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Abstract
Purpose Ecuador is an important player in the global tuna
fishing and processing industry: The Ecuadorian industrial
tuna fleet represents 17 % of the global tuna purse seiner fleet,
and it is the second largest tuna processing country after Thai-
land. The fishing and processing operations of one of the
largest vertically integrated tuna processing firms in Ecuador
were evaluated regarding their environmental impacts and as-
sumed representative of the Ecuadorian tuna processing in-
dustry. Results were compared with those of other internation-
al fish processing and other sources of animal protein for
human consumption. Directions are finally identified toward
reducing environmental impacts of both the tuna fishery and
processing industry.
Methods Detailed operational fishery and processing data was
collected from a representative Ecuadorian tuna processing
firm, and the life cycle assessment framework applied to it
for hotspot identification. Two functional units were used:
1 t of final product (for canned, pouched, vacuum bagged

and mean products) and 1 t of Bfish in product^, which in-
cludes all process losses and normalises the final product/raw
fish ratios among the different processing routes analysed. The
ReCiPe impact assessment method was used.
Results and discussion In the period 2012–2013, the studied
sub-fleet featured a fuel use intensity of 835 L per landed
tonne, which was 235 % higher than reported values for all
tuna landings in the Pacific Ocean in 2009. Reasons for such
underperformance may include inter-annual variations in tuna
catchability and the fact that fuels are generally subsidised in
Ecuador, and thus skippers perhaps do not apply sufficient
fuel-saving strategies. The main contributors to impacts asso-
ciated with tuna processing were the provision of tinplate cans
(58.0 % of the ReCiPe single score) and fuel use by the fishery
(22.6 %). Ecuadorian tuna products feature environmental im-
pacts generally higher than those of other fish processing in-
dustries worldwide, yet lower than those of many alternative
sources of fish and land animal protein.
Conclusions Efforts to reduce environmental impacts of Ec-
uadorian tuna processing should focus on the fuel perfor-
mance of the providing fleet, and on the container technology.
Increased use of larger tinplate cans, aluminium cans, or other
non-metal container technologies (e.g. pouches and retort
cups) would decrease environmental impacts of tuna process-
ing. The sources of relative inefficiency observed for the Ec-
uadorian tuna fleet should be thoroughly investigated. Possi-
ble solutions could involve applying fuel-saving strategies.
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1 Introduction

Ecuador is one of the top ten tuna fishing countries in the
world, and the second largest tuna processing country—after

Responsible editor: Ian Vázquez-Rowe

Electronic supplementary material The online version of this article
(doi:10.1007/s11367-015-0943-2) contains supplementary material,
which is available to authorized users.

* Angel Avadí
angel.avadi@rennes.inra.fr

1 INRA, UMR1069 Sol Agro et hydrosystème Spatialisation,
35000 Rennes, France

2 AGROCAMPUS OUEST, UMR1069, 35000 Rennes, France
3 Negocios Industriales Real S.A. (NIRSA), Av. Carlos Luis Plaza

Dañín y Democracia, Guayaquil, Ecuador
4 Soluciones Ambientales Totales S.A. (SAMBITO), Centro de

Convenciones BSimón Bolívar^, Oficina 19, Guayaquil, Ecuador

Int J Life Cycle Assess (2015) 20:1415–1428
DOI 10.1007/s11367-015-0943-2

LCA FOR ENERGY SYSTEMS AND FOOD PRODUCTS

http://dx.doi.org/10.1007/s11367-015-0943-2
http://crossmark.crossref.org/dialog/?doi=10.1007/s11367-015-0943-2&domain=pdf


Thailand—accounting for almost 12 % of global annual pro-
duction with 362,400 t produced in 2008 (Miyake et al. 2010;
Hamilton et al. 2011). After cultured shrimp, tuna products
represent the second most traded fisheries and aquaculture
product of Ecuador. The fisheries and aquaculture sector rep-
resented 12 % of total trade for the country in 2012, ranking
second after petroleum (FAO 2013).

The Ecuadorian tuna-targeting industrial fleet, featur-
ing 107 purse seiners as of 2013 with holding capacities
between 46 and >425 m3 and a cumulative capacity of 84
721 m3, is the main Ecuadorian industrial fleet (Pacheco
Bedoya 2013). This fleet represented in 2008 roughly
44 % of the Eastern Pacific Ocean (EPO) purse seiner
fleet and 17 % of the global tuna purse seiner fleet (Ham-
ilton et al. 2011). In 2013, the Ecuadorian fleet represent-
ed 38 % of the EPO tuna fleet and landed 42 % of that
year’s 554,000-t captures in the EPO (IATTC 2014). It
targets three main tuna species: yellowfin (Baleta
amarilla^, Thunnus albacares), skipjack (Bbarrilete^,
Katsuwonus pelamis) and bigeye (Bpatudo^ or Bojo
grande^, Thunnus obesus). Tuna is captured both in
Ecuador’s exclusive economic zone, which includes the
Galapagos Islands, and in international waters (26 and
74 % of captures, respectively). Ecuadorian fishing oper-
ations by purse seiners are based on three types of sets:
non-associated with other species (35 %), using fish ag-
gregation devices (FADs, 60 %) and associated with dol-
phins (5 %) (Pacheco Bedoya 2013). The catch is imme-
diately frozen onboard. Some of the 15,500 Ecuadorian
artisanal/small-scale fishery (FAO 2013) vessels target
fish from the Scombridae family, mainly using long lin-
ing. The artisanal fleet’s landings are negligible compared
to industrial landings, ranging from 1609 to 6879 t per
year from 2007 to 2013 (Cabanilla 2013). Total annual

industrial landings have increased exponentially since
1950 (Fig. 1). Bycatch of tuna landed by the industrial
fleet (≈4 %) mainly consists of commercially interesting
species (i.e. from the Xiphidae, Coryphaenidae and
Istiophoridae families). According to the Inter-American
Tropical Tuna Commission (IATTC, which regulates tuna
fisheries in the EPO), interactions with or bycatch of sea
turtles, sharks —mainly Carcharhinus falciformis and
Carcharhinus longimanus (Román-Verdesoto and Oroz-
co-Zöller 2005)— dolphins and Scombridae juveniles by
tuna purse seiners is dominated by sets with FADs
(IATTC 2013). FAD sets are also known to be associated
with higher fuel use per tonne of landings (Parker et al.
2014) and higher levels of bycatch (Bromhead et al.
2003). Shark bycatches in particular have been high in
the EPO, but a generally decreasing trend has been iden-
tified (IATTC 2013). It should be noticed that landing of
sharks and shark fins is forbidden in Ecuador since 2007
(Pacheco Bedoya 2013). It is also reported that consider-
able improvement has been reached in the EPO since the
1990s towards reducing dolphin mortalities to under 1000
mo r t a l i t i e s p e r y e a r ( h t t p s : / / www. i a t t c . o r g /
DolphinSafeENG.htm, IATTC 2013). Certain tuna stocks
in the EPO, targeted by Ecuadorian fleets, are in a delicate
state (Gilman 2011) and considered as fully exploited.
Landings of Skipjack tuna (Katsuwonus pelamis) in par-
ticular are responsible for the exponential increase in
Ecuadorian tuna landings until 2012. Such pattern is
likely due to an increase in fleet size, because both
effort and biomass have been relatively constant in the
last 10 years (Maunder 2014). Moreover, despite uncer-
tainty regarding the status of the skipjack tuna EPO
stock, there is no evidence that the stock is overfished
(Maunder 2014).
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Fig. 1 Annual tuna landings (Ecuadorian and foreigner vessels landing in Ecuador) from 1950 to 2013, based on statistics from FishStatJ (http://www.
fao.org/fishery/statistics/en), and number of vessels from 2007 to 2013. Total annual landings increased at an exponential rate (regression curve)
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As of 2014, 27 tuna processing plants were active in
the country, according to the Vice-Ministry of Aquacul-
ture and Fisheries (Viceministerio de Acuacultura y Pesca,
http://www.viceministerioap.gob.ec/). Plants are located
in two coastal provinces: 81 % in Manabí, mainly in the
city of Manta (70 % of annual landings), and 19 % in
Guayas, in Guayaquil (5 % of landings) and Posorja
(25 % of landings) (Pacheco Bedoya 2013) (Fig. 2). The
number of plants has increased since 2008, when there
were only 18 processing plants, with an cumulative
installed capacity of 447,600 t/year (Hamilton et al.
2011). Most industrial tuna products are destined for
export markets, mainly in the European Union (especial-
ly Spain, Germany and the Netherlands). Ecuadorian
production and export of tuna products increased 16-
fold and 95-fold, respectively, from 1976 to 2011
(Fig. 3). The value of tuna exported, 14 million USD
in 1990, increased to 1034 million USD by 2013
(Fig. 4). Residues from tuna processing are usually sent
to reduction plants to produce fishmeal.

Tuna fisheries are regulated in Ecuador by the 2005 Fish-
eries Law and overseen by the Vice-Ministry of Aquaculture
and Fisheries, the IATTC and the Ecuadorian National Fish-
eries Institute (Instituto Nacional de Pesca, INP). The latter
two institutions keep onboard observers and detailed capture
and discard logs.

Given the global relevance of the Ecuadorian tuna pro-
cessing industry, this study evaluates environmental im-
pacts of the fishery and the processing industry, identifies
hotspots by studying a major fish processing plant and its
supplying fleet and contrasts results with those of other
international fish processing industries and other animal
protein sources. We assessed the dedicated sub-fleet and
fish processing plant, owned and operated by Negocios
Industriales Real S.A. BNIRSA^ (http://www.nirsa.com/),
for the years 2012 and 2013. NIRSA owned and operated
13 purse seiners, which supplied 46–50 % of their tuna
intake. The remaining catch is purchased from third-party
fishing vessels. NIRSA’s processing volumes (61,000 t of
raw tuna processed per year) represent roughly 33 % of

Fig. 2 Main fish landing points
and tuna landing and processing
points in Ecuador (map is a
combination of maps from http://
d-maps.com)
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Ecuador’s annual tuna processing. Canned tuna products
by NIRSA represented 55 and 52 % of the Ecuadorian
market in 2013 and 2014, respectively.

2 Methods

The life cycle assessment (LCA) framework (ISO 2006a; ISO
2006b) was applied to assess environmental impacts of Ecua-
dorian industrial tuna processing, from cradle to gate, using 1 t
of tuna product (in either product type studied, as detailed
below) as the functional unit (FU). We also used a secondary
functional unit, namely 1 t of Bfish in product^, to include all
process losses and normalise the final product/raw fish ratios
among the different processing routes analysed. No specific
standard other than the ISO 14040/14044 (ISO 2006a; ISO
2006b) was followed to carry out the study. The recent Prod-
uct Category Rule BPCR 2014:11 Fish, otherwise prepared or
preserved; caviar and caviar substitutes^ (http://www.
environdec.com) was consulted, as well as the Goal and
scope description document of the PEFCR pilot BSeafood
for human consumption^ (http://ec.europa.eu/environment/
eussd/smgp/pef_pilots.htm), but this work diverges from
these guidelines in the following aspects: It excludes the
recycling of packaging materials, it includes the valorisation
of fish residues and models them as an avoided product (raw
material for the fishmeal industry), and it excludes the
distribution and consumption phases.

From the life cycle phases of both fisheries and fish pro-
cessing plants, namely, construction, use, maintenance and
end-of-life (EOL), primary data were collected for use and
maintenance only. Construction, structural maintenance and
especially EOL are systematically excluded in processed

seafood LCA literature (Hospido et al. 2006; Iribarren et al.
2010; Vázquez-Rowe et al. 2014; Almeida et al. 2015) and
fisheries LCA literature (Avadí and Fréon 2013) under the
assumption that their contributions to overall impacts are neg-
ligible. In a very fuel-efficient fishery, however, construction
and structural maintenance may have non-negligible contribu-
tions (Avadí et al. 2014b; Fréon et al. 2014a); thus, we pro-
phylactically included these life cycle phases for the fishery,
and the construction phase for the tuna processing plant (the
latter to confirm or deny its perceived negligibility). The sys-
tem boundary thus includes all inputs and emissions associat-
ed with the construction, use, maintenance and EOL of the
tuna fishery until the landing port, as well as those associated
with the construction, use and maintenance of the processing
plant, from fish landing until the storage of final products.

Operational data (capture, effort and vessel maintenance)
was collected for the sub-fleet of 13 NIRSA purse seiners for
the period 2012–2013, and the mean fuel use intensity (FUI)
of this sub-fleet was assumed to represent that of the national
fleet. Since no detailed structural data for Ecuadorian vessels
were collected,1 the construction and EOL phases were built
using data from Peruvian purse seiners (Avadí et al. 2014b;
Fréon et al. 2014a) of similar holding capacities, and extrap-
olations were made when necessary. Construction of air scout-
ing equipment (helicopters) was included as a background
process, while its fuel (aviation gasoline, or avgas) consump-
tion was modelled from primary data. A conservative lifetime
of 20 years was assumed for all vessels.

1 Data collection originally aimed to fulfil the needs of a scope 2 carbon
footprint calculation, which excludes the first and last life cycle phases of
production systems (BSI 2011; BSI 2012); thus, no construction data
were collected for the NIRSA fleet.
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export volumes, based on
statistics from FishStatJ (http://
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Individual life cycle inventories (LCIs) compiled for oper-
ation and maintenance (fuel use, landings, lubricants, refrig-
erants, etc.) of the NIRSA sub-fleet were aggregated into seg-
ments, in order to analyse fleet performance. These segments
correspond to ranges of holding capacity: smaller (270–370 t),
medium-small (520–540 t), medium (950 t) and larger,
helicopter-supported vessels (1050–1750 t) (Fig. 5). This
sub-division does not correspond to the official classification
of tuna purse seiners established by the IATTC, which aggre-
gates into a single class all vessels with holding capacity great-
er than 363 t, because we found it to be insufficient for detailed
analysis, given that most NIRSA purse seiners would corre-
spond to the largest official class (Table 1 and Fig. 5). ANOVA
tests were performed to assess whether these segments really
have different fuel performance.

Life cycle inventories (LCIs) were compiled for the opera-
tion (use and maintenance) of NIRSA’s Posorja-based fish
processing plant, also for 2012–2013. Data were collected as
an aggregation of annual inputs and outputs; thus, for instance,
no individual tuna can sizes were modelled, but total annual
consumption of cans (in kg) and total annual production of
canned products were. To model the construction phase, data
from Peruvian fish processing plants were scaled up and used
as a proxy (Avadí et al. 2014a), with a lifetime of 40 years.
Peruvian and Ecuadorian fish processing plants were assumed
to be similar regarding performance, technology and lifespan,
because both countries feature emergent economies with a
large and important exports-oriented fish processing industry.

The NIRSA plant produces three types of tuna products
(production process map is depicted in Fig. 6): canned tuna
loins and bellies (canned tuna) in vegetable oil, tuna loins
packed in flexible pouches (pouched tuna), and pre-cooked
tuna loins frozen in thermo-shrinkable plastic bags (bagged
tuna, a semi-finished product for export only). These tuna
products are representative of the national tuna processing
industry. Various vegetable oils were used, with the inventory

dominated by soybean oil (79 %) and sunflower oil (16 %). A
custom process for soybean oil from Bolivia, previously used
in Avadí et al. (2014a), was used as proxy of all vegetable oils
(Bolivia was one of the main origins of soybean oil consumed
in Ecuador, together with Paraguay and Argentina2).

Ecuadorian grid electricity was modelled based on official
electricity generation emission factors (MAE 2012; MAE
2013). This customised electricity process was used in all
electricity-consuming processes, including wastewater treat-
ment and can manufacturing. Wastewater treatment, which
follows a conventional physical-chemical process, was
modelled as a background process (see below). Manufactur-
ing of tinplate cans and other packaging was modelled accord-
ing to a recent Peruvian fish processing study (Avadí et al.
2014a). Fish residues sent for reduction into fishmeal were
modelled using previous models for the dedicated Peruvian
anchoveta (Engraulis ringens) fishery developed by the
ANCHOVETA-SC project.3 The difference in fishmeal yields
for fresh anchoveta (4.21) and fish residues (5.5) was consid-
ered when modelling tuna residues as avoided landings of
fresh anchoveta by the least efficient segment of the Peruvian
anchoveta fleet, which is overall the most fuel-efficient fleet in
the world, with a FUI of ≈16 kg/t (19 L/t) (Fréon et al. 2014a;
Avadí et al. 2014b). The rationale was that Ecuadorian fisher-
ies providing raw material for the fishmeal industry are likely
less fuel-efficient. Composition of antifouling paint was as-
sumed equivalent to that used by the Peruvian industrial fish-
ery (Fréon et al. 2014a).

2 According to trade statistics from TradeMap, http://www.trademap.org/
C o u n t r y _ S e l P r o d u c t C o u n t r y _ T S . a s p x ? n v p m =
1|218||||1507|||4|1|1|1|2|1|2|1|
3 ANCHOVETA-SC was a 2010–2014 French-Peruvian project devoted
to analysing environmental and sustainability performances of Peruvian
supply chains based on the anchoveta fishery (http://anchoveta-sc.
wikispaces.com).
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Inventory flows and calculated impacts were allocated
among co-products based on the relative mass of fish trans-
formed by each of the three production processes. Mass allo-
cation was used because all co-products had similar energy
contents, the production system is driven by canned tuna but
the other co-products are increasing in economic importance
for the industry, and because it was applied in the fish canning
studies cited.

Some of the most common impact categories in fisheries
and fish processing LCAs were used (Hospido et al. 2006;
Parker 2012; Vázquez-Rowe et al. 2014): climate change,
cumulative energy demand, marine ecotoxicity, marine eutro-
phication, metal depletion, particulate matter formation and
photochemical oxidant formation. These impact categories
were calculated as implemented in the life cycle impact as-
sessment method ReCiPe v1.07 (Goedkoop et al. 2009), ex-
cept for cumulative energy demand (VDI 1997; Hischier et al.
2009). The aggregated ReCiPe single score was also used for
comparison purposes; its egalitarian—precautionary— per-
spective with its average weighting set (human health, 40 %;
ecosystems, 40 %; resources, 20 %) was retained, for it as-
sumes high- and medium-risk scenarios for damage assess-
ment (Goedkoop et al. 2009). The software SimaPro v7.3
(PRé 2012) was used for computations. Background process-
es were taken directly or adapted from ecoinvent v2.2 (see
Electronic Supplementary Material for a list of processes
adapted from ecoinvent and the ANCHOVETA-SC project).

Data and model uncertainty are inherent elements of
LCA. It has been suggested that absolute uncertainty is
less relevant than relative uncertainty in comparative
studies (Henriksson et al. 2015). In this work, we fo-
cused on exploring the sensitivity of the model to

extreme values and process changes. The sensitivity of
results was thus evaluated regarding variations in key
(i.e. most contributing) inventory items.

Finally, results at the inventory and impact assessment
levels were compared with published results of environmental
impacts of seafood processing, as well as of other sources of
animal protein.

3 Results and discussion

3.1 Life cycle inventories

The NIRSA sub-fleet had a landings-weighted mean FUI of
663 kg/t (797 L/t) in 2012 and 722 kg/t (868 L/t) in 2013.
Mean FUI per segment apparently increased with holding
capacity, a rather counterintuitive result. Nonetheless, when
the range of FUI per segment is considered (Fig. 5), all seg-
ments show a very similar performance, raising questions re-
garding the sources of variability within segments rather than
across them. These homogenous FUIs across segments
(ANOVA, p value=0.95) render the segmentation useless.
Such homogeneity within the observed range of variability
regarding FUI and individual vessel sizes could be associated
with tuna catchability being similar in the respective seg-
ments’ preferred fishing areas, with the Bskipper effect^
(Vázquez-Rowe and Tyedmers 2013), or simply due to uncer-
tainty given the few data points available (25 landing-fuel use
data pairs). Other fisheries’ FUI studies have also shown rel-
ative performances per segment which are not dominated by
the efficiency gains expected from economies of scale, but by
other factors such as legal constraints, catchability associated
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with stock condition, and distances travelled (Almeida et al.
2013; Avadí et al. 2014b; Fréon et al. 2014b; Ziegler and
Hornborg 2014).

Calculated FUI figures were also considerably higher than
2009 mean values reported for tuna fisheries in the Pacific
Ocean (354 L/t), tuna-targeting purse seiners in all oceans
(368 L/t), as well as all tuna catches by all types of fishing
gear (375 L/t) (Parker et al. 2014) and all large pelagics land-
ings caught with surrounding nets (434 L/t) (Parker and
Tyedmers 2014). They were also higher than the mean FUI
of 436 L/t reported for Spanish tuna fisheries (on three oceans,
including the Pacific) in 2003 (Hospido and Tyedmers 2005).
Reasons for such underperformance may include inter-annual
variations in tuna catchability and the fact that fuels are gen-
erally subsidised in Ecuador (Prieto Bowen 2009), and thus
skippers perhaps do not apply sufficient fuel-saving strategies.
Fuel used for air scouting played a minor role in FUI.

In order to improve the FUI of the Ecuadorian tuna fishery,
the sources of underperformance should be investigated in
detail and then addressed by means of management ap-
proaches, including for instance technical fuel-saving strate-
gies, a prioritisation of the best performing vessels, and retro-
fitting of the worst performing ones. For instance, replacing
main engines of 20 years ago with current models can achieve
fuel efficiency improvements in the order of 10 % (Notti and
Sala 2012). Moreover, technical improvements regarding the
propulsion system, coupled with innovation and research into
better fishing practices, can contribute to significant fuel use
reductions (Notti et al. 2011).

LCIs for the NIRSA tuna fleet were extrapolated to repre-
sent the complete amount of tuna processed by NIRSA
(Table 2). Commercial tuna bycatch (2 and 3 % of landings
in 2012 and 2013, respectively) was excluded from the assess-
ment, and their impacts assigned to the dominant tuna com-
ponent of landings.

Abridged LCIs for the three tuna products studied, and for
the overall tuna processing operation of NIRSA, are presented
in Table 3 (see Electronic SupplementaryMaterial for detailed
LCIs). It is noticeable that canning consumed less electricity
and more fuel per tonne of processed fish than bagging, while
bagging consumedmore electricity and less fuel than canning.
The energy performance (i.e. energy input per product output)
of pouching was similar to that of canning, and all processes
yielded a similar amount of residues (≈40 % of whole fish
weight), given their common fish pre-processing stage. The
percentages of fish in the final product were ≈50, ≈70 and
≈99 % for canned, pouched and bagged tuna, respectively.

3.2 Life cycle impact assessment

Contributions of the construction and EOL phases to impacts of
purse seiners were negligible for most impact categories, except
for metal depletion. Based on ReCiPe single score, the use phaseT
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Fig. 6 Process map of tuna processing. Primary data was available for all
processes, but distribution was excluded from the assessment.
Background data includes the provision of fuels, electricity, packaging

materials (based on previous models), chemicals and other ingredients
(vegetable oils, etc.; based on previous models)

Table 2 Aggregated life cycle
inventories for tuna fishing
operations by Negocios
Industriales Real S.A. BNIRSA^
(annual inputs and outputs) in
2012 and 2013, and extrapolation
to total amount of tuna processed
by NIRSA in the same period
(numbers in brackets represent the
contribution of each column to
annual tuna processed)

Inventory items Unit From the NIRSA fleet Extrapolation

2012 (46 %) 2013 (50 %) 2012 (100 %) 2013 (100 %)

Landings t 29,451 28,740 64,583 57,073

Diesel t 19,376 20,647 40,689 37,464

Gasoline kg 45,359 35,438 95,251 64,303

Lubricating oil kg 319,001 318,913 669,886 578,681

Freon kg 10.9 21.8 22.9 39.5

CO2 kg 1353 2115 2841 3838

Aviation fuel (avgas) kg 86,303 60,044 181,231 108,953

Bilge water m3 45.2 29.6 94.9 53.7

Welding (arc) m 331,604 346,057 696,351 627,936

Chlorine kg 48.0 32.5 100.8 59.0

De-greaser kg 480.7 208.7 1009 378.6

Detergent kg 6814 5438 14,308 9868

Thinner kg 7398 8650 15,536 15697

Rust converter kg 6938 1189 14,568 2158

Paint kg 38,079 51,546 79,963 93,532

Net maintenance, steel kg 9020 4510 18,942 8184

Net maintenance, PP kg 21,656 23,306 45,476 42,290

Net maintenance, nylon kg 262,074 317,663 550,343 576,414

PP polypropylene
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was responsible for 83–88 % of weighted impacts in all studied
fleet segments, while the combination of use and maintenance
phases accounted for 92–95 % of weighted impacts. Fuel com-
bustion was by large the main contributor to overall (normalised
and weighted) impacts of the fishery, as previously found for

many other fisheries worldwide (Avadí and Fréon 2013). The
midpoint impact categories contributing most to the single score
were, in descending order, climate change, fossil depletion, hu-
man toxicity and acidification. Environmental impacts per seg-
ment followed the same pattern as FUI (Table 4) and thus were

Table 3 Abridged life cycle inventories for tuna processing by Negocios Industriales Real S.A. BNIRSA^ (use phase only), annual inputs and outputs
for 2012 and 2013

All tuna products Canned tuna Pouched tuna Bagged tuna loin

Year 2012 2013 2012 2013 2012 2013 2012 2013

Fishery

Diesel t 40,689 37,464 31,758 29,915 3394 3538 5538 4011

Gasoline t 95.3 64.3 74.3 51.3 7.9 6.1 13.0 6.9

Avgas t 181.2 108.9 141.5 87.0 15.1 10.3 24.7 11.7

Landed fish t 64,583 57,073 50,407 45,573 5387 5390 8790 6110

Processing

Electricity MWh 17,911 16,314 12,537 11,905 1454 1537 3920 2872

Fuel use GJ 156,480 143,141 134,500 123,519 12,789 13,006 9192 6616

Drinking water m3 9,242,125 8,002,653 9,232,866 7,993,163 3518 4449 5741 5042

Containers and lids (cans) t 8732 9119 8732 9119 0 0 0 0

Vegetable oils t 6330 5849 6330 5849 0 0 0 0

Empty pouches t 244.7 366.7 0 0 244.7 366.7 0 0

Plastic bags kg 13,558 9270 0 0 0 0 13,558 9270

Plastic pieces kg 6386 10,598 4984 8463 617 1121 869 1135

Cardboard t 2053 1832 1603 1463 198.2 193. 8 279.4 196.1

Labels kg 223,251 179,310 174,247 143,179 21,554 18,966 30,384 19,195

Plastic film kg 455,152 261,264 355,245 208,620 43,943 27,634 61,945 27,968

Waste

Process water (including process liquid losses) m3 176,581 199,717 137,821 159,474 14,728 18,863 24,032 21,380

Process liquid losses t 7751 8511 N/A N/A N/A N/A N/A N/A

Raw solid fish residues t 4686 3301 3657 2636 390.8 311.8 637.7 353.4

Cooked solid fish residues t 21,326 18,471 16,645 14,749 1779 1745 2902 1977

Production

Tuna product t 30,820 26 790 24,055 21,392 2571 2530 4194 2868

Table 4 Impact assessment of the Negocios Industriales Real S.A. BNIRSA^ tuna purse seiner fleet, per segment and per landed tonne (average of
2012–2013)

Impact category Unit 270–300 t 370–520 t 950 t 1050–1750 t Weighted average

Climate change kg CO2 eq. 2170 2667 2716 2763 2623

Cumulative energy demand MJ 32,490 39,883 40,682 41,387 39,269

Human toxicity kg 1,4-DCB eq. 7273 9096 10,012 10,239 9423

Marine ecotoxicity kg 1,4-DCB eq. 31,199 47,039 41,245 26,191 33,834

Marine eutrophication kg N eq. 1.4 1.7 1.8 1.8 1.7

Metal depletion kg Fe eq. 147.0 184.8 276.2 314.5 251.9

Particulate matter formation kg PM10 eq. 8.1 9.9 10.1 10.2 9.7

Photochemical oxidant formation kg NMVOC 31.4 38.6 38.9 39.4 37.6

ReCiPe single score Pt 361.3 446.2 467.7 477.8 447.8
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higher overall than those reported in previous studies on tuna
fisheries (Hospido and Tyedmers 2005; Tyedmers and Parker
2012).

The construction phase of the processing plant was negli-
gible. The main contributors to impacts associated with plant
operation, expressed as 1 t of mass-weighted average final
product, were the provision of tinplate cans (58.0 % of the
ReCiPe single score) and fuel use by the fishery (22.6 %),
followed by the provision of thermo-shrinkable bags
(6.3 %), vegetable oil (4.3 %), food-grade composite pouches
(4.2 %) and purified water (3.3 %), and the combustion of
heavy fuel for the plant’s boilers (3.5 %). For the dominant
product, canned tuna, contributions of sub-processes to total
impacts (per tonne of product) were as follows: can filling and

sealing = 74.6 %, fishery = 21.2 %, sterilisation = 1.9 %,
landing and cold storage = 0.9 %, pre-cooking = 0.7 %, pack-
aging and storage = 0.6 %, fish cleansing and portioning =
0.1 %, spraying-cooling <0.1 %, gutting <0.1 %, and recep-
tion and unfreezing <0.1 %. The decrease in impacts due to
recycling fish residues (≈40 % of tuna processed) was negli-
gible. For all impact categories, canned tuna had higher im-
pacts than the other products. Depending on the FU used,
either pouched or bagged loins had the second highest im-
pacts, both for endpoints (Fig. 7) and midpoints (Fig. 8).

It was not possible to thoroughly compare these results
with those of the Spanish tuna processing industry in the
LCA study of Hospido et al. (2006) because of different sys-
tem boundaries: They reported impacts of the fishery
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separately (Hospido and Tyedmers 2005). Nonetheless, both
that study and ours show that, after fisheries, container filling
and sterilisation are the main contributors to impacts, due to
consumption of materials (e.g. tinplate cans) and energy, re-
spectively. A carbon footprint analysis of Thai tuna canning,
based on a fuel-intensive tuna fishery, also identified the provi-
sion of raw materials, tinplate cans and process energy as the
main drivers of global warming potential (climate change)
(Mungkung et al. 2012). A recent study of canned sardine from
Portugal (Almeida et al. 2015), supplied by a fishery with a FUI
of 111–113 L/t (Almeida et al. 2013), also identified the provi-
sion of (aluminium) cans as themain contributor tomost impact
categories. Another recent study on Peruvian anchoveta pro-
cessing (Avadí et al. 2014a) confirms this trend and, moreover,
identifies potentials for reducing impacts of fish packaging by
favouring pouches or at least larger cans. Package comparison
and other eco-design approaches for tuna products have been
also previously discussed (Franklin Associates 2008; Zufia and
Arana 2008; Poovarodom et al. 2012). The latter study suggests
that between equivalent 85 g canned and pouched tuna prod-
ucts, the pouched one had a slightly higher global warming
potential, but only because a carbon credit is introduced, asso-
ciated with a higher recycling rate of waste tinplate cans than of
waste pouches (final disposal is excluded from our study).
Thus, it seems that less energy- and material-intensive packag-
ing materials indeed reduce environmental impacts of proc-
essed fish products (Table 5). Retort pouches are being increas-
ingly used in Ecuador for export consumer tuna products.

Climate change impacts (per kilogram of product and
of protein) of Ecuadorian tuna products were compared to
those of alternative fish and animal protein sources from
global food supply chains (Table 6). Ecuadorian tuna
products had higher climate change impacts than many
other tuna and seafood products (based on more energy-
efficient fisheries or less resource-intensive processes and
packaging) and lower than most non-aquatic protein
sources such as beef, pork, milk and cheese.

3.3 Sensitivity analysis

Since the provision of tinplate cans (containers) and the fuel
use by the fishery contributed to 80.6 % of all impacts, we
analysed the sensitivity of the model to variations and changes
in inventory data. For the fuel use, we created extreme scenar-
ios using the lower and higher individual FUIs reported. In
practice, the lower FUI could never be generalised for the
whole fleet, but actual overall fuel efficiencies likely range
between the mean and the higher values. It is shown that if
all fleet segments would operate at the higher reported FUI,
environmental impacts per landed tonne of tuna (expressed at
the endpoint level) would increase by 47 %, while if only the
lower two fleet segments would be used, impacts would be
reduced by 8 % (Fig. 9). For the provision of containers,
various scenarios were created by simulating the use of large
tinplate cans exclusively (i.e. B#300^ cans4) instead of a port-
folio of various can sizes, as well as by modelling the use of
aluminium cans as alternatives for replacing current tinplate
cans. At the endpoint level, it was estimated that replacing the
tinplate can mix with an aluminium can mix would reduce
environmental impacts by 63 %, while replacing the original
tinplate can mix with a single can size (#300) would decrease
them by 85 % (Fig. 10).

4 Conclusions

The energy performance and environmental impacts of proc-
essed tuna from Ecuador are determined mainly by the FUI of
the supplying fishery and consumption of packaging materials

Table 5 Comparison of key
environmental impacts of tuna
packaging alternatives
(production)

Packaging product Climate change
(kg CO2 eq.)

Metal depletion
(kg Fe eq.)

Cumulative energy
demand (MJ)

Per kg of packaging material

Tinplate can 8.4 23.8 151.9

Retort pouch 3.8 0.2 95.1

Thermo-shrinkable plastic bags 2.9 ≈0 100.9

Per t of tuna product

Tinplate can 1641 4653 29,658

Retort pouch 316.4 15.0 7 921

Thermo-shrinkable plastic bags 9.3 ≈0 325.1

Average composition of retort pouches (http://www.flexpack.org): oriented polyethylene terephthalate (18 %),
aluminium foil (40 %) and polypropylene (42 %)

4 Common tinplate cans used for fish products in South America include
the B½lb Tuna^ (size, 87×46 mm; can weight, 35.7 g; net weight, 170 g),
the B¼ Club^ or BRR-125^ (size, 105×60×29 mm; can weight, 34.7 g;
net weight, 125 g), and the B#300^ or BTall^ (size, 76.2×112.7 mm; can
weight, 54.2 g; net weight, 425 g). The two smaller cans are available also
in aluminium.
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(especially tinplate cans). Efforts to further reduce environ-
mental impacts should focus on these two factors, for instance
by optimising the product mix (e.g. increasing the proportion
of pouched and other non-metal packaged products in the
portfolio, using larger tinplate cans, shifting the tinplate can
mix to an aluminium can mix) and improving the fuel use

efficiency of the tuna purse seiner fleet. When modifying the
product portfolio to include more environmentally friendly
packaging, consumer preferences ought to be taken into con-
sideration. Pouch presentations are becoming more common
in Ecuador, in products both for national consumption and for
export. The sources of relative inefficiency estimated for the
Ecuadorian tuna fleet should be thoroughly investigated.

Table 6 Comparison of climate change impacts (kg CO2 eq.) per kilogram of product and kilogram of protein of Ecuadorian tuna products and other
animal products from global supply chains

Product Protein content (%) Impact per kg product Impact per kg protein

Ecuadorian tuna products (this study)

Canned tuna in vegetable oila 26.5 3.7 14.0

Pouched loinsa 28.2–29.2 2.7 9.3–9.7

Bagged (frozen) loinsa 22.0–24.4 3.1 12.9–14.3

Portuguese tuna products (Almeida et al. 2015)

Canned tuna in olive oila 26.5 7.7 29.1

Frozen tunaa 22.0–24.4 1.0 4.1–4.5

Peruvian fish products (Avadí et al. 2014a; Avadí et al. 2015)

Canned anchoveta in vegetable oil 21.3 1.7 8.1

Fresh tilapia 18.3 1.9–4.1 10.4–22.4

Fresh trout 18.4 2.8–3.4 15.2–18.5

Spanish tuna products (Zufia and Arana 2008)

Canned tuna in tomato sauce, no air transportationa 20.8 2.5 12.1

Various animal protein sources (Nijdam et al. 2012), without packaging

Beef (s=15, n=26) 20 9–129 45–640

Pork (s=8, n=11) 20 4–11 20–55

Poultry (s=4, n=5) 20 2–6 10–30

Eggs (s=4, n=5) 13 2–6 15–42

Milk (s=12, n=14) 3.5 1–2 28–43

Cheese 25 6–22 28–68

Seafood from fisheries (s=9, n=18) 16–20 1–86 4–540

Seafood from aquaculture (s=7, n=11) 17–20 3–15 4–75

a Protein content values from the USDANational Nutrient Database for Standard Reference Release 27 http://ndb.nal.usda.gov/ndb/foods; s = number of
studies in Nijdam et al. (2012) (not redundant with other studies cited in the table), n = number of analysed products in Nijdam et al. (2012)
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Possible solutions could involve increasing use of the most
fuel-efficient fleet segments (if any, once identified after a FUI
analysis based on an extensive dataset of the fleet) and reduc-
ing that of the less efficient, reducing the number of tuna sets
with FADs and applying fuel-saving strategies associated for
instance with engine use. Ecuadorian tuna products nonethe-
less feature environmental impacts that, despite being gener-
ally higher than those of other fish processing industries
worldwide, are lower than those of many alternative sources
of fish (e.g. many aquaculture products) and land animal
protein.
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