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Summary 
 
There is an ongoing debate whether it is sustainable to eat fish that has been caught on the 
other side of the globe and thus require long-distance transport. This question becomes 
particularly intriguing when the choice is between one sustainably fished, but far-travelled 
product and a perhaps less sustainably fished product, with a shorter distance between 
fisherman and consumer. Existing eco- and sustainability labels do not yet take climate 
burden into account when certifying fisheries. Consequently this study is an environmental 
comparison with focus on climate and biological impact of two fish products on the Swedish 
seafood market, similar in taste and price, but with different methods of production. The fish 
products studied are two breaded and pre-fried fillets, based on Norwegian cod caught by 
long-lines and American Alaska pollock caught by pelagic trawls.  
 
The study is divided into two parts, one that evaluates the sustainability of the two different 
fisheries in terms of biology of target species, stock situation, by-catch and discard, based on 
present literature. The second part is a life cycle assessment (LCA), of the two fish products 
from the different fish species, produced at the same processing factory in Kungshamn, 
Sweden. LCA is a method standardized by the ISO (ISO 14040-series) for assessing and 
analysing environmental burden associated to a product or service. In this study the impact 
categories global warming potential (GWP) and energy use were assessed. 
 
Results from the study showed that there are different views on the biological sustainability of 
the fisheries, but that they both represent well-performing alternatives to other less sustainable 
fisheries. They are both low in by-catch and discard, which decreases the impact of the 
fisheries on the surrounding ecosystem. The Alaska pollock fishery is certified by the Marine 
Stewardship Council (MSC), which is a strong indication that this fishery is sustainable, since 
the certification criteria require a certain stock situation and fishing method. LCA results 
showed that the cod product’s global warming potential contribution was three times the 
global warming potential of the Alaska pollock product. For the cod product the fishery stage 
was dominating, which was also the case of the Alaska pollock, but here the other stages were 
visible as well, thanks to the high energy efficiency of the Alaska pollock fishing fleet. 
 
Lowering the refrigerant (freon) leakage in the cod fishery was found to be the most important 
climate improvement option, as this could reduce the climate gas emissions by almost one 
third. The bait used in the cod fishery was proved to be insignificant in relation to the total 
burden exercised by the breaded cod product. For the Alaska pollock product the fishery is 
already very efficient, although the engines and gear could be further improved. Improvement 
options for the product could except for the fishery thus be to rationalize the transportation 
from Bering Sea to Gothenburg, lowering the climate load exercised by the long transport.  
 
The prevailing conclusion is that it is more important how than where the fish has been caught 
when it comes to climate burden of seafood production.  
 
There are however other environmental impact categories that have to be taken into account 
when measuring the environmental burden of fisheries; local effects that might alter 
biodiversity, such as toxicity from hull paints and acidification caused by the combustion of 
fossil fuel. These impact categories may be further evaluated in following studies to make a 
more comprehensive picture of these fisheries’ total environmental performance.  
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1. Introduction  
 
Fish is and has for a long time been an important source for nutrition for people all over the 
world. The National Food Administration (Sweden) recommends us to eat seafood two to 
three times a week since it has good nutritional values, with its composition of omega-3 fatty 
acids, vitamin D and micronutrients such as selenium and iodine (National Food 
Administration, 2008). 
 
The consumption of fish in the world has nearly doubled since the beginning of the sixties, 
consumption was 9.0 kg fish/capita in 1961 (FAO, 2006) and in 2006 the estimation was 16.7 
kg (FAO, 2008 (1)).  Around 145 million tonnes of fish and shellfish is caught or farmed in 
the world today (FAO, 2008 (2)), where approximately half of the fish is from aquaculture 
(FAO, 2008 (1)). 
 
Over the past 50 years the amount of fish harvested from the seas has increased by 500%, and 
25% of the world’s fish stocks1 are considered over-fished or depleted (MSC, 2009). The 
demand for seafood has risen and will continue to rise due to increase in population as well as 
economic growth around the world, especially in third world countries.  
 
For definitions of fishery related terms see Appendix A. 
 
Biological effects of fisheries 
 
Groundfish fisheries cause extensive removal of top-predators from the marine food-web, 
which results not only in declining stocks, but effects for the whole ecosystem, if imbalance in 
trophic level equilibrium occurs. There is a tendency in the world fisheries to “fish down the 
food web”, that is going down in trophic level when fishing, i.e. moving from catching top 
predator carnivores to fishing for smaller herbivore fishes, since the populations higher up in 
the food chain are becoming scarce (Pauly et al., 1998).   
 
Extensive removal of marine organisms causes disturbance in the whole marine food web, not 
only affecting the target species of the fishery. When extracting big amounts of carnivorous 
fish high in the food web, the number of organisms on the level under the predator fish (for 
example zooplankton-eating fish) may increase (since the main predator suddenly disappears). 
When the zooplankton-eating fish becomes more abundant the feed organisms for the fish (in 
this case zooplankton) can become scarce, which in turn would affect their feed, the algae 
plankton, allowing them to bloom in an uncontrolled manner. In combination with 
eutrophication this might lead to serious oxygen deficiency on the bottoms when the big 
amounts of algal material is to be decomposed (Bernes, 2005).   
 
By-catch and discard, the often unwanted catch taken incidentally when fishing, are major 
problems in fisheries around the world. By-catch in general could be defined as the species 
caught beside the target species of a fishery. If the fish is landed it is usually called by-catch, 
and if it is thrown back into the sea, due to low economic value, fishery management 
regulations or exceeded fishing quotas it is called discard (Figure 1). The fish thrown back has 
low survival rate and may also contribute to local eutrophication and sometimes result in 
oxygen deficiency on the bottoms, as a result of oxygen consumption when the fish is 
                                                 
1 Definition of ‘fish stock’ and other fishery related terms are presented in Appendix A 
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decomposed. By-catch in the world fisheries is estimated to 6.8 million tonnes every year, 
which is 8% of the fish extracted from the seas (Kelleher, 2005). To reduce the by-catch 
certain selective devices in the trawl can be used to help non-target species and undersized 
fish to escape. This also reduces the cost of handling fish that do not contribute to the 
profitability of the fishery. An even better way to reduce by-catch and discards is to use 
passive fishing methods such as long-lining, or fishing for pelagic school living species using 
for instance purse seines.  
 
The by-catch may sometimes play an important role in a fishery, contributing to the economic 
sustainability.  
      

 
 

Figure 1 Composition of the fishery catch 
 
Many organisms living on soft bottoms, where trawling often is conducted, are sensitive to 
physical disturbance and high concentrations of nutrients and particles in the water. Too much 
particles in the water can inhibit growth for species such as Lophelia pertusa, a rare slow-
growing cold-water coral. This specific coral is also often damaged by bottom trawls, which 
is one of the reasons that this deep-water coral is uncommon (Fosså et al., 2002). Another 
effect of active fishing gear such as bottom trawls, is that nutrients and heavy metals that are 
chemically bound to the bottom sediment get re-suspended, causing eutrophication and 
reintroduction of toxic substances into the biological food web (Nilsson and Rosenberg, 
2003).  
 
Environmental effects of fisheries 
There are various factors that have to be taken into account when measuring the 
environmental burden of seafood.  
 
Diesel production and combustion cause green house gas emissions which contribute to 
climate change. When the species fished for is getting less and less abundant it takes more 
time and effort to catch the same amount of fish, i.e. the catch per unit effort is lowered. This 
means higher fuel consumption, which increases the environmental burden of the fishery.  
 
If the fishery is conducted far away from the country where consumption occurs the transport 
mode can be crucial for the fish products total energy demand. Previous studies have shown 
that long distance boat transports have low energy consumption, which is of minor 
importance compared to the fishery activity when viewing from a life cycle perspective, 
typically less than 20% of total life cycle energy consumption of a seafood product. Air 
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transports, on the other hand, are the least environmental friendly means of transport and 
might play a bigger role than the fishery itself when it comes to climate burden associated 
with a fish product (Thrane 2004, Ziegler 2006, Formas 2008). 
 
To keep the fish fresh until landed refrigerants are used. The refrigerants are kept in closed 
systems on the fishing vessels, but on mobile vehicles the leakage is often high and 
refrigerants need to be refilled on a regular basis. 
The ozone-depleting chlorofluorocarbons (CFCs) used earlier have to a great extent been 
replaced by hydrochlorofluorocarbons (HCFCs) which are lower in ozone depletion potential. 
Both these refrigerants are currently being phased out under ‘The Montreal Protocol on 
Substances that Deplete the Ozone Layer’ due to their ozone depletion potential, and are 
substituted by hydrofluorocarbons (HFCs) (IPCC, 2001). The HFCs contain no chlorine and 
have near zero ozone depletion potential, but do on the other hand cause high climate gas 
emissions. Some HFCs, e.g. HFC 23 have an estimated contribution to global warming that is 
12000 times that of carbon dioxide (CO2) (IPCC, 2007).  
 
Life Cycle Assessment (LCA) is a method for evaluating environmental burden associated 
with a product. Each step in the product’s life cycle is evaluated regarding environmental 
performance and the estimated result is presented in impact categories such as global warming 
potential (GWP)2, eutrophication potential, acidification potential and energy use. The results 
are given per functional unit, which is the unit that the environmental burden is ascribed to.  
 
Previous LCA-analysis’s on fish products has shown that the fishery stage commonly has the 
largest contribution in most impact categories. In the life cycle of a flatfish product it has been 
shown in categories such as global warming, ozone depletion and ecotoxicity that the fishing 
stage has principal contribution (Thrane, 2004). The same conclusion has been drawn for a 
cod-fishery and a Norway lobster fishery where high fuel consumption, discards and seafloor 
impact led to highest environmental burden in the fishing stage (Ziegler, 2006).  
 
Declining stocks cause fishing to become even more energy consuming since the fishing 
activity has to be conducted for a longer time period when the fish is not as concentrated as 
before, i.e. the fishing effort is increased while the catch remains stable. 
 
