). Studies suggest that fish stocks that are
managed in a sustainable way are capable of
maintaining their GHG emissions at lower levels
(Hornborg et al., 2012). The introduction of new
vessels into the fisheries with improved hull shapes
can provide energy efficiency improvements up to
20% (Schau et al., 2009) and need to be considered
as a long term strategy. As trawlers use high
powered engines, skippers tend to move at high
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speed for going to and from fishing grounds which
consumes more fuel. Gulbrandsen (2012) estimated
that a reduction of 10-20% engine rpm will save 20-
40% fuel. Economic vessel speed is a well-known
practical measure among the fuel saving practices.
Appropriately smaller engines have multiple ben-
efits of lower investment cost, lesser maintenance
and huge reduction in the fuel consumption.
Preventive maintenance including regular cleaning
or replacement of the required parts of engine are
very important practical steps in conserving fuel
and controlling pollution.

Selection and deployment of energy efficient mix of
harvesting technologies appropriate for target re-
sources is one of the main options suggested for fuel
conservation. Adoption of energy and material
conservation and optimisation technologies and
practices in vessel and gear construction and
trawling operations will pave way for reduction of
environmental impacts from trawl sector. As the
information derived from LCA studies enables the
consumers and seafood processing industries to opt
for fishes harvested by methods causing less
environmental burdens, such studies need to be
widely adopted to facilitate production of eco-
friendly seafood and for market driven conservation
of resources through eco-labelling.
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