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In the context of a necessary change in a new energy
model development, there is a clear interest in analysing
the strong and weak points of fisheries and aquaculture
energy expenditure to reduce it. Both sectors have some
common aspects and also evident specific energy saving
strategies. The first aim of this article is to analyse the
aspects that are common to fisheries and aquaculture
related to energy consumption. Second, the specificities in each sector are analysed and some proposals for
energy saving are offered.
Fisheries and aquaculture have some common aspects
mainly related to the phase of commercialization and
household consumption and also those related with the
treatment of residues (figure 1). Energy is needed in
transportation, preservation of products (temperature
control both during transport as well as in the market),
and during processing, both in industry fishing vessels as well as in the fisheries industries. Residues are
generated at all levels including packages, oils and other
materials related to transport, and organic wastes. It
is important to differentiate between organic wastes
produced at consumer level and those produced in the
processing industry that can be considered nowadays as
resources for other industry processes, besides organic
wastes at home can be selected and collected to be
recycled to obtain compost.

Fishery and aquaculture product marketing

Fisheries
Fisheries can be classified, in a first approach, following
vessel size, business model and structure, and fishing
gears used. Energy expenditure will depend on these
aspects. Energy uses can be direct or indirect. The direct energy needs include the fuel for propulsion which
will depend on the type of fishery, the energy used for
operations inside the vessel (including fish processing),
and the transport to the port as well as post fishing
industrial activities. The indirect energy includes the
solar energy that enters into the system through the
trophic chain in fishery products, and also the energy
used in the production of all supplies and infrastructures needed, which again will depend on the type of
fisheries.
In fact, fishing activity can be separated in several
categories: small scale, artisanal and coastal, with vessels shorter than 12 meters long, coastal industry with
vessels from 12 to 24 meters long and a fishing industry at deep sea with vessels longer than 24 meters and
100 gross registered tons, some of those being factory
vessels. The other very important issue will be the gear
used in the fishery.
In the fishing activity some wastes or residues will be
produced as nets, vessels, different materials, oils from
machines but other residues as some organic wastes
can be considered as resources in other industries, for
example the by-products of the fish processing that can
be used to produce fish meal and fish oil.
In figure 2 (page 29) the energy fluxes for fisheries are
shown with the main inputs as energy needed before
fishing (to build vessels and equipment etc.) , fuel for
propulsion, and the energy fluxes from fisheries to other
industries and to marketing phases. The control of temperature in all steps will be an important expenditure.

Figure 1. Energy ﬂuxes and waste generation in commercialization and
processing of ﬁsheries and aquaculture products.

Expenditure in fuel for the European Union fishing fleet in 2008 was around 1.1 billion euros (the
23% of the total energy cost) (Anderson and Guillen
2010). But taking into account both the fuel cost and
the incomes, several strong differences appear in the
European fleet, for 2004, from a 6,3% for Faroe Islands
to 24,6% for Lithuania (table 1) (Muir, 2015). Comparisons have to be taken with caution because reports
from some countries covered different percentages of
their fleets.
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Fuel as
percentage
of revenue

Country

Country

Fuel as
percentage
of revenue

Faroe Islands

6.3

Germany

14.0

Denmark

7.3

United
Kingdom

14.3

Iceland

7.7

Estonia

14.7

France

8.5

Portugal

14.9

Norway

9.1

Netherlands

16.0

Finland

9.9

Greece

17.9

Sweden

11.5

Belgium

20.4

Italy

12.0

Latvia

21.3

Spain

12.4

Poland

23.4

Ireland

12.6

Lithuania

24.6

average

13.0%

Table 1. Percentage of cost of fuel related to income in several European
ﬁsheries. (Muir, 2015).

The reduction of fuel needed for fishing processes can
be a good incentive for companies, but several factors
have to be considered. Fuel needed depends on the distance of fisheries grounds as well as gears used, but the
income will be related to the species obtained. It’s interesting to look at the examples of Norway and Galicia
(Spain). In the Table 2 the productivity measured as
fish tonnes caught per person and as tonnes of fuel per
tonne of fish caught is compared. A higher productivity goes in parallel to an increase of fuel used, being
the highest energy expenditure for offshore fresh fish
trawlers, and the less expensive for the coastal net and

Figure 2. Energy ﬂuxes in the ﬁshing industry.
The ﬁgure does not show the energy used
for temperature control during transport and
during the whole marketing process.