Fishing methods are usually defined as passive or active, where for example trawling is an 
active method and gillnetting a passive one. Active methods are commonly known to cause 
higher environmental burden partially due to the high fuel consumption when the gear has to 
be pulled after the boat for several hours.  
                                                 
2 Global warming potential is also referred to as climate changing potential and climate impact, which are 
measured in CO2-equivalents (see Table 1).  
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1.1 Modern fisheries 

Brief descriptions of a selection of commonly occurring fishing methods used in the industrial 
fisheries are presented hereunder. Based on The Swedish Board of Fisheries (2008), unless 
stated otherwise. 
 
Bottom trawling 
When fishing for demersal fish (fish that live on or in near contact with the sea bottom) 
bottom trawling, also called benthic trawling, is the most common fishing method. A trawl is 
a big net separated by two heavy trawl doors that keeps the mouth of the net open when it 
sweeps over the bottom surface. It also guides the fish into the net while dragged over the sea 
floor. There are different ways of trawling, one or two boats may be used, depending on the 
size of the trawl. If two boats are used (pair-trawling) there is no need for trawl doors since 
the boats act as spreading device. Benthic trawling is a very energy intensive fishing method 
due to the drag of the trawl with trawl boards as it is pulled along the seafloor. Not only is it 
energy intensive but it also often has low selectivity, catching everything it passes, including 
fragile benthic organisms, if no selective devices are used. The selective devices enable 
certain sizes and species of fish and other marine organisms to escape the fishing gear. The 
trawling activity also has, as previously mentioned, big impact on the bottom substrate (the 
seafloor) causing extensive damage to benthic communities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Bottom trawl. Illustrated by Jürgen Asp. 
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Pelagic trawling 
If the target species lives in the water column as opposed to the bottom another type of trawler 
may be used. A pelagic trawl, or mid-water trawl, is a cone-shaped net towed after one or two 
boats. The trawl is not in contact with the sea floor which minimizes the impact on benthic 
communities. In addition it is also less energy consuming than bottom trawls since resistance 
is significantly lower and catches are large due to the schooling behaviour of many pelagic 
fish species. 
 

 
Figure 3 Pelagic trawl. From www.fiskeriverket.se 
 
 
Long lining 
An alternative to bottom trawling is long lining, or auto-lining. Baited hooks on a long line 
are placed on the bottom and held in place by sinkers and buoys. The long line is left for 12-
18 hours after which it is hauled and re-baited (Personal communication with Bengt 
Gunnarsson, Domstein Sverige AB in 2009). This method is less destructive than bottom 
trawling since long-lining is a passive fishing method.  

 
Figure 4 Long-lines. From www.fish.govt.nz 
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Purse seining 
A purse seine is a net that is encircled around schools of pelagic fish, using floaters and 
sinkers. When the school is surrounded the rope that is attached at the lower part of the net is 
tightened and closed so that the fish can not escape. This method is used for herring, mackerel 
and other fish species that form big schools. 
 

 
Figure 5 Purse seining 
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1.2 Consumer demand and eco-labelling 

Since there is a high environmental burden connected with the fisheries in the world it is 
important to choose fish that comes from stocks that are properly managed. There are 
different kinds of fisheries that have diverse impact on the target species as well as by-catch 
species and the surrounding ecosystem.  
 
When consumers get more aware about the state of the fish stocks they tend to demand more 
information about the fish they eat. Questions as where the fish they buy comes from and 
which fishing method has been used puts pressure on the fish retailers to sell sustainably 
fished seafood, for example fish from KRAV- or Marine Stewardship Council (MSC) 
certified fisheries (described below).  
More and more fisheries are becoming certified which forces the fishermen to put effort in 
transforming their activity to a more sustainable fashion, since the certification process 
includes specific criteria of how the fishing practice is to be carried out and includes annual 
evaluation on progress as well as re-certification after five years. 
 
The Marine Stewardship Council (MSC) is a global, independent, non-profit organisation 
formed by Unilever and The World Wildlife Fund (WWF) that has developed an 
environmental standard for sustainable and well-managed fisheries. They work to “enhance 
responsible management of seafood resources, to ensure the sustainability of global fish 
stocks and the health of the marine ecosystem”. By their label they give the consumer the 
possibility to choose fish from well-managed, sustainable stocks (MSC, 2002). There are 
three core principles divided into numerous criteria and sub-criteria in the MSC labelling that 
the fishery must meet; the main principles are: 1. Sustainable fish stocks; the fishery is 
adapted to the stock situation and does not jeopardise the stock’s future survival,  
2. Minimising environmental impact; the ecosystem on which the fishery is dependent must 
be taken into account, for instance by preserving the diversity through actions for minimizing 
by-catch, i.e. minimizing the ecosystem effects of the fishery 3. Effective management; The 
fishery must be conducted in compliance with laws on national as well as international levels 
and have a management plan in order to be able to make changes if the fishery activity’s 
conditions are altered.  
The detailed assessment contains 31 performance indicators and scoring guide posts, which 
are further criteria that are quantitatively discussed by scientists and constitute a foundation 
from which a decision about certification of a fishery is made (MSC, 2002, 2009). 
 
KRAV is a Swedish certification organisation that labels organic food products on the 
Swedish market. Regarding wild-caught seafood the base of the certification is a sustainably 
managed fishery. This label includes further criteria and is not only attributable to the fishing 
stage in the life cycle, it also includes rules for example for the processing phase, such as 
minimizing product loss in the production and by demanding actions from fish suppliers. 
Compared to the MSC label, KRAV includes more environmental burden categories, such as 
aquatic toxicity caused by for instance using tin-containing anti-fouling agents on the hulls of 
the fishing vessels, which is prohibited in KRAV certified fisheries. Another criterion is that 
the fuel used on the vessels must not contain more than 0.05% sulphur (since sulphur 
substances contribute to acidification). Examples of focus targets in KRAV fisheries are 
reduction of energy consumption, as well as minimizing seafloor impact, by for instance 
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banning beam trawls, which is a fishing gear that is both energy consuming and destructive to 
the bottom habitat (KRAV, 2009).  
 
None of the labels measure climate burden for the fisheries today, but KRAV is working with 
integrating climate criteria into their labelling. The climate burden of a fishery is often 
coupled to the stock situation of the fishery’s target species; it has been shown that when the 
stock is declining, energy consumption in the fishery goes up; more fuel is needed to catch the 
same amount of fish when the fish is less abundant (Schau et al., 2009). Even though climate 
criteria are not yet incorporated in the MSC and KRAV labelling, the stock situation is taken 
into account, which per se often is coupled to the energy consumption and hence the climate 
burden of the fishery conducted (the more abundant the fish is the less energy is consumed to 
catch it). 

1.3 Background of the study 

There is an ongoing debate whether it is sustainable to eat fish that has been caught on the 
other side of the globe. This question becomes particularly intriguing when the choice is 
between one MSC certified, but far-travelled product and one that is not labelled (at the time 
of initiation of the study), but in turn has a shorter distance between fisherman and consumer. 
We do not know much about this field, which makes it interesting to measure the climate 
burden of different types of fisheries. Consequently; this study is an environmental 
comparison with focus on climate burden and biological impact of two fish products on the 
Swedish seafood market, similar in taste and price, but with different methods of production. 
The present report is a study on the supply chains of two breaded fillets, based on Norwegian 
cod and American Alaska pollock.  
 
Hypothesis 
The hypothesis is that the fish products are different from each other in the environmental 
burden performed, in regard to fuel efficiency in fishery, stock situation and by-catch and 
discard level as well as overall carbon footprint. Hence, the null hypothesis is that the two 
products are equal in total environmental performance.  
 
 

2. Goal and scope 
 
GOAL: The aim of this study is to compare two to the consumer exchangeable fish products 
through Life Cycle Assessment and from the results evaluate how fishing method, transport 
mode and distance and the processing factory affect the climate, and to what extent the 
different stages are responsible for the global warming potential (GWP) and energy 
consumption associated with the product up to and including the processing plant. These fish 
products will also be compared on a biological and ecological level, evaluating the 
sustainability of the fishery activity with regard to stock situation, by-catch and discard level. 
 
IMPACT ASSESSMENT: The impact categories included in this LCA study are global 
warming potential (GWP) and energy use. Biological criteria are not incorporated in LCA, 
although development of methods to assess biological properties is in progress. Biological 
effects is a very important factor to include in an environmental burden study of a fishery. 
Since the LCA does not include such measurements an estimation of the stock situation, by-



 15 (45)

catch species and discard level is performed from literature to describe the biological situation 
of the fisheries in this thesis. These aspects are described qualitatively and are quantified 
wherever possible. 
 
SYSTEM DESCRIPTION: This study compares two fish products consumed in Sweden 
that are different from each other in terms of species, fishing method used and geographic 
location of fishery. The fisheries involved are the US pelagic trawl fishery for Alaska pollock 
in the ocean regions Bering Sea and Gulf of Alaska with the Aleutian Islands and the 
Norwegian long-line fishery for Atlantic cod in the Barents Sea. The Alaska pollock fishery is 
MSC certified whereas the Atlantic cod fishery vessels were not yet certified by MSC or 
KRAV at time of inventory, but has now undergone certification by both MSC and KRAV; 
implying that both fish stocks are relatively well managed and in good condition, constituting 
good alternatives to the more traditional product bottom trawled cod.  
 
Breaded Atlantic cod and Alaska pollock fillets are two seafood products that are prepared at 
Domstein Sverige AB’s seafood processing plant in Kungshamn, Sweden. The only 
differences between the products are the fish species used, and the method and location for 
harvesting the fish. Since two separate fish species are used, the filleting yields from fish to 
fillet are not the same.  
 
Alaska pollock is filleted and frozen as fish blocks at sea before being shipped from Dutch 
harbor, Alaska, to Gothenburg. The fish blocks are then transported by truck to the factory in 
Kungshamn. The Atlantic cod is gutted onboard and filleted and prepared to fish blocks at 
Domstein’s plant in Måløy, Norway. The frozen blocks are then transported to Kungshamn by 
truck.  
In the processing factory the fish blocks are sawed to fillet size, breaded and fried before the 
finished product is parcelled into a consumer package. 
 
