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Climate Change and Greenhouse Gas Emissions in Fisheries and Aquaculture Post-harvest value chains -Annexes

ANNEX 1. CASE STUDIES UTILISED WITHIN THE PROJECT

Summary of Case Studies by category. Information is provided on the species and the type of product (whole, filleted, fresh, frozen, etc,
in brackets). Lot number refers to either Lot 1, with a geographical scope of the North Sea and Baltic Sea or Lot 2, with a geographical

scope of Atlantic EU western waters, the Mediterranean Sea and the United Kingdom.

Species (type of
processing

between
brackets)

Narrative

Main Conclusions

Fish
meal/oil

Sprat & Herring (oil gKIVIE
and meal) POL

Small-pelagic fisheries have potentially low GHG

emissions. Although this fishery produces seafood
suitable for human consumption, in Sweden its
products are mainly used for fish meal and oil
(especially pelagic species fished from the Baltic).
There are a lot of Swedish ambitions in policy to
improve utilization of small-pelagics for human
consumption, to aid in food security and self-
sufficiency. However, some developments stand in the
way of this improvement. The prior embargo for export
to Russia closed much exports for human consumption,
while the recent closure of the Danish mink industry
due to covid-19 (substantially disrupting the
established supply chain), with strong implications for
the Swedish herring and sprat industry (i.e., the
largest company has gone bankrupt). A separate issue,
not related to human consumption, with sprat used for
fishmeal production lies in the Polish fishery and
transport to fish meal and oil producers. Costs for
transport may cause trade-offs with GHG emissions;
transport is cheaper using trucks instead of sea routes.

Overall, this CS helps us to understand what happens
when there is a problem in a supply chain (which is
likely to be a more frequent situation from indirect and
direct effects of climate change) while also exploring
scenarios and interviewing the industry to identify

The fishmeal and oil industry reports on

challenges today with increasing costs (e.g.
energy) and changes in the sea that affects
fisheries and the raw material (e.g. mixing of
stocks); this negative development is likely to
continue as an indirect effect from climate
change.

It was found that to reduce PH GHG emissions in
the fishmeal and oil processing industry in
Denmark, there is a need for investments in
infrastructure for the industry to be able to use
electricity from the grid. Furthermore,
concentration of processing facilities adds to
transport distances in Poland, where choice of
transportation mode of raw material (road or
sea) affects PH GHG emissions; by volume, most
raw material is however landed directly at the
processing plants in Denmark. Even if GHG
emissions may be reduced in Poland by cutting
truck transports and instead process raw
material into fishmeal and oil closer to landing
ports in Poland, it may prove difficult to change
since existing supply chain is optimized
economically with restricted opportunities for
new actors. Although affected by LCA modelling
choices, use of trimmings instead of whole fish
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Species (type of
processing

between
brackets)

Narrative

Main Conclusions

tangible actions to improve utilization for human

consumption and reduce GHG emissions of current
value chain.

may slightly add to GHG emissions but utilizing

these are important for optimizing resource use.

The market for human consumption versus
fishmeal and oil production is complex and are
sometimes in conflict due to various reasons
(e.g. trade embargos, costs, fleet structure).
One important finding is the lack of PH data.
Mandatory reporting of post-landing destination
of catches (direct human consumption or
industrial applications) would facilitate these
forms of mapping which is today difficult for
European sprat and Atlantic herring from the
Baltic Sea.

Blue whiting, Boar
fish (fishmeal)

IRL

Located in southwest Donegal, Killybegs s
synonymous with the seafood industry. In 2020, the
Sea Fisheries Protection Authority reported that the
port handled 231,000 tonnes of fish worth €111 million
at first sale!. This is equivalent to 71% by weight and
32% by value of all seafood landed at Irish ports, and
91% of all pelagic fish landed that year. But Killybegs
is more than a landing port, it is a town built around
seafood, with extensive PH activities including
processing, fish-meal, high quality marine ingredients,
transport, distribution and other support-services (net-
making, refrigeration, electronics, ship building, repair,
maintenance etc.) all operating locally.

A recent study conducted by BIM shows the Killybegs
seafood sector supports 1,835 jobs with €61 million in
wages and €150.3 million in GVA throughout the
regional economy. ?

But how resilient is this industry and this town to future
change brought about by climate change? This CS
builds on the extensive system of data collection
already in place (i.e., under the Data Collection

’

The PH value chain for industrial fisheries in
Killybegs is successfully mapped including
volumes and value of blue whiting and boar fish
as they pass through the traditional processing
sector, the fishmeal and bioingredients plants
and onward to export. The model developed in
the case study links Irish quotas, the Killybegs
fleet, the results of the data collection framework
and STECF annual economic report with
independent reports by BIM (Ireland’s Seafood
Development Agency) that establish the
employment, GVA, wage bill etc of the PH value
chain in the town.

While clearly demonstrating resilience to the
current impacts of climate change, the PH sector
has also demonstrated its ability to adapt and
add value. For example, an important finding
shows how blue whiting, once primarily intended
for fish meal is now being utilized more by the
traditional small pelagic processors and exported
to Africa for human consumption. This generates

1 https://www.sfpa.ie/Statistics/Annual-statistics

2 Curtin, R., 2020. The Economic Impact of the Seafood Sector: Killybegs. Book, 6-11-2020. 10.13140/RG.2.2.34067.50722
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Species (type of
processing

between
brackets)

Narrative

Main Conclusions

Framework (DCF)) and a number of studies that detail

the seafood economy in detail, including direct,
indirect, and induced economic activities. Blue whiting
and boar fish are of critical interest to the fishmeal and
bio-ingredients sector PH. Note: this case study should
be considered in conjunction with CS 5, 17 and 21.

greater added value and has attracted additional

landings of blue whiting to the port.