E

inputs requiring
energy expenditure

line. But if we go to Table 3 we can see that species
obtained by different fishing methods are very different in value expressed as €/kg. If we take the extreme
cases we see that the pilchard (Sardina pilchardus) is the
species that implies the lowest energy expenditure, so
the lowest carbon footprint, but also one of the species
having the lowest market values, and in the other end,
the anglerfish (Lophius piscatorius) is the species whose
fisheries imply the highest energy expenditure and
highest carbon footprint and one of the species with a
higher market value.
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Fishing methods

Annual
catch/person
(tonnes)

Tonnes fuel
used/tonnes
fish caught

Coastal net and line

30-40

0.075

Offshore: longline

40-50

0.140

Distant-water factory ships

90-110

0.290

Offshore fresh fish trawlers

90-110

0.370

Table 2. Norwegian data on productivity and fuel use in different ﬁshing
methods. (Muir, 2015)
tonnes
fuel/
tonne

Carbon
footprint
tCO2 e/t

€/kg

European hake, offshore
longline

1.551

5.70

6.98

Atlantic horse mackerel, coastal
trawl

0.316

1.18

2.77

European pilchard, coastal
purse seine

0.175

0.74

3.00

Anglerfish, offshore trawling

2.547

9.38

11.10

Tuna, deep-sea purse seine,
Indian ocean

0.313

1.21

17.25

Mussels, extensive
aquaculture

0.013

Fishing system

1.17

Table 3: Comparison of fuel consumption (tonnes fuel/tonne ﬁsh) and
carbon footprint (tonnes CO2e /tonne) in Galician ﬁshery systems (from
Iribarren, et al. 2010) and ﬁsh value at the Barcelona Central Fish Market
(€/kg 2016 annual average) (from MERCABARNA)

All these data are useful to understand the proportional
relation between fuel requirements and market value of
the different species and gears, but they do not give all
the information, because for a particular species there
are different energy expenditures depending on the gear
used and the distance navigated by the vessel. In figure
3, the carbon footprint for the hake (Merluccius merluccius) is compared for three different fishing models:
fishing coastal trawling, offshore trawling and offshore
lining. Trawling fishing needs more energy than lining
and offshore fishing needs more energy than coastal.
Several conclusions related to energy saving can be
obtained: - the gear is important and, for a specific
gear, the distance to reach the fish school.- The market
value shows the preferences of consumers. Working
to change consumer’s habits could promote a greater
consumption of those species that require lower energy
expenditure.

Aquaculture
Two factors are very important to define the energy
model: feeding and water management. Feed production is an energy expensive procedure and it has a sig-

Figure 3. The carbon footprint (expressed as t CO2e/t) of different gears
for ﬁshing hake (Merluccius merluccius) (from Iribarren et al. 2010)

nificant impact on the energy efficiency of aquaculture.
If water has to be managed pumps, pipes and a sewage
management are needed and so an extra expenditure
is generated. A general classification following both
factors can be established (table 4). Of course there
are other different models where some energy is used
not for feed production but for food improvement as
fertilizers, systems where there is some water management but not an expensive one taking advantage of
sea movements as tides, etc. So, from pure extensive to
pure intensive or super intensive productions several
different models can be found, but always the most
important factors defining the difference is the need of
external feeding and water management actions.
Integrated multi trophic aquaculture (IMTA) deserves
a special attention as far as energy reduction is concerned. In this model of production, the residues from
one level are considered resources for the following
level, combining the production of different organisms.
Several companies have begun a first phase of implementation of this system under a European project
(IDREEM, 2016) but the economic efficiency has
yet to be demonstrated. In the figure 4 (page 32) the
different steps of the IMTA concept are shown both
from the point of view of energy as well as the reuse of
fish and bivalves organic wastes, both particulate and
dissolved. Finfish, bivalves, algae and echinoderms are
linked through the energy fluxes.
Two examples to show the energy fluxes and possible
ways of energy saving, molluscs and intensive cage
finfish production, are shown in figures 5 and 6. Other
systems are available, as RAS (Recirculating Aquaculture Systems) that show an important reduction
of space and water requirements, but contrarily they
imply a high energy expenditure that could impair an
energetic efficient model.
The most important energy input in the mussel production system is the solar energy; one way of increasing

