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Abstract 
Annually, around 400 tonnes of live and frozen American lobster (Homarus 
americanus) are imported to Sweden from North America. Live American lobster 
released into the wild poses a threat to European lobster (Homarus gammarus). While 
an environmental evaluation of the fishery existed, the impacts of importing live and 
frozen lobster by different transport modes had not yet been investigated. In this study, 
Life Cycle Assessment (LCA) methodology was used to study greenhouse gas 
emissions from the entire supply chain. The study builds on the existing LCA of the 
fisheries, updated using recent data on fishing effort and landings. An inverse 
correlation between fuel use in the fishery and landings per unit of effort was assumed. 
The main objective was to compare two product forms; live and frozen, transported 
using three modes; airfreight (live), sea shipping (frozen) and sea shipping in 
specialized containers (live) with regard to their climate impact. The fuel efficiency of 
the fisheries over time was also analysed. Results indicate that the fisheries have 
become more efficient since 2006. Importing live lobster, using airfreight and sea 
shipping emits almost forth fold and double the amount of greenhouse gasses (GHG), 
respectively, than frozen lobster. So, from an environmental perspective, both in terms 
of GHG emissions and to mitigate the biological risks, importing frozen lobster is the 
most sustainable option when importing lobster to Sweden. The results can be seen as a 
guide for both policy makers as well as consumers and importers, to make way for a 
more sustainable consumption of lobster. 

Sammanfattning 
Årligen importeras omkring 400 ton levande och fryst amerikansk hummer (Homarus 
americanus) från Nordamerika till Sverige. Levandeimporterad hummer ses som ett hot 
mot den inhemska europeiska hummern (Homarus gammarus). Fiskets miljöpåverkan 
har analyserat i en tidigare studie, men effekten av importen av både fryst och levande 
hummer, med olika transportmetoder (sjöfrakt och flygfrakt) har aldrig tidigare 
undersökts. I denna studie används livescykelanalysmetodik (LCA) for att beräkna 
utsläppen av växthusgaser från hela produktionskedjan. Studien bygger på den 
befintliga analysen av fisket och endast data för fiskeansträngningen samt landningar 
har uppdaterats. Ett antagande gjordes att ett samband finns mellan bränsleförbrukning i 
fisket per kilo landning och fångst per ansträngning. Målet var att jämföra de två 
produktformerna; levande och fryst, transporterade på tre sätt; flygfrakt (levande), 
sjöfrakt i specialcontainrar (levande) och sjöfrakt (fryst).  Effektiviteten i fisket över tid 
studerades har också studerats. Resultaten indikerar att fisket har blivit mer effektivt 
sedan 2006. Import av levande hummer med flygfrakt och sjöfrakt genererar nästan 4 
respektive 2 gånger högre utsläpp än fryst hummer. Så, ur ett miljöperspektiv, både med 
avseende på klimat och biologiska risker, så är import av fryst hummer det med hållbara 
alternativet vid import av hummer till Sverige. Resultaten kan ses som en guide for både 
beslutstagare samt konsumenter och importörer, för att möjliggöra en mer hållbar 
konsumtion av hummer.  

.  
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Introduction  

In 2016 global production of seafood continued to increase and reached a total of 170 

million tonnes live weight (FAO 2018). This is an increase of approximately 40 million 

tonnes since the beginning of the 21st century and the largest volume of seafood 

produced historically. The biggest contribution to the increased production comes from 

aquaculture, this steep increase began in the 1990s and shows no signs of stopping. The 

contribution from capture fisheries remained more constant and was slightly larger than 

aquaculture seen to volume in 2016, at 53% of total production in 2016. The apparent 

consumption per capita the same year reached 20,3 kg (live weight equivalent). Seafood 

is the source of 17% of global animal protein production and 9% of global production of 

all protein (FAO 2016).  Approximately 35% of all produced seafood entered 

international trade in 2016 (FAO 2018).  

As with any type of food production the seafood comes with a set of 

environmental impacts from several stages along the production chain. These impacts 

can be assessed using Life Cycle Assessment (LCA) methodology. LCA is a holistic 

way of assessing a product or a system including some or all its life cycle stages and 

makes it possible to separate different contributing factors in the lifetime of the 

product/service to see where the largest impacts come from. By identifying large 

contributors, you can also pinpoint the location where the biggest potential for 

improvement lies. The International Organization for Standardization (ISO) has 

developed two ISO-standards (ISO 140 40 and 14044) for modelling an LCA (ISO 

2006a, 2006b) where LCA is defined as: 

 

“Life Cycle Assessment (LCA); is the compilation and evaluation of the inputs, 

outputs and the potential environmental impacts of a product system throughout its life 

cycle.” 

 

By defining the limits of an LCA a product can be assessed all throughout each stage of 

its life from “cradle” to “grave”, quantifying impacts in relation to outputs by making an 

inventory of inputs and outputs in each step of the life cycle. The strength of the method 

lies in the ability to quantify impacts of a whole product supply chain, while pinpointing 

important processes and thereby identifying critical areas in need of improvement. LCA 

was developed in the 1960s and was initially used to analyse impacts of packaging 
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alternatives e.g. by the Coca Cola Company. Later, it has developed into a tool that is 

used for a variety of systems and products, including the food, agriculture and seafood 

sectors. Limitations of the LCA methodology include the lack of consideration of 

biological impacts such as biodiversity.  

One common output from LCA is the emissions greenhouse gasses (GHGs), 

aggregated into the impact category: global warming potential (GWP). A number of 

gases including water vapour (H2O), carbon dioxide (CO2), ozone (O3), methane (CH4) 

and nitrous oxide (N2O) are the main gases whose presence in Earth’s atmosphere 

results in different wavelengths of longwave radiation being trapped in the atmosphere 

leading to greenhouse effect. Importantly, these gases occur both naturally and of 

anthropogenic origin, but it is the recent rapid increase in emission from anthropogenic 

sources that had given rise to concerns over climate change (IPCC 2013). The practice 

of accounting for anthropogenic GHG emissions requires that the different heat trapping 

abilities of various gases are accounted for.  Specifically, the GWP of a gas is a 

combined index of the radiative force combined with the estimated average time the gas 

remains in the atmosphere all expressed relative to the thermal trapping abilities of CO2 

whose GWP is set at 1(IPCC 2013). Consequently, when GHG emissions are reported 

they are aggregated and expressed as CO2-equivalents (CO2 eq.)  

Generally, the fishery stage and the burning of diesel fuel is the largest contributor 

to GWP from seafood production (Parker et al. 2012; Avadí & Fréon 2013), while post-

production activities such as slaughter, processing and distribution generally contribute 

less. What has been shown to be important is the product form, as it is related to how a 

product can be transported. Fresh products need fast transportation from production to 

market, while frozen or canned products can be stored and shipped more slowly due to 

their longer shelf life. For intercontinental transportation of fresh seafood this implies 

airfreight is needed. When seafood products are transported by airfreight it has been 

shown that transportation is the largest contributor to emissions, while other modes of 

transport are less resource intense (Ziegler et al. 2013; Boyd 2006), so while 

transportation normally in most cases gives a relatively low contribution to total 

emissions, the opposite is true when airfreighting is involved in the supply chain.  