Further, the recent extensive redevelopment of
the fish meal plant in the town along with the
development of a second bioingredients plant,
currently under construction, will position
Killybegs to take full advantage of other climate
change driven opportunities as they arise. This
includes fisheries operating at lower trophic
levels than today (i.e., levels in the ocean food
web below the carnivore levels currently mostly
exploited) which has been recommended by
SAPEA (Science Advice for Policy by European
Academies) as the way to bring about an
increase in available food from the oceans. ’

Small
pelagics

Herring & Mackerel
(fresh / frozen)

NED
DEU
DNK
NOR

There are a number of different impacts to the PH value
chain for herring and mackerel mainly in the
Netherlands, but partly as well in Germany, Denmark
and Norway, which will be examined in this CS.

Three different PH value chains are analysed:

Frozen herring as a whole aboard by pelagic freezer
trawlers destined for in particular the African market

Herring fillets better known as the Hollandse Nieuwe’
(translated as ‘soused herring’: raw herring soaked
in a mild preserving liquid) processed for the EU
retail market

Mackerel, fresh landed and processed as smoked or
fresh for EU market

‘Hollandse Nieuwe’ (translated as ‘soused herring’: raw
herring soaked in a mild preserving liquid) are no
longer caught by Dutch and German vessels but rather
by Danish and Norwegian vessels for decades. For this
type of product, the smoking process could be carbon
inefficient, while there may also be inefficiencies for
those being frozen.

Herring and mackerel are landed in fisheries
only; there is no aquaculture for these species.
The most likely climate change effects for the
three PH value chains of frozen herring as a
whole (African market); herring fillets; and
mackerel (EU market), are changes in the fish
stocks. Changes are for example displacement,
higher abundance (in case of mackerel) due to
rising sea water temperature, decreasing
recruitment due to less feed (plankton) for
herring larvae and smaller sized mackerel. For
the nearby future (5-10 years), the consulted
stakeholders do not expect any major threats for
the financial or physical resilience of the PH value
chains of herring and mackerel. However, first
steps are taken by the industry to reduce their
footprint and costs, in order to act upon EU
climate change policy (e.g. Green Deal) and to
meet the increasing need from customers to
become more sustainable throughout the entire
PH value chain. First steps are for instance:

Machinal (filleting  machines)
locally instead of manual

processing
(Netherlands)
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Species (type of
processing

Narrative Main Conclusions
between
brackets)
The potential lessons learned from this CS could be the processing by workers in lower-cost producing
utility in joint ventures and cooperation to lower risk of countries abroad (e.g. Poland). This saves not
impact by climate change. only costs and processing time (machinal
filleting is more efficient) but also reduces
unnecessary transportation between

processing locations and the following
activities in the PH chain. Therefore, energy
costs and GHG emissions could be further
reduced.

- Electrification of transporting trucks that
currently use fossil fuel.

- Solar panels on roofs of factory building to
generate renewable energy.

Management interventions that appeared to be
successful to become more resilient to climate
driven events, are vertical integration and joint
ventures by the PH chain of small-pelagics. The
advantage of vertical integrated companies and
joint ventures within the PH chain are
specialization and the ability of outsourcing
activities close to place of landing and processing
and distribution. Also, by geographical
diversification (having different production
locations in different regions worldwide owned by
one PH company), this makes the PH activities
less vulnerable for climate change effects (e.g.
storms, floods, heats etc.) in one particular
region. With multiple physical production
locations, it is easier to remove one factory or
production line if climate changing disrupt
production here, to increases the physical
resilience of that specific PH chain. Financial
resilience is high for wvertical integrated
companies by increased buying power for
materials and predictability of supply flows due
to scale advantages.

Various activities in the PH chain induce
significant GHG emissions: processing,
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Species (type of
processing

between

brackets)

Narrative

Main Conclusions

international transport, consumer packaging,

refrigeration in retail. A specific dominant
hotspot was not identified, thus reducing GHG
emissions along PH chains will require multiple
solutions. Consumer packaging, especially jars,
induce relatively high GHG emissions.

Chub
horse

mackerel,
mackerel,

sardine (canned)

PRT

The abundance of sardines declines in Portuguese
waters. Also, sardine's mean length decreases. This is
a result of several causes, including overfishing and
altered abiotic conditions. Fish canning is characterized
as carbon inefficient in comparison to minimally
processed fish (e.g., it has been estimated that GWP
emissions reach more than 7 kg CO2-eq per kg of
canned sardine vs 1 kg CO2-eq per kg of frozen
sardine). Pelagic trawlers from the Portuguese fleet
have to travel further to find enough fish, resulting in
higher carbon emission. New ways of processing for
the small pelagic fish species as well as an ecologically
more efficient canning industry could bring progress
and reduce effects on GHG emissions.

This case-study highlighted the importance of
fish processing to many industries, such as the
canned fish industry, and the potential sensitivity
of such PH chain to disruptions as well as long-
term evolutions brought forth by climate change.
There are several environmentally critical
aspects and significant GHG by the industries in
the sector. In particular, the canning industry
generates a lot of GHG and was sensitive to any
increase in the energy costs, given the fact that
it encompasses energy-intensive transformation
processes and logistics. Three main areas in the
operation of this PH sector contribute to GHG
emissions (directly or indirectly) and are more
critically affected by increases in energy
expenditure: transport; thermal processes
(essentially in the canning industry); cold and
frozen storage as well as room cooling in general
(low temperatures are also required for the
processing of fish).

The sector’s stakeholders did not show a large
concern with the environmental issues involving
their companies, at least, in what regards their
own direct and indirect GHG emissions. They
were not concerned with their vulnerability to the
multiple incidences of climate change either.
Nevertheless, they acknowledged the energy
cost problems and the associated GHG emissions
and estimable CO2 equivalent costs. In
accordance with this concern, stakeholders were

10
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Species (type of
processing

between
brackets)

Narrative

Main Conclusions

looking into ways to increase energy efficiency

and exploit alternative energy sources. Being
mostly small companies, they manifested their
difficulty in performing investments in equipment
with better energy efficiency and reduced GHG
emissions or in advancing towards a full
electrification of the transport fleet.