In the sea

On land
Open circuit

Mussels
Macroalgae

Fish
(in cages)

extensive

Closed circuit

intensive

Superintensive

Water management

No

No

No

Yes

Yes

Feed use

No

Yes

No

Yes

Yes

Table 4: Simpliﬁed classiﬁcation of aquaculture systems following water management and external feed consumption. Other models between the
pure extensive and the pure intensive exist with different levels of water management and feeding
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Energy

Inorganic
fertilizers

Agriculture

Capture fisheries
Marine proteins
and oils

Finfish
production

Marine proteins
and oils

Biofuels

Waste
Particulate

Dissolved

Dissolved

Algae

Bivalves

E

inputs requiring
energy expenditure

Echinoderms

Particulate

Figure 4. Diagram of the IMTA concept (IDREEM, 2016)

the energy efficiency would be to combine mussel and
algae production transforming mussels’ residues in
resources for algae. Nevertheless, other energy needs
as for boat construction and infrastructures, are not so
important in this production model. Energy for transportation, temperature control as well as for packaging
is also needed in different steps.
For finfish cage production the energy fluxes are
diverse. Solar energy continues to play an important
role, as it enters through the trophic chain and through
agriculture, both of them a base for the feed industry.
Feeds are produced using fish oil and meal obtained
from fisheries, as well as cereals and legumes what altogether covers fish nutritional needs maintaining the
organoleptic and nutritional quality of the aquaculture
product. Certain amount of by-products from captured
fish processing, as well as from pigs and poultry can
also be used. The use as resources of what was time
ago only residues is a good example of circular economy. The use of algae to produce fish feed would also be
a strategy to increase energy efficiency.
In this example, compared with the mollusc example,
more energy is needed for boat construction as well
as for equipment and infrastructure, but the main difference is the energy expenditure to produce the feed.
Here again, energy needs are important for temperature control and packaging in the marketing phase.
In intensive fish production energy allocation (table
5) will mainly depend on the species as well as on the

GJ/tonne edible product

Figure 5. Energy ﬂuxes in the mollusc production. The ﬁgure does not
show the energy used for temperature control during transport and
during the whole marketing process.

E

inputs requiring
energy expenditure

Figure 6. Energy ﬂuxes in cage production of ﬁsh. The ﬁgure does not
show the energy used for temperature control during transport and
during the whole marketing process.

production system, but feeding (because of the high
energy expenditure in its production) will be the most
important (78-97%) expenditure, being fuel (4-7%) a
very small part of it. For mussels there is a high percentage allocated to fuel and structures, but not because of
their absolute numbers importance, quite small compared with other productions, but because other parts
are missing for this production as for example feeds.

Salmon, intensive
cages

Grouper/bass
intensive cages

Tilapia, semiintensive ponds

Mussels, longline

142

262

40

11.6

Contribution to energy expenditure (%)
Structures

6

Equipment

<1

Vehicles

<1

Feed

79

2

3

48
5
5

78

Stock

3

10

Fuel & power

4

7

Others

6

3

97

42

Table 5. Energy allocation in selected aquaculture systems (Stewart (1995) in Muir, 2015)
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Type of system

GJ/tonne
of protein

GJ/tonne of
whole fish

Tonne diesel
equivalent/tonne
of protein

Tonne diesel equivalent/tonne whole fish

Mussels, longlines

116

n/a

2.9

n/a

Carp ponds, feeding and fertilizers

250

11

6.25

0.27

Trout ponds, feeding

389

28

9.72

0.7

Catfish, ponds, feeding only

891

25

22.2

0.625

Salmon, intensive, cages

688

56

17.2

1.4

Grouper/seabass, intensive, cages

1311

95

32.77

2.37

Carp, intensive recycle, feed only

3090

56

77.25

1.4

Note: In energy output terms, 1 tonne of diesel is the equivalent of about 40 GJ.
Table 6. Energy inputs for aquaculture comparing needs for whole ﬁsh and for protein unit. (Muir, 2015).

When energy allocations comparisons are done, it is very important to
refer the energy to the edible portion
of the fish produced or to its protein
content. By doing this, species that
seem to show an energy efficient
production considering the whole
fish, are not so efficient taking into
account the protein or edible portion. Table 6 illustrates this perfectly.
Comparisons between catfish in
ponds feeding only, or carp in intensive recycle feed only versus salmon
intensive in cages catfish needs
only 0.625 tonnes diesel equivalent
for tonne of whole fish, lower than
the 1.4 tonnes of diesel equivalent
per tonne of whole fish needed for
salmon. But looking to the needs per
unit of protein the energy expenditure for catfish (22.2) is higher than
for salmon (17.2). For carp the energy
for tonne of protein is even higher
(77.25).