SYSTEM BOUNDARIES: Since it is known from before that the fishery stage has the 
biggest environmental impact, it is reasonable to assume that the fishery activity will play the 
biggest part for the two fish products that are compared in this study. Moreover, when the 
main goal is to compare two products that from a certain point are identical, it makes no sense 
to include these identical phases. Given these two motives, the present study has focussed on 
the early lifecycle phases of the two fish products; from the fishery and farming of other 
ingredients up to the processing (including the transports between the facilities).   
 
Hence, the centre of attention is on the production of the product from raw material extraction 
to the stage where the fried fish fillets are packed at the seafood processing plant in 
Kungshamn, before transportation to the central warehouses. The consuming stage and waste 
treatment are omitted; because, as previously mentioned, the products’ chains are identical 
after they have left the processing plant, which makes these steps uninteresting to compare.  
 
Previous studies have also shown that what has highest contribution in these stages is the 
mode of transportation to the store for the consumer, which is not directly coupled to the 
product (Ziegler et al. 2003, Thrane 2004).  
 
FUNCTIONAL UNIT: The functional unit that the environmental burden is assigned to in 
the LCA study is 1 kg of breaded Alaska pollock/Atlantic cod in consumer packaging.  
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Figure 6 Flow charts of the seafood production chains studied: Alaska pollock on the left and 
cod on the right. 
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3. Material and methods 
 

3.1 Life Cycle Assessment  

Life Cycle Assessment information based on Bauman and Tillman, 2004, unless stated 
otherwise. 
 
LCA is an International Standard Organisation (ISO) standardised tool for evaluation and 
analysis of the environmental burden of a product or service from cradle to grave in categories 
such as global warming potential, acidification, ozone depletion etc (ISO 14040-44, 2006). It 
is the most common tool for performing environmental system analysis used today. The life 
cycle assessment may incorporate the using phase and waste treatment that follows after 
processing, but this is not necessary since the system boundaries are determined for each 
analysis, adjusted to the purpose of the study conducted. 
 
The LCA can serve several purposes; it can be executed to gain knowledge about a product’s 
environmental performance and compare the results with other similar products. It may also 
be used to reveal which phase or phases in the life cycle that are primarily responsible for the 
environmental burden caused by the product. These processes may then be improved or other 
alternatives considered, making the product more environmentally sustainable.  

 
 
Figure 7 A seafood lifecycle including the whole product chain, from fishery to waste 
management after consumption (illustrated by Jürgen Asp) 
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LCA Methodology 
 
The LCA consists of four steps; goal and scope definition, inventory analysis, impact 
assessment and interpretation of results, described hereunder.  

3.1.1 Goal and scope 
In the goal and scope definition the aim of the study conducted is presented along with a 
definition of the system studied, i.e. a determination of the system boundaries. The system 
boundaries describe which life cycle phases are included in the study; where it starts and ends 
(for example starting with extraction of raw material and ending at the harbour where the fish 
is landed).  

3.1.2 Inventory analysis 
To assess the environmental performance of a product an extensive amount of data 
concerning the different life cycle phases needs to be collected regarding the resource and 
energy input, emissions and resulting products from each life cycle phase. Calculations are 
made to conform the inflows and outflows to a reference unit to which the environmental 
burden is assigned, called the functional unit. This unit should mirror the function of the 
product, e.g. a 100 g chocolate bar or one cod portion of 150 grams. When more than one 
product is produced, the environmental impact is typically divided between these products; 
this is called allocation and may be based on mass, energy content or economic value. Mass 
allocation is easiest to administer since you share the burden based on the weight of the 
products, which is easily gauged.  Economic allocation has been commonly used, based on 
the idea that the product with the highest economic value is the reason for harvesting a 
specific resource, and should therefore carry the main part of the environmental burden 
associated to the activity.  To avoid allocation system expansion can be used, where the 
system’s by-products are separately assessed from the perspective that these products are 
produced in another system, after which the results for these by-products are withdrawn from 
the original result to gain results for the main product only. This method is recommended by 
ISO (2006).    

3.1.3 Impact assessment 
After the inventory a massive amount of data needs to be simplified to make calculations 
possible. Characterisation methods are used to assign weights to all emissions in categories 
such as global warming, ozone depletion and eutrophication potential. This is done to 
elucidate what kind of environmental burden the different emissions cause.  
 
If the impact category GWP is assessed, the results are given as kg carbon dioxide 
equivalents/kg product, or kg CO2e/kg product. All climate gasses are converted to CO2 
equivalents to facilitate comparison between activities, for instance the climate burden of 1 kg 
N2O is equal to the climate burden of 298 kg CO2, that is 298 CO2e. CO2e for common 
greenhouse gasses are shown in Table 1.  
 



 19 (45)

Table 1. Impact indicators for important greenhouse gasses (Intergovernmental Panel on 
Climate Change, (IPCC), 2007) 
 

Important greenhouse gas emissions Global Warming Potential 
(kg CO2 equivalents/kg) 

CO2 (carbon dioxide) 1 
CH4 (methane) 25 
N2O (dinitrogen monoxide) 298 
Refrigerant HCFC 22 (known as R22) 1810 
Refrigerant HFC 404a (known as R404a) 3700 

 
Along with characterisation qualitative assessment of environmental impacts that cannot be 
characterised is performed. The qualitative assessment is a description of the environmental 
effects caused by the product that is done when there is no reliable method for characterising 
or quantifying a specific environmental impact. Normalisation and weighting are optional 
steps, where normalisation relates the environmental burden of the studied product to other 
products or systems in society and weighting compares the different types of environmental 
impacts with each other.  
 

3.1.4 Evaluation 
When the impact assessment is finalized interpretation of results follows. Key figures are 
recognized and assumptions are made. Sensitivity analyses are carried out where numbers are 
varied to illuminate the result’s dependence on certain figures, simultaneously identifying hot 
spots for the system. This may at the same time expose the importance of data quality in 
certain activities.   
 
 
 

Figure 8 The four phases in LCA (from ISO 14040) 
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3.2 Implementation of the study 

The study was performed at SIK - The Swedish Institute of Food and Biotechnology in 
Gothenburg, in collaboration with the company Domstein Sverige AB. The supervisors are 
Friederike Ziegler at SIK, and Per Nilsson at the University of Gothenburg, Department of 
Marine Ecology, Tjärnö.  
 
Inventory data 
 
Forms for inventory (Appendix B & C) were sent to the processing factory in Kungshamn and 
to Domstein Sverige AB’s main supplier of Alaska pollock. Further data was obtained from 
literature values in previous studies.  
 
The forms were answered and the data gained was used to produce a comparison between the 
two products. The biological evaluation of the stock situation, by-catch and discard levels was 
carried out through comparative literature studies.  
 
Fishery and processing 
Data for the Atlantic cod fishery was provided by Domstein Sverige AB’s cod supplier, 
constituting two fishing vessels of the total nine auto-liners in the Norwegian Barents Sea cod 
fishing fleet. This data was retrieved for another study that SIK performed in collaboration 
with Domstein in 2007 and was classified as up-to-date and hence used in this survey as well. 
The fuel use was 0.24 kg low-sulphur diesel per kg catch. In addition 0.003 kg refrigerant of 
the type R22 was used per kg catch. In the fishery haddock, saithe and various other by-catch 
is caught along with the cod. 38% of the catch is cod, 26% haddock and 1% is saithe, the rest 
consists of other by-catch. The fishery burden is shared among the fish species according to 
their economic value, therefore 50% of the burden is assigned to the cod. The yield from cod 
to fillet was 39% and mince correspond to 6.5% of the cod weight. Skin and bones was 19.5% 
of the whole fish. Cod fillets are assigned 95% and the mince 4% of the environmental burden 
while skin and bones are given 1%. Processing energy for filleting and freezing in Måløy was 
1.1 kWh electricity from the grid/kg fillet, and processing energy in Kungshamn was 0.95 
kWh electricity/kg product.  
The cod long-lining fishery uses herring as bait; the herring used for approximating this bait is 
caught by the Danish herring fishery (data representing Denmark’s whole herring fleet) 
(Thrane, 2004). 0.112 kg herring is used for 1 kg landed catch. Fuel use for this fishery was 
0.14 kg diesel per kg landed herring. According to Bengt Gunnarsson, Domstein Sverige AB, 
the fuel use could be lower if the herring was fished by the Norwegian herring fleet, due to 
their higher tonnage. Mackerel-based bait is also used in cod long-lining but is not assessed in 
this study since the fuel consumption for catching the two species is similar; they are both 
schooling species mainly caught by purse seines.  
 
Data on US Alaska pollock fishery represent the year 2007 and the inventory data is based on 
5 fishing vessels consuming on average 0.10 kg diesel per kg landed catch. A mean for the 
yield from fish to fillet was calculated from a range of yields for the Alaska pollock. 31.8% of 
the fish is transformed into FAS-blocks (fillet blocks Frozen At Sea). A total eatable yield of 
41% was used according to FAO (FAO, 1989) where the mince corresponds to 9.2%, and 
non-eatable by-products make up 59%.  By-catch was 2.1 % in mass of the total landings in 
the fishery. The products are assigned different fractions of the environmental burden of the 
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fishery, corresponding to their economic values. Fillets are assigned 65% and eatable by-
products 35% of the environmental burden. No environmental burden was assigned to the by-
catch due to low economic value.  
 
The breaded and pre-fried fish contains 53% cod respective Alaska pollock, this does not 
include the 4% spillage (fillet lost in sawing). Breading hence constitutes 47% of the seafood 
products. 
 
Since the two seafood products are processed in different ways, Alaska pollock being 
processed to frozen fillet blocks at sea, while cod is gutted at sea, landed in Måløy where 
filleting and freezing occurs; primary processing (i.e. filleting and freezing) was included in 
the inventory data regarding the fishing stage for the Alaska pollock product.   
Energy for processing the fish onboard has been calculated for Icelandic factory trawlers. 
Data from that study combined with data from a similar study performed by Domstein Måløy 
has been used for dividing the vessel energy consumption between the fishing and processing 
phases. Inventory data for the Icelandic factory trawler showed that the diesel fraction used 
for processing was approximately 7% and the energy fraction for processing was 5% for the 
plant in Måløy (Schau et al., 2009). An average of these two values has been used for 
allocating the diesel consumption between the fishing and processing operation on the Alaska 
pollock fishing vessel: 6% of the fuel use onboard is assumed to be used for processing.  
Processing energy in Kungshamn is the same as for cod; 0.95 kWh/kg product. 
 
