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This study focuses on counting the greenhouse gas emissions of the most common Finnish fish
products. The selected fish species were rainbow trout (Oncorhynchus mykiss), Baltic herring (Clupea
harengus membras), pikeperch (Sander lucioperca), perch (Perca fluviatilis) and vendace (Coregonus
albula). Rainbow trout was farmed, and all the other fish species were captured wild fish. At the
product level, this study was limited to cover fresh fillets and gutted fish (vendace). The data were
collected by surveys from typical enterprises from fisheries sector, like fishermen, aquaculture and

fish processing companies. The LCA methodology was used to assess the greenhouse gas emissions.
Farmed rainbow trout had the highest greenhouse gas emissions with 3.7 kg CO2 eq/kg/functional unit
and Baltic herring caught with fish trap had the lowest emissions with 0.7 kg CO2 eq/kg/functional unit.
In average, the farmed product (rainbow trout) had higher greenhouse gas emissions than the captured
species. Gillnet fishing had higher greenhouse gas emissions than the action of trawling, seine and fish
traps. The main reason for the higher impact for farmed fish was feed consumption. The differences
between captured fish species were caused by different distance to fishing areas and volumes of the
catch. According to the results, the carbon footprint of the consumption of Finnish citizens can be
lowered by using domestic captured fish.
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Human population is growing rapidly and there is an urgent need to change food production to more sustainable

direction. This transition would affect a variety of aspects including the greenhouse gas emissions and other
impacts to our environment. It has been shown there should be a shift from animal-based products to plant-
based ones in the diet'. However, fish products and aquaculture could have potential to be part of the sustainable
and healthy diet if the production is directed to products with lower impact to environment and climate?. All
actions for changing diet and production will need reliable data for verifying the direction and the target to be
achieved. In this article, we calculate the greenhouse gas emissions of Finnish fish products and assess how the
resulted impacts are distributed in the product chain and what the difference between farmed and captured fish
products is. The data based on the calculations were collected from fish farming statistics and interviews with
fishermen and fish processing and feed processing companies.

Globally the amount of aquaculture products has grown from 20 million tonnes in 1990 to 120 million tonnes
in 2022° Fish farming is dominated by Asia, which has produced 89% of the global total amount in the last 20
year?. Total global fish production including farmed and captured products is estimated to have reached about
200 million tons in 20203. Of the overall total, 156 million tons were used for human consumption, equivalent
to an estimated annual supply of 20.5 kg per capita. The remaining 22 million tons were destined for non-food
uses, mainly to produce fishmeal and fish oil. Aquaculture accounted for 46% of the total production volume of
fish products and 52% of fish for human consumption®.

In Finland, in the year 2021, the consumption of fish products was about 62 000 t, and about 80% of this was
imported. The consumption of Finnish farmed rainbow trout was about 6 700 t and captured wild fish about 5
000 t°. The highest catch is Baltic herring (Table 1), but only 5% of the catch goes for the human consumption
in Finland, while the remaining part goes to fish meal production, fur animal feed and export. Altogether, fish
was consumed 14.5 kg/cap annually and about 4 kg of that is domestic. Further, over about 50% of the domestic
consumption is from small-scaled fisheries. The human consumptions of the studied fish species are shown in
Table 1. For comparison, the consumption of meat products was 77.4 kg/cap’.
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Million kg | kg/ca.

Rainbow trout, farmed 153 (2022) | 1.5
Baltic herring, brackish water | 68.2 (2022) | 0.2
Perch, brackish water 1.0 (2022) | 0.6
Pikeperch, freshwater 0.9 (2021) | 0.4
Vendace, freshwater 2.0(2021) | 0.2

Table 1. Production volumes of professional fisheries and fish farms and domestic consumption amounts per
capita of the most important Finnish fish species. (Luke 2023b, Luke 2024).

Product Fillet yield % | Functional unit
Rainbow trout, farmed 60 Fillet with skin
Baltic herring, brackish water | 37 Fillet with skin
Perch, brackish water 30 Fillet without skin
Pikeperch, freshwater 42 Fillet without skin
Vendace, freshwater 70* Gutted fish with skin

17%

Table 2. Fillet yield and functional units of the studied products'’* gutting yield.