Figure 7. Carbon footprint and energy use (kg CO2 e/kg of edible product) for Norwegian aquaculture products (from Winther, et al., 2009).

Carbon footprint
LQƬVKHULHV
and aquaculture
The carbon footprint is an easy and
clear way to define in which steps of
a process attention has to be given in
order to save energy and change the
energetic model. In figures 7 and 8
there is a good comparison between
Figure 8. Carbon footprint and energy use (kg CO2 e/kg of edible product) for Norwegian ﬁshery
fisheries and aquaculture (Winther,
products (Whinter, et al, 2009).
et al., 2009) showing that the biggest
energy expenditure for aquaculture is
in feed production, followed by transport from the pro- meaning less fuel needed, and all changes that allow
to decrease the cost of temperature control. Obviously,
duction site to the consumer. This indicates clearly that
the longer the distance to achieve the targeted market,
all actions to reduce the energy cost of feed producthe higher the impact of transport on carbon footprint.
tion (use of alternative and less energy costly materials,
The long distances needed can be reduced with stock
increase of feed conversion rate) and to reduce the distance between production sites and consumers (proxim- recovery policies, even if they are difficult to implement,
ity marketing) will help in energy saving. This can mean but the change in energetic model ought to be the driving force.
an important change in consumer habits.
For fisheries the major energy cost is the fuel used in
moving the vessels and also the energy to maintain the
temperature. In this case the actions will be centred
in the energy efficiency of vessels, shorter distances

Future trends and strong points:
Thinking of future trends means choosing strategies
that could change the energy model, but they must be
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strategies that have some possibility to be implemented
and, at the same time, to be economically viable in
order to be accepted and promoted. The viability can
be related to a decrease in economic costs (for example
the need of less fuel) or an increase of sustainability
and so the permanency of the activity in the future (for
example the recovery of stocks). The actions can be
proposed for one specific sector (aquaculture or fisheries) but, in some cases, they can have an impact in both
which is much more interesting.

Some measures to increase energy
VDYLQJVLQƬVKHULHV
• Developing stock recovery policies
• Changing fishery gears for more sustainable models,
or in a specific model to introduce technical improvements to make it more energetically efficient not
to increase the fish caught. That can be one of the
problems for some actions; the objective must look
for a change in the energy model, not the increase of
fishing.
• Changing the fishery system and the captured species,
which implies a change in consumer’s habits.
• Fishing in nearer waters and disembarking in nearer
ports.
• Modernizing the equipment and the design of vessels.
Here again the problem can be that this might be
seen as a way to increase fishing pressure and not a
change in the model.
• Eliminating all subsidies for unsustainable gears, and
promote sustainable practices through restricted zones
only for sustainable fisheries.
• Increasing awareness and convincing consumers to
buy local species and those coming from sustainable
fisheries.

Some measures to increase energy savings in aquaculture:
• Decreasing the carbon footprint of fisheries has a
direct impact on aquaculture by decreasing the energy
used in feed production.
• Improving the conversion rate for fish feeds
• Optimizing fertilization in productions that use it
• Diversifying the origin of materials in feed production.
• Selecting species with a better feed conversion rate
but also with highest edible portion rate.
• Diminishing the residues, for example decreasing
mortality rates through good policies of diagnosis and
prevention.
• Using always renewable energies when possible

• Using residues of one step as resources for other steps
in the production chain (as for example multi trophic
systems)

Some measures that are common for
ƬVKHULHVDQGDTXDFXOWXUH
• Promoting proximity and sustainable species consumption.
• Using more efficient post-harvest equipment, for
example improving refrigeration and freezing procedures
• Turning what were residues into resources for different industrial uses (For example using fish remainders
from filleting, the chitin from exoskeletons, etc.) New
questions arise, as for example, can residues be used to
obtain biodiesels?
• Acting at distribution level; for example, in the
presentation of products, vertical shelves, doors and
covers to increase temperature control, increasing the
efficiency in air conditioning of shops and storehouses.
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