For both the cod and Alaska pollock fishery production of vessel and fishing gear equipment 
was excluded since previous studies have proven this to have minor contribution to energy 
use and global warming potential in relation to the onboard fuel consumption (Tyedmers, 
2004).  
 
Ingredient composition 
Recipe for the batter was obtained from Domstein Sverige AB. The ingredients used are 
wheat flour, dried bread crumbs, palm oil, salt and pepper. The palm oil is produced in 
Malaysia and transported from Singapore to Europe, Rotterdam, by oceanic freighter and then 
transported to Kungshamn by truck. The data on palm oil and wheat flour used is from SIK’s 
internal database. The wheat flour is produced in Sweden and transported by truck.  
Spices constitute a small fraction of the batter. Data on salt is from Ecoinvent while pepper, 
constituting a minor part of the batter, is left out due to lack of database information.  
 
Transports 
Transport distances were achieved from the fish suppliers and processing plant personnel and 
are presented in Table 2. Wheat for wheat flour and dried bread crumbs is assumed to be 
grown in Sweden and a transport distance from mill to processing of 100 km is assumed. 
Processing of wheat flour to bread crumbs takes place in Holland; hence the transport distance 
used is for transport from a Swedish mill to processing in Amsterdam, and then back to 
Kungshamn where the fish processing occurs. Salt is assumed to be of average European 
production and the transport distance used is from Amsterdam to Kungshamn. 
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Table 2 Transport distances for ingredients in the Alaska pollock and cod products 
 

Ingredient Truck3  
(km) 

Transoceanic 
freight ship4 

(km) 

Barge ship5 
(km) 

Cod 729   
Alaska pollock 132 19 061 690 
Wheat flour 100   
Dried bread crumbs 2408   
Palm Oil 1 221 15 349  
Salt 1204   

 
Packaging material 
The consumer packaging used for the cod and Alaska products is a liquid packaging board, 
whose production is included in the processing phase. Transport of packaging material is left 
out due to lack of data, but is again assumed to be identical for the two products.  
 
Calculations 
The study was performed at SIK (The Swedish Institute of Food and Biotechnology) where 
the data was inserted to the computation software program used for LCA analysis; Sima Pro 
(Pré) v. 7.1.8.  The database used for background data was Ecoinvent v. 2.0. The 
characterization results for the global warming caused by the fishery and processing of 1 kg 
breaded cod respective Alaska pollock product was calculated using the method ‘SIK IPCC 
2007 GWP 100a’ (based on the IPCC climate gas emission factors from 2007), where all 
green house gasses are converted to CO2-equivalents, using the emission factors presented in 
Table 1. The method used for the energy demand analysis of the products was ‘SIK 
Cumulative Energy Demand TOTAL v 1.03’ where the primary and secondary energy (i.e. 
for oil production and use of oil in the fishery) from all energy sources is added up. 
 
Choice of allocation 
Since the main part of LCAs conducted on seafood products have used economic allocation 
with the motivation that the fish species with the highest value is the driving force for fishing 
(Ayer et al., 2006) this is used in the present study as well, facilitating comparison with 
previously conducted LCA studies on seafood. This is mainly attributed to the allocation 
between fillet and by-products from processing. By-products are assumed being used, and 
hence get to carry a part of the climate load in relation to their economical value.  
To assess the variation when using different allocation methods mass allocation is also 
performed as a sensitivity analysis. In the mass allocation the used by-products carry the 
climate load related to their weight share of the fish.  
The mass allocation is only attributed to the fish, due to shortage of data regarding the 
ingredients in the breading. The breading is the same for both seafood products and is thus not 
of big concern for the comparison.  
                                                 
3  Regular transport 0.15 kg CO2e/tkm, Freeze transport 0.17 kg CO2e/tkm,   
4  0.0125 kg CO2e/tkm 
5  0.0536 kg CO2e/tkm 
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4. Results 
 

4.1 Review of biological aspects and sustainability data 

 
 

4.1.1 Alaska pollock    
 
 
 
 
 

Figure 9 FAO Species Catalogue 1990 
Biology 
The species Alaska pollock (Theragra chalcogramma), also called walleye pollock, is a ray-
finned fish that belongs to the codfish family (Gadidae). It is a bentho-pelagic fish that forms 
dense aggregations (Marsh, 2006) and is found in brackish and marine water from the surface 
down to 1200 meters depth. Adults are usually benthic but sometimes seen at the surface 
(FishBase, 2008).  
The juvenile pollock feed on krill (plankton) while the adults feed on various fish, mainly 
juvenile pollock (FishWatch, 2008). Daily migrations vertically in the water column occur 
and it also performs seasonal migrations between foraging areas and spawning grounds 
(FishWatch, 2008), for spawning they move to shallower waters of 90-140 meters depth 
(Witherell, 2000).  The pollock’s vulnerability to overfishing is classified as moderate 
(FishBase, 2008). It is found in the eastern and western Pacific Ocean, the Bering Sea, the 
Gulf of Alaska, the Sea of Okhotsk and the Sea of Japan (Marsh, 2006) with the largest stock 
found in the Eastern Bering Sea (Ianelli, 2007), where it is key-stone species in the ecosystem 
(FishWatch, 2008). Pollock is an important prey for marine mammals, seabirds and fish 
(FishWatch, 2009). Central species are arrowtooth flounder, Pacific halibut (Hippoglossus 
stenolepis) Pacific cod (Gadus macrocephalus) and the previously endangered Steller sea lion 
(Eumetopias jubatus). Arrowtooth flounder is the largest single source of mortality for 
juvenile and adult pollock, but the flounder is not as dependent on Alaska pollock as is Steller 
sea lion (Ianelli, 2005).   
The trophic level6 occupied corresponds to the number 3.45, which explains that the species is 
a carnivore, but not the top-predator in the eco-system. Alaska pollock is a relatively fast-
growing species that reach maturity between three to four years of age, which contributes to 
high recovery capacity (FishWatch, 2008). However, according to the Swedish board of 
fisheries Alaska pollock does not have high recovery capacity since it has been observed that 
the species seem to respond slowly to changes in fishery management (Fiskeriverket, 2008).  
 
Fishery 
This widespread fish accounts for approximately 40% of the world’s production of whitefish 
today, (Ianelli et al., 2007) and is the world’s largest whitefish fishery (Kelleher, 2005) with 
global catches of 2,9 million tonnes (FAO, 2006). Alaska pollock is caught by pelagic trawls 
and sometimes they get hooked in longline gear as by-catch (Witherell, 2000). The total 
annual catch in the U.S. was 2006 approximately 1,5 million tonnes and Russia takes about 
                                                 
6 Definition of ‘trophic level’ and other fishery related terms are presented in Appendix A 
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1 million tonnes. Other important countries are Japan and Korea with catches of 207 000 
tonnes and 80 000 tonnes respectively. Canada has an insignificant fishery of 3 000 tonnes per 
year (FAO, 2008 (3)). For 2007 the total catch of pollock in the United States was 1.4 million 
tonnes (NOAA Fishery Service, 2008). The US Alaska pollock fishery is certified by the 
Marine Stewardship Council, MSC.  
 
The fish is not only caught for their flesh but also for the roe that is extracted from pre-
spawning females (Ianelli et al., 2007). The roe-season, with 4% of the weight of the total 
catch, is from January 20th through mid-April, and the regular fishing occurs in the second 
season from June 1st to late October (Ianelli et al., 2007). Alaska pollock is used in half the 
world production of surimi (fish paste) (Marsh, 2006). Surimi is used in for instance crab 
sticks (imitation of shellfish meat).  
 
By-catch 
By-catch in the pollock fishery is considered low, even minimal (FishWatch, 2009). 
According to the supplier of Alaska pollock the proportion of by-catch in the US fishery was 
estimated to be less than 2.1% in 2007, consisting of among others arrowtooth flounder, 
pacific cod, flatfish, jellyfish, smelt, skates and sharks; groups of species vulnerable even 
when caught in small numbers (WWF, 2009).  
 
Discard 
Discards in the Alaska pollock fishery have been reduced in recent years. This is due to 
effective by-catch management that for instance closes the fishery when the by-catch limit is 
reached. This creates a strong motivation to avoid by-catch. There are also observers on all 
fishing vessels who record all by-catch and discards. In addition there are cooperative 
initiatives such as The Pollock Conservation management and High Sea Catcher’s 
Cooperative that aim to minimize the by-catch, which is a benefit for the fishermen who can 
share information in near real time about by-catch “hot spots” and avoid these, and at the 
same time get more time to find larger fish. These voluntary Individual Transferable Quota 
(ITQ)-systems have members that cooperate and are penalized if they don’t obey the by-catch 
limit regulations, which the members have full compliance with (Kelleher, 2005).  
 
Discard of Alaska pollock and Pacific cod is banned to create an incentive to conduct fishing 
pointed to bigger fishes, but the conservation community claims that this does not help the 
smaller fish that instead are sold as fish meal or baitfish (Marsh, 2006).  
 
In the Bering Sea and Aleutian Islands fishery the discard reduction has been significant, in 
1997 the discard was 3.8% of the total catch and in 2000 the discard had been reduced by 
71%, to only 1.1% (Kelleher, 2005). The discard has been as high as 9.1% in 1992 (Ianelli et 
al., 2008), with elevated levels of too small or too big pollock. The ITQ-system previously 
mentioned was introduced in 1999, which has minimized this problem since there is no longer 
a race for the fish, so called Olympic fishery. The ITQ-system however, is sometimes 
questioned for causing high-grading (landing only the most valuable individuals of the catch, 
leaving smaller less valuable fish behind as discard, which increases the discard fraction and 
leads to higher fishery mortality of the species than what is intended in fishery management 
(Fiskeriverket, 2008 (2))). Use of gear that permits smaller fish to escape has increased, which 
also could have contributed to the discard reduction (Ianelli et al., 2007). It is hard to compare 
the discard in the Alaska pollock fishery with that for cod in Barents Sea since discarding fish 
is prohibited in Norway, the country responsible for half of the cod fishery in Barents Sea. 
The discard ban is not per se a warranty for zero discard, but makes discard hard to assess, 
since records on illegal activities are not commonly present.  
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Stock assessment 
In the U.S. the pollock fishery is managed by the North Pacific Fishery Management Council 
(NPFMC), by two plans, one for the stock in Gulf of Alaska, and one for the Eastern Bering 
Sea and the Aleutian Islands stocks (MSC, 2005).  
 
The NPFMC has systematically set the quotas at or below the levels that are recommended by 
scientists which has led to high stock levels. There is a rule that says that when the female 
spawning biomass falls below B20%

7
 the acceptable biological catch (ABC8) is set at zero. This 

is criticized by the conservation community that claims that even a target level of B40%
9

 is too 
low for Alaska pollock based on the species’ role in the ecosystem constituting the main feed 
for marine mammals in the area (Marsh, 2006).   
 
Data from the U.S. fisheries regarding 2004 show that pollock stocks in the Eastern Bering 
Sea and Gulf of Alaska were not overfished. The stock in Bering Sea had biomass exceeding 
the biomass needed to sustain maximum sustainable yield (BMSY) and the stock in Gulf of 
Alaska was at BMSY (Marsh, 2006). Given the biomass situation the stock in Bering Sea had a 
“Low conservation concern” whereas the stock in Gulf of Alaska had “Moderate conservation 
concern”. In the category “Habitat and ecosystem effect” both stocks were considered to have 
“Moderate conservation concern”, since the role of the fishery for pollock could not be 
excluded as reason for declines in the populations of the endangered mammals Stellar sea lion 
and northern fur seal. Despite the problematic situation with the marine mammals, seafood 
from this fishery was classified as “best choice” (Marsh, 2006). In the stock evaluation 2007, 
the Bering Sea stock was at 73% of the biomass needed to support maximum sustainable yield 
(BMSY) and the Gulf of Alaska was 75% of BMSY (FishWatch, 2008). For 2008 the figures are 
75% of BMSY for the Bering Sea stock whereas the Gulf of Alaska is at 64% of BMSY which 
suggests a decline that may be caused by the fishery. However, none of the stocks are 
considered being overfished today (FishWatch, 2009).  
 
The difference in the stock assessments shows that the stocks are declining. This could be due 
to absence of strong year classes, since they form the base of the Alaska pollock fishery. The 
year-class of 2000 is now aging which presumably has caused the decline in the fishery, since 
there are not other year classes as strong as this one. There are signs that the year-class of 
2006 will be a strong one, which gives hope to the fish industry (Ianelli et al., 2007). 
 
The American pollock fishery is certified by the Marine Stewardship Council, which ensures 
that the stock is sustainably managed and that the fishery does not contribute to environmental 
problems associated to over fishing (MSC, 2008).  Stock assessments are carried out each 
year where biomass is estimated and compared to the fishing mortality to evaluate if there is 
something that has to be changed in the TAC (total allowable catch) quota, or something else 
in the management (Marsh, 2006).  
 
Management for the Russian part of the Bering Sea is not as documented but rather uncertain 
due to lack of data. The stocks in the Russian zone are not subject to fishery for the Alaska 
pollock product that has been evaluated; hence the state of those are not taken into account in 
this study. 
 
                                                 
7 Definition of fishery related terms are presented in Appendix A 
8 Definition of fishery related terms are presented in Appendix A 
9 Definition of fishery related terms are presented in Appendix A 
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Summary Alaska pollock 
 
The majority of surveys that have been carried out for pollock recently suggest that the stocks 
fished by the United States are within a safe biological range. The biggest concern seems to 
be the importance of pollock as a prey for other marine species, which in turn might be 
affected by declining stocks. Since the discard and by-catch has gone down lately, the fishery 
management appears to be effective, although some vulnerable species of skates and sharks 
still figure as by-catch.  
 
However, the nature of the Alaska pollock as a species is debated, the species is “considered 
inherently resilient” having high recovery capacity according to Seafood Watch Seafood 
Report, while the Swedish board of Fisheries claims that surveys have found that the Alaska 
pollock seems to respond slowly to alterations in fishery management (Fiskeriverket, 2008). 
 
The fact that this fishery is certified by MSC though, could be viewed as an indication that 
this is a well-managed and sustainable fishery, although certain environmental organisations 
question this fishery for causing undesirable ecosystem effects. 

 

 

Fishery Stock situation Trophic level of 
target species By-catch Discard Data quality/ 

Uncertainty 

 
 
Pelagic trawling 
for Alaska 
pollock in  
Eastern Bering 
Sea and  
Gulf of Alaska 
 

+ 
 

The US stock 
seems to be 
within a safe 
biological range, 
although concern 
needs to be taken 
since the species 
is an important 
prey for other 
animals 

- 
 
Alaska pollock’s 
trophic level is 
3.45 (University 
of British 
Columbia), 
suggesting that 
this fish is 
relatively high in 
the food web 
(though lower 
than cod). 
Fishing for 
carnivorous fish 
requires high 
levels of primary 
production 
 

+ 
 
Low levels of by-
catch thanks to the 
pelagic fishing 
method, although 
some vulnerable 
species occur 

+ 
 
Minimized in 
recent years as a 
result of 
effective 
management 

  
 
Certification by 
the marine 
stewardship 
council is a very 
strong indication 
that the stock is 
well-managed. 
Potential 
uncertainty in 
stock situation 
analysis 
methodology 
claimed by 
certain 
organisations 
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4.1.2 Northeast Arctic cod  
 
 

 
Figure 10 FAO Species Catalogue 1990 
 

Biology 
Atlantic cod (Gadus morhua) is an epibenthic-pelagic fish that exists in the northwest to 
northeast Atlantic Ocean. The Northeast Arctic stock, as the large Barents Sea stock is called 
by ICES10 (WWF, 2004), along with the Icelandic one, are the two most important in the 
world. The species is widely distributed in different habitats from the shoreline to the depths 
of the continental shelf (Fishbase, 2008). Preferred depth ranges from 10 to 200 m (Codtrace, 
2002). As juveniles the cod feed on zooplankton, whereas adults forage on benthic organisms 
(KRAV, 2008). 
In terms of habitat and feed the cod is a generalist, inhabiting all from rocky bottoms to 
muddy substrates. It is an omnivorous carnivore, feeding on whatever animal is present and 
fits in its mouth (Codtrace, 2002). For the cod in Barents Sea capelin is the most important 
prey species (WWF, 2004). The age of maturity varies with the geographical area studied; cod 
in warmer water (Baltic Sea, North Sea and Irish Sea) reach maturity at the age of 3 years 
while cod in the northern seas (Norwegian and Icelandic waters) matures at the age of 6 
(Codtrace, 2002). Spawning for most cod in Barents Sea occurs between February and April, 
when the fish migrates to water no deeper than 180 meters (WWF, 2004).   
The cod is a very fecund species with capability of producing 2.5 million eggs at 5 kg weight 
while the record is 9 million eggs for a cod weighing 34 kg. The older the cod is, the more 
eggs may be produced per individual (WWF, 2004).  
 
Fishery 
Cod stocks have been declining as a result of fishery for over 50 years, and are still being 
heavily fished. During a period of 30 years global cod stocks were reduced by 70%, from 3.1 
million tonnes in 1970 to 890 000 tonnes in 2002 and the Barents Sea cod stock is now 
according to the world wildlife fund “the last of the large cod stocks in the world” (WWF, 
2004).  
 
The cod fishery in Barents Sea is conducted both with oceanic trawlers and by coastal and 
passive fishing methods such as gillnets, long-lines with herring as bait, handlines and Danish 
seine. The international trawling fleet fish offshore while the passive methods are used in 
coastal waters as well. In Norway, which along with Russia is the most important fishing 
nation in Barents Sea, the conventional fleet gets 70% of the cod quotas and the ocean 
trawlers get 30%. In Russia the main part of the quotas are assigned to the ocean trawlers 
(WWF, 2004). 
The cod fishery assessed in this study is conducted with long-lines which is a relatively gentle 
fishing method, since it is passive and by-catch level of marine organisms is low. Passive 
fishing methods have also been shown to consume less energy than do active gear (Schau et 
al, 2009). The cod fishery studied was at the time of inventory not certified by MSC, but is 
                                                 
10 The International Council for the Exploration of the Sea (ICES) is an organisation that promotes and 
coordinates marine research in the Northeast Atlantic sea region, including the Baltic Sea (ICES, 2009 (1)) 
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today certified by both MSC and KRAV (Personal communication Ulrica Wahlund, Domstein 
Sverige AB, 2009). 
 
For Northeast Arctic Cod the agreed TAC11 for 2008 was 430 000 tonnes, although ICES 
recommended 409 000 tonnes. Actual landings in 2008 have not been determined yet, but for 
2007 the agreed quota was ~424 000 tonnes, and landings were ~487 000 tonnes (ICES, 
2008). Preliminary surveys on landings in 2008 estimate the catch to be between 449 and 
464 000 tonnes, depending on which calculation method is used (ICES, 2009 (2)).  
 
Unreported catches have been a big problem but are now declining in the area, which has 
presumably contributed to the continuously rising levels of spawning stock biomass12 
(Personal comment Einar Ellingsen, Norwegian Directorate of Fisheries (Fiskeridirektoratet) 
2008). 
Recent figures from ICES also show that the estimated Illegal, Unreported and Unregulated 
fishing (IUU) 13  of cod in Barents Sea has decreased from 166 000 tonnes in 2005 to 40 000 
tonnes in 2007, which is a reduction by more than 75% (WWF, 2009).    
 
Discarding is illegal in both Norway and Russia, and data for actual discard is hard to obtain 
(ICES, 2009 (2)). According to a study previously performed on the same long-line fishery 
assessed in this study the discard rate is very low, commonly less than 0.5%, never exceeding 
3% of the total catch (Svanes, 2008). Another important issue for a sustainable cod fishery is 
to decrease the by-catch of coastal cod and Golden redfish (Sebastes norvegicus) as these 
stocks are in a poor condition (ICES, 2008).  
 
The total allowable catch recommended by ICES for 2009 is 473 000 tonnes, including all 
landings, even the IUU. The inclusion of IUU has to be taken into account when dispensing 
the quotas. 
 
Freons are currently being phased out in the Norwegian fisheries, import of R22 is prohibited 
since January 1 2009. Usage by recycling the remaining of the substance in the country is 
allowed in existing systems until year 2015. Then the refrigerant shall be replaced by for 
instance ammonia. This is currently under way for the fishery fleet assessed in this study, the 
first boat is being rebuilt this summer (Personal contact Ulrica Wahlund, Domstein Sverige 
AB). 
 
Stock assessment 
The fishery for cod is not only regulated by quotas but also by numbers of fishing vessels 
allowed. Further regulations includes limitations of mesh size, minimum landing size of cod, 
maximum allowable by-catch of undersized fish, maximum by-catch of non-target species, 
closure of areas with high densities of juveniles and seasonal and area restrictions (ICES, 
2009).  
 
There are two different types of cod in the Barents Sea; migrating Northeast Arctic cod, or 
“skrei” (Norwegian) that has Barents Sea as feeding ground but spawn mainly around 
Vesterålen and Lofoten islands, near the Norwegian coast and the more stationary coastal cod 
which consists of various stocks spread around the Norwegian coast (KRAV, 2008).  
                                                 
11 See appendix A for explanation 
12 See appendix A for explanation 
13 See appendix A for explanation 
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The Northeast Arctic stock stands for the main part of the biomass in Barents Sea (WWF, 
2004). Spawning for the two sometimes takes place at the same location and at the same time, 
and it seems as different buoyancy of the eggs keeps them separated; the Norwegian 
Northeast Arctic cod eggs are lighter and float in the upper layer of the water column, which 
enables them to be carried north of 72° N, while the heavier coastal cod eggs are brought 
south of 72° N (KRAV 2008). 
 
It has been shown in DNA-analysis that these two stocks are genetically different from each 
other (KRAV, 2008), which can also be revealed if you study the otholithes; calcium 
carbonate structure in the inner ear that aids the sense of balance in vertebrates, from which 
mineral composition can be determined in order to determine age or ancestry of bony fishes 
(CEFAS, 2008).  
 
The Northeast Arctic cod population is considered the only cod stock in the world that is 
fished sustainably (WWF, 2009), while the coastal cod is seriously depleted, which makes it 
important to separate the two from each other when fishing. ICES gives fishery quota advices 
each year and has given separate advices for Northeast Arctic and coastal cod since 1989, and 
Norway has recorded catches for two different populations ever since 1984 (WWF, 2004). To 
reduce the risk of over fishing the coastal cod there are different rules for the different cod 
populations. When fishing for cod within 12 nautical miles (22 km) from the base line (62° N) 
the risk of catching coastal cod is higher than outside this border. To reduce the risk of 
incidentally catching the coastal cod fishery inside this border is time limited (KRAV certified 
from January 1 to April 10, with certain areas excluded) and cod caught outside this border 
(mainly Northeast Arctic cod) is certified throughout the year (KRAV, 2008). MSC do not 
allow cod fishery inside the border at any time of the year (personal communication with 
Bengt Gunnarsson, Domstein Sverige AB, 2009)  
 
The Northeast Arctic cod stock in Barents Sea is managed by the Norwegian-Russian joint 
scientific advisory body that was formed from the joint fishery commission that started in 
1975. They follow ICES’ fishery mortality precautionary approach (Fpa), and their objective is 
to maintain catch stability and high economic yield within the boundaries of ICES’ 
regulations. 
 
ICES consider the Northeast Arctic stock of cod to have full reproductive capacity, and no 
longer at risk of being harvested unsustainably, as it was in 2007. They also claim that the 
stock is harvested in a sustainable way. The recruitment however, is expected to stay below 
the long-term mean in 2009, 2010 and 2011, as predicted in 2008 (ICES, 2009 (2)).   
 
In 2007 fishing mortality was estimated to be higher than the precautionary approach (Fpa), 
and higher than what is determined in the Norwegian- Russian administration plan (ICES 
2008). However, ICES considered the management plan to be in line with the precautionary 
approach since evaluations in 2007 showed that there is low risk for the SSB to go down if 
conditions formed by the management are implemented (ICES, 2008).  
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Summary Northeast Arctic Cod 
 
The Barents Sea cod stock is the only large cod stock left in the world and as a consequence it 
is of great importance to conduct a sustainable fishery. When fishing with long-lines the 
effects on the benthic community is low and the fishery is more selective than bottom 
trawling, resulting in a lower by-catch and discard. The Barents Sea stock is considered being 
within safe biological limits and the IUU fishing has as previously mentioned decreased 
significantly in recent years, suggesting that the management is successful. However, by-
catch of coastal cod is a problem that needs to be addressed, since the coastal stocks are in 
poor condition.  
 
Discarding is banned in Norway where the cod fishery studied is conducted, which is an 
indication that the discard is probably low. According to Østfold research (Svanes & Vold 
2008) discard is less than 3% for Norwegian line caught cod. 
 
Recruitment of new cod is expected to decrease in 2009 and 2010, which will presumably 
lead to recommendations to lower the quotas.  
 

Fishery Stock situation Trophic level of 
target species By-catch Discard Data quality/ 

Uncertainty 

 
 
Longlining for 
cod in  
Barents Sea 
 

+ 
 

The Barents Sea 
stock is the only 
large cod stock 
left in the world, 
and is fished 
mainly by 
Norway and 
Russia under 
strict regulations. 
The fish stock 
status is labelled 
green by WWF 
in May 2009, 
which suggest 
that the 
condition is OK 

- 
 

Cod’s trophic 
level is 4.01 
(University of 
British 
Columbia, 2006), 
which is higher 
than Alaska 
pollock, meaning 
that this fish 
requires high 
levels of primary 
production and is 
near the top of 
the food web  

+ 
 

Hard to separate the 
Barents Sea stock 
from the coastal cod 
during spawning, 
sometimes resulting 
in by-catch of coastal 
cod.  
Low by-catch is 
however guaranteed 
by eco- and 
sustainability 
certification. 

+ 
 

Banned in 
Norway 

 
 
Green light by 
WWF for long-
lined cod is a 
strong indication 
that the stock is 
sustainably 
managed  
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4.2 LCA results 

4.2.1 Global warming potential 
The potential climate impact expressed as Global Warming Potential (GWP) was 3.4 kg CO2 
equivalents per kg of product for the cod, whereas the GWP for the Alaska pollock product 
was 1.2 kg CO2 equivalents per kg of product, a little more than one third of the cod product’s 
contribution (figure 11).  
 
In figure 11 the GWP is compared between the two products, shown as kg CO2 equivalents 
per kg of product with the contribution of each step in the product’s life cycle given as 
different shades of blue in the bars. Farming represents the agricultural processes associated 
with production of the breading ingredients; i.e. palm oil, wheat flour, bread crumbs and salt.  
 
For the cod product the fishery stage has the biggest impact in the product’s life cycle: 
processing, farming and transport contribute less than 10% of the fishery burden each, 
whereas for the Alaska pollock the fishery is only twice the processing burden. Transports 
have a low global warming potential, but makes a bigger proportional contribution for the 
Alaska pollock due to the relatively low GWP caused by the fishery, while the transports of 
cod are completely overshadowed by the cod fishery activity. 
 
The farming stage (which represents production of the breading ingredients) contributes to 
about 21% of the Alaska pollock’s total GWP, while the breading ingredients conduce only 
7% of the cod’s GWP. The difference is predominantly assigned to the dissimilarity in fishery 
climate performance. 
 
A significant part of the processing (gutting, filleting and freezing) of the Alaska pollock is 
carried out on the vessels, that is, the fishery phase. Data for this onboard processing is 
extracted from the Alaska pollock fishery burden, and added to the processing phase. This is 
done by extracting 6% of the fuel consumption of the fishing vessel from the fishery stage and 
adding the same amount to the processing phase, following Schau et al, 2009, as previously 
mentioned (Figure 11).  
 
Looking only at the frozen fish fillet blocks delivered to the processing factory cod fillets 
contribute to around 5.2 kg CO2e per kg fillet and Alaska pollock 1.1 kg CO2e per kg fillet. 
Since the breading constitute about half of the product and has lower GWP than the cod fillet, 
the GWP per kg product is lower than the climate burden per kg fillet for the cod. The Alaska 
pollock product’s GWP is however higher per kg than the fillet’s GWP per kg, due to the high 
efficiency in the Alaska pollock fishery.  
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Figure 11 Global warming potential of the Cod and Alaska pollock products with lifecycle 
phase contributions 
 
 

4.2.2 Energy demand 
In figure 12 the energy demand of the two fish products is compared, measured in Mega 
Joule-equivalents consumed per kg of product.  
 
The cod product’s energy consumption is distributed quite equal between the processing 
(including farming), and fishing. This is not self-evident if you look at the prior charts where 
GWP is assigned mainly to the fishery stage. This is due to the energy sources used for 
processing in Norway/Sweden, which are primarily hydro power and nuclear power, which 
both are low in CO2 emissions, therefore the low results with regard to climate gas emissions. 
When measuring the total energy use however, the figures for fishery and processing turn out 
to be more similar than when measuring the climate gas emissions associated to these 
activities.  
 
For Alaska pollock processing contributes more than does the fishery. The cod fishery is 
lower in energy consumption than in climate gas emissions, due to the fact that the 
refrigerants used onboard are only high in GWP. This makes the difference in energy 
consumption smaller than the difference in GWP when comparing these two seafood 
products. 
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Figure 12 Energy consumption of the two fishery products with lifecycle phase contributions 
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Sensitivity analysis 
4.2.3 Importance of refrigerants 
Since there was no refrigerant leakage in the Alaska pollock fishery but in the cod fishery it is 
interesting to see the impact of the cooling agents on the total global warming potential of the 
cod product. There was a significant difference in the fishery’s global warming potential 
when the refrigerants were excluded; GWP decreased by more than 30% for the total product 
chain (Figure 13).  
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  Figure 13 GWP of the fish products with and without refrigerant use on the vessels with 
lifecycle phase contributions 
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4.2.4 Cod fishery with and without herring bait 
As shown in Figure 14 the herring used as bait (0.1 kg/kg landed cod) in the cod long-lining is 
of minor importance for the global warming potential of the fishery, indicating both that the 
bait fishery is energy efficient and that the cod fishery activity has big impact in relation to the 
bait fishery. 
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Figure 14 GWP of the cod product with and without purse seined herring as bait 
 

4.2.5 Mass allocation 
Using mass allocation leads to a slight increase in GWP for the Alaska pollock (1.25 kg CO2-
equivalents/kg product as contrasted to the economic allocation value of 1.2 kg CO2-
equivalents/kg product) but lower GWP for the cod (2.0 kg CO2-equivalents/kg product 
compared to the previous value of 3.4 kg CO2-equivalents/kg product), i.e. the climate burden 
decreases by 1.5 kg CO2-equivalents per kg cod-product. Mass allocation in the filleting phase 
causes lower burden for the fillets as the environmental burden is shared equal between the 
products and by-products (according to their respective weight), as contrasted to economic 
allocation where the fillets carry the main part of the climate burden due to their high 
economic value. As previously mentioned, mass allocation is only attributed to the fish, the 
breading ingredients are still evaluated using economic allocation. 
 
The Alaska pollock fishery data supplier delivered data, but not in very high resolution.  Only 
the yield of the main product and the division of the economic value between main and by-
products was given. By-product yield from the fish was not stated, and how the by-products 
were utilised was left out, although it is probable that the non-edible by-products are 
discarded at sea. For economic allocation between main and by-products, the base case in this 
study, the data was fine, although we found the proportion of the economic value represented 
by by-products to be high (35%). For mass allocation, however, which is presented here in the 
sensitivity analysis, the yield and use of by-products makes a big difference. A global average 



 36 (45)

edible yield for Alaska pollock was used which said that the fillet yield was 36% and the total 
edible yield was 41% (FAO 1989), hence the non-edible by-products constitute 59% of 
the live-weight on average. The utilised by-product fraction was set to zero and the 
total edible yield constituted 41% as in the reference. The global warming potential was hence 
allocated only to the fillet, resulting in 0.47 kg CO2e for the fillet (as seen in the graph 
below). If the climate burden was shared equal among the fillet and the utilised by-products 
(59% allocated to by-products) the outcome would be 0.19 kg CO2e for the fillet. 
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Figure 15 GWP of the cod and Alaska pollock products with mass allocation compared to 
economic allocation 
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5. Discussion 
 
Stock situation 
The energy consumption in a fishery reflects the stock situation, when there are low numbers 
of individuals in a population it takes more fuel to catch these with the same gear, since the 
density of fish is low. Hence, it is crucial with high population levels to maintain a sustainable 
fishery both from a biological and an environmental perspective. 
 
Even though both the Alaska pollock and the cod stock seem to be in quite good condition it 
is crucial to follow the scientists’ advices and applying the precautionary approach when 
setting fishery quotas, since the stock evaluations are surrounded by uncertainty. It has been 
established that many fish stocks in the world are declining. Knowing this, there may be 
different ways of achieving biological sustainable fisheries throughout the world. Decreasing 
the fishing effort combined with choosing non-destructive fishing methods that have minimal 
disturbance on the marine communities and are low in by-catch of non-target species and 
undersized specimens is a good start when trying to achieve this goal. Both long-lines and 
pelagic trawls are fishing gears more gentle than other fishing methods such as bottom 
trawling, and thereby seem to fulfil these requirements. 
 
Since this report compares two seafood products produced in different oceans and caught with 
different fishing gear it is not a fishing method comparison, but a comparison where the 
variables fishing gear and fish stock are integrated in the fillet result, which is the base of the 
product. 
For evaluation of fishing methods and fish stocks separately higher resolution of in-data is 
required, i.e. data on fisheries with different fishing gear used to catch the two species. Cod is 
not caught in large scale with pelagic trawls, which makes such a comparison even more 
difficult to perform. 
 
LCA results 
When it comes to the life cycle assessment result it is obvious that the fishery efficiency plays 
a big role. In the Alaska pollock fishery the environmental performance of the fish processing 
in combination with production of breading ingredients are on the same level as the fishery 
though, which was not expected. This could only be explained by the extremely energy 
efficient fishery conducted in the Bering sea, thanks to the fishing method combined with a 
relatively good stock situation of the target species. The fishery efficiency would not be as 
high if the stock was overexploited, but this fact does not guarantee that the fish stock will 
stay within biologically safe limits in the future. Hence it is critical to perform stock 
evaluations on a regular basis and most important; that the advices given in these assessments 
are followed by the decision makers.  
 
One thing that is important to note is that the filleting yield and use of by-products affects the 
results significantly for each product, but that changing the yield in the sensitivity analysis did 
not alter the ranking of the two products compared, only the absolute values for each product.  
 
Transports 
Transports are shown to have low impact when looking generally at fish products in a life 
cycle perspective. In fact one would expect the Alaska pollock product to have a much larger 
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portion assigned to the transportation performance, compared to the cod product, but this is 
not true when looking at the impact categories global warming potential and energy demand. 
The Alaska pollock product transports represent approximately 22% of the product’s total 
climate load (all transports for the Alaska pollock product) a relatively large proportion, 
which is higher than similar studies previously have shown (Ziegler, 2008). But the absolute 
numbers in CO2-equivalents are rather low. The reason for this transport being visible in the 
results is because of the combination of a long distance transport with the low impact of the 
efficient Alaska pollock fishery. This is why the transports here get as much as almost a 
quarter of the total climate gas emissions. In a study performed on hoki from New Zealand 
consumed in Sweden, the fishing method assessed was mid-water trawling. This fishery was 
shown to cause a bigger contribution to global warming potential than does the Alaska 
pollock fishery assessed in this study. Since the fishery exerted a climate change potential of 
more than 3 kg CO2-equivalents/kg fish, the long distance transport to Sweden contributed to 
only 12% of the total climate change potential. The transports of a Norwegian cod fishery 
assessed in the same study, where the filleting of the cod took place in China, was shown to 
contribute to 15% of total climate change emissions (Ziegler, 2008). This shows that the 
transports’ partial contribution to total climate load of a fish product is dependent on the 
efficiency of the fishery activity. It is also dependent on the efficiency of the transport, sea 
transports are generally more energy efficient than both truck and airplane transports. 
 
Processing 
The processing stage makes a bigger contribution to the Alaska pollock product life cycle 
than does the cod product’s processing. This is mainly because of the diesel driven on-board 
processing of the Alaska pollock while the cod is processed with Norwegian hydro power 
electricity only. The difference can also be assigned to the low burden coupled to the pelagic 
trawling for Alaska pollock as contrasted to the high energy consumption in the cod fishery, 
which makes processing more visible for the Alaska pollock. Breading ingredients are similar 
to processing in climate burden. This relatively high proportion of the total environmental 
load can not be ascribed to breading and processing of seafood products in general, for the 
same reason as the processing, i.e. the high proportional burden is due to the remarkably high 
efficiency of the Alaska pollock fishery.  
 
Fishing methods 
Even though the climate burden of Alaska pollock fishery is low it does not mean that the 
long-lining for cod is unsuitable. On the contrary the long-lining fishery studied is very low in 
by-catch and has low bottom effects. The results however show that passive fishing gear such 
as long-lines do not generally have lower climate performance than active fishing gear, such 
as pelagic trawling, which has been concluded in previous publications (Thrane, 2004 & 
Ziegler, 2006).  
 
Cod is not caught by pelagic trawls in any large scale, which makes it important to emphasize 
that the results for Alaska pollock caught by pelagic trawls can not be assigned to bottom 
trawled cod. Possible improvements for the Alaska pollock fishery could be to further 
rationalize the trawling gear used, to minimize drag, and hence energy consumption. It could 
be possible to propel the ships and haul the long-lines partly by wind, by using sails on the 
boats in combination with the present engines. This would also lower the fuel consumption 
(Personal communication with Bengt Gunnarsson, Domstein Sverige AB in 2009).  
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Refrigerants 
When measuring climate burden refrigerant use on the fishing vessels is of great importance. 
By replacing the potent synthetic refrigerants with natural substances such as ammonia (NH3) 
or carbon dioxide (CO2) this problem can be eliminated. For this to happen legislation against 
both the old HCFCs and the newer, and even more climate affecting HFCs is needed.  
As can be seen in the graphs for cod with and without onboard refrigerant leakage included, 
lowering the leakage (or replacing the refrigerants with ammonia or carbon dioxide) is crucial 
when trying to minimize the climate burden of the fishery. Refrigerants (R22) are used in the 
Alaska pollock fishery as well, but the replacement stated in 2007 was zero for their vessels. 
This could be due to refilling in 2006 or 2008 instead, or they do not need to refill the closed 
systems. Refrigerant systems on fishing vessels are commonly known to have a certain 
leakage, which makes the first alternative most probable.  
 
Other studies 
The LCA study conducted on seafood previously mentioned compares cod fished by bottom 
trawls and coastal fishing methods with hoki fished by pelagic trawling (Ziegler, 2008). The 
results showed that the pelagic fishery was more efficient, consuming less energy than did the 
trawl fishery. This is similar to the results of the present study, where the pelagic fishery for 
Alaska pollock has lower fuel consumption per kg fish than that of the long line fishery for 
cod, resulting in both lower GWP emissions and lower energy consumption for the Alaska 
pollock fishery.  
A study on fish finger production systems revealed that the fish in the fish finger (in one case 
cod caught by bottom trawls in Barents Sea) was the major source of climate impact, which 
led the author to the conclusion that the fish use should be decreased to improve the climate 
performance of the product. This could be done both by increasing the breading content, and 
preferably, by increasing the fish to fillet yield (Fikseaunet, 2007). The studied fish products’ 
environmental performances showed that transports are of minor importance compared to 
catching the fish. Low fuel intensity in fisheries was concluded to be most important for the 
results, recommending fishing methods such as pelagic trawling, which was shown efficient. 
 
Cod caught by KRAV and MSC certified long-liners in Barents Sea have been assessed in a 
study performed by Østfoldforskning where the total green house gas emissions from 1 kg 
fish fillet were around 4.4 kg CO2e. This is the same fishery that is assessed in the present 
study, although the same results were not acquired here (the reason for this is hard to assess 
since the data documentation in the fact sheet was not presented in high resolution).  
The cod fillet in this study contributed with ~5.2 kg CO2e per kg fillet, and the Alaska pollock 
~1.1 kg CO2e per kg fillet, making the Alaska pollock fishery best performing when it comes 
to climate impact.  
 
Comparing results from different fishery studies with each other is complicated due to 
difference in system boundary definitions, methods for data collection and interpretation, 
allocation method and more. Hence more comparing studies are needed within the fishing 
method field. 
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Gained experiences 
When performing life cycle assessment the most time consuming step is the data inventory. 
Studies performed in cooperation with companies, research institutes and authorities 
commonly flows smoother, but if there is only one data point lacking this could jeopardise the 
whole survey. Gaining data on the Alaska pollock fishery was not easy. After many e-mails to 
the concerned fishery organisation I finally received some figures, but not in the resolution I 
wished for. It is good to bear in mind how dependent the study is on communication with 
different instances and try to minimize the risk of getting no data by making back-up plans in 
an early stage. The study is apparently very dependant on the figures used, and data could be 
biased, which makes it very important to check numbers against previously conducted studies, 
authority statistics and more, to make sure the data used is as accurate as possible.   
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6. Conclusions 
 
Fishing for schooling fish species in the water column is theoretically less energy consuming 
than fishing for bottom dwelling species. This is supported by the shown energy efficiency of 
the Alaska pollock fishery; even though the fishing method for cod was passive and the 
Alaska pollock fishing method active the cod’s total climate gas emissions were three times as 
high as the Alaska pollock’s. Both fisheries are relatively sustainable and make 
environmentally friendly fish products on a Swedish plate. 
For both the biological and environmental aspects the fishery is the most important phase for 
seafood products. The bait used in the long-lining for cod was proven to be unimportant for 
the climate change emissions of the product. Synthetic refrigerant leakage on the other hand, 
has major contribution to potential climate change and should be eliminated to enhance the 
climate performance of fisheries.  
 
The major conclusion from the study is that it is not always best to choose near-fished species, 
as the fishing method and stock situation is of greater importance when it comes to climate 
burden of seafood production. It is more important how than where the fish has been caught. 
 
There are however other environmental impact categories that have to be taken into account 
when measuring the environmental burden of fisheries; local effects such as toxicity from hull 
paints and acidification caused by the combustion of fossil fuel. These impact categories may 
be further evaluated in following studies to make a more comprehensive picture of these 
fisheries’ total environmental performance.  
 
One must not forget that biological effects of fisheries are fundamental since the fishery is 
dependent upon the survival and thriving of the target species and the surrounding ecosystem, 
and are important to take into account when deciding fishing quotas and choosing fishing 
methods.   
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Appendix A: Fishery terms definitions  
 
A fish stock is a population of a fish species that is separated from other populations so that 
breeding between them does not often occur. This division can be made from geographical or 
genetic properties and is a term often used in fishery management. 
 
By-catch is often unwanted non-target marine organisms, as well as immature specimens of 
the targeted fish accidentally caught in a fishery. By-catch has low economic value and is 
often discarded (thrown back into the ocean with low survival rates). By-catch can also 
constitute an important source of profit for a fishery, when the target species is not enough for 
the fishery to be profitable.  
 
Spawning stock biomass (SSB) is the estimated weight of all the individuals of a stock that 
participate in spawning, that is, the sexually mature fish (see figure 16).  
 
FPA (Fishing Mortality Precautionary Approach) has the same function as the Flim but is set 
with a precautionary approach, in the same way as described for the Bpa.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16 Schematic picture of the relation between spawning biomass (SSB) and fishing 
mortality (F) of commercially fished stocks. FPA and SSBPA represent thresholds beyond 
which action needs to be taken (according to the precautionary approach) and FLIM and 
SSBLIM the limit beyond which drastic measures are necessary to ensure the recovery of the 
stock (illustration and text by Ziegler, 2001) 



 

Maximum Sustainable Yield (MSY) is the largest amount of fish that can be extracted from 
a stock. Further increased effort will lead to lower catches.   
 

 
 
Acceptable biological catch (ABC) is the biological tolerable catch for a certain fish stock or 
species computed by scientists for fishery management. 
 
Total Allowable Catch (TAC) and Illegal, Unreported and Unregulated fishing (IUU) 
From the ABC fishery management councils decide the Total Allowable Catch, which is the 
amount of fish that may be extracted from a stock a certain year. The TAC includes all 
extracted fish, even the Illegal, Unreported and Unregulated fishing (IUU) (FAO, 2002), 
which has to be taken into account when the fishing quotas are distributed between countries 
or fishing vessels. 
 
Individual transferable quota (ITQ) is a tradable or transferable fishing quota assigned to 
an individual fishing vessel or licence holder. 
 
Trophic level is the position occupied by a species in the hierarchical ranking among 
organisms in the food chain; corresponding to the function of the organism; producer, 
consumer or predator etc. The trophic level can be described as a number, the higher the 
number the higher the organism is in the food web. The trophic level is often coupled to the 
importance of the species in the ecosystem; the top-predators have a controlling function in 
the ecosystem and are often more vulnerable than the primary producers (since the primary 
producers are more frequent than are the organisms at the top of the food chain). Hence this 
number might sometimes be used as an indication on species vulnerability to fishery.  
 
Net primary production (NPP) is the amount of carbon appropriated by an autotrophic (self-
supporting) organism; that is the production of new biomass exercised by a plant. 
 
 
 
If you have any comments or questions about this study, please send an e-mail to 
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Appendix B: Inventory form for the fisheries 
 
Inventory data for LCA of Alaska pollock  
 
Please fill out the questionnaire to represent average Alaska pollock fishery in 2007.  
 
Data survey for the Alaska pollock fishery 
 
1. How many tonnes of Alaska pollock did your boats land and how much fuel did they use in 

2007? 
 

Catcher Boat Fleet (avg)          m ____ m3 of diesel fuel 
 
2. Which are the landed by-catch species and how many tonnes did you land of each species in 

2007? 
 
Total By-catch from US Pollock Fishery: __________            
 
Species: _____________ 
 
Species: _____________ 
 
Species: _____________ 
 
Species: _____________ 
 
Species: _____________ 

 
3. How much of the capture is discarded? 
 

Total: ______ 
 
4. What type of refrigerant (e.g. R22, NH3, R507) is used onboard and how much was replaced in 

2007? 
 
Boat 1: Type:                    and amount:                        kg 
 
Boat 2: Type:                    and amount:                        kg 
 
Boat 3: Type: _________  and amount:                        kg 
 
Boat 4: Type: _________ and amount:                        kg 
 
Boat 5: Type: _________ and amount:                        kg 

 
 
5. What type of anti-foulant is used on the hull and how much was applied in 2007? 
 

Boat 1: Type:                    and amount:                        kg 
 
Boat 2: Type:                    and amount:                        kg 
 
Boat 3: Type: _________  and amount:                        kg 



 

 
Boat 4: Type: _________ and amount:                        kg 
 
Boat 5: Type: _________ and amount:                        kg 

 
6. Please describe the fishing gear used: 
 

_____________________________________________________________________ 
 
7. Where is the fish landed? Name of port: __________________________________ 
 
8. How long is it stored before it is exported? ________________________________ 
 
9. How is it transported to Europe/Sweden? 
 

a) Mode (ship, truck, air?): _______________ 
 
b) Route (ports used): ____________________________ 

 
10. What is the whole fish to fillet yield in on-board processing? ___________ 
 
11. What are the products produced in mass (e.g. fillets, wetpack, mince) ? 
 

a)  
 
b)  
 
c)  
 
d)  

 
12. Describe the distribution of economic value between the products mentioned above: 
 

a)  
 
b)  
 
c)  
 
d)  

 
 
 
 



 

Appendix C: Inventory form for the processing plant 
 
Processing industry 
 

1. Total water usage in 2007 
 
______________________________(l/m3) 
 

2. Waste water 
 
amount_____________________( l/m3) 
 
sewage treatment mode(s)________________________ 

 
3. Electric energy consumption:____________(kWh) 

 
4. Products produced (per year) 

 
a) Breaded and pre-fried cod_________________________________(tonnes) 
 
b) Breaded and pre-fried Alaska pollock_________________________(tonnes) 
 
Economic value for the products (share of total production) 
 
a) ______________% 
 
b) ______________% 
 
Mass weight (share of total production) 
  
a)______________% 
 
b)______________% 

 
5. Spoilage (waste from sawing of FAS-blocks) 

 
amount: _______________(kg or %) 
 
portion used in production (in gratin sauce etc.):_________(%) 
 
Treatment of spoilage that is not used in products (sewage treatment, incineration, 
biogas production etc.) 
 
_____________________________________________ 

 
6. Refrigerant usage per year 

 
type (for instance R22, R404a, NH3):______________ 
 
amount:________(l)  or _______(kg) 



 

 
7. Transports 

 
a) Where are the buyers of breaded and pre-fried cod resp. Alaska pollock located? 
 
_______________________________________________________________ 
 
________________________________________________________________ 
 
b) By what mode are the products transported to the buyers? 
 
__________________________________________________________  
 
c) What is the freight load:_______________% 
 
d) Is the return transport empty?______________________ 
 
e) Refrigerant used during transport:_____________________ 