For information on Atlantic herring fishing, there are recent publications, including®-1°. The greenhouse gas
emissions of farmed Atlantic salmon and rainbow trout have been published recently e.g. in Norway®!":!2, and
there are also other recent studies on different kinds of captured fish!>18.

In an earlier fish production study, the average greenhouse gas emissions of freshwater and brackish water
scaled fish, pike (Esox lucius), pikeperch, perch and whitefish (Coregonus lavaretus), captured in Finland, were
investigated'’. That study was based on quite narrow data sources and was based on generalized estimates e.g.
about fuel consumption, so more comprehensive data were needed. Earlier, a Finnish LCA investigation on
Baltic Herring fillet was published with the same system boundaries and functional units as in the current
study'®. In that study, the data source was the fuel consumption statistics and the amounts of catch by trawling.
In a previous Finnish study, where the greenhouse gas emissions of the Finnish rainbow trout were evaluated,
feed production chain was found to be the most contributing component of the life cycle!. In the current study,
all relevant life cycle parts were included in the calculation.

The aim of this study was to calculate greenhouse gas emissions for the main domestic fish products used
in Finland and find out, which are the most sustainable domestic fish products in Finnish market. The novelty
value of this study is high, because there was lack of greenhouse gas emissions studies for small-scale fishing.
Especially for freshwater fishing, there was not any kind of data on greenhouse gas emissions. The study was
carried out because the expected results could be utilized in multiple ways by different actors, for instance by
decision makers concerning blue economy, consumers in their plans for climate-friendly diets as well as actors
of fish industry in their marketing.

Materials and methods

Goal and scope

In this study, the climate change impact of the most important Finnish fish products was calculated. The

background data were based on surveys made for the most relevant catching, processing and farming methods.
The analysed fish species were rainbow trout, Baltic herring, pikeperch, perch and vendace. Rainbow trout

was farmed, and all the other fish species were caught wild fish. Functional unit for the different fish species

was chosen based on how the fresh fish products are mainly sold in the Finnish fish market (Table 2). The study

covered gutted vendace and fresh fillets of other fish species. The fillet yield (the amount of fillet in relation to the

amount of whole fish) was lowest for perch and highest for rainbow trout (Table 2).

1.1 methodological aspects
The methodology used in study was Life Cycle Assessment (LCA), which is a comprehensive tool used to evaluate
the environmental impacts of a product, service, or process throughout its entire life cycle, from raw material
extraction to end-of-life disposal?!. LCA can be used in decision-making, marketing and product development?!,
All methods were carried out in accordance with relevant guidelines and regulations, in accordance with ISO
14,067 and PAS 2050 for land use change?*?. The SimaPro 9.6 software was used for the calculations. The LCA
methodology was used because it provides tools to marketing and decision making and contains all parts of
the life-cycle of the product system. Amongst the environmental impacts, only greenhouse gas emissions were
assessed. although it should be noted that there are also other important sustainability aspects in fisheries and
aquaculture.

The most significant greenhouse gas emissions, CO,, CH, and N,O were converted to CO,- equivalents by
multiplying the emissions by gas-specific characterization factors. For characterization, the EF 3.1 factors were
used and the most important of them are shown in Table 3.
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Factor kg CO, eq/kg
CO,, fossil 1
Co,, fossil 1
Co,, biogenic | 0
CH,, fossil 29.8
CH,, biogenic | 27

N,0 273

Table 3. Characterization factors in this study.

“Feed ingredient % | Product Data source

Animal based ingredients | 19 | By-products of slaughtering (beef, chicken, pork) | Ecoinvent 3.8

Fish-based ingredients 23 | Fish meal and fish oil Ecoinvent 3.8, primary data
Plant-based ingredients | 54 | e.g. Soya, wheat and corn products Ecoinvent 3.8, Proagria database
Other ingredients 4 | Vitamines, minerals Ecoinvent 3.8

Table 4. Finnish fish feed ingredients.

In this study, economic allocation (based on monetary value) was used for feed raw materials, except for fish
meal and oil, where the emissions were allocated using mass allocation (based on quantity). Allocation between
the main product and the by-products of the fish was done by economic allocation. For target species and by-
catches, economic allocation was also used. Economic allocation was used because the use and prices are highly
different between the main product and the by-products of fish processing and slaughtering. This was not the
case for fish meal and fish oil, where the prices vary, and it is not always clear, which one is the main product.

Data collection

The data were collected from the feed raw material production, feed processing, fish farming and fisheries,
hatchery, transports and packaging. The system boundaries were the same as in many previous studies, e.g'>%.,
where the trade, consumer and food waste after processing were excluded from the system boundaries. The
data were collected from fishermen by surveys and interviews, concerning fuel consumption of the fisheries,
logistics and the package use. The collected data were yearly averages and for the inland fisheries, part of the
data concerns winter fishing under the ice cover. Especially for vendace caught by seine, the part of the winter
catch under ice was remarkable. The fish farming data were mainly based on national statistics and previous
studies. The fish processing data were collected from leading processing companies by surveys and interviews.
Processing data of fish-based raw materials of feed were based on surveys with one Finnish processing plant and
ecoinvent 3.10%%, which is a global comprehensive databank of life-cycle assessment processes. The inventory
data are presented in the Results Chap. 3.1.

The data on contents of feed, the inputs and outputs of feed production and the transport of feed and its
ingredients were collected from two leading fish feed producing companies, which deliver almost all fish feed
used by Finnish fish farmers. The feed composition and the data sources are presented in Table 4. More detailed
information was not allowed to be published because of confidentiality reasons. Economic allocation was used
for all feed raw materials except fish meal and oil products For Finnish rainbow trout, the feed conversion ratio
was 1.15 according to the statistics of the Centre for Economic Development, Transport and the Environment
in South-West Finland?® The origin and transport equipment of the feed raw materials was obtained from the
feed processing companies.

The data of production volumes and nitrogen excretion were taken from statistics of Local Employment and
Economic Development Office of SW-Finland®® The materials of the fish farming equipment were based on'.
The N,O-emissions from the N-excretion of the of rainbow trout were assumed to be 0.005 kgN,O-N/kg N
excreted based on IPCC (2006) estimate of the emission of treated wastewater?. N-excretion has been calculated
by following equation®’:

Nsurplus=10 x fcr x Ndiet - Nfish, where.

fcr Feed conversion ratio.

Ndiet N content of feed, whole diet (%).

Nfish N content of fish (kg N/tonne of produced fish). Default value: 27.5 kg N/tonne of produced fish?.

CH,-emissions of fish farming were not considered, because there are no methodologies to calculate them,
but CH,-emissions of the crop production and animal production phases were included. Fish farming inputs and
outputs like electricity and diesel consumption originated from the analysis of unpublished financial statements
of farming companies. The data of hatcheries were based on interview of a major Finnish producer.

The data of fuel consumption of Baltic herring trawling were based on interviews of the two biggest
trawling companies (Table 5). The data included both the actual fishing and transports to the landing place.
The calculation of perch fishing fuel consumption was based on the interviews of fishermen and the analysis of
nine perch fishers’ fishing and fish landings areas and the interviews concerning the fish collection routes of fish
processing companies. The data of material quantities concerning boats and fishing traps were obtained from
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Fish species, fishing equip t | Number of fishermen groups (staff of the boats) interviewed | Area

Baltic herring, trawl 2 SW-Finland

Baltic herring, fish-trap 8 SW-Finland

Perch, net 9 SW-W-Finland
Vendace, trawl 5 Central Finland
Vendace, seine 10 North Savo, Lapland
Pikeperch, net 5 Central Finland

Table 5. Number of fishermen groups in investigations.

Product L/kg fish, fisheries | L/kg, transports to processing
Farmed rainbow trout 0.008
Baltic herring, brackish water, trawl 0.11 0.003
Baltic herring, brackish water, fish-trap | 0.01 0.003
Perch, brackish water, gillnet 0.15 0.016
Pikeperch, freshwater, gillnet 0.13 0.073
Vendace, freshwater, trawl 0.32 0.034
Vendace, freshwater, seine 0.08 0.034

Table 6. Fuel consumption of the main products in Finnish fisheries and transports to the processing. Around
Finland Baltic sea was considered as brackish water because of low salt content.

the fish equipment producers. The data on fishing of vendace were based on interview of five trawlers and seven
seine fishers and the fishing of pikeperch interview of four fishers. The interviews were made during 2018-2019
and the participated groups of fishermen were selected so that they represent as typical fishermen in Finland as
possible.

The data concerning logistics of fish raw materials from fish farms and harbors to processing and transport of
the final products to central warehouses were based on interviews with fishermen, fish processing and aquaculture
companies, concerning transport equipment, fuel consumption, distances and amounts of transported products.

Low and medium voltage Finnish residual emission factors were used for electricity (modified based on
ecoinvent 3). For fuels used for logistics and for heat energy, emission factors based on studies of?®-** were used.

Packages are used both in the transport of fish from farm or catch area to the processing plant and in the
transport of the final product. The energy and water use data and use of packages for chosen products were
inquired from the processing companies: one large processing company for each product. For the production
of packaging materials, average data from different databases were used?®!-33. The most common package type
is polystyrene box, which is used for transport of fish, especially perch and pikeperch. Some larger transport
units like skipping containers are reusable, but not so commonly used. Vacuum package and cardboard boxes
were also used for transports of fillets to central stores. The quantity of packages was based on questionnaires
to fishermen, fish processing companies and aquaculture companies. The greenhouse gas emissions of packages
were based on surveys to the biggest package producers of Finnish market and this data was confidential. For
polystyrene-packages, greenhouse gas emissions were based on'>.

Results
Fuel consumption of fisheries
The results for fuel consumption of the fisheries varied a lot. For trawled vendace, the fuel consumption was as
0.32 L/kg (live weight), while for Baltic herring caught by fish-trap the value was 0.01 L/kg™(live weight) (Table 6).
The variation between fuel consumption of vendace trawlers was large, (0.16-0.80 L/kg whole fish). Deviation of
pikeperch fishing was large too, (0.11-0.57 L/kg whole fish) and vendace caught by seine 0.02-0.11 L/kg whole
fish. The energy inputs for an average Finnish fish farm were 0.054 L diesel/kg and 0.16 kWh electricity/kg.
Fuel consumption during transport to processing site was lowest for Baltic herring fishery (Table 6). High
volumes of Baltic herring are landed with trawlers to central fish harbors, and therefore also transport is cost
effective, and in spite of long fishing trips and high fuel consumption, the fuel consumption per fish unit is still
low. Volumes of Baltic herring fishing with trap net are also relatively high while transporting distances from
fishing sites to harbor is short, leading to low fuel consumption per unit. The volumes are much lower in small
scale fisheries (perch and pikeperch fishing), and the transport distances normally are longer in dispersed inland
fisheries. Thus, the fuel consumption per kilo fish were higher for small scale gillnet fishing and inland fishing.

Packaging and transports
The amounts of used packaging materials are presented in Table 7. The high use of package for perch fillets is due
to very low filleting yield and small package size being transported.
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Rainbow trout | Farmed 0.03 0.04 0.008
Baltic herring | Fish-trap 0.02 0 0
Baltic herring | Trawl 0.02 0 0
Perch Gillnet 0.10 0 0.001
Pikeperch Gillnet 0.03 0 0.003
Vendace Seine 0.02 0 0
Vendace Trawl 0.04 0 0

Table 7. Amount of the packaging used in the whole product chain.

Rainbow trout fillet 3.7

Baltic herring fillet, fish trap | 0.4

Baltic herring fillet, fish trawl | 1.3

Perch fillet, net 2.5
Pikeperch fillet, net 2.0
Gutted vendace, seine 0.8
Gutted vendace, trawl 1.9

Table 8. Greenhouse gas emissions of studied products in relation to the functional unit.

0.00

BFeed raw materials @Feed production @Hatchery @Fish farming @Fishing @Processing MRaw material transports B Packaging B Distribution

Rainbow trout Baltic Herring Baltic Herring Perch fillet, net Pikeperch fillet, Gutted vendace, Gutted vendace,
fillet fillet, fish trap fillet, fish trawl net seine trawl

Fig. 1. Greenhouse gas emissions of fish products and the contribution of product chain, kg CO, eq/kg.

Greenhouse gas emissions
The highest greenhouse gas emissions were found for farmed fish, 3.7 kg CO, eq/kg. The second highest
emissions were for fish caught by gillnet (2.1-2.4 kg CO, eq/kg functional unit) and the lowest carbon footprint
was found in products caught by seine, trawl and fish-trap (0.7-1.6 kg CO e q/kg functional unit). The exception
was vendace caught by trawl, which had the same greenhouse gas emissions as gillnet fishing (2.4 kg CO, -eq/
kg functional unit).

The product chain of feed raw materials was the most important source of greenhouse gas emissions, 60%
of the total emissions (Table 8; Fig. 1). The emissions of dinitrogen monoxide in farming process were 0.17 g
N,O-N/kg whole fish. The greenhouse gas emissions for the liveweight of rainbow trout was 2.1 kg CO, eq/kg
fish. Fishing was usually the most important source of greenhouse gas emissions for captured fish while the feed
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raw material production was the biggest source of emissions for farmed fish. (Table 8; Fig. 1). The share of fishing
varied between 16% and 70%. The share of processing, which includes filleting and packaging, was 6-71%, and
it was the lowest for the rainbow trout fillet and the highest for Baltic herring caught by fish-trap. The overall
results for greenhouse gas emissions of fish products and the contribution of the product chain are presented in
the Supplementary materials Table SI.

Discussion

According to the results, the climate change impact of farmed fish was higher than the greenhouse gas emissions
of captured fish. The largest part of the emissions of farmed fish comes from the product chain of feed raw
materials. For caught fish, the distance to mainland and catch volumes were essential: for fish species which can
be caught in higher volumes, the greenhouse gas emissions are usually lower than for fish species with lower
catch volumes. The results of the study show that the catch volumes by seine, fish-trap or trawl are higher than
catch volumes by gillnet. That is why the greenhouse gas emissions of Baltic herring and vendace were lower
than those of perch and pikeperch. The fillet yield had also effect on the results: despite the fuel consumption for
perch and pikeperch fishing were almost the same, due to the low fillet yield the greenhouse gas emissions for
perch fillet were higher than those for pikeperch fillet. Higher transport volumes mean usually lower greenhouse
gas emissions of transports. Therefore, the greenhouse gas emissions of Baltic herring fillet and rainbow trout
fillet transport were especially low. The greenhouse gas emissions of Baltic herring fillet caught by trawl was
higher than those for Baltic herring trap net. The main inland pikeperch fishing areas are located rather far away
from the main market areas in Southern Finland cities. Therefore, transport distances for pikeperch were longer
than for any other investigated products and the share of transport greenhouse gas emissions was high (24%).
Gutted vendace caught by seine had average greenhouse gas emissions of 1.2 kg CO, eq/kg and vendace seined
during winter had greenhouse gas emissions 0.9 kg CO, eq/kg. The average value for vendace trawling was 2.4 kg
CO, eq/kg functional unit and varied between 1.6 and 4.6 kg CO, eq/kg.

One thing to keep in mind is that the products are not fully comparable with each other because vendace was
analysed as gutted fish and other fish products as fillets. The greenhouse gas emissions per kilogram of gutted
fish is lower than that filleted fish of the same fish species. The vendace is the only fish that is typically cooked
and served as gutted rather than fillet.

When compared to the previous study in Finland'®, the greenhouse gas emissions for rainbow trout seem
to have decreased considerably, by 1.8 kg CO, eq/kg from 5.5 kg CO, eq/kg to 3.7 kg CO, eq/kg. However, the
reasons for that are mainly methodological changes. In the previous study, the functional unit was different
from this study, 1 kg of edible product. Further, the N,O-emissions of N-excretion of the metabolism of rainbow
trout were assumed to be 10 times higher in previous study'>** and the characterization factor of N,O has
lowered from 298 to 273. The share of N,O in the previous study was 1.2 kg CO, eq/kg fish fillet, so this had
a remarkable effect on the results. On the other hand, in some similar studies, the N,O-emissions were not
included at all, e.g'>'6%>. The CH,-emissions were not considered in this study and there might be some changes
in the results if the data concerning the CH,-emissions will be available in the future. One remarkable change
since the previous investigation was the amount of soya in feed, which has declined to almost zero. The main
replacing raw materials are animal-based by-products and some plant protein products.

There has been published value 5.3 kg CO, eq/kg for farmed salmon in Norway with mass allocation
which means that the results would have been much higher, if it had been done by economic allocation. Reasons
for higher results are caused by use of input-output model, different feed conversion factor, different modeling
of N,O in farm level, different content of soya in the feed and species-based modeling of fish meal and fish oil.
Higher amount of soy in feed causes remarkable greenhouse gas emissions because of land use change, which
were minimal in our study. The fish meal and fish oil and their raw materials were modeled in this study by
average ecoinvent-values?!, but separate LCA-data of each fish species raw materials have been published!?%.
This species-specific data had higher climate change impact than global averages of ecoinvent 324, Furthermore,
in this study some share of greenhouse gas emissions was allocated to roe production, which is not essential for
salmon cultivation. There were also differences in functional units: in a recent Norwegian study*? the functional
unit is edible part of the fish (fillet without skin) and in this study unit was fillet with skin.

When this study is compared to other studies, some show higher and some lower emissions than this study.
In Central Europe, Spain and France, the size of the rainbow trout is smaller®®, which can cause differences in
greenhouse gas emissions because lower feed conversion ratio is dependent on the size of the fish®. For smaller
fish, in Central Europe there has been a published value 1.18 kg CO, eq/kg for liveweight rainbow trout® and
1.78 kg CO, eq/kg for liveweight rainbow trout in Spain'* and 1.76-1.85 in France®, which are lower than the
value of this study (2.1 kg CO, eq/kg fish). On the other hand, in Norway, higher emissions were found than this
study™, 3.8 kg CO, eq/kg liveweight, similarly as in Germany 2.24-3.56 kg CO, eq/kg for liveweight rainbow
trout!”. In the same study, also a recirculating aquaculture system in Denmark was included in the assessement
and the value there was 13.6 CO, eq/kg liveweight. In a review article of LCA-investigations of cultivated
salmonids®, the climate change impact was 1.7-3.3 kg CO, eq/kg liveweight and in one Norwegian study of
LCA of Atlantic Salmon* the result was 2.0 kg CO, eq/kg liveweight, which are at the same level as in this study.

The greenhouse gas emissions are highly dependent on the farming system!”*! and the marketing size'*. In
the Central and South Europe rainbow trout is normally farmed in inland ponds and the marketing size is then
below 500 grammes (portion size fish)*' Higher marketing size means higher feed conversion rate, which means
higher climate change impact!*3® The Finnish marketing size is 2-3 kilos"2, and it is mostly farmed in net pens in
brackish water. Functional unit is not in general the same in seafood life cycle assessment (LCA) investigations,
which make it difficult to do comparisons between different LCA-studies and it has been edible part of fish or
liveweight in most of the studies. Harmonized methods for LCA investigations of seafood are needed to make
the results comparable to each other.

12,35
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The LCA inventory results of this study were in general in line with previous climate change studies of
captured fish products. In this study, the average value of fuel consumption for gillnet fishing was 0.13 L/kg for
pikeperch and 0.15 L/kg for perch, which is slightly lower than generic values in Norway 0.19 kg fuel/kg fish for
gillnet fishing!! and in Denmark, 0.2-0.4 L/kg'®. For seine, this study gives a consumption between 0.04 (winter)
and 0.08 (summer) I/kg fish and these values are lower than generic value 0.09 kg 1/kg fish in Norway!! and in
Denmark'®, where the value was 0.11-0.16 L/kg fish. In pelagic trawl, the fuel consumption value was 0.09 L/kg
fish, when the value for this study was in freshwater trawl fishery was 0.32 L/kg fish. In the trawling case the fuel
consumption is higher in freshwater fishing than in pelagic fishing However, it is essential to notice that fishing
conditions in the deep Atlantic coast with various fish species are very different compared to shallow coastal and
inland waters in Finland.

The greenhouse gas emissions in this study vary between fishers even for the same species and fishing
methods. For example, the variation of pikeperch fillet was between 1.6 and 3.6 kg CO, eq/kg functional unit
and vendace caught by trawl 1.6-4.6 kg CO, eq/kg functional unit. The variation of vendace caught by seine was
1.0-1.4 kg CO, eq/kg functional unit. This means that at highest the greenhouse gas emissions of captured fish
can be higher than of farmed fish in some cases. This large variation should be taken in account when making
LCA-assessment for specific fish products. This also reveals possibilities to fishers to lower their greenhouse gas
emissions by intensifying fishing and choosing climate friendly fishing methods.

According to results, by selecting captured low-emission fish products to diet, it is possible to reduce the
greenhouse gas emissions of diets. However, the amount of fishermen has been continuously declining, which
has an impact on the availability of domestic fish in Finland*’.

When compared to meat products, Finnish captured fish products have lower greenhouse gas emissions than
Finnish chicken (3.4 kg/kg edible part), pork (5.0 kg/kg edible part) and beef (31.2 kg/kg edible part) according
to**~46, Rainbow trout fillet has a lower greenhouse gas emissions (3.7 kg CO,eq/kg edible part) than pork and
beef, but higher than chicken. Further, in a comparison of different protein sources in a review article?’ the
greenhouse gas emissions of animal products like chicken was 3.1-5.2 kg CO,eq/kg edible part, pork 4.1-6.2 kg
CO,eq/kg edible part and beef 28.0-31.0 kg CO, eq/kg edible part. It means that by selecting more low-emission
wildfish products to diet, it is possible to reduce greenhouse gas emissions of food consumption.

There are also several ways to regulate fishery to keep it sustainable. With herring, the coastal EU countries
get annual quotas to the main areas of the Baltic Sea from the Council of Europe. The quotas are mainly based
on stock assessments and advice from the International Council for the Exploration of the Sea (ICES). Due to
decreasing stock size, the catch quotas were reduced at the end of 2010s and in 2020.

The are also regulations for fishery of more local species such as perch or pikeperch to keep the fishery
sustainable and to share fishing rights between fishers*. In the monitoring of fisheries, attention is paid on e.g.
the possible bycatch of protected, endangered and threatened species by randomly examining catches onboard
and in harbour. There are limited numbers of permits granted to gears, e.g. gillnets or trap nets for free-time
fishermen and e.g. for gillnets the maximum is 240 m gillnet per fisherman. Further, there is minimum national
allowed catch length for pikeperch, which in Finland is 42 cm (total length), but of which local variations are
possible to both larger and smaller sizes depending on the local conditions. There are often also local limitations
in the physical features of gears like mesh size of gillnets.

One key sustainability aspect in LCAs of seafood production is eutrophication. Results of previous studies
have shown that environmental benefits would occur by fishing in Baltic Sea area, because fishing removes
excess nutrients from the Baltic Sea'®. On the other hand the production of farmed fish and meat products cause
high eutrophication impacts to the water systems!*434,

The Nordic Nutrition Recommendations* advised for increasing intake from sustainably managed stocks
supported both by effects on health outcomes and environmental footprint. It also recommended fish and
seafood from sustainably managed farms and that wild stocks should be prioritized and consumption of species
with high environmental impact should be limited. In Finland these advises could be fulfilled by consuming
herring, perch, pikeperch and some other freshwater species like roach.

Conclusion

In general, greenhouse gas emissions for captured fish are principally lower than for cultivated fish. Moreover,
fish products caught by gillnet have higher climate impact than fish products caught by seine, trawl and fish traps,
with the exception of vendace caught by trawl, which has the same climate impact as fish products caught by
gillnet. According to the study, however, there is a big variation in distances to fishing place, catch and transport
volumes and transport distances. Captured fish, for example vendace captured by trawl and pikeperch captured
by gillnet, can, however have higher greenhouse gas emissions than farmed fish in specific circumstances. On
the other hand, the greenhouse gas emissions of captured fish are seldom high when the catch amount is high.
Therefore, the greenhouse gas emissions for fish captured by different fishermen can vary significantly. This
finding encourages fishermen to analyse their fishing to develop climate friendly fishing methods and practices.

Data availability
Yes. The datasets used and analysed during the current study available from the corresponding author on rea-
sonable request.
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