Parker et al. (2018) present the GWP of global capture fisheries and results show 

that fisheries account for approximately 4% of total emissions from total food 

production. On average seafood from fisheries is associated with 2,2 kg CO2 eq. per kilo 
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landed liveweight, ranging between 0,2-7,9 CO2 eq. per kg. The fisheries with the 

highest GWP are crustacean fisheries. Emissions from crustacean fisheries are very high 

in relation to the volumes landed (Parker et al. 2018). Adding another layer to the 

production of seafood, Hallström et al. (2019) assessed the nutritional an environmental 

performance of 37 seafood products, by scoring the nutrient density and combining this 

score with a score for environmental impacts from available seafood LCAs. Out of the 

37 products, 21 scored higher than beef, pork and chicken in terms of nutrition. 

However, some of the nutrient dense seafood products also have a high environmental 

impact. One such product is lobster, ranking 4th in looking at nutrient density, but falling 

to rank 32th in terms of climate impacts and when combining nutrient density with 

climate impacts ranking at 24th. 

With an increase in crustacean fisheries (Anderson et al. 2011) partly in the wake 

of overfishing of predatory groundfish species, partly due to growing global demand, 

the interest in the emissions related to the fisheries as well as the global transportation 

of such product becomes increasingly interesting. For the global trade of crustaceans 

such as lobster, the main species is the American lobster 1 account for 60% of all lobster 

landings globally in 2016 and therefore making it the most valuable lobster species 

(Pereira & Josupeit 2017). The majority of lobster landings are of Canadian and USA 

origin, making up just over 97 and 60 thousand tonnes respectively. In the USA the 

lobster is the 15th most landed species out of all landed species in 2016 (FishstatJ 2019), 

but the single most valuable one, contributing only 1,3% to total landings while 

accounting for 12% of total dockside value (NOAA 2018). Landings of American 

lobster have increased dramatically since the 1980s and have reached an all-time high 

with landings around 163 thousand metric tonnes in 2016, this is a more than fourfold 

increase since 1980 (Figure 1)  

                                                 
1 When using the term lobster one could be referring to the Homarus genus, comprising both the 
American (H. americanus) and European (H. gammarus) lobsters, but also spiny lobster or rock lobster 
from the Palinurus family as well as the Norway lobster Nephrops norvegicus (more commonly grouped 
with prawns or scampi). In this thesis Homarus americanus is the species studies, hereafter referred to as 
‘American lobster’ or simply ‘lobster’. 
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Figure 1 Landings of American lobster (Homarus americanus) 1950-2017. Data source: FishStatJ (2019) 

 

The North Americas exported live lobster overseas at a value of over 800 MCAD 

in 2017, with the Asian market dominating at a grand total of 600 million Canadian 

dollars, followed by Europe at 207 million and a large portion of Canadian landings are 

exported to the USA (Pereira & Josupeit 2017). The value of North American exports is 

shown in Table 1. 

Table 1 North American exports of Homarus americanus in 2017 by value, form and market. (DFO 2018). No values 

where found for USA exports of frozen lobster 

 Live 

million CAD 

Frozen 

million CAD 

Exporter/Market Asia Europe US Asia Europe  US 

USA 300 127 - ? ? ? 

Canada 309 80 518 180 103 924 

 

In 2016, 430 tonnes of American lobster were imported to Sweden, volumes have been 

ranging from 350-450 tonnes annually over the last decade (SCB 2019), decreasing 

slightly over the last few years (Figure 2). Although the waters surrounding northern 

Europe and Sweden have a native lobster species, the European lobster (Homarus 

gammarus), the Swedish landings of lobster are nowhere near supplying the demand. In 
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2016 the commercial fisheries for lobster reported 16 tonnes of landed lobster, however 

an unregistered volume is landed in recreational fisheries. Recreational fisheries are 

thought to account for approximately 75% of total landings (HAV 2018). To supply the 

lobster demand, lobster is being imported from both the USA and Canada, 

approximately 2/3 originating from Canada and 1/3 from the US. Half of the Swedish 

lobster imports are made up of frozen lobster, and half of live (Figure 2).  

 

Figure 2 Swedish imports of live and frozen Homarus spp. from the United States and Canada 1995-2018. Data source 
SCB (2019) 

The introduction of the Comprehensive economic trade agreement (CETA) between 

Canada and the EU, has given Canada an advantage on the EU-lobster market. CETA 

has already eliminated most EU-Canada duties and when fully ratified all lobster will be 

traded duty-free. This makes Canada a strong competitor on the EU lobster market.       

Importing lobsters, from the North Americas is associated with potential risks and 

climate impacts. In 2016 the Swedish Agency for Marine and Water Management 

(SWAM), conducted a risk assessment (HAV 2016) regarding imports of live American 

lobster. The overall risk in the area was deemed high with medium confidence. Several 

risks were identified. First and foremost, the risk of American lobster establishing and 

reproducing in such numbers that they would be considered an invasive species and 

outcompeting the native European lobster, are high. Other risks are the spreading of 

diseases lethal to the native species and the potential for American and European lobster 

hybridising resulting in both fertile and infertile offspring.  As a result of the risk 

assessment from the SWAM, a proposal to put lobster on the European union’s list of 
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invasive alien species and by doing so banning all  imports of live lobster to the 

European Union was presented to the EU, but was later rejected by a committee on the 

basis that the trade disruption would be too large and trade of live lobster has therefore 

been allowed to continue. However, on January 1st of 2019, the Swedish government 

decided on a national constitution of invasive alien species, as a complement to the EU 

list. If the American lobster is added to the list, there will be actions taken to prevent the 

establishment in Swedish waters, of what magnitude is yet to be established. American 

lobster has, on several occasions, been found in European waters (van der Meeren et al. 

2010, Stebbing et al. 2012). Between 2008 and 2015, 32 American lobsters were 

reported found in Swedish waters, out of which four were ovigerous females, one of 

which was carrying hybrid eggs (HAV 2016). Roy et al. (2014) state that the American 

lobster is one of the ten most likely species to become invasive in British waters and in 

regard to the thorough risk assessment, the proximity and the similarity in ecosystems 

between the UK and Sweden, these risks apply to Swedish waters as well.  

As mentioned, imported lobster originate mainly from the USA and Canada, two 

neighbouring countries. To assess the environmental impacts of the lobster fisheries two 

LCAs have been carried out on the mentioned fisheries (Bay of Fundy area) and their 

products. Driscoll (2008) assessed the impacts from lobster landed in 2006 off the coast 

of Maine while Boyd (2008) assessed lobster landed in Lobster Fishing Area 34 

(LFA34) outside the Nova Scotian coast of southwest Canada. In both cases some 

transportation within North America as well as storage was included in the analysis. 

Results were summarized and compared in Driscoll et al. (2015). When comparing the 

two fishing operations (i.e. not including post-capture), Maine fisheries had a slightly 

higher environmental impact per kilo landed lobster. The main source of impact in four 

out of six impact categories2 in both fisheries was the combustion of diesel fuel, in 

which both fisheries used close to one litre per kilo lobster. The largest difference in the 

environmental impacts of the two fisheries environmental impact was due to the 

difference in amounts of bait used. In the case of Maine a 3:1 relationship was found 

between bait:lobster, while in LFA 34 it was 1:1, and it was speculated that the 

difference was due to a difference in catch per unit effort (kg lobster/trap haul) which 

was less than half in Maine (0,36) than in LFA 34 (0,82). Adding in the number of days 

                                                 
2 Global warming potential (GWP), Acidification potential (AP), Ozone depletion potential (ODP), 
Cumulative energy demand, Abiotic resource use and Biotic resource use. 
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at sea, a pattern was identified where Maine fishermen were spending 11 days at sea per 

tonne landed lobster whilst fishermen in LFA 34 spent fewer than 4 days for the same 

volume. This suggests that lobstermen in LFA 34 landed more lobster per haul and 

therefore wasted less bait in the process. Intuitively one would think that by spending 

fewer days at sea per tonne lobster, the LFA 34 fishermen would be burning far less 

diesel in the process, but as Driscoll et al. (2015) mention, the fishermen in LFA 34 

reported, on average, using larger vessels powered by larger engine and therefore 

burning more or less the same amount per tonne lobster as fishermen in Maine. 

Combining qualitative assessment of local biological risks with more global 

environmental impacts caused by the transportation of alternative lobster product supply 

chains to the Swedish market would be ideal. The inclusion of different supply chains is 

important when considering the environmental impacts of different types of products. 

Live and fresh seafood require rapid transportation such as airfreight, while frozen 

products can be kept in storage over longer periods of time and can therefore be 

transported using less resource-intense methods of transport such as sea freight. Sea- 

freighted seafood has been shown to have a much lower GWP than air freighted 

(Vazquez et al. 2012; Ziegler et al. 2013). The product form also becomes important 

when considering the shelf-life of a product. A fresh product has a much shorter shelf-

life than that of a frozen product and will therefore potentially result in a large volume 

of food waste (Ziegler et al. 2013). Adding the exportation transport of lobster would 

give a more holistic picture than only studying the fisheries and to properly be able to 

understand the impacts related to the Swedish consumption of American lobster. This is 

of importance for both policy makers as well as consumers seeking advice. 

Aim of study 

The aim of this thesis is to, by using Life Cycle Assessment methodology, evaluate and 

assess the climate impacts, in form of global warming potential (GWP), related to the 

lobster that are imported to Sweden from North America, and contrasting different 

product forms and transport methods. Also, the aim is to compare changes in the 

fisheries over time as well as differences in fisheries in Maine and LFA and to, based on 

results, discuss future scenarios by updating data for the fishery. 
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Method  

LCA generally includes four stages: Goal and scope, Inventory analysis, Impact 

assessment and interpretation. The four stages are shown in Figure 3 and how they were 

carried out in this study will be described in the following sections.  

 

Figure 3 The four main stages of Life Cycle Assessment 

Goal & scope 
The goal and scope of an LCA aims to describe what product or service that is being 

assessed as well as to define the purpose of the assessment. The aim is to as clearly and 

specifically as possible define the outline and the boundaries of the product and the 

system of processes that are needed to produce it.  

The goal of an LCA is the motives for the LCA, what the aim of the assessment is 

as well as how and by whom the results could be used. Also, the goal needs to be as 

clearly defined as possible.  

In this study, the goal is to calculate the greenhouse gas emissions of lobster 

imported from North America to Sweden, and by doing so to compare three alternatives 

of transatlantic transportation for two types of lobster products; live lobster being 

transported by aircraft or on a container ship and frozen lobster transported by container 

ships. To fully assess the lobster imported to Sweden two fisheries in the same region in 

the Bay of Fundy area are included, the changes in the fisheries over time are 

considered in the assessment (from 2006 to 2017). 

The scope sets the outer limits for the system that is to be studied. Generally, in 

this step the following is defined; system boundaries, functional unit and impact 

categories, co-product allocation method and required background data. The system 
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boundaries decide what processes are to be included in the assessment and which are 

not. To set these boundaries some general understanding of what processes have 

potential to impact the results is helpful, so that everything of importance is included 

and what only has a small contribution can be left out. Without such knowledge or if the 

system boundaries are not well defined one might spend time collecting data that does 

not fall within the boundaries or is of low importance. 

When assessing the lobster imported to Sweden, the endpoint of the chain has 

been set at arrival in Sweden, this excludes the steps of the supply chain that follow the 

arrival to Sweden such as storage, transportation to consumer, consumer packaging etc.  

Functional unit 

The functional unit describes the quantity of the product that is being assessed and that 

the potential environmental impact can be assigned to and where in the supply chain the 

product is located. For the lobster in this study, the functional unit is defined as 1 kg of 

whole lobster (live or frozen) at arrival in Sweden.  

Impact categories  

The impact categories are the potential environmental impacts that are being considered, 

several categories can be considered depending on the goal of the assessment: global 

warming, acidification, ozone depletion, toxicity, eutrophication and so on. In this 

study, the greenhouse gas emissions and their global warming potential (GWP) were 

assessed since these are strongly affected by the burning of diesel fuel in both fisheries 

and in transportation.  

 

Life Cycle Inventory Analysis (LCI) 
The inventory stage is where the model of input and outputs within the system 

boundaries is built for the calculations of the resource use and pollutant emissions 

related to the functional unit. To build the model necessary data needs to be collected, 

which is the main part of the inventory stage. Parts of the data will be first-hand data, 

while some will be from literature or databases. During the data collection phase, new 

limitations and new data requirements might be identified as a consequence of learning 

more about the production system as well as the data available.  
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Figure 4 Flow chart of 1 kg American lobster from landing to arrival in Sweden 

Building the model  

When the system boundaries have been established, a flow model (usually in the form 

of a chart) of all the inputs, outputs and flows between processes and steps within the 

boundaries of the system, is created. A flow chart for the system studied is seen in 

Figure 4. 

To build the model and to conduct the impact assessment calculations the 

software SimaPro3 version 8.5.2.3 was used and background data was drawn from 

databases Ecoinvent 3 (Wernet et.al. 2016) and Agri-footprint (Blonk Agri-footprint 

BV. 2017a, 2017b.) 

Data collection and background data 

Typically, the necessary data includes use of raw materials, energy use as well as 

outputs (products and waste). For the assessment of American lobster in Sweden the 

data necessary was obtained from a variety of sources. The baseline data for the fishery 

was taken from the two previous assessments of lobster, data from fishing 2006 in 

Maine and from the 2005/2006 fishing season in Nova Scotia (Driscoll et al. 2015) and 

was thereafter adjusted, using key data from current fisheries to reflect changes in 

                                                 
3 SimaPro is a software often used when carrying out life cycle assessments. The software is developed 
and maintained by PRé consultants.  
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fisheries. Background data such as material, electricity and fuel were collected from 

databases, see Table 2.   

Table 2 data sources for background data and processes 

Material/Process Database/source 

Material 

Clay brick Ecoinvent 3a 

Cement tile Ecoinvent 3a 

Concrete block Ecoinvent 3a 

Corrugated board box Ecoinvent 3a 

Cotton fibre Ecoinvent 3a 

Epoxy Resin Ecoinvent 3a 

Glass fibre Ecoinvent 3a 

Polypropylene Ecoinvent 3a 

Polyvinylchloride Ecoinvent 3a 

Saw log Ecoinvent 3a 

Steel, low alloy Ecoinvent 3a 

Electricity 

Electricity (US) Ecoinvent 3a 

Fuel 

Diesel Ecoinvent 3a 

Gasoline Agri-footprintb 

Propane Ecoinvent 3a 

Transport 

Freight, aircraft Ecoinvent 3 

Freight, lorry 16-32 metric ton Ecoinvent 3 

Freight, sea, transoceanic ship with reefer, 
freezing 

Ecoinvent 3 

Freight, sea, transoceanic ship with reefer, cooling Ecoinvent 3 

a, Wernet et.al. (2016) 
b, Blonk Agri-footprint BV. (2017a, 2017b). 

 

Areas of potential change in the fisheries, as well as a few questions were identified:  

- Landings of lobster in the Bay of Fundy have increased, as has the overall market 

for lobster worldwide. 
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- Change in number of licenses and traps allowed per license. 

- How much of the increased landings are a result of a change in effort (fixed 

CPUE)? Or are landings rather increasing with a growing lobster stock (increasing 

CPUE)?  

- Has the amount of bait used, and its composition changed as an effect of bait fish 

availability? 

- What are the modes of transport with which the lobsters are being exported? 

- What is the most likely route that the lobsters are being transported to Sweden? 

Landings and effort  

Nova Scotia 

For LFA 34 in Nova Scotia most of the data necessary is readily available through the 

yearly stock status assessments of lobster in lobster fishing areas 34 through 38, on the 

Department of Fisheries and Oceans Canadas website. The stock status update covers 

landings and average CPUE in the form of kilograms of lobster landed per trap haul. 

With an increased CPUE, leaving all other inputs left unchanged (trap material inputs, 

No. boats, bait etc.), the fuel use will be linearly lower, given that the method for 

calculations are the same.   

Maine 

The State of Maine Department for Marine Resources (DMR) has since 2008 through a 

landing program collected trap hauls, soak time, gear configuration etc. from 10% of 

their 8000 lobster licence holders. This data is available upon request and has been used 

to calculate the CPUE in the Maine fisheries for the landings of 2016. Landing data 

(both mass and value) from the mid-20th century is available on the DMR website.  

Bait and storage 

For both North American fisheries, bait use and the storage of lobster before export was 

drawn from the two previous assessments Driscoll et al. (2015) which were based upon 

survey answers from fishermen in both Maine and Nova Scotia. The bait use per cage 

was assumed to be the same as in 2006 when the two previous assessments where 

carried out.  
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Transportation 

For the transportation a few different distances need to be taken into consideration 

depending on the place of landing as well as the destination, each leg of the lobster’s 

journey will be described in following sections. 

North American transportation from landing to storage, processing and export 

Firstly, the landed lobster was transported from dock to a storage facility and/or a 

facility for processing (freezing etc.), storage was assumed to be located in Boston and 

Halifax where lobster was kept for 72hrs before export. After storage, lobsters are 

transported to an airport or harbour for export. The lobsters are transported by truck, the 

route, distance and the fuel that is being consumed as well as the packaging and cooling 

of lobster was considered. This part of the entire lobster chain was a minor contributor 

to environmental impact (Driscoll et al. 2015), why data collection efforts were focused 

elsewhere. The data used was extracted from the two original assessments from 2006 

and the only changes to the original data that were made were the routes and distances 

to export. The most likely routes were based on survey answers from the Swedish 

importer previously mentioned. The road distances of each route were calculated using 

Google maps. 

Transatlantic transport 

Three scenarios for transportation are considered for the export from North America to 

Europe:  

1. Frozen lobster that are transported in reefer containers on a cargo ship  

2. Live lobster being transported by aircraft  

3. Live lobster crossing in specialized reefers on a cargo ship 

 

In recent years new technology has been developed to be able to facilitate the transport 

of live rather than frozen lobsters on cargo ships. The specialized containers are using 

new filter technology and are as of today being used by the French container shipping 

company CMA CGM in their AQUAVIVA containers. These specialized containers 

carry 20 times less lobster than a conventional container carrying frozen lobster.  

In all cases the transport packaging and the cooling is included as well as the 

distance and route. The most likely routes were based on survey answers from a 
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Swedish lobster importer and the shipping distances were found using https://sea-

distances.org and https://www.distance.to/, 2019. 

Life Cycle Impact Assessment (LCIA) 
The impact assessment is a two-step process, first the inventory results, a list of 

resources used, and emissions generated along the supply chain studied, get assigned to 

the impact category that they affect (classification) and then they get characterized into 

one indicator. In this case the impact assessment method for climate change calculations 

used was IPCC (2013). The IPCC method shows the potential warming effect from all 

emitted greenhouse gasses recalculated and presented as one indicator GWP (CO2eq), 

over a 100-year time frame on a global scale.  

Sensitivity analysis 

To analyse potential uncertainty and what a data is most important for results, a 

sensitivity analysis is often carried out. In a sensitivity analysis adjustment in input data 

can be made to find out what data strongly affect results. In this assessment, since the 

main focus is transportation and product form, the sensitivity analysis focused on these 

aspects. The routes by air freight were changed, mainly because there are several 

options for when looking at routes and modes of transport. Three options were chosen 

for the analysis: 1) the possibility that there might be several connecting flights along 

the way compared to 2) if there was a direct flight from North America to Sweden,  as 

well as 3) lobster being transported by aircraft to a major European hub from where 

they are transported by truck to Sweden.   

Interpretation  
The last step of the LCA is the interpretation of the impact assessment result. Using the 

ISO-standards (ISO 2006a, 2006b) as a guide, the first steps of this stage is to identify 

important results and input data, and their uncertainty. If results are driven by highly 

uncertain data, it might be necessary to collect additional data. In some cases, 

modification of the system boundary or other methodological choices may also be 

motivated.  
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Results 

Inventory results 

Fisheries, storage and packaging 

In Maine, landings have gone up by 75% and the CPUE in 2016 has gone up by 155% 

compared to numbers calculated using data from Driscoll (2008). LFA 34 landings had 

a smaller increase by approximately 30% while CPUE went up by 60%. The changes in 

the fisheries from 2006-2016 were, as mentioned, based on the changes in catch per unit 

effort. For both fisheries, the CPUE has increased, i.e. the fisheries have become more 

efficient landing larger volumes of lobster at the same effort, which in turn results in 

decreased GWP per tonne lobster over the last decade. Both landings as well as change 

in CPUE are shown in Figure 5.  

 

Figure 5 Changes in catch per unit effort (left axis) as well as landings (right axis) for American lobster, in LFA 34 

and Maine from 2005 to 2016. Circles in red indicate CPUE calculated using data from survey answers in Driscoll 

(2008) for Maine and Boyd (2008) from LFA 34, landings and catch are collected from DFO(2017) and DMR 

(2018). 

Using the previous assessments as a baseline for material as well as energy inputs into 

the lobster fisheries in combination with the new data on CPUE, resulted in inventory 
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data shown in Table 3. If not otherwise stated, the inputs are presented per tonne of 

lobster landed. The total use of fuel, material inputs and bait use per trap remained the 

same and were adjusted per tonne of lobster landed using the CPUE. A 20% increase in 

CPUE led to a corresponding decrease in the fuel use per kg lobster landed.  

Table 3 Inventory data for 1 kg of American lobster at arrival in Sweden, originating from Canadian and American 

fisheries. Data from LFA 34 is collected from Boyd (2008) and scaled against the 2018 CPUE from DFO. Data from 

Maine is collected from Driscoll (2008) and scaled against harvester data from 2016. 

 Per tonne lobster 

LFA 34 Maine 

Fishing Fuel use l 0,96 1,00 

Boat Fibre glass kg 0,002 0,005 

Resin kg 0,003 0,005 

Traps  Steel kg 0,029 0,015 

Polyvinylchloride 
(P.V.C) 

kg 0,001 0,011 

Wood kg 0,017  

Concrete kg 0,019  0,027 

Cement kg 0,074  

Clay brick  kg  0,095 

Polypropylene g  1,519 

Bait use Atlantic Herring kg 0,48 1,03 

Atlantic Mackerel kg 0,13  

Redfish kg 0,08 0,05 

Menhaden   0,06 

Fuel  

Bait fisheries 

Atlantic Herring 
diesel  

l per 
kg  

0,037 

Atlantic Mackerel 

diesel 

l per 
kg  

0,088 

Atlantic Mackerel 

Gasoline 

l per 
kg  

0,044 

Redfish l per 
kg  

0,370a 

Menhaden l per 0,027b 
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kg  

Air freight boxes Corrugated board kg 0,059 

Polystyrene kg 0,033 

Cotton fibre kg 0,007 

Storage 72h Electricity kWh 0,264 

a. Tyedmers (2001) 
b. Tyedmers (2004) 

Transportation 

For transportation of lobster to Sweden, several possible routes are possible. From 

industry interviews with lobster importers in Sweden as well as through communication 

with airlines and shipping companies, the most likely routes for the three products was 

established; 1) frozen lobster imported by container ship, 2) live lobster imported by 

container ship and 3) live lobster imported by air. The routes could possibly vary 

depending on location of landing. An assumption of lobster being transported to the 

closest major port or airport in all scenarios was made, lobster landed in LFA34 are in 

this case transported from Yarmouth to Halifax, while Maine lobster were transported 

from Bar Harbour to Boston. The chosen routes from lobster landed in LFA 34 is shown 

in Table 4 while Maine routes are presented in Fel! Hittar inte referenskälla.. In all 

cases of sea transportation, the lobster was transported to nearest major port and from 

there destined for Rotterdam in the Netherlands where lobster is transferred and later 

trucked to Gothenburg. For the live lobster by air, the routes differ slightly depending 

on location for landing. Lobster landed in LFA 34 were assumed to be flown out from 

Halifax airport destined for one of the larger continental European and there transferred 

onto a second flight destined for Stockholm. Maine lobster is flown from Boston to 

Copenhagen where it is loaded onto trucks and instead trucked to Sweden (at arrival in 

the EU, during transfer to Sweden, the lobsters are checked by veterinarians). 

For the AQUAVIVA, a fully loaded container holds 2448 lobsters (CMA CGM, 

pers. comm.), while a container for frozen lobster will hold around 42000 lobsters 

(Anonymous, pers. comm., 2019).  Imported lobster usually weigh around 0,5 kg and 

using this average, an AQUAVIVA container will carry just over 1,2 tonnes of live 

lobster while a fully loaded container of frozen lobster will carry around 16 times as 

much. 
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Table 4 Modes and routes of transport for American lobster landed in lobster fishing area 34 (LFA 34) transported to 

Sweden. Routes are gathered from an importer, an airline and a shipping company. Due to confidentiality specific 

airports are not presented. 

 Mode of 
transport 

Start Destination Distance 

(km)  

Mortality 

 

Frozen/ 

Live by 
sea 

Road Landing Halifax 300  Less than 
1%  

 Container 
ship 

Halifax Rotterdam 5435  

  

Container 
ship 

 

Rotterdam  

 

Gothenburg 

 

590 

 

Live by 
air 

Road Landing  Halifax 300  

 Aircraft Halifax Europea 5250 1-2%  

 

 

 

Aircraft 

 

Europea 

 

Swedenb 

 

1230 

 

1-2%  

Table 5 Modes and routes of transport for American lobster landed in Maine, transported to Sweden. Routes are 
gathered from an importer, an airline and a shipping company. 

 Mode of 
transport 

Start Destination Distance 
(km) 

Mortality 

 

Frozen/ 

Live by 
sea 

Road Landing  Boston 450 Less than 
1%  

 Road 

 

Boston New York 345  

 Container 
ship 

 

New York  Rotterdam 6260  

 Container 
ship 

Rotterdam Gothenburg 590  

Live by 
air  

Road Landing Boston 450  

 Aircraft Boston Copenhagen 5910 1-2%  

 Truck Copenhagen Gothenburg 305 1-2%  
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Impact assessment 

To be able to compare the different product forms as well as the changes in fisheries 
from 2006-2017, each stage of the lobster’s life cycle will be addressed separately.  

Fisheries 

Results from the impact assessment show lobster landings in Maine and LFA 34 in 

2016 having a GWP of around 1,7 and 2,3 kg CO2 eq. per kg lobster landed, 

respectively. Production and combustion of diesel fuel is the main contributor at 85%, 

followed by fuel use in bait fisheries at about 10%. Contributions to the fishery stage of 

the lobster life cycle are shown in Table 6. 

Table 6 Global warming potential from lobster landings in Maine and LFA34 in 2016 

 LFA 34 

(kg CO2 eq./kg lobster) 

Maine 

(kg CO2 eq./kg lobster) 

Fishing total 2,32 1,71 

Boat 0,02 0,03 

Traps 0,02 0,08 

Bait 0,27 0,36 

Diesel (production 
and combustion) 

2,02 1,23 

Figure 6 illustrates the decreased GWP for landings of lobster in both Maine and 

LFA 34 over the past 10 years with emissions decreasing by 75 and 45% per tonne 

lobster respectively. Results indicate a (35%) difference in GWP between the two 

fisheries, with Maine fisheries emitting slightly less. In previous work, the difference 

between the two was smaller (17%). 
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Figure 6 Changes in global warming potential kg CO2 eq. per kg lobster in fisheries for American lobster in Maine 

and Lobster Fishing Area 34. 

Transportation 

When adding the transatlantic transportation to the lobster’s life cycle, results vary, 

depending on the modes of transport as well as the route they travel. The contribution of 

transportation to total emissions are shown in Figure 7. Results show that importing live 

lobster has, by far, the highest emissions of greenhouse gasses while the transport-stage 

of the frozen lobster’s life cycle only accounts for a small fraction of the total emissions. 

Total emissions from live lobster are considerably reduced (by 49%) by switching from 

air- to sea-freight and even further reduces (in total 73%) by switching from live (air 

freight) to frozen. To be noted is that lobster transported by air are assigned a mortality 

of 1-2% while lobsters transported live at sea had a mortality of less than 1%. This 

difference contributes to the differences found between the supply chains.  

Maine 2006 Maine 2016 LFA 34 2006 LFA 34 2016

Boat 0,043 0,032 0,017 0,017

Traps 0,117 0,081 0,083 0,016
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Figure 7 Global warming potential (kg CO2 eq.) per life cycle stage from imported American lobster (Fishing and 

national transportation are an average of lobster landed in Maine and Nova Scotia in 2016) at arrival in Sweden. 

Future scenarios 
Imports of American lobster from Canada and the United States to Sweden in 2016 

added up to just over 430 tonnes, imports have since decreased slightly. All frozen 

lobster originated in Canada and the split between the USA and Canada for live lobster 

was 60/40. At present, no lobster is being imported to Sweden using the AQUAVIVA 

containers. The total GWP from all American lobster entering the Swedish lobster 

market in 2016 is to 2 819 tonnes of CO2 eq. To study the impact of future decisions 

Live air Live water Frozen water
Transatlantic

Transportation 7,08 2,46 0,13

Storage, Packaging,
North American
Transportation

0,50 0,45 0,47

Fishing 2,07 2,03 2,03

0,00

2,00

4,00

6,00

8,00

10,00

12,00

G
lo

ba
l w

ar
m

in
g 

po
te

nt
ia

l 
[k

g 
C

O
2 

eq
 p

er
 k

g 
lo

bs
te

r 
tr

an
sp

or
te

d]



23 

 

related to transportation and product form, two future scenarios were created in addition 

to the baseline scenario of today: One where all live lobster is sea-freighted instead of 

flown and one where all lobster is imported in frozen form. If the AQUAVIVA were to 

replace the air freight of lobster, the GWP of the total import could potentially be 

reduced by 40%. If all lobsters were imported in frozen form, emissions would further 

reduced, by 60% in total. Emission scenarios from imported lobster are shown in Table 

7. 

Table 7 Total Global warming potential kg CO2 eq. from total Swedish imports of American lobster in 2016  

   Scenarios 

(tonnes CO2 eq.) 

Origin Form Import 
2016  

(tonnes) 

1:  

Today 

 

2: 

Future 

No 
airfreight 

 

3: 

Future 

All 
frozen 

 

USA Frozen 0 - - - 

 Live 145  1301 692  - 

Canada Frozen 195  569  569  1 138  

 Live 92 949 469 - 

Total  432 2819 1730  1 138  

Sensitivity analysis  

For the sensitivity analysis, alternative transport routes for the air transport of lobster 

were considered, the base case being Halifax-European hub-Sweden. The first 

alternative was flying lobster nonstop Halifax-Stockholm and the second alternative was 

flying lobster from Halifax to Europe and transferring it to be trucked to Sweden.  
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Figure 8 Comparison of transport routes for import of American lobster from Halifax to Sweden. The three 

alternatives show the emissions for three alternative routes: Connecting flight from Halifax to a central European 

hub and from there to Sweden, nonstop flight from Halifax to Sweden and lastly flight from Halifax to a central 

European hub and truck from there to Sweden. 

Since all the options included a long-haul (just under 5000km) leg of air freight, they all 

had considerable emissions, over 5,5 kilo per kilo of lobster only due to airfreight 

(Figure 8). The option with the highest emissions was the lobster on connecting flights 

with emissions at close to 7 kilo per kilo lobster. However, some reduction potential 

exists by placing the final part of the trip on truck (-17%) as well as by a direct flight (-

12%). 

Discussion 
Results show the high global warming potential that is associated with the 

transportation of live lobster. For airfreighted lobster, almost two thirds of the total 

emissions of just over 9,5 kg CO2 eq. per kg lobster, can be attributed to transportation. 

In contrast, the transportation of frozen lobster on freight ships makes up only a fraction 

of the total 2,6 kg CO2 eq. emitted per kg lobster. Comparing the live and frozen lobster, 

there are a few differences to take into consideration. There are suggestions that live 

lobster and frozen are two completely different products where live lobster is considered 

to be of considerably higher quality than that of frozen, making it a more exclusive and 

attractive product. A live lobster needs a shorter transit time to avoid unnecessary stress 

and mortality. Thereby, using airfreight has been the most widely used mode of 
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transport for live lobster, a lobster can be shipped from the USA and Canada to Europe 

and Sweden within a day, while crossing the Atlantic on a freight ship takes over a 

week. Up until recently there were no other options than air transport available for 

intercontinental transportation of live seafood. However, recent development of such 

technology has made it possible to transport live lobster in AQUAVIVA containers on 

ships. This mode of transport results in live lobster having a total GWP of around 4,9 kg 

CO2 eq. per kg lobster (where shipping is responsible for almost half) and would reduce 

emissions from transportation alone by 65% compared to air freight emissions. Results 

suggest that there is great room for improvement of importing lobster. Firstly, to be 

considered is a shift from airfreight of live lobster to shipping in containers. If the 

AQUAVIVA technology were to be used in lieu of air transport, the GWP of a live 

lobster in Sweden would be reduced by 40%. Even though the GWP from sea transport 

of live lobster is far lower than airfreight it still results in a GWP twenty times higher 

than that of shipping frozen lobster. Looking solely at GWP, the most reasonable choice 

would therefore be to move towards importing frozen lobster only. To consider as well 

when discussing potential shifts in trade, are the economic consequences, at all ends of 

the life cycle. If profits of selling frozen compared to live lobster are lower, both 

exporters and importers could suffer a considerable economic loss if potentially shifting 

from live to frozen, however the details regarding these consequences are not known.  

With regard to the fuel efficiency of the fisheries over time, results indicate that 

over the last decade, emissions from fishing have been reduced since the assessments 

carried out by Boyd and Driscoll of the 2006 fisheries, with a greater decrease in the 

Maine fisheries. However, this positive change cannot with absolute certainty be 

contributed to changes in the fishing practices in the two areas, since the two original 

data sets were only adjusted against more recent landings and catch per trap haul. 