Mackerel, Herring,
Horse Mackerel

IRL

Small pelagic fish, particularly mackerel, horse
mackerel and herring, are the most valuable species
landed at Killybegs and are the mainstay of the
processing sector in the port. Processing is estimated
to support 1,225 FTEs (480 directly and 740 FTEs
indirectly/induced) with an annual wage bill of €38
million and to generate €92 million in GVA3, But the
future of this once very profitable sector has been
impacted significantly by Brexit. Reliance of certain
markets on particular traditional species including
mackerel, herring and horse mackerel has been
considered and the CS considers the possible impacts
of climate change in this light, taking account of the 'in
combination' impact of Brexit. It has also examined
alternative target species, perhaps unfished, and
critically reviewed how the capacity of the PH sectors
to respond to a species replacement situation, and the
management implications thereof. Note: this CS should
be considered in conjunction with CS 2, 17 and 21.

The small pelagic PH value chain in Killybegs is
successfully mapped including volumes and
value of mackerel, horse mackerel and herring
as they pass through the traditional processing
sector and onward to export. The model
developed in the case study links Irish quotas,
the Killybegs fleet, the results of the data
collection framework and STECF annual
economic report with independent reports by
BIM (Ireland’s Seafood Development Agency)
that establish the employment, GVA, wage bill
etc of the PH value chain.

Of the three case studies developed around
pelagic fisheries and the port of Killybegs (case
studies 2, 6, 23) that for small pelagic species
demonstrates the highest indirect impact of
climate change. This manifests itself as changes
to the migratory pattern of, in particular,
mackerel in recent years (>10 years), leading to
demands for increased quota from states
including Iceland and the Faeroes Islands. When
taken with the additional impacts of the Brexit
trade and cooperation agreement, the potential
to result in lower quotas for EU member states
including Ireland is clear. This will have a direct
and immediate impact on the availability of raw

3 Curtin, R., 2020. The Economic Impact of the Seafood Sector: Killybegs. Book, 6-11-2020. 10.13140/RG.2.2.34067.50722

11
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Species (type of
processing

Narrative Main Conclusions
between

brackets)

material to the PH value chain leading to reduced
turnover, GVA and employment.

Round
fish

There is a range of issues related to climate change | Farmed Atlantic Salmon is one of the most traded
associated with aquaculture of salmon, for example | and most consumed seafood species in the EU.
higher mortalities because of algae blooms and | Most products are imported from outside EU and
increased numbers of sea lice resulting from higher | the transport by truck from origin to processing
water temperatures. Some other issues are in part due | and from processing to consumption can easily
to high GHG emissions associated with processing and | exceed 2.000 km. The long-cooled truck
NOR ISL GBR | transporting of salmon in the PH sector. This CS also | transports and the cooled storing are the main

ggtn;gglture NED examined s_almon recircglating aquaculture sy_/stems causes of energy use ar_1d GHG emission. There
(whole fresh. | PEY and potentially determine whether there is the | is no easy solution to bring down the energy use | 1
fiIIeted’ frozen) ' | Eastern possibility to cluster processing, packing, logistics gnd and the emissions _ byt several _sma_II

! Europe wholesale much closer to the consumer. Possible | developments that promise improvements in this

advantages of such clustering could be: (i) reductions | respect. The interviewed stakeholders such as
in CO2 emissions from transport and storing; (ii) | Salmon traders, Salmon processors and Salmon
Bringing a much fresher product to the consumer; and | retailers were not aware of direct climate change
(iii) keeping seafood clusters alive and make them | related impacts to their business but mentioned
resilient to climate change effects, including loss of | some climate change related impacts in the
traditional species. Salmon farm origins.

Rising water temperature caused by climate change | There has been a successful management
resulted into higher abundance of red mullet, squid and | intervention to solve the issue of decreasing
gurnard in the North Sea and increasing fishing effort | landing volumes of European plaice due to
by purse seine/flyshoot fleet led to introduction of | displacement (climate change related by rising
these ‘new’ species to the existing (e.g. traditional flat | sea water temperature). Dutch processors
fish) market in the Netherlands, Belgium and France, | analysed increasing landings of red mullet,

which has been examined in this CS. gurnard and squid: these three ‘new’ species are
Red mullet sold at Dutch fish auctions. As landed volumes of
—{ | NED flatfish were decreasing the processors utilized
gurnard (& squid) . - .
BEL the opportunity offered by the increased landings | 1
(whole, fresh & \ e
FRA of the ‘new species’ .

frozen)
These processors started with introducing these

fresh squid, red mullet and gurnard to their
existing foodservice customers as sample to
taste and to try. After these customers were
convinced of the high quality and freshness
increasing volumes were supplied by the Dutch
PH companies to their customers in mainly
France, Spain and Italy. As often occurs in food

12
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Species (type of
processing

between
brackets)

Narrative

Main Conclusions

sectors, subsequently to the Hotel, Restaurant,

Catering (HORECA) industry, retailers started to
ask for these frozen and glace ‘new’ species. The
financial and physical resilience of the traditional
flatfish PH chain was strengthened by
introducing new species to their current market.
This CS illustrates how a threat of climate change
for one particular species (flatfish, plaice here)
could be mitigated by the opportunity of new
species that have an increasing abundance in
local fishing areas due to climate change (rising
sea water temperature).

GHG emissions in PH value chains are estimated
around 1 kg CO2-eq per kg food product for
squid. Half of this is related to food loss and
waste in the retail phase (because it induces
extra catch; according to the information source
catching of squid induces relatively high GHG
emissions). For other products of this case study
no estimate for catching GHG emissions was
found, and consequently the effect of losses
cannot be estimated.

Whitefish
crustaceans)
(fresh)

(&

FRA

This CS examines the PH value chain for fresh whitefish
in France. It explores the specific requests imposed by
retailers to the rest of the supply chain, notably those
that may constrain logistic chains, and the effect on the
transporters GHG emissions.

The current constraints imposed by supermarket
chains is pushing the entire value chain towards
an ultra-fresh chain that has to complete all its
operations in a 24 hours timeframe, from
landings to delivery in individual supermarkets,
several steps have to be performed within these
24 hours, and notably: auctioning, primary
processing, packaging and transport to close to
10 000 supermarkets.

At the same time, external constraints are
further restricting logistic operators who
experience a regular decrease in trucks average
speed adding more pressure to respect the 24
hours window to distribute all fresh fish products.

This organisation leads to several inefficiencies in
the system that are detrimental to GHG

13
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Species (type of
processing

between
brackets)

Narrative

Main Conclusions

emissions: route duplications to meet the time

requirements, sub-optimal load levels for most
trucks in the system, loss of market for auctions
that are too far to serve all supermarkets,
suboptimal seafood flows.

Seabass &
Seabream
(primarily whole &
fresh)

GRC
ITA
HRV
FRA
CYp
TUR

ESP

This CS examines the PH value chain of European
seabass and gilthead seabream aquaculture within the
Mediterranean and how processing, packaging, and
delivery processes contribute towards the global
warming score (Global Warming Potential - GWP). In
addition, this CS determines the impact on different
steps in the PH value chain to climate change, while
also providing an analysis of trends in technological
evolutions aiming at improving energy efficiency and
reducing GHG emissions.

The main producing Countries are Greece and
Turkey and the main markets are in Italy, North
Europe and Spain which are 2 to 5,000 km away.
For European seabass and gilthead seabream,
packaging and delivery (for 300 km only)
contribute to the Global Warming Potential
(GWP) by 41%, whereas feed production and
rearing contribute to GWP by 10% and 49%
respectively. With transportation in the main
European markets the GWP in the PH value chain
is more than 50%. The packaging and delivery
process’ GWP is primarily driven by polystyrene
production (48%) and electricity that is needed
for the operation of the packaging units (40%).
The electricity production energy mix in each
Country, meaning the range of energy sources
used for electricity production, affects the GWP.
The lower the energy mix in hydrocarbons
(petroleum products and natural gas) and solid
fossil fuels and the higher in renewable energy
sources, will favour the GWP footprint and will
reduce the climate impact of the aquaculture
industry. There are relatively fewer steps in the
processing of European seabass and gilthead
seabream compared to other seafood sectors,
which reduces cost. However, there is still limited
capacity to invest in adaptation measures due to
low economic outcome/high economic costs,
while transport needs substantially increases
GHG emissions and therefore potential costs of
the getting products to market, while low fish
prices do not allow investments in new
technologies.

14
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Species (type of
processing

between
brackets)

Narrative

Main Conclusions

The surveyed stakeholders declared they had an

adaptation or mitigation policy for climate
change, which included investments for more
energy efficient systems (e.g. heat pumps, LED
lights, installation of photovoltaic panels) and
recycling schemes. The current distribution
systems to the destination markets in Europe,
Middle East and GCC countries are primarily with
trucks, whereas exports to the USA are sent by
air for chilled fresh products and by sea for
frozen products. If truck manufacturers will
provide alternative distribution systems using
electricity (i.e. batteries) or hydrogen in
competitive prices, the GHG emissions footprint
will be reduced.

Cod

SWE

This CS offers a review of a historical event that could
also happen to other stocks and industries in the future
due to climate change: a change in biological
conditions that reduce the abundance (and size
distribution) of a species. The change in biological
conditions might stem from a variety of sources such
as eutrophication, salinity changes, and increasing seal
populations.

1. Climate change may contribute to slower
growth of cod individuals. This affects the
processing industry since small cod is harder to
process into valuable fillets. Small cod is less
valued on the market and the price difference
compared to larger size categories has become
more important over time.

2. Declining landings, lost MSC certification, and
strong consumer demand for environmentally
labelled cod products decrease the use of local
cod catches in the Swedish value chain.

3. Cod imports to Sweden (primarily from
Norway) have increased from about SEK 300
million in 2008 to about SEK 1000 million in 2020
(SEK 1 = 0.1 Euro). Total cod exports have
declined although exports of processed cod have
recovered slightly since 2006.

4. The Swedish processing industry has become
more reliant on fish import since 2012. Increased
imports have, however, not significantly lowered
the profitability of the industry. However, data
are not available for a specific analysis of cod
processing firms.

15
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Species (type of
processing

between
brackets)

Bream (freshwater) | SWE

Narrative

Bream (Abramis brama) is considered an underutilized
species with market potential. The species is common
in the Baltic but not fully utilized since it is traditionally
not consumed locally. However, the species is
promoted as a new species for consumption and might
also be exported. There is no well-developed industry
around this species yet, but investments are being
made to improve processing capacity etc.

Main Conclusions

Cyprinids, such as bream, are an alternative to

cod since they are expected to benefit from a
warmer climate. It is up to the PH chain to timely
adjust their strategy of diversifying into ‘new’
species such bream. However, it requires a
fisheries management at MSY, promotion of the
product to consumers and imports of cod from
elsewhere as the landing volumes of bream could
not compensate the lacking production volumes
of cod by climate change.

Carp fishes (bream,
ide, roach and
carp) (freshwater)

SWE
POL

FIN

Nordic countries have today vulnerable seafood
production and consumption, due to e.g., reliance on
temperature-sensitive species, such as salmonids and
cod. However, many freshwater species within these
countries (such as carp fishes (cyprinids)) have higher
temperature optima and are predicted to increase in
abundance with climate change. Since the carbon
footprint of cyprinids in Sweden are low relative to
other seafood, increased utilization may add to
domestic  production volume and allow for
diversification for small-scale businesses. In addition,
for professional fishermen it may be beneficial to catch
the fish — but a value chain based on local, small-scale
fishing is challenged by current competitiveness.

Carp in Poland is one of the most important
aquaculture products (45% of total production).
Depending on the size of aquaculture there are
different systems of distribution and strategies of
leading the business farm. Climate change may cause
water shortage and result in higher costs of production
and higher predator activity (e.g., otter, cormorant)
leading to lower production. At the same time, carp is
a more robust species compared to e.g. salmon,
potentially offering opportunities for increased EU
production if consumer interest and production
economy allows.

Integrating more species in a value chain is by
industry in Sweden seen as an opportunity to
increase resilience when traditional species are
negatively affected; however, there are many
uncertainties related to climate change effects on
ecosystems and species, and production costs
will be negatively affected by climate change,
and possibly fishing opportunities.

Today, low demand and high production costs of
new seafood with low GHG emissions is
challenging sustainable growth in Swedish value
chains based on different cyprinids. For Polish
value chains of carp, one challenge is to optimize
for a stable volume of carp production and to
continue logistic improvement made by market
integrators. In Sweden, there is a scarcity of
value-adding processing facilities which makes
efficient logistics important to GHG emissions.
Furthermore, when exploiting new species in
fisheries, there are data deficiencies and national
fishery management needs to define objectives
and monitoring suitable to allow for sustainable
exploitation.
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Demer-
sal fish

Species (type of
processing

between
brackets)

Sole & plaice (fresh
and frozen)

NED
DNK
BEL
ESP
ITA

Narrative

Many Dutch specialized flatfish processors became

financially vulnerable to annually decreased landing
volumes of plaice and sole. Therefore, they introduced
salmon next to flat fish to process. This transition made
these processors much more resilient to change while
also being able to cover market demand. Such change
has also occurred in Italy, with Italian importers also
introducing salmon as new species within their PH
value, compared to traditional sole and plaice.

Sole and plaice are moving further north to colder
waters in the North Sea. These flatfish are likely more
carbon inefficient compared to salmon aquaculture
from Norway and Scotland. Fishing vessels from
Northern EU countries (Netherlands, Germany,
Denmark, Belgium) do have to steam much more miles
between the more northern fish catching locations at
sea and harbour of first sales. Species like farmed
salmon are often close to Norwegian coastal location
where transport per truck to Northern EU countries is
done instead of steaming by a fishing vessel. Transport
via inland routes is much more carbon efficient
compared to fishing vessels with higher fossil fuel
usage (oil, gas etc.).

Main Conclusions

The flatfish PH chain is mainly affected by climate

change with decreasing landing volumes and
smaller sized plaice according to literature.
Consulted stakeholders perceive the
displacement of plaice (due to rising sea water
temperature) to outside EU waters and therefore
less supply by decreasing landings of EU vessels
is problematic for the resilience of PH chain.
Another concern of consulted PH stakeholders is
the rising energy costs due to Ukraine war.
Despite the cost inflation, the rising energy costs
stimulates PH companies to invest into
renewable energy and to reduce their footprint
as freezing processing activities requires high
energy and gas consumption. Unfortunately, due
to a limited energy infrastructure capacity it is
not always possible to implement solar panels.
Another problem is that insurance companies are
not willing to insure solar panels at the roofs of
processing factories due to risk of burn (with too
large capital value of the factory to insure that is
at risk). Management interventions to mitigate
the effects of climate change or other market
driven threats to the resilience of PH value chains
are:

- Importing substitutes such as plaice from
third countries

- Introducing new and upcoming species like
squid (see CS7)

- Diversifying to other species like
aquaculture, such as salmon or seabass and
seabream.

Various activities in the PH chain induce GHG
emissions: processing, international transport,
consumer packaging, refrigeration in retail.
However, the emissions are smaller than for
species that are frozen and/or transported over
large distances. Dominant hotspot are consumer
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Species (type of
processing

between
brackets)

Narrative

Main Conclusions

packaging and effects of losses along the chain.

Total GHG emissions along the PH chain are - for
a typical chain configuration - estimated at 0.54
kg CO2-eq. per kg fish fillet.

Invasive species
13 (lionfish, rabbitfish)
(raw / fresh)

GRC
CYp

Eastern
Mediterranean

Climate change drives the continuous increase of
thermophilic invasive species and a decline of native
commercial species in fish communities of coastal
areas in the eastern Mediterranean. In the case of
Cyprus, fishers, retailers and consumers have adopted
well to such change, with invasive species such as
rabbitfishes constituting the main targets of both
commercial and recreational fisheries with high market
demand and value. Currently, rabbitfishes rank first in
terms of both catches and value, among all targeted
commercial fishes in Cyprus (Michailidis et al. 2020%).
On the contrary, in Greece abundant invasive fish such
as rabbitfishes and recently lionfish are mostly
discarded as there is no or very low demand. The
adaptation of the supply chain to the introduction and
dominance of new thermophilic invasive species is a
major issue for the sustainability of small-scale coastal
fisheries.

The main conclusions of this case study are:

Small-scale fisheries in the eastern
Mediterranean are already in a bad state.
Suffering historical overfishing and bad
management, the sector is now in dire
straits, independently of any climate change
impacts, which are secondary in magnitude.

The main climate change impacts on SSF are
changes in species composition (decline in
traditional native target species and
increase of IAS); lost days at sea due to the
increased frequency of bad weather
conditions; extensive damages to fishing
gear, and thus increased maintenance costs,
by certain thermophilic IAS such as
Lagocephalus sceleratus; an increase of
jellyfish and harmful algal blooms that
impact gear and catch; and reduced
productivity of marine ecosystems.

IAS such as rabbitfishes and lionfish have
already been successfully marketed in
Cyprus, less so in Greece. Their increased
abundance can provide opportunities for
SSF in both countries, as they can obtain
high demand in a short time, and thus their
targeted fisheries contribute to securing
fishers’ income and the SSF value chain.

The role of management has been
inadequate to secure the viability of the SSF
sector and the related supply chain.

4 Michailidis N, Katsanevakis S, Chartosia N., 2020. Recreational fisheries can be of the same magnitude as commercial fisheries: the case of Cyprus. ICES Journal of Marine Science 231: 105711.
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processing

between
brackets)

Narrative

Main Conclusions

Removing administrative barriers for
measures to improve energy efficiency and
control IAS, and coordinating active
promotion campaigns of new alien species
to the market would substantially contribute
to the viability of the sector.

14

15

Inverte-
brates

Mussels & Oysters
(fresh, with shell)

NED
FRA
DEU
BEL

Mussels & Oysters
(fresh, with shell)

NED
FRA

Rising sea water temperature and invasive species like
starfish, Japanese oyster borer and oyster herpes virus
threatened the production of mussels and oysters. New
techniques have been introduced to reduce the
negative effects of these invasive species.

In addition, the packaging process of bivalves with MAP
(Modified Atmosphere Packaging) has been found to be
GHG inefficient. Also, more efficient energy use for
refrigerating and transport have been implemented
and will be discussed.

For bivalves (blue mussels and oysters) the most
impact by climate change to the PH chain is the
lower quality and produced volumes by fisheries
(higher mortality and decreased growth
performance of mussels). It is expected that
lower quality result into decreasing financial
result to the market for the PH chain. A
management intervention by the PH chain to
mitigate or adapt to the impacts of climate
change is to lower the risk of locally lower quality
of produced mussels by vertical integration or
joint ventures. Another management
intervention is to source blue mussels from other
regions (e.g. Ireland or Denmark and Germany)
by Dutch processors if climate change impacts
are less impactful there for the production at sea.

GHG emissions in PH value chains are estimated
around 0.35 kg CO2-eq per kg mussels. This is
low compared to other seafoods, which is related
to absence of freezing step and mostly moderate
transportation distances. The packaging is - as
for most other seafoods - a hotspot in terms of
GHG emissions. For oysters significantly more
packaging plastics and other materials are used,
and consequently the GHG emissions associated
to packaging are at least 2x times higher.
Emerging distribution channels related to online
shopping are not expected to reduce GHG
emissions of the PH chains.

For live mussels, impact of climate change is
twofold:
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Species (type of
processing

between
brackets)

DEU
BEL

Narrative

Main Conclusions

Structural: most of the sector is located on the

coastline, in areas that are at risk of being
submerge (sea rising) and more frequently
impacted by rough weather. Operations
happening in the intertidal zone are also affected
by these changes which may disrupt further the
operations of businesses that are mostly
vertically organised (production and primary
processing).

Resource: warming waters may have profound
impacts on the ability of mussels to grow at the
current commercial size, which may dramatically
change the ability of the sector to offer any
product without a complete rethink of the
product range that can offered to consumers.

Pandalus (peeled)

SWE
NED
DEU

Shrimp is perceived as locally produced with important
cultural traditions, but it can have long and complex
supply chains and can have some of the highest GHG
emissions amongst seafood (e.g., fisheries in the North
Sea, processing in Poland/Bulgaria/Morocco,
consumed in Sweden, Germany). There are a range of
potential improvements in GHG emission in this PH
value chain and also a range of threats from climate
change which will be examined.

Exploring scenarios/interviewing the industry and basic
LCA calculations may identify how a high emission GHG
seafood PH value chain may reduce GHG emissions,
and potential climate-related threats/risks with current
supply chains. In addition, within the PH value chain
resource efficiency could be improved. For example,
out of 10 kilos of fished shrimp only 3-4 kilo remain for
consumption (peeled). Such side-streams could be
valorised for improved resource efficiency (chitine as
ingredient, broths, etc.)

Actors in the PH value chain experience a lot of
uncertainties indirectly or directly related to
climate change but mainly related to fisheries,
e.g. how fishing opportunities may be affected
from ice conditions and fuel costs and availability
of raw material. The GHG emission contribution
from PH value chain is generally small compared
to the contribution from fisheries. Sourcing raw
material from the most efficient fisheries is most
important action for overall GHG emissions
reduction of the product; this may be hindered
by current trade agreements and tariffs. In the
Northern shrimp fisheries in divisions 3.a and 4.a
east, enforcement and control of EU CFP
regulations, and member state management
actions related to national fleets, negatively
affects GHG emissions of one of the fisheries
supplying raw material.

Actors in the PH value chain are experiencing
increasing costs, and although at the moment
driven mainly by the Russia-Ukraine conflict, this
is also an indirect effect from climate change
likely to increase. Concentration of EU processing
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Species (type of
processing

between
brackets)

Narrative

Main Conclusions

facilities negatively affects GHGs due to

increased transporting distances. Peeling by
hand offers opportunities for higher edible yield
but cost and availability of work force in the EU
are limiting factors. However, industry with
machine peeling experience limitation in raw
material and are subjected to high price
competition with shrimp peeled by hand that are
perceived to be of higher quality. For shrimp
value chains, it has been found that having
diversified markets (retail, HORECA, public
kitchens) adds to resilience if there is a
disruption in the supply chain (supply or
demand). At last, available statistics are
insufficient in allowing for detailed mapping of
Northern shrimp value chains.

Nephrops

IRL

This CS analyses the Norway lobster post-harvest
value chain in Ireland. This fishery is Ireland’s second
most valuable after mackerel, and is exploited by
vessels in the polyvalent segment of the national fleet.
In contrast to the other CS presented for Ireland (2, 6,
23) all of which consider pelagic species, Norway
lobster are landed at all of Ireland’s major fishing ports
and form an extensive PH value chain that in many
cases commences onboard the vessels while still at
sea. Collectively these CSs (2, 5, 17, 21) represent
87% by volume and 75% by value of all quotas
allocated to Ireland in 2020.

The model developed in this CS links Irish
quotas, the national polyvalent fleet, the results
of the data collection framework and STECF
annual economic report with independent
reports by BIM (Ireland’s Seafood Development
Agency) that establish the employment, GVA,
wage bill etc of the PH value chain. It highlights,
in particular, how the fleet has adapted to the
changing demands of a market that demands the
highest quality product by developing an
extensive fleet equipped to undertake onboard
freezing at sea. This innovation, and the
additional (onboard, at sea, PH) employment
opportunities it presents, demonstrate how the
polyvalent fleet has adapted to increasing water
temperature, created greater onboard added
value, maintained the links with shore-based
fishermen’s cooperatives and increased its
resilience to changes in the supply of this
important species.
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19

Species (type of

Narrative

The EU depends on the import of wild caught and

farmed tropical shrimps, most of them coming from
overseas areas that are already influenced by climate
change effects such as rising sea levels, tropical
storms, higher water temperatures, long distance
transports. Beside needing huge volumes of "glazing
water" (i.e., a protective layer of frozen water that
helps preserve the freshness of the fish) to ship such
fisheries globally, energy intensive processing
(thawing, cooking, freezing) is used, as well as utilising
retail packs which are environmentally unfriendly.

CS18 covers frozen and refreshed, raw and cooked,
Penaeus shrimps (White Tiger, Black Tiger) in Germany
and Be-Ne-Lux: often head-off or peeled, partially
value added: salads etc. CS19 covers cooked, raw,
frozen and refreshed shrimps in France mostly head-
on shell-on

Main Conclusions

The EU is importing most of their mid and large

size shrimps from outside EU and the biggest
share of it are Vannamei and Black Tiger Shrimps
from East Asia and Latin America. After
processing steps in the origin countries, the
Shrimps get usually frozen and the shipped to
the EU from overseas; the usual distances are
more than 10.000 km. After the arrival in
European Harbours the Shrimps are transported
by truck to processing or to wholesale and retail.
The transport is the main driver of GHG
emissions. As there are no easy solutions to
bring the shrimp origin closer to the EU an
improvement field to lower the transport energy
use and GHG emissions could be a better use of
the transport capacities (use of container space)
where currently often the containers are filled by
30% and more with frozen water and not with
Shrimps.

For the imported tropical shrimp PH chain,
impacts of climate change are mainly about
supply chain disruptions and the ability of the
sector to source aquaculture products that may
suffer from production areas that are facing
important challenges (warmer temperatures, sea
rise, floods).

Stakeholders considered that existing business
models were close to being optimised and that
there would be a need for innovations to replace
current cooking technologies for the sector to
modify its practices.

20

Tunas

processing

between

brackets)

Imported tropical
shrimp (frozen, | Global
fresh)

Imported tropical
shrimp (frozen, | Global
fresh)

Tuna Bay of Biscay

& imported tuna
(cooked and ESP
canned)

This CS deals with the tuna canning industry within
Spain, which includes utilising local tuna species fished
in the Bay of Biscay as well as imported tuna.

The tuna canning industry has adapted to the
variability in raw material availability, formats, and
market demand. After the market increase due to the

- The consulted stakeholders were very
interested in sharing their experiences in the
sector throughout their professional career,
however, they refused to share more precise
data when asked about financing or
environmental projects.
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Species (type of
processing

between
brackets)

Narrative

COVID19 pandemic crisis, the following future

challenges could be highlighted: optimization of energy
and water efficiency in conservation labours, reducing
transport  distances, finding alternatives  to
conventional energy sources, outdated and inefficient
equipment, new packaging solutions or improving
insulation systems.

Main Conclusions

- Few of the stakeholders knew their

environmental footprint, and when asked for
production data, or other aspects related to
their environmental development, they were
reluctant to share it.

- The vast majority of GHG emissions within
the canned tuna PH value chain come from
primary packaging and energy (electricity
and natural gas) consumed for heating and
sterilization processes. Thus, increasing
energy efficiency and finding alternative
energy sources are relevant aspects to care
about when intending to minimise GHG
emissions.

- Even though machinery providers constantly
invest on improving equipment efficiencies
there is a short room for achieving relevant
breakthroughs on this field. This means that
a great part of the companies’ efficiency
depends on operation and production
strategies.

Albacore tuna

IRL

The incidence of tuna and tuna-like species in Irish
waters has shown signs of increase across the last 30
years. The CS will explore how the PH sector in
Killybegs has adapted to these novel species and
specifically the role they play (may play in the future)
in helping the sector diversify its resource base, as well
as improve adaptation and innovation, adding value to
new species, and developing new markets and
corresponding products. Note: this case study should
be considered in conjunction with CS 2, 5, and 17.

The development of a fishery for albacore tuna
off Ireland’s south and west coasts is, for many
in the sector, the best example of a fishery that
has come about through climate change. And
yet, almost 30 years after it first started this
fishery is today landing most of its catch, not in
Ireland, but directly in to France and Spain where
it joins existing, local, PH value chains with little
if any benefit to the Irish seafood sector.

In this CS, the PH value chain for Ireland’s
albacore tuna fishery is successfully mapped
including volumes and value. The model
developed in the CS links Irish quotas, the
Killybegs fleet, the results of the data collection
framework and STECF annual economic report
with independent reports by BIM (Ireland’s
Seafood Development Agency) that establish the

23




Climate Change and Greenhouse Gas Emissions in Fisheries and Aquaculture Post-harvest value chains -Annexes

Species (type of
processing

between
brackets)

Narrative

Main Conclusions

employment, GVA, wage bill etc of the PH value

chain. The CS then considers how management
of the fishery a) saw the successful introduction
of quotas including an Irish quota (in contrast to,
for example, blue fin tuna, now also found in
Irish waters), and, b) how the ban on the use of
driftnets led to significant changes in how this
fishery operates. This ban not only impacted the
fishing gear used but also the boats involved and
resulted, ultimately, in a move away from
landing into Irish ports. With little or no fish now
landed the potential to develop new PH activity
is severely curtailed.

22

Multiple

Various - concerns
improved
technology for GHG
reduction

EU

Technology is an important aspect for the PH sector,
yet how energy efficient or GHG-emission efficient the
current technology used in this sector is, is currently
difficult to estimate. This CS explored which
technologies are being used and if these technologies
are energy or GHG-emissions efficient. Furthermore,
the incentives to use the current technologies will be
investigated.

Most impactful activities (hotspots) were related
to heating and drying for the feed producer,
while thawing and (re)freezing for the seafood
processor. High energy and water consumption
were flagged as additional GHG hotspots as well
as packaging for the seafood processor.

The main incentive for technological or
management changes appears to be financial
gain. Sustainability is a secondary driver if
investors make it a prerequisite of their financial
investment.

Gains on reducing GHG emission can still be
made to tackle GHG production hotspots if huge
financial investments are made or if an
integrated legislation provides structural solution
without destroying the financial benefits of the
sector.

23

Multiple

Various - concerns
structural and
technological
improvements for
GHG reduction.

EU
GBR

The seafood company at the centre of this CS is a
wholesaler, processor, importer and exporter (both
domestically within the UK and internationally). Their
value chain covers locally (UK) caught species,
including round fish, demersal, invertebrates, and
small-pelagics, but also raw products bought on EU
markets, with export to the EU as well as Asia.

The greatest contributor to the GHG emissions
within this case study’s postharvest value chain
comes from the use and disposal of packaging,
which accounts for 57-66 % of all associated
GHG emissions. The largest contributor is
polystyrene, despite measures in place to reduce
this impact in the form of a polystyrene
compactor that facilitates recycling. Other
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processing

between
brackets)

Narrative

It is understood that there is a need for continual

restructuring and technological advancement within
post-harvest value chains in order to remain
competitive, reduce costs and secure profitability. The
aim of this CS was to better understand some of the
mechanisms by which this can be achieved in the post-
harvest value chain, the effect this has on GHG
emissions and the driving forces behind these
investments. To achieve this, the CS focused on
understanding how the company structures its
distribution chains for certain species, how the
structure impacts GHG emissions, where and how GHG
emissions could be reduced and what steps have been
taken to try and reduce post-harvest related GHG
emissions. Areas of the value chain found to contribute
most significantly to GHG emissions are highlighted
and reported. In addition, the use of new technologies
within the company aiming at improving energy
efficiency and reducing GHG emissions is also reported,
including those that have not been successful and
factors which are limiting implementation. Overall,
there are several actions being taken by the processor
in this case study to reduce their GHG emissions, both
structural and technological. Many of these are easily
replicable, but the main driving factor for change is
cost savings, not a reduction in emissions.

Main Conclusions

methods for packaging have been trialled;

however, alternative forms of packaging have
not been successful because the trial packaging
lacks either the structural integrity or the
thermal properties required.

The reuse of cleaned polystyrene boxes, which
was common, has been reduced because of
concerns raised at food hygiene inspections.
Competing priorities such as these, between
minimising food hygiene concerns and
minimising GHG emissions, demonstrate some of
the difficulties companies face when making
business decisions that could affect post-harvest
value chains and associated emissions.

Reducing diesel use, identified as the second
most GHG emitting aspect of the value chain
within this case study, could be best achieved
through a transition to electric vehicles for short
distance transport (e.g., 100 km). This transition
is now feasible due to technological
advancement and changes to vehicle purchase
cost and the rising cost of diesel. However, a
global shortage of key components (e.g.,
microchips) is currently holding up this
transition.

Overall, there are several actions being taken by
the processor in this case study to reduce their
GHG emissions, both structural and
technological. Many of these are easily
replicable, but the main driving factor for change
is cost savings, not a reduction in emissions. This
could explain why, when asked which aspects of
the business were most responsible for GHG
emissions, only one of the answers given (diesel)
was in the top three. Understanding and
reducing GHG emissions, therefore, appears to
be a question of priority and currently where
there is no incentive to reduce their carbon
footprint, outside of the associated reduction in
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costs with reduced resource consumption, the
likelihood of a business prioritising reducing
emissions appears low.
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CASE STUDY 1: FISHMEAL/OIL — ATLANTIC HERRING (CLUPEA
HARENGUS) AND EUROPEAN SPRAT (SPRATTUS SPRATTUS) -
BALTIC SEA, SWEDEN, DENMARK, POLAND

SUMMARY REPORT
Adapting postharvest activities in the value chain of fisheries and aquaculture

to the effects of climate change and mitigating their climate footprint through
the reduction of greenhouse gas emissions
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LIST OF ABBREVIATIONS
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Hotels, Restaurants and Cafés
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Refrigerated Sea Water

Swedish Agency for Marine and Water Management
Total Allowable Catch

Technology Readiness Level

tonne kilometre, i.e., transport of one-ton material for one km
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1 Background

Small-pelagic fisheries are generally associated with low greenhouse gas (GHG) emissions
compared to other fisheries and seafood systems (Gephart et al., 2021). Pelagic species
such as Atlantic herring Clupea harengus and European sprat Sprattus sprattus also
represent highly nutritious seafood (Hallstrom et al., 2019). However, although the main
global production volume is suitable for human consumption, landings of small-pelagics
are often destined for fish oil/meal and bait (Cashion et al., 2017). Furthermore, if caught
in certain areas of the Baltic Sea, fatty fish such as Atlantic herring may contain
undesirable substances such as dioxins and dioxin-like polychlorinated biphenyls or PCBs
(“dioxins”). Fatty fish from these areas thus have restrictions in dietary advice to
consumers or require extra documentation concerning dioxin levels present before being
sold at some markets. Hence, from a combination of market-related factors, the main
production volume of Atlantic herring and European sprat from the Baltic Sea has
increasingly been destined for fishmeal/oil and mink feed (in particular catches east of the
island of Bornholm and further north in the Baltic Sea).

The total annual EU fishmeal and oