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Abstract 

Background: In Mediterranean countries, the production of seabream and seabass 

has grown steadily over the last decades, and this trend is expected to continue. At the 

same time, sustainability has become a key question, and sustainable management 

strategies are needed to reduce the environmental impact of this sector. A holistic 

perspective is required to fully assess the environmental profile of fish production, and Life 

Cycle Assessment (LCA) is considered the most suitable approach for this purpose.  

Scope and approach: This review aims to analyse all LCA studies regarding seabass 

and seabream farming in the Mediterranean area. In particular, the main methodological 

choices were analysed, the main critical points and gaps were identified, and the main 

hotspots and key results were highlighted.  

Key findings and conclusions: The mass-based functional unit and the from-cradle-

to-farm-gate system boundaries were selected in all studies. One of the main issues is the 

lack of transparency regarding some inventory data and sub-processes included in the 

assessment. The most common findings are the large environmental impact associated with 

feed and the large influence of the Feed Conversion Ratio (FCR) on environmental 

performance. However, further studies are needed to investigate this topic and to evaluate 

fish farming with the use of more sustainable feeds. Therefore, in the future, it will be 
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necessary to perform further LCA studies and, for an overall sustainability assessment, the 

energy, economic and social aspects will also to be increasingly taken into consideration. 
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1. Introduction 

Fish and seafood are increasingly important food and protein sources for the growing 

world population. Seafood is often the major source of protein for people and an important 

source of highly nutritious foods (Cooney et al., 2021). It is frequently promoted as a 

sustainable alternative to red meat, which, for environmental and health reasons, is 

recommended to be restricted in a balanced diet (Scarborough et al., 2014). Historically, 

fishing has always been the main activity for the supply of seafood, but to meet the growing 

global demand, fishing is predicted to reach unsustainable levels. Nowadays, 35.4% of the 

fish stock is overfished (FAO, 2022) For this reason, seafood production has progressively 

switched to aquaculture, with a production growth in recent decades (Bohnes and Laurent, 

2019). 

In Mediterranean countries, aquaculture production has grown steadily in recent 

decades, and this trend is expected to continue (Bordignon et al., 2022). Currently, gilthead 

seabream (sp. Sparus aurata) and European seabass (sp. Dicentrarchus labrax) are the 

most commonly farmed species in the Mediterranean Sea, at a production of 520,000 

tonnes and USD 2.58 billion in 2020 (FishStatJ, 2022). More than 95% of the world’s seabream 

and seabass production comes from aquaculture, of which 97% is produced by 

Mediterranean countries (FishStatJ, 2022). The main producers are Turkey (which alone 

accounts for about half of the Mediterranean area's production with about 148,000 tonnes 

of sea bass and 109,000 tonnes of sea bream) and Greece (about 44,000 tonnes of sea bass 

and 62,000 tonnes of sea bream), whereas the main consumers are Spain, France, Italy, 

Greece and Turkey. 

However, aquaculture systems, both inland and offshore, are subject of environmental 

concerns related to feed and energy consumption, the emission of nutrients and organic 

compounds into the water and, sometimes, the consumption of pesticides and antibiotics 

(Le Féon et al., 2021). Therefore, sustainable management strategies are required for an 
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environmentally sustainable development of the aquaculture sector (Børresen, 2013; 

Ababouch et al., 2015; Bordignon et al., 2023).  

In December 2019, the European Commission launched the European Green Deal 

(European Commission, 2019), the EU’s new growth strategy, which aims to cut pollution 

and carbon emissions, boost the efficient use of resources and restore biodiversity. The 

European Green Deal, the Farm to Fork Strategy (European Commission, 2020) and the 

strategic guidelines for a more sustainable and competitive EU aquaculture (European 

commission, 2021) emphasise the potential of aquaculture as a major contributor to a 

sustainable and responsible food system, in particular as a low-carbon footprint source of 

protein. The aim is to further boost low-environmental-impact aquaculture, such as the 

production of low trophic species (micro- and macro-algae), low-input production systems 

(such as filter feeders, e.g., molluscs), organic aquaculture and integrated multi-trophic 

aquaculture (IMTA) (Rosa et al., 2020). Moreover, fisheries and aquaculture are central to 

achieving food security as well as economic, social and environmental goals. Besides, the 

Sustainable Development Goal 14 (Conserve and Sustainably Use the Oceans, Seas and 

Marine Resources for Sustainable Development) has clear and important implications for 

fisheries and aquaculture. 

For all these reasons, in the current economic and social context, the sustainable 

development of the aquaculture system is becoming more and more a priority (Marvin et 

al., 2020). Optimising and reducing system inputs, reducing energy consumption and, more 

generally, improving the efficiency of the entire system to improve the environmental 

performance of the sector are the primary goals (d’Orbcastel et al., 2009). To achieve them 

and to fully assess the environmental profile of fish production, a holistic perspective is 

needed. In this context, Life Cycle Assessment (LCA) is considered the most suitable 

approach for analysing a broad spectrum of environmental impacts (Guinée, 2002). 
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The LCA is a common approach for assessing the environmental impacts of products 

and services by analysing their environmental loads in a life cycle perspective, from the 

extraction of raw materials to their end of life. It is mainly applied in the quantification of 

different environmental impacts (impact categories, effects on the environment), the 

comparison among different products or different production systems and the choice 

among comparable products. 

Although there are no specific guidelines for LCA application to aquaculture and the 

project AQUAPEF (Life AQUAPEF, 2018), which aims to promote the effective 

implementation of the Product Environmental Footprint in the Mediterranean aquaculture 

sector, LCA has already been widely applied to aquaculture since the early 2000s, and the 

number of LCA studies published in this field has increased in the last few years. This is also 

highlighted by previous LCA reviews in the aquaculture. For example, Aubin (2013) reviewed 

the LCA application in the aquaculture and fishery sector, aiming at providing an overview 

of its environmental impacts (Biermann and Geist, 2019). Pahri et al. (2015) analysed how 

natural and anthropogenic factors were managed in LCA studies focused on aquaculture. 

Bohnes et al. (2018) conducted a quantitative analysis on 65 LCA studies to explore which 

impacts can be identified as dominating and to compare different types of aquaculture 

systems. Bohnes and Laurent (2019) reviewed the methodological choices of LCA studies, 

provided a set of recommendations and outlined a research agenda to address the 

requirements for a more consistent LCA practice in the aquaculture. Finally, Henriksson et 

al. (2012) identified possible data gaps and provided recommendations for future 

development within this field of research. The authors concluded on a lack of transparency 

in the data used and reported a limited coverage in the number of impacts assessed by 

the studies and too narrowly scoped system boundaries, for which they provided a number 

of recommendations to future studies.  
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Although the aforementioned reviews provided insights to improve LCA studies in 

aquaculture, there are no reviews focusing on the application of the LCA approach to the 

Mediterranean aquaculture of seabass and seabream. Given the crucial importance of 

these species in the Mediterranean area, which is even destinated to grow further in the 

future, the goal of the present study is to review the current knowledge on the 

environmental performances of seabass and seabream farming. In particular, it aims to 

 Identify the aspects of seabass and seabream aquaculture that are primarily 

responsible for the impact; 

 Summarise the main findings of LCA studies carried out; 

 Analise the LCA application to seabream and seabass aquaculture farm highlighting 

the main methodological concerns related to LCA application to this sector of 

aquaculture; 

 Suggest future developments and research activities. 

Based on the above mentioned goals, the review is organized as follow: Section 2 

describes the methodology of the review, Section 3 summarizes the main descriptive 

characteristics of the farms analysed in the reviewed LCA studies, Section 3 reports the main 

LCA results (contributions analysis and environmental impact results), Section 4 describes 

how LCA approach was applied to the different farms, Section 5 critically discuss the LCA 

application in the different studies, Section 6 provides future perspectives for sustainability 

assessment of this aquaculture sectors. 

 

2. Literature review methodology 

The  literature review was carried out using the database of Scopus and Web of 

ScienceTM. The following keywords were combined: “LCA”, “Life Cycle Assessment”, 

“Seabass”, “Sea bass”, “Dicentrarchus labrax”, “Seabream”, “Sea bream”, “Gilthead 
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seabream”, “Sparus aurata”; we also combined the words "LCA", "Life Cycle Assessment" 

and "Aquaculture".  

The 234 manuscripts identified were screened based on title and abstract. In 

particular, the following cut-off criteria were considered: 

 The study should analyse, even partially, the environmental performance of the life 

cycle of seabream and/or seabass production using LCA in the Mediterranean area; 

 The assessment must be carried out with a life cycle perspective; 

 The study must be published in peer-reviewed journals. Thus, conference 

proceedings and book chapters were not considered. 

It was not necessary to limit the reference period since the first study in line with our selection 

criteria was published in 2009. Therefore, the analysis regards manuscripts published from 

2009 up to November 2022.  

 

3. Characteristics of the analysed farms 

In this section all the information related to the main characteristics of the analysed 

farms in the reviewed LCA studies is summarised. This would allow, in the following sections, 

to better appreciate the link between operational parameters and LCA results as well as to 

identify how the LCA approach is able (or not) to properly model aquaculture farms and 

their peculiarities. In detail, the location, the number and the type of farms, the size of the 

farms and other descriptive and productive parameters are reported. 

 

3.1 Geographical location, number and type of aquaculture farms 

The aquaculture farms including in the analysed studies are located in Greece (5 

studies), Tunisia (3), Spain (2), Albania (2), Italy (1) and France (1) (Fig. 1). Among all the 

studies, just Kostantinidis et al. (2020) have analysed farms from two different countries 

(Grece and Albania), whereas all the other studies referred to a single country. It should be 
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highlighted that aquafarms in Turkey have not been analysed so far. Nevertheless, Turkey’s 

aquaculture production accounts for about 50% of the Mediterranean production 

(FishStatJ, 2022), and its environmental impact should therefore be considered. Regarding 

the number of aquaculture facilities studied, some articles refer to a single farm (a case 

study), whereas few others have analysed several aquaculture farms (Fig. 1). For instance, 

Abdou et al. (2018) collected information from 18 different Tunisian aquafarms to perform 

a Principal Components Analysis (PCA), whereas 4 different Greek offshore farms and 3 

packaging facilities were analysed by Konstantinidis et al. (2021a) and Konstantinidis et al. 

(2021b), respectively.  

Most of the studies (10) analysed offshore farms characterised by floating circular sea 

cages (Table S1 in the Supplementary Material). This type of plant represents the 

predominant aquaculture facility in the Mediterranean area, with more than 95% of 

production for both seabass and seabream (Table S2 in the Supplementary Material). 

These farms usually consist of several floating cages in which fish are raised from 

juveniles up to commercial size; all operations (e.g., feeding, maintenance) are conducted 

by highly skilled personnel with service boats (Cardia and Locatelli, 2015). Several other 

activities are conducted on land, such as post-harvesting operation and processing, feed 

storage, among others. 

Among the analysed offshore farms, one (Mendoza Beltran et al., 2018) was coupled 

to a Pacific Oyster (Crassostrea gigas) production system in lantern nets in proximity to the 

fish cages (IMTA system).  

Inland systems were analysed only by Jerbi et al. (2012), comparing a traditional 

raceway (TR) system with a cascade raceway (CR) system: the TR consists of concrete tanks 

in which water, directly pumped from the sea, flows by gravity and it is constantly 

discharged (flow-through systems); the CR is an alternative system in which water circulates 

by gravity in cascades, and water outflow from the upstream tank is the inflow of the next 
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downstream one. Using this technique, water can be aerated naturally without additional 

expenses since the cascade allows for a better aeration of the water (Jerbi et al., 2012). 

Both TR and CR can be considered open systems since no water is recirculated. 

Since the growing cycle is similar, and the two species require similar environmental 

conditions, in the Mediterranean basin, the production of sea bass and sea bream is often 

conducted in the same farm. In fact, among the analysed systems, four are characterised 

by the co-production of sea bass and sea bream (Abdou et al., 2017, 2018; Kallitsis et al., 

2020; Mendoza Beltran et al., 2018). However, four other studies refer to farms specialised in 

the production of sea bass only (Besson et al., 2017; García et al., 2019; Jerbi et al., 2012; 

Kostantinidis et al., 2020) and one of only sea bream (García et al., 2016), whereas in 

Kostantinidis et al. (2021a), the production of sea bream is coupled with meagre 

(Argyrosomus regius) production. Finally, Kostantinidis et al. (2021b) is the only study that 

refers exclusively to the packaging system of seabass and meagre. 

 

Figure 1: Geographic distribution of the revised studies and number of analysed farms. 
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3.2 Size of the farms 

Farms of different sizes were analysed, both in term of cage number and annual 

production. Furthermore, some studies diversify the production between seabass and 

seabream, whereas others report only the total production of fish. In 4 out of the 12 studies, 

the description of the infrastructures is not reported, and 2 do not provide the cage size. The 

largest farm was analysed by Kallistis et al. (2020), with 6 cages for seabream of 5,600 m3 

each and 64 cages for seabass of 5,800 m3 each, with a total of 404,800 m3. Abdou et al. 

(2018) selected 18 Tunisian intensive aquaculture farms, ranging from 47,000 m3 to 136,000 

m3. The smallest farm, located in Evoikos Gulf (Greece), was analysed by Aubin et al. (2009) 

and is composed of 12 circular cages of 1,100 m3 each (13,200 m3 in total). The only inland 

farm (Jerbi et al., 2012) is composed of 89 parallel pipe-shaped concrete tanks of 280 m3 

each for TR and 80 tanks of 200 m3 each for the CR system, with a total volume of 40,920 m3.  

Consequently, the production of the analysed farm also varies greatly from 256 

t/year for seabass (Aubin et al., 2009) to 2,500 t/year (Kallistis et al., 2020). Finally, in 

Kostantinidis et al. (2021b), three packaging farms of seabass and meagre had an average 

productivity of 4,015 t/year.  

 

3.3 Other descriptive and productive parameters 

Although the studies focused on different parameters and/or technical aspects (e.g., 

annual production, non-ingested feed, number of fingerlings, cages sizes, among others), 

feed conversion ratio (FCR) and rearing cycle duration had the greatest influence on 

environmental performance. Table 1 provides a summary of the descriptive parameters of 

the analysed studies. The FCR indicates the amount of feed supplied divided by the biomass 

gained by the fish during a certain period. However, it does not account for the composition 

of the feed, the yield of fish (i.e., edible portion) or the nutritional quality of the final product. 

Despite the lower FCR of aquaculture compared to terrestrial systems, protein and energy 
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retention for aquaculture production are similar in livestock (Fry et al., 2017). This could be 

explained with the higher protein and energy requirements and their contents in feed 

compared to chickens, pigs and cattle (Fry et al., 2017). Therefore, the quantity of feed 

consumed is associated with it the production of the system. Since all LCA studies report 

that the feed is one of the main factors responsible for different environmental impacts, the 

FCR is a key parameter for the analysis and interpretation of the results and therefore always 

reported in the considered studies. The average FCR of seabass is 1.99, whereas that for 

seabream is 2.09, according to the information given by the authors. The lowest FCR is 

reported by Abdou et al. (2018) (1.4 for seabream) and the highest by Mendoza Beltran et 

al. (2017), with an average of 2.8 for seabass and seabream. In the inland farm (Jerbi et al., 

2012), the FCR is 1.89 and 2.11 (average of both species) for TR and CR, respectively. 

The rearing cycle duration of the different aquaculture farms varies from 10 (Abdou 

et al., 2018) to 24 months (Jerbi et al., 2012; Kallistis et al., 2020). For this parameter, the 

authors do not differ between seabass and seabream. In half of the studies, fish are farmed 

up to a size of 400/450 g (Abdou et al., 2017; Besson et al., 2017; Garcia et al., 2016; Jerbi et 

al., 2012; Kostantinidis et al., 2020; 2021a). In one case, 600 g is reached (Kallistis et al., 2020). 

The juvenile’s individual weight is more variable. In two cases, the initial weight is not 

reported, whereas in two studies, it is 2 g (Aubin et al., 2009; Kallistis et al., 2020), and in one 

study, it is 0.5 g (Garcia et al., 2019). 

Another important parameter for the analysis is the mortality rate of fish. Nevertheless, 

8 studies out of 12 do not report mortality rates, whereas in 4 different studies, the authors 

report different values: 10% for seabream (Garcia et al., 2016), 12% and 18.8 % for seabass 

(Jerbi et al., 2012; Kostantinidis et al., 2021) and 30% for both seabass and seabream 

(Mendoza Beltran et al., 2017); in the latter case, the mortality rate refers to fingerlings. 
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Table 1: Main descriptive parameters of the analysed studies. 

Article Rearing size 

(g) 

 

Cycle 

duration 

(months) 

FCR  

(kg feed/kg weight gain) 

Production (t/y) 

Seabass Seabream Seabass Seabream 

Abdou et al., 

2017 

4–400 18 1.88 1.85 630 1,470 

Abdou et al., 

2018 

/ 10–18 1.6–3 1.43 480–2,600 

Aubin et al., 

2009 

2–350 16 1.77 / 256 / 

Besson et al., 

2017 

10–400 / 1.64–2.02 / 1,000 / 

Garcia et al., 

2016 

12–450 18 / 2 / 1,000 

Garcia et al., 

2019 

0.5–15 

(juveniles) 

15–500 (fish) 

20 1.5 

(juveniles) 

1.9 (fish) 

/ 1,000 / 

Jerbi et al., 2012 0–2 

(hatchery) 

2–75 (pre-

growing) 

75–375 

(growing) 

24 1.81–2.08 / 2,500 / 

Kallistis et al., 

2020 

2–600 24 1.85 2.5 208 2,607 

Kostantinidis et 

al., 2020 

4–400 / 2 / 171 / 

Kostantinidis et 

al., 2021a 

/-437 23.8 2.14 / 1,534 / 

Kostantinidis et 

al., 2021b 

/ / / 12,046 / 

Mendoza 

Beltran et al., 

2017 

/ 22 2.8 263 

4 Main findings of LCA studies 

The two main outputs of a LCA study are the contribution analysis, i.e., the 

identification of the inputs and outputs mainly responsible of the environmental impact 

(environmental hotspots), and the quantification of different impact categories; besides, in 

the 4th step of LCA the achieved results are critically discussed (Notarnicola et al., 2015).  

 

4.1 Contribution analysis 

Regarding the contribution analysis, feed production is the main hotspot for Global 

Warming Potential (GWP) impact category and Acidification (A) in most studies. For the 
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GWP, in 9 out of 12 studies, the share of impact related to feed exceeded 60%, with a 

maximum of 93%. Nevertheless, in Kallistis et al. (2020), the feed impact was only 10% since 

the authors considered the absorption of CO2 in the agricultural phase of the feed 

ingredients. In addition, they included packaging and delivery in the analysis, which 

account for 40% of the GWP. In Jerbi et al. (2012), the feed impacts were 18% and 23% for 

CR and TR systems, respectively, whereas the pre-growing phase had an impact of 51% (TR) 

and 40% (CR). Electricity has a relevant impact of about 30% for both TR and CR systems, 

underling how electricity consumption is a relevant hotspot in inland system (Jerbi et al., 

2012). In Kostantinidis et al. (2021b), for the packaging phase assessment, the main hotspots 

are electricity (about 39%) and EPS packaging of fish (about 50%). 

For acidification, in all studies, the contribution of feed production is higher of 43%, 

except than in Jerbi et al. (2012) (23%), and Kostantinidis et al. (2021b), where the main 

hotspots are electricity and EPS packaging. 

The emissions of nitrogen and phosphorus compounds into the environment are the 

main hotspots of eutrophication (from 73% to 93% of the impact) in all studies in which the 

CML Baseline method was used. However, in Kostantinidis et al. (2020; 2021a), with the 

Recipe method, the whole impact in FE and ME is largely related to feed production.  

The high contribution of feeds is due to the inclusion of fish meal and fish oil as major 

ingredients. However, soybean meal, one of the most widely used plant-based protein 

sources in aquaculture, also has a high environmental impact (Garcia et al., 2016). 

Therefore, finding other sources of protein and lipids for fish feed is a challenge in 

aquaculture (Maiolo et al., 2020). By replacing marine-based ingredients with plant-based 

ingredients, the energy use can be reduced. However, Ellingsen and Aanondsen (2006) 

report that this trend can be counteracted by the energy consumption required for the 

cultivation phase and, above all, for soybean meal, the impact in terms of land use is high 

(Costantini et al., 2021; Silva et al., 2018). Basto-Silva et al. (2019) highlighted a tendency for 
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plant feed-based diets to have lower environmental impact scores than fish meal-based 

ones, even if all diets tested had the same order of magnitude. Several studies have also 

been carried out to test and assess the environmental impacts of alternative diets (Bartek 

et al., 2021; Glencross et al., 2020; Schade et al., 2020); however, so far, no LCA study 

regarding seabass and seabream production with an alternative feed or with an optimised 

feed distribution system has been conducted in the Mediterranean area. 

Contribution analysis also highlighted the significant impact of energy consumption 

on environmental performance. Energy is required for a range of activities, including 

general system operation, harvesting, processing and transportation. Since fossil fuel 

consumption is of great concern, the use of renewable energy sources, such as solar or 

wind power, could be also seen as an alternative to improve the environmental profile 

(Aubin et al., 2013). Energy conservation at the farm scale and replacement of fossil fuels 

by renewable sources must therefore be supported (Jerbi et al., 2012). As reported by Aubin 

et al. (2009), a cage system requires less energy than an inland system, despite frequent 

shipping from shore to the cages. However, the energy impact is the least investigated one. 

In particular, the absence of detailed and updated information regarding energy needs, 

installed powers and load curves is an objective limit to the possibility of optimising the 

systems both from an economic and environmental point of view. It is also necessary to 

consider that whilst in offshore systems, energy consumption is limited to diesel and lubricant 

oil for boats, in inland farms, there are several pumping systems, aerators/mixers and oxygen 

supply distribution devices that are energy-demanding. In light of the recent increases in 

the cost of energy, the energy analysis of farms has particular importance and represents 

the starting point for further process optimisation. 
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4.2 Impact assessment results 

With regard to the quantification of the different impact categories, the results show 

great variability due to both different farm characteristics and different methodological 

choices, as well different modelling methods. Table 2 reports the GWP values of the 

reviewed studies, while the results of the other more analysed categories (Acidification, 

Eutrophication, Freshwater eutrophication, Marine Eutrophication and Cumulative Energy 

Demand) are reported in the supplementary materials (Table S3). 

 

Table 2: Environmental results for GWP (kg CO2 eq) expressed per 1 ton of live fish weight. 

Article Global warming potential 

(kg CO2 per ton of live fish weight) 

Seabass Seabream 

Abdou et al., 2017 3,182 3,669 

Abdou et al., 2018 From 3,421 to 4,437* 

Aubin et al., 2009 3,601 / 

Besson et al., 2017 From 2,960 to 3,636* 

Garcia et al., 2016 / 7,124 

Garcia et al., 2019 7,293 / 

Jerbi et al., 2012 TR: 11,087 

CR: 17,449 

/ 

 

Kallistis et al., 2020 1,235** 1,118** 

Kostantinidis et al., 2020 Not reported 

Kostantinidis et al., 2021a Not reported 

Kostantinidis et al., 2021b Not reported 

Mendoza Beltràn et al., 2017 Monoculture system: 11,320* 

IMTA system: 11,710* 

*average value for ESB & GSB; **absorbed carbon during fish feed production was considered 

 

The lowest carbon footprint (1,235 kg CO2 eq/ton of live fish weight) was reported by 

Kallistis et al. (2020), but, as mentioned before, they took into account the CO2 absorbed 

during feed production. Jerbi et al. (2012) reported the highest carbon footprint (17,449 kg 

CO2 eq/tonne of live fish weight), mainly due to both a high feed wasted and the high 

energy consumption required by an inland fish farm. 
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However, Mendoza Beltran et al. (2012) reported an impact of 11,710 (IMTA system) 

and 11,320 kg CO2 eq/ton of boxed and gutted fish (monoculture) that is the highest value 

among offshore farms: in this case, the authors also took into account fish processing after 

harvesting, which has an impact of about 35% of the GWP. This is also the only case in which 

an IMTA system has been analysed; however, the small difference between the 

monoculture system and the IMTA system can be partly explained by the production scale: 

the production of 4 t of oyster annually is a very low value compared to 240 t of fish. 

Moreover, the additional impact due to the construction activities and the management 

of IMTA system must be considered. 

Although it was analysed in only five studies, the cumulative energy demand (CED) 

is an impact category that well explains the large amount of energy required for 

aquaculture farms. Feed production, fuel and electricity are the main hotspots in this impact 

category. However, even in this case, there are some different results among the studies: 

Abdou et al. (2017 and 2018) and Aubin et al. (2009) report a similar CED value (from 44,232 

to 57,198 MJ per ton of live fish weight), whereas in Garcia et al. (2016) the CED was 80,000 

MJ per ton of live fish weight. In these cases, the main hotspot was the production of feeds 

(from 69% to 79%), whereas in Garcia et al. (2016), feed and fuels both had an impact of 

approximately 50%. In this regard, the authors reported a diesel consumption of 444 kg per 

ton of live fish, which is very high in comparison with that, for example, reported by Kallistis 

et al., (2020) of 45.75 kg and by Kostantinidis et al., (2020) of about 23 kg.  In addition, in 

Jerbi et al. (2012), the CED was 175,000 MJ per ton for TR and 280,000 MJ per ton of live fish 

weight for CR. The contribution analysis of the CED shows that more than half of the impact 

was due to the pre-growing phase (Jerbi et al., 2012). 

Since most of the reviewed LCA studies selected a mass-based FU, the environmental 

performances are necessarily related to the productivity and input efficiency. The latter is 

mainly related to FCR and energy consumption, suggesting an emphasis on the 
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development of more energy-efficient forms of aquaculture, generating greater returns 

while minimising their polluting emissions (Aubin, 2013). One of the main objectives for the 

aquaculture farms is to decrease feed wastage, improving feeding efficiency and feed 

composition to decrease the FCR.  

 

5. LCA approach application  

The purpose of this section is to analyse how the LCA approach was applied in the 

reviewed studies with a focus on the different steps of a LCA study, as identified by the ISO 

14040 and 14044 standards. (ISO, 2006; ISO, 2018). Even if originally developed for industrial 

processes, in the last years LCA is more and more applied also to agricultural sectors 

(Notarnicola et al., 2015; Lovarelli et al., 2017). Based on the inputs (e.g., production factors 

used) and outputs (useful products, co-products and by-products, wastes and emissions 

into the environment), LCA quantifies the potential environmental impact of a product, a 

process or a service. Defined by the ISO standards 14040 and 14044, LCA involves 4 steps: 

(i) Goal and Scope involving the identification of the geographical scope, the target 

audience as well as the definition of the functional unit and system boundary, (ii) Life Cycle 

Inventory where the data about the energy and material flows between the analysed 

system and the environment, (iii) impact assessment during which the inventory data are 

converted in environmental impact and, (iv) interpretation. 

 The main review outcomes about the LCA application in the reviewed LCA study 

focused on the seabream and seabass aquaculture farm are reported in Table 3 and are 

discussed in the following subsections.  
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Table 3: Main methodological aspects according to the ISO 14044 and ISO14040 of a Life 

Cycle Assessment of the analysed studies. 

Article Functional unit System 
boundaries 

Databases Method Impact categories 

Abdou et al., 
2017 

1 ton of live-
weight fish 

Cradle to 
gate 
 

Ecoinvent CML2 
Baseline 
2000 

A, E, GWP, LO, 
NPPuse, CED, Suse 

Abdou et al., 
2018 

1 ton of live-
weight fish 

Cradle to 
gate 
 

Ecoinvent CML2 
Baseline 
2000 

A, E, GWP, LO, 
NPPuse, CED 

Aubin et al., 
2009 

1 ton of live-
weight fish 

Cradle to 
gate 
 

 
Not 
reported 

A, E, GWP, NPPuse, 
CED, WD 

Besson et al., 
2017 

1 ton of live-
weight fish; 
Farm per year 

Cradle to 
gate 

Ecoinvent CML2 
Baseline 
2000 

A, E, GWP 

Garcia et al., 
2016 

1 ton of live-
weight fish 

Cradle to 
gate 

Ecoinvent – 
Agri-footprint 
– LCA Food 
DK 

CML-IA 
Baseline 

A, E, GWP, CED, 
AD, OD, PHO 

Garcia et al., 
2019 

1 ton of live-
weight fish; 1 
ton of 
fingerlings 

Cradle to 
gate 

Ecoinvent – 
Agri-footprint 

CML-IA 
Baseline 

A, E, GWP, AD, OD, 
PHO, AD-ff, HT, 
MEx, FEx, Tex 

Jerbi et al., 
2012 

1 ton of live-
weight fish 

Cradle to 
gate 

Ecoinvent – 
Buwal 250 

CML2 
Baseline 

A, E, GWP, LO, 
NPPuse, CED, WD 

Kallistis et al., 
2020 

1 ton of fish at 
end-consumer 
market; 100 g 
edible protein 

Cradle to 
gate 

Ecoinvent CML 
Midpoint 

A, E, GWP, AD, OD, 
PHO, HT, MEx, TEx 

Kostantinidis 
et al., 2020 

1 ton of feed; 1 
ton of fish in 
isothermal bins 

Cradle to 
gate 

Ecoinvent – 
Agri-footprint 
– Agribalyse 

Recipe 
2016 (H) 
Midpoint 

A, GWP, LO, WC, 
OD, Irad, OF-hh, 
PM, OZ-te, FE, ME, 
Mex, FEx, TEx, HCTx, 
HnCTx, MRS, FRS 

Kostantinidis 
et al., 2021a 

1 ton of fish fully 
packaged 

Cradle to 
gate 

Ecoinvent – 
Agribalyse 

Recipe 
2016 (H) 
Midpoint 

A, GWP, LO, WC, 
OD, Irad, OF-hh, 
PM, OZ-te, FE, ME, 
Mex, FEx, TEx, HCTx, 
HnCTx, MRS, FRS 

Kostantinidis 
et al., 2021b 

1 ton of live-
weight fish 

Gate to 
gate 

Ecoinvent – 
ELCD (JRC-
EU) 

Recipe 
2016 (H) 
Midpoint 

A, GWP, LO, WC, 
OD, Irad, OF-hh, 
PM, OZ-te, FE, ME, 
Mex, FEx, TEx, HCTx, 
HnCTx, MRS, FRS 

Mendoza 
Beltran et al., 
2017 

1 kg of boxed 
and gutted fish 

Cradle to 
gate 

Ecoinvent CML-IA 
Baseline 

A, E, GWP, LO, AD, 
OD, PHO, AD-ff, HT, 
FEx,  

Note: A: Acidification; E: Eutrophication; GWP: Global warming potential; LO: Land 

occupation; NPPU: Net primary production use; CED: cumulative energy demand; SU: Sea 

use; WD: water depletion; AD: Abiotic depletion; OD: ozone depletion; PHO: 

photochemical oxidation; AD-ff: Abiotic depletion fossil fuel; HT: Human toxicity; Mex: 

marine ecotoxicity; FE: Freshwater eutrophication; ME: Marine eutrophication; FEx: 

Freshwater ecotoxicity; TEx: Terrestrial ecotoxicity 
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5.1 Goal and scope definition 

The LCA is applied to case studies in different geographical contexts and in different 

sizes farms: in particular, seven applied LCA to case studies to quantify the environmental 

impact of production and identify the main sub-processes responsible for the impact. 

Among these studies, Abdou et al. (2017) and Kallistis et al. (2020) deal with both of species, 

Garcia et al. (2016) only with seabream and Konstantinidis et al. (2020) and Garcia et al. 

(2019) only with seabass. Most of the LCA studies aim to describe the environmental 

performances of sea bass and sea bream production, although it is also possible to identify 

specific other purposes among the various studies: Garcia et al., (2019) also aimed to 

quantify the environmental impact of fingerlings. Kostantinidis et al. (2021a) (2021b) 

investigated a comparison between seabass and meagre: the first study also analysed the 

environmental performances of three different size feeds, whereas Konstantinidis et al. 

(2021b) is the only study with an in-depth analysis of the packaging phase. In detail, they 

quantified and compared the environmental impact of three different seabass and 

meagre packaging farms, proposing a reasonable scenario for environmental impact 

minimisation. Other studies have different goals: Aubin et al. (2009), Jerbi et al. (2012) and 

Mendoza Beltran et al. (2017) compared the environmental performances of different 

farming systems. Whilst Aubin et al. (2009) characterised the environmental impacts of 

different carnivorous fish production systems (seabass, rainbow trout and turbot), using three 

case studies to highlight how they depend on the aquatic environment, Jerbi et al. (2012) 

compared the impacts of TR system and a CR system, and Mendoza Beltran et al. (2017) 

compared traditional cage farming with an IMTA system coupled with oyster production. 

Abdou et al. (2018) performed a Principal Components Analysis (PCA) and Hierarchical 

Clustering on Principal Components (HCPC), whereas Besson et al. (2017) conducted a 
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bioeconomic analysis. In particular, Abdou et al. (2018), using data from 18 aquaculture 

farms, combining a LCA study with a PCA and a HCPC, revealed a high correlation 

between rearing practices and impacts. Besson et al. (2017) studied how production quotas 

affect economic profitability and the environmental impact and combined bioeconomic 

modelling with LCA to calculate the economic and environmental values of thermal growth 

coefficient (TGC) and the feed conversion ratio (FCR).  

Regarding the target audience although the only study directly addressed to policy 

makers is Besson et al. (2017), the results obtained from LCA studies, as also reported by 

some studies (Abdou et al., 2017; Abdou et al., 2018; Kostantinidis et al., 2020) could provide 

information to support decision-making and investigation of ways to improve mitigation 

strategies to enhance aquaculture sustainability., . Moreover, as EU policies are increasingly 

focused on sustainability, the results of the studies could be useful to farmers to reduce the 

environmental impact of production. Finally, a more sustainable fish production could also 

bring additional benefits from an economic point of view as “sustainability” is an 

increasingly requested feature also by consumers. 

 

4.1.1 Functional unit 

 According to ISO 14044 (ISO, 2018), the functional unit (FU) is the reference unit used 

to quantify the performance provided by the evaluated product, process, or service. The 

FU shall be measurable and consistent with the goal and scope of the study. At the same 

time, there must be an agreement between the FU and the system boundaries considered.  

Regarding the selection of FU (Table 3), all studies selected at least one mass-based 

FU. In 8 out of 12 studies, the authors refer the environmental impact to 1 ton of live weight 

of fish, this means that these studies are limited to the delivery of raw fish at the farm gate 

(or at the shore for sea cages).  

Although the functional unit is based on mass, there are differences in the other four studies: 
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- Kallistis et al. (2020) selected 1 ton of fish at an end-consumer market. Furthermore, 

the impact was also reported per 100 g edible protein to enable comparisons with 

other protein sources;  

- Mendoza Beltran et al. (2017) expressed the impact per 1 kg of boxed and gutted 

fish; based on this, 0.04 kg corresponds to gutted packed fish and 0.96 kg to whole 

boxed fish;  

- Kostantinidis et al. (2021a) selected 1 ton of harvested fish in isothermal bins 

transported to the packaging gate for the quantification of all environmental 

impacts. The authors also performed an LCA of three different feeds, choosing 1 ton 

of feed as FU; 

- Kostantinidis et al. (2021b) (the only study that analysed the packaging phase) 

selected 1 ton of fully packaged fish as FU. 

 

4.1.2 System boundary 

 Several processes constitute the life cycle stages of an aquaculture production 

system. As suggested by Bohnes and Laurent (2019), they can be divided as follows: (I) fry 

production, (II) infrastructure and equipment, (III) feed production, (IV) fish production, 

management and harvest, (V) fish processing and packaging, (VI) distribution, (VII) 

consumption and (VIII) seafood end-of-life (Fig. 2). All these elements should be included in 

an LCA to ensure a complete life cycle evaluation. However, the analysed LCA studies do 

not include all these stages in the system boundary (Table 3). Precisely, 11 out of 12 studies 

applied a “from-cradle-to-farm-gate” perspective; thus, the operations from the extraction 

of raw materials to the capture of the fish are included in the assessments. However, 

although the choice is the same, among the different studies, some differences between 

the operations included or excluded in the analysis can be identified: 
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- Feed production, farm management with the related energy consumption and the 

emissions due to fish metabolism are included in all studies;  

- Infrastructures and equipment are also included in the analysis (10 out of 12 studies), 

although the description often lacks details. Some studies include these inputs 

without mentioning how they are modelled, whereas others involve construction and 

fabrication but exclude maintenance and disposal. Other studies report more 

detailed information (e.g., fleet composition, life span, materials). Kostantinidis et al. 

(2021a) and (2020) excluded infrastructures from the assessment, but, in the latter 

case, they included the use and maintenance of the equipment for daily operations 

in the company. 

Aubin et al. (2009), Besson et al. (2017), Garcia et al. (2016) and (2019), Kallistis et al. 

(2020), Kostantinidis et al. (2021b) and Mendoza Beltran et al. (2017) excluded fry production 

from system boundaries. The main difficulty in including this sub-process in the system 

boundaries is that fries are often purchased from other highly-specialised companies with 

complex dedicated facilities. Even when fry production was included, there was a great 

variability in the modelling (e.g., different initial rearing weights, inclusion of transport), and 

it was included only in Abdou et al. (2017 and 2018) and Jerbi et al. (2012). 

Mendoza Beltran et al. (2017) applied a "cradle-to-gate" perspective, considering as 

“gate” the gate of fish packaging facility, whereas Kallistis et al. (2020) is the only work that 

also included the delivery phase in the system boundaries.   

Finally, Kostantinidis et al. (2021b) selected the “gate-to-gate” perspective, only 

focusing on the packaging stage. 
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Figure 2: Life cycle stages of seabream and seabass aquaculture production systems. The 

standard life cycle of sea bass and sea bream production is divided into 8 subsystems: (I) 

fry production: including all hatchery operations and the supply of juveniles by the 

aquafarm. (II): infrastructure and equipment: including the manufacture, use and 

maintenance of all infrastructure and equipment required in the aquafarm. (III) Feed 

production: includes all operations for the production of the aquafeed, starting with 

agricultural production for plant ingredients and with fishing for fish ingredients, and ending 

with the transport of the feed to the aquafarm. (IV) fish production, management and 

harvest: includes all farm management operations such as sowing of fry at sea, fish 

movement, feed distribution and harvesting at the end of the cycle; (V) fish processing and 

packaging: including fish processing, size division and packaging; (VI) distribution: including 

the distribution of confiscated fish on the market. (VII) consumption: including the 

consumption of the fish by consumers. (VIII) end of life/waste management: including all 

disposal operations after consumption. Common inputs in all sub-systems are shown in grey 

in the top left-hand corner. Then, within each subsystem, the main processes are reported.  
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5.2 Life Cycle Inventory 

The LCA requires a broad data inventory to reflect production system complexity. 

The Life Cycle Inventory (LCI) is usually made using both primary and secondary data. The 

first are data directly collected by means of measurements, surveys, questionnaires and 

interviews, whereas the latter are derived from databases and literature and/or are 

estimated using models. 

Regarding the consumption of electricity and diesel for the management of the 

aquaculture farms, all studies refer to primary data provided directly by the companies and 

collected mainly by means of interviews and questionnaires.  

Referring to the feed, five studies (Besson et al., 2017; Jerbi et al., 2012; Kostantinidis 

et al., 2021a; Garcia et al., 2019; Kostantinidis et al., 2020) used primary data about the 

quantity supplied, the feed ingredients and the inclusions of the ingredients, whereas 

Mendoza Beltran et al. (2017) and Kallistis et al. (2020) used literature data. Only Kostantinidis 

et al. (2020) reported this different information transparently, whereas in the other studies, 

the data, in particular the inclusion of ingredients, were omitted for confidential reasons. 

Abdou et al. (2017 and 2018) used primary data for the quantity of supplied feed and 

ingredient composition, but the majority of the studies estimated feed composition through 

a centesimal analysis, which reflects the percentage of inclusion of various ingredients 

based on macronutrients (e.g., proteins and lipids) and energy content. Garcia et al. (2016) 

established a standard feed based on the information provided by fish feed producers and 

confidential consultations; only Aubin et al. (2009) clearly report all data but do not mention 

the source. 

Concerning nutrient emissions, all studies used secondary data. Most of the reviewed 

studies (Besson et al., 2017; Garcia et al., 2016; Garcia et al., 2019; Kallistis et al., 2020; 

Kostantinidis er al., 2020, 2021a) report only total nitrogen and total phosphorus emitted, 

whereas others (Abdou et al., 2017a, 2018; Aubin et al., 2009, Jerbi et al., 2012) distinguish 
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between solid and dissolved nitrogen and phosphorus. In all, studies N and P emissions were 

estimated. In particular, 8 out of 12 studies used the mass balance model proposed by Cho 

and Kaushik (1990). In this model, waste output from the fish operation can be calculated 

using principles of nutrition and bioenergetics. Solid and dissolved nitrogen and phosphorus 

are estimated on the basis of the difference between the quantities of nutrients supplied to 

the fish through feed and the quantities assimilated during growth. The solid and dissolved 

fractions were quantified by considering the digestibility of the nutrients, the body 

composition of the fish, the amount of feed not ingested, the mortality of the fish and the 

composition of the fry. This modelling approach was previously adapted and validated for 

different fish species (Abdou et al., 2017; Bureau et al., 2003) and was also used in previous 

LCI studies of fish-production systems (Aubin, 2014; Aubin et al., 2009; 2006). Mendoza 

Beltran et al. (2017) predicted N and P emissions using the Farm Aquaculture Resource 

Management (FARM) model (Ferreira et al., 2007; Cubillo et al., 2016). Among the various 

applications and purposes for which it was conceived, the FARM model allows to carry out 

an environmental assessment of farm-related eutrophication effects (Ferreira et al., 2012). 

No quantitative data regarding hatchery, fingerling stock maintenance as well as 

phytoplankton and zooplankton production are reported in the literature. The hatchery 

stage for seabass and seabream often occurs in intensive systems with full control of abiotic 

parameters and feeds. Regarding the diet, larvae rely on live feed (i.e., microalgae and 

zooplankton mass culture), and feeding is conducted on site (Conceição et al., 2010). 

Abdou et al. (2017 and 2018) provide a list of considered sub-processes and data regarding 

the hatchery, but no quantitative data. In four studies, fry production was excluded due to 

a lack of data, whereas Kostantinidis et al. (2020 and 2021a) include fingerlings but do not 

report any data. Garcia et al. (2019) report a specific LCA regarding fingerlings. In detail, 

they considered this stage of life cycle by modelling the rearing of fingerlings from 5 to 15 g 

in an inland facility with pumped seawater and injected oxygen. The functional unit was 1 
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kg of juveniles. They also reported the amount of feed (1.5 kg per FU) used in this phase and 

its characteristics and estimated specific oxygen consumption (1,151 g O2 per FU) and the 

electric energy consumed (8.18 kWh per FU) in the pumping of water to the culture tanks. 

This is the only study that reports quantitative data regarding fry production. 

Infrastructures and equipment are another controversial aspect for the LCI. The 

review shows that 10 out of 12 studies include infrastructures and equipment in the analysis. 

However, the used data and their type are often undisclosed. Abdou et al. (2017 and 2018) 

included sea cages, boats, buoys and anchors as well as a zodiac boat, but no quantitative 

data or other information are reported. Besson et al. (2017) consider the construction of a 

building of 650 m2 as a shed for inland storage, with a life span of 30 years; in this study the 

authors list several equipment types, but only the carbon footprint of the construction of 1 

m2 of buildings and the production of all equipment needed at farm level without 

inventories are reported. In Garcia et al. (2016 and 2019), there are inventory primary data 

regarding the infrastructures (cages, consisting of the floating ring and nets and the mooring 

system). Jerbi et al. (2012) report primary data regarding the amount of steel and cement 

(respectively 41–91 and 146–325 kg per ton of seabass) for the construction of the raceways. 

Finally, Kallistis et al. (2020) and Mendoza Beltran et al. (2017) only include sea cages using 

secondary data from databases. 

In terms of secondary data, the most used database was Ecoinvent (used in all 

studies) (Moreno Ruiz et al., 2016; Wernet et al., 2016), Agri-footprint (Blonk Consultants, 2014) 

was used in three studies and AgryBalyse (AgriBalyse, 2017) in two studies. The LCA food DK 

(Denmark), Buwal 250 (Prè Consultant, 2004) and ELCD (JRC-EU) databases are also cited 

at least once. 
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5.3 Impact assessment 

To convert inventory data into different impact categories (effects on the 

environment), different methods with different characterisation factors can be used. The 

two used methods are the CML method (Guinée et al., 2002) (eight studies) and the Recipe 

method (Goedkoop et al., 2008) (three studies), whereas one study did not provide 

information about the method (Table 3). Global warming potential (GWP), Acidification (A) 

and Eutrophication (E) are the three impact categories analysed in all 12 studies. However, 

three studies that used the Recipe method (Kostantinidis et al., 2020; 2021a; 2021b) 

differentiated eutrophication in freshwater eutrophication (FE) and marine eutrophication 

(ME). Finally, no studies investigated the water footprint of the production. To this purpose, 

only two studies (Aubin et al., 2009; Jerbi et al., 20120) considered the water dependence 

impact categories. This last represents the water input relative to fish biomass production 

systems: for inland systems, it refers to the diverted or pumped water from a river, and for 

sea-cages systems, it refers to the rearing volume and the average water current (Aubin et 

al., 2009). 

 

5.4 Discussion on methodological choices and unsolved issues. 

In this sub-section, the main methodological choices made within the reviewed 

studies will be critically discussed providing useful insights for future LCA studies.  

A comparison among the results of LCA studies should be made on the base of the same 

FU and methodological choices. However, in this regard it must be considered that the 

choice of the FU as well as the definition of the system boundaries depend on the purpose 

of the study. Consequently, this leads to a lack of consensus on the FU choice and reduces 

the possibility to compare the results from different studies (Aubin, 2013; Cao et al., 2013). 

Among the different mass-based functional units, mass of live weight is the most used one. 

Nevertheless, this FU could be misleading when different species are compared because 
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the nutritional value of the products and/or the yield at slaughter may differ by an order of 

magnitude. To overcome the latter issue, an alternative mass-based FU could be kg of fish 

slaughtered, as proposed by Mendoza Beltran et al. (2017). However, Bohnes and Laurent 

(2019) highlighted that a mass-based FU does not reflect the actual function of seafood 

(i.e., to provide nutritional benefits to consumers). For this purpose, Sonesson et al. (2017) 

recommended to define the FU of LCA studies in aquaculture considering nutritional criteria, 

such as protein or energy content (Sala et al., 2017).  

Besides the FU, the system boundary definition also represents a source of 

uncertainty. The choice of system boundaries should be in accordance with the goal of the 

study, and the criteria used to establish system boundaries should be identified and 

explained (ISO 14044 2006). The inclusion of all the elements that can affect the 

environmental impact is a prerogative to conduct a complete LCA (Bohnes and Laurent, 

2019), and it is important to include all steps to distribute the environmental loads in the best 

way.  

Data collection is time- and money-consuming because the amount and the quality 

of the data needed for LCA comes from different stakeholders (e.g., farmers, fisheries, feed 

producers) and could involve confidential information (e.g., feed composition as well as 

antibiotic and pesticide application) (Samuel-Fitwi et al., 2012). The latter aspect explains 

the difference among LCA studies and sometimes the lack of transparency of the studies. 

Heriksson et al. (2012) underlined that in many studies, it is not clear whether background 

databases were used or whether real foreground data (site-samples) were collected. 

Besides this, it is often unclear which processes were retrieved from the databases. A mix of 

datasets from different sources is often used, some of which may be more precise than 

others (Ziegler et al., 2016). There is a lack of transparency also about the cut-offs criteria 

used for the building of inventories. 
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Regarding the quality of inventory data, the review highlights that good-quality data 

are generally used for feed formulation, nutrient emission and energy consumption, 

whereas information regarding the nursery phase, juveniles, infrastructures and equipment 

are often fragmented. In detail, Kallitsis et al. (2020) report that the environmental impacts 

of the hatching and nursing phases are insignificant compared to those of the rearing 

operation. This assumption is further supported by Silvenius et al. (2017), who, focusing on 

rainbow trout production, reported a negligible contribution of the hatchery to the life cycle 

climate impact and a 2% contribution to the eutrophication impact. On the other hand, in 

other studies (Abdou et al., 2017, 2018; Garcia et al., 2019), the impact share due to 

fingerling production ranged from 4% to 15% for acidification, from 3% to 12% for global 

warming potential and from 6% to 9% for TCED; it was about 23% for MAE. Further studies are 

required to fill this gap. 

Concerning infrastructure and equipment, there is no consensus about their inclusion 

in the system boundary and on how to model their use. The information that would be 

important for the purposes of an LCA study refers to their manufacturing (e.g., mass, 

material composition, lifespan), use (e.g., annual use, working load), maintenance and 

disposal. Unfortunately, none of the studies reported all this information at the same time. 

Among these factors, net management plays a priority role as the net has a very short 

lifespan compared to the other aspects that make up the system, and it is the structure that 

requires more interventions, in particular regarding washing, the application of antifouling 

compounds and periodic replacement. Furthermore, these operations also depend on the 

net material. In this sense, it would be interesting to analyse how the management of nets 

made with alternative materials (e.g., copper nets) would vary and what their use could 

entail from an environmental performance point of view. For these reasons, an in-depth 

analysis of the impact due to infrastructure and equipment in sea bass and sea bream 

production should be performed. 
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Finally, regarding impact category, no studies investigated the water footprint (WF) 

of the production. As mentioned in the previous paragraph, in two studies, the impact 

category of water dependence was analysed. However, the Water Footprint Network and 

the ISO 14046 were not followed up in any study. The WF is an indicator that quantifies the 

virtual content of water in products or services (Lovarelli et al., 2016). In addition, according 

to Hoekstra et al. (2011), the WF is composed of three components: green water footprint, 

blue water footprint and grey water footprint. Since aquaculture is a sector that requires 

large volumes of water (i.e., freshwater, brackish water and saline water) and depends on 

its availability, an in-depth study of the water footprint of the production of sea bream and 

sea bass should be performed. 

Regarding the LCA application, similar gaps were identified by previously carried out 

reviews focusing on the LCA application on aquaculture (Henriksson et al., 2012; Bohnes 

and Laurent, 2019; Bohnes et al 2018; Almeida et al., 2019) and salmon (Philis et al., 2019). 

In detail:  

- The role of LCA practitioners is still relevant role because there is a wide heterogeneity 

of choices regarding all the first three steps of LCA, 

- Quality of the data is often not homogeneous, and its effect of the environmental 

results is not always properly investigated with sensitivity and uncertainty analysis, 

- Some of the environmental impacts related to aquaculture are only rarely 

investigated (e.g., impact on biodiversity (Blanchard et al., 2017), release of 

microplastics (Vazquez-Rowe et al., 2021; Zhou et al 2021), etc.), 

- Most of the LCA studies focus on specific aquaculture farms. Despite this, the 

upscalability of the achieved results is not always discussed and addressed making 

the LCA outcomes less usable, 
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- The development of policies based on the results of the LCA studies is still a critical 

point. Despite most of the LCA outcomes could be useful to identity more 

sustainable/less impacting aquaculture rearing systems. 

 

6. Future perspectives  

Given the continuous growth of the sector and the increasing importance of seabass 

and seabream in Mediterranean aquaculture, an in-depth analysis of its environmental 

sustainability has become a prerogative and a preliminary step towards the designing of 

production processes with lower impacts. For this purpose, LCA is one of the most accepted 

and applied approaches. However, there are some limitations: 

- Geographical representativity: given the volume of production, the economic 

importance and the growing aquaculture sector, more applications of LCA are 

needed to achieve a representative environmental “picture” of the current situation 

to assess how the innovations can affect the environmental performance; in 

addition, Turkish production, which represents about 50% of the Mediterranean 

production, should be analysed in order to have a representative figure about the 

environmental impact of this aquaculture sector. 

- Standardisation of the choice of the functional unit: first, the choice of the FU should 

be standardised among the different studies and, in this regard, an energy-based or 

protein content-based FU should be used to facilitate comparison among the 

different studies and the different fish species. 

- Increasing the transparency regarding the assumptions and choices made about 

some methodological and modelling approaches, such as system boundary 

definition. More details should be reported regarding the processes included or 

excluded, the type and source of the inventory data (e.g., if the data are primary or 

secondary data and if they are collected from the literature or databases), the 
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modelling approach used to estimate nutrient emissions as well as the use of 

infrastructure and equipment. 

- Deepening the evaluation of infrastructure, equipment and fry, using primary data 

and providing all the necessary information. 

- Expanding the sustainability analysis with assessments also of economic (LCC) and 

social (SLCA) sustainability and with an energy analysis to achieve a holistic 

sustainability assessment and avoid trade-off among the different sustainability 

levels/pillars. 

Despite some research efforts were and are dedicated to the development of 

guidelines for LCA application to aquaculture, it is not possible to provide generalized 

guidelines for LCA of seabream and seabass aquaculture farms because the choices in 

term of system boundary and modelling (e.g., solving of multifunctionality, emission 

estimation) are deeply affected by the goal of the study. Despite this, if the goal of the 

LCA study doesn’t focuses on capital goods (e.g., comparison between different type 

of sea cages), this input could be modelled using secondary data while most of the 

effort during the LCI should focus on the collection of primary data about feed 

composition and consumption and on the measurement of N and P emissions or their 

estimation using of specific models. 

 

7. Conclusions 

This review analysed the recent literature regarding LCA application to seabass and 

seabream production in the Mediterranean Sea. Although few studies have been 

performed so far, there is a great variability in the definition of the system boundaries, 

inventories and analysed impact categories. Feed is the main hotspot for most of the 

impact categories, and FCR is the key parameter to improve environmental performance. 

A better estimation of the feed efficiency should also consider nutrient efficiency and, thus, 
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the nutritional properties of the feed. Moreover, there is a lack of transparency of the data 

and information, which makes it difficult to interpret the results and compromises the 

reproducibility of the studies. No studies have analysed the application of mitigation 

strategies, although it is often reported that the use of alternative protein sources in fish meal 

and fish oil replacements can be a possible solution to increase sustainability. 

It is therefore necessary to continue and deepen the application of the LCA 

methodology to this sector, especially for the validation of the mitigation strategies applied 

over the entire life cycle. Finally, for an overall sustainability assessment, from a life cycle 

perspective, further studies will also be required for an economic (LCC) and social (SLCA) 

evaluation and, to optimise the system, energy analysis should be performed. 
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1. Seabream and seabass production has grown steadily over the last decades 

2. LCA studies about seabass and seabream farming in the Mediterranean area were 

reviewed 

3. Mass-based functional unit and from-cradle-to-farm-gate boundaries were always 

selected  

4. There is lack of transparency regarding inventory data and processes included in 

the boundary 

5. Feed Conversion Ratio is the parameter most influencing the environmental 

performance 
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