Therefore, with an increased CPUE and with the assumptions that all else has stayed 

the same one can draw the conclusions that the catch and landings have gone up at a 

higher rate than that of the effort (No. of trap hauls) in the fisheries. The increased 

CPUE has in turn resulted in lower GWP per tonne landed lobster, mainly due to the 

assumption of a linear relationship between fuel use and CPUE, as fuel use is the main 

source of GHG emissions and therefore GWP. The positive impacts of a higher catch 

per unit effort, has also made way for a potential decrease in waste of bait fish and 

therefore lower contribution to total emission coming from the bait fisheries and as well 
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as the lower emissions per tonne lobster overall, this is especially true for the Maine 

lobster fishery that has gone from 3 kg bait per kilo landed lobster in 2006 (Driscoll 

2008) to down to a 1:1 ratio. This conclusion relies on the assumption of the same bait 

inputs as in 2006 and is surrounded by uncertainty, due to lack of available data. With a 

shortage of herring following a dramatic reduction in the herring quotas, the lobstermen 

are being forced to shift to other more readily available and more economically 

profitable types of bait. Earlier this year, the Department of Maine Resources added a 

new species to the list of species approved as lobster bait in Maine: the blackbelly 

rosefish. The fish is to be supplied by Cooke Aquaculture of the coast of Uruguay, 

where it is to be frozen at sea before being used as bait. A shift in bait use will make 

way for lobster fishing to continue on the east coast of north American, however, this 

shift will most likely bring a change in GWP due to variation in fuel use in bait-fish 

production. A shift towards fished Redfish for example, with a substantially higher fuel 

use than herring, would result in much larger emissions related to the lobster fisheries.  

The claims of a decrease in GWP depend on the assumption that no changes have 

been made to the fishing practices over the course of the ten years that have passed. 

However, this assumption might not be representative of the today’s fisheries. 

Speculations can be made as to the reasons behind the increase in CPUE, this increase 

might be an indication that the lobster stock is strong and/or growing in both areas, just 

as indicated by the ASMFC (2015) and DFO (2018). Both areas have management 

measures in place to ensure the wellbeing of the stocks, measures such as mandatory v-

notching4, limited number of licenses and or boats allowed in the area, as well as a 

minimum and maximum carapace length restriction to protect both smaller and larger 

individuals. These measures could be the reason for the growing of the stocks in the 

area, however, to consider as well, is the possible change in distribution and settlement 

due to the rising of water temperatures in the adjacent areas (Wahle et al. 2015, Le Bris 

et al. 2018). IPCC (2013) emphasize, in their assessment, that the ocean, acting as a 

buffer for heat, has absorbed close to 93% of the total excess heat associated with the 

increased amount of GHGs emitted since the late 1900s, causing all ocean temperatures 

to rise. Data from the USA National Oceanic and Atmospheric Administration (NOAA) 

shows that on average, the sea surface temperature has risen by 0,13 degrees Celsius 

                                                 
4 The clipping of a V-shape on the tail of egg-bearing females to signal to other fishermen that she is a 
breeding female and that landing is therefore prohibited.  
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each decade of the last century. This pattern can also be seen in the North-western 

Atlantic Ocean. This increase in temperature is thought to be pushing lobsters from 

southern New England further up north closer to Maine (Le Bris et al. 2018). The water 

temperature in the waters up north have also warmed but as Le Bris et al. (2018) states 

that the rising temperatures have so far, hit lobster stocks in the Maine area far less, 

most likely as a result of the mentioned management measures in place protecting larger 

females with high fecundity. Protection of these individuals seems to have resulted in a 

stock able to do well despite the stress of a rising temperature and thereby also 

contributing to the higher landings of lobster. Other than the change in the distributional 

patterns on the east coast of North America, another pressing issue associated with a 

higher water temperature is becoming more relevant: the correlation between 

temperature and shell disease. In the Maine area the percentage of infected lobsters has 

risen to approximately 2% of individuals included in 2018 lobster monitoring update. 

Although relatively low infection rates in Maine compared to the 20-30% of south New 

England lobster, the slight increase might be worrisome, as the highest numbers are 

found in the years following high temperatures and with climate change and further rise 

in ocean temperature looming, so does the risk of a drastic increase in infected lobster. 

This increase might not only affect lobster in the areas where lobster is being landed but 

a higher fraction of individuals falling ill might increase further the risk of transmission 

of disease to relatives in European waters if released into European waters when 

importing live lobster across the Atlantic Ocean. The key points made as to why 

lobsters should not be permitted to be imported live has to do with the risk of them 

becoming invasive and outcompeting native species as well as the risk of spreading 

such harmful diseases (HAV 2016). No ban was put on the trade due to the economic 

harm it would bring. As of today, large amounts of lobster are being imported live, and 

the potential increase due to a rising temperature does may increase biological risks 

further.  

The edible yield of a lobster varies depending on season but on average a lobster 

of good quality has an edible yield of around 38% (Boyd, 2008). So, for each kilo of 

landed lobster with a climate footprint of 2,1 kg CO2 eq., there will be a yield of 380g 

i.e. 5,5 kg CO2 eq. per kilo lobster available for consumption5. Contrasting this to other 

                                                 
5 Including fishing only, no emissions from packaging, transportation, processing (boiling etc.) included. 
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seafood products paints a varying picture; if 1 kilo of raw lobster meat is compared to 

Atlantic Herring that has a carbon footprint of around 800g CO2 eq. per kg edible 

herring (Ziegler et al. 2013) the lobster comes out clearly inferior. If lobster is compared 

to Norway lobster on the other hand the fisheries for American lobster has GHG 

emissions at 15% of emission from trap fisheries for Norway lobster (37 kg per kg 

edible yield), and 5% of emissions related to trawl fisheries for Norway lobster (107 

CO2 eq. per kg edible yield) (Ziegler & Valentinsson 2008). However, Norway lobster 

and Atlantic herring can be fished more locally and do not need to be transported over 

vast distances like the American lobster. Adding on transportation, the American 

lobster, when air freighted, will have a GWP of 23% compared to the trawled Norway 

lobster. Values for GHG emissions are summarised in Table 8.  

Table 8 Summary of greenhouse gas emissions from American lobster, Atlantic Herring and Norway lobster 

 GWP 

kg CO2 
eq. per kg 
live 
weight 

Edible 
yield 
from 1 
kg live 
weight 

GWP 

kg CO2 
eq. per kg 
edible 
yield 

Sources 

American lobster  

At landing 2,1 380g 5,5  

At arrival in 
Sweden, air 
freight 

9,6 380g 25,3  

At arrival in 
Sweden, sea 
freight, live 

4,9 380g 12,9 

 

 

At arrival in 
Sweden, 

sea freight, 
frozen 

2,6 380g 6,9  

Norway lobster 

Fishing, trap 11 300g 37 Ziegler & 
Valentinsson 
2008 

Fishing, trawl 32 300g 107 Ziegler & 
Valentinsson 
2008 

Atl. Herring 0,5 620g 0,8 Ziegler et al. 
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(fishing) 2013 

 

When considering the entire lobster supply chain, everything from efficiency and 

fuel use in the fisheries as well as the varying GWP related to intercontinental 

transportation, to the biological risks of importing live lobster, import of live lobster 

does not seem to be the most sustainable option. However, even though the shelf-life of 

a frozen lobster is much longer, and the mode of transportation offers a more 

sustainable alternative than the on required for live lobster, the demand for live lobster 

in Europe and Sweden remains high and will likely do so for the foreseeable future. As 

long as the Swedish demand remains high (around 400 tonnes annually) this demand 

will not be able to be met by nationally landed lobster. Even when landings were at their 

highest in the mid-20th century, they would not have reached the necessary volumes to 

cover todays demand (HAV 2018). To be able to meet this demand, live lobster is 

therefore continuing to be imported. As long the import of live lobster is permitted in 

the European Union, it is likely to continue and the main focus should be on 

preventative measures, partly to limit intentional and accidental release of lobster into 

the oceans surrounding Sweden, but also by helping consumers and importers make 

sustainable choices to limit the emissions of greenhouse gasses related to transatlantic 

transportation. Therefore, available options for both product form and transport methods 

should be considered to minimize the environmental burden of the lobster trade, to 

make the lobster chain more sustainable. Even minor changes, such as trucking the 

lobsters after the transatlantic flight, will reduce emissions (15%).  

Uncertainties in data quality 

For the fishery stage of the life cycle, the most important assumption made was the 

scaling of the fuel use against the catch per unit effort. The combustion of diesel is the 

largest contributor to GHG emissions, so this assumption is critical and strongly affects 

results. In a best-case scenario either official governmental statistics on fuel use or 

recent primary data from lobster fishermen in the two areas, would have been used for 

these calculations. However, this kind of data is not available at present day, and there 

was no time within the boundary of this project to contact fishermen to gather such data. 

So, the assumption of a linear correlation between fuel use and effort was the best 

option in this case. Ziegler & Hornborg (2014) show a strong relationship between the 
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fuel use and effort in demersal fisheries, with the fuel combustion depending strongly 

on the time spent actively fishing. The same study shows that with a growing stock 

comes higher landings and therefore less fuel use under unchanged effort. Meanwhile, 

the relationship is weaker in passive gears (such as ones used for lobster fishing) since 

the fuel used for this type of fishing is more dependent on the time spent traveling to 

and from point setting traps rather than the time fishing. However, under the assumption 

that the lobster fishermen are not travelling further (or shorter) distances than in 

previous years to set traps, and that the lobster stock is growing, assuming an inversed 

correlation between fuel use and CPUE seems feasible.  

For this project it was assumed that the bait composition (and use per trap) has not 

changed at all since 2006, this assumption was based on lack of more recent available 

data. Some data for the bait use was available from 2012 but was presented in a slightly 

unclear manner and suggested that the main baitfish used in the Nova Scotian fisheries 

for lobster was Atlantic mackerel which was not used at all in previous assessments. 

Attempts were made to gather new data but without first-hand interviews with 

fishermen to confirm potential changes in bait use. It proved to be difficult to find 

necessary data to make any qualified assumptions and therefore previous data was used 

as is. The lack of new data on bait is slightly problematic since the fuel use in baitfish 

fisheries is the second largest contributor to total emissions, however the baitfish will 

not have a huge impact on the entire life cycle, when post capture activities are 

included. 

Another area of improvement is the data regarding transport. Firstly, the choice of 

transport process from the available databases was limited, and for airfreight this 

resulted in lobster in this model being transported using cargo aircrafts only, which 

rarely is the case when transporting lobster from North America to Europe. Lobster are 

rather being transported on passenger flight (commonly known as belly freighters). 

When comparing results from using the Ecoinvent 3 process for cargo flights to results 

from a calculation tool developed by the Network for Transport Measures (NTM), NTM 

Calc.4.0, the cargo emissions come out higher using Ecoinvent, than when using NTM 

Calc. 4.0, but are equal to the emissions NTM Calc 4.0 presented for cargo on belly 

freighters. Secondly, when modelling the sea freight using the AQUAVIVA technology 

when transporting live lobster on container ships, the data calculated for this transport 

method can be slightly inaccurate due to the availability of technical information on the 
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powering of the filtrations system for the container, as well as details on packaging and 

the water weight versus lobster weight in any given container. The development of this 

technology may hold great potential for a large reduction in the use of air transport to 

limit the emissions related to lobster transport, but the details need to be studied further 

to verify the calculated emissions. 

Lastly, to be noted when discussing the total GWP, there is a gap in data 

regarding mortality in the stages prior to the transatlantic transportation. Therefore, no 

mortality was included up until the point of export even though mortality prior to this is 

to be expected, especially when trading live lobster. A lobster exported live goes 

through more stress and will therefore run a higher risk dying, and thereby being 

wasted, compared to a lobster that is frozen. Adding mortality in all stages would have 

resulted in a higher GWP across all scenarios. For the export stage of the life cycle, in 

the scenario of lobster being transported using air freight a mortality of 2% was used, 

this is the only mortality that was included in this study, for the transport of live lobster 

at sea little to no mortality was reported, and therefore this gives air freight a slight 

further disadvantage compared to the other transportation methods. This difference 

could be related to the differences in stress levels depending on mode of transport. 

Further research 
To be able to make the Swedish and European lobster consumption more sustainable, it 

would be interesting to conduct further research looking into the quality and nutritional 

differences between live and frozen lobster, as well as the economic consequences of a 

shift from live to frozen. Moreover, a complete assessment of the effects from fishing, both 

commercial and recreational, for the native European lobster, would be of interest to be 

able to evaluate the potential environmental and biological consequences if there was a 

more apparent reliance on native stock to supply lobster demand. Lastly, the data on the 

fisheries should be updated again in the future to see what further changes are brought by 

the warming of the coastal water of North America, if the lobster stocks continue to grow 

or if they are peaking.  

Conclusions 

To conclude, results of this work show the following: 
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- The lobster fisheries in Maine and LFA 34 have become more efficient over the 

past decade, resulting in a 75 and 45 % lower GWP per kilo lobster landed in 2016, 

than in 2006, respectively.  

- The GWP for importing lobster into the EU from North America comes with a 

great climate impact with greenhouse gas emissions ranging from 2,6-9,5 kg CO2 

eq. per kilo imported lobster. Where live imports using airfreight is at the 

uppermost end of the spectrum, followed by live imports at sea and lastly by 

imports of frozen lobster at sea.  

- Importing lobster in frozen form is the far more sustainable choice both in terms of 

greenhouse gas emissions and seen to biological risks. However, frozen lobster still 

has a high GWP compared to other seafoods and should not be considered a 

sustainable food item. 

- If live lobster imports into the EU are to be continuously permitted, further 

developments need to be made in regard to method of transport, due to the 

excessive amounts of greenhouse gas emissions. Developments need to steer away 

from air freight.  

The results can be seen as guide for both policy makers as well as consumers and 
importers, to make way for a more sustainable consumption of lobster.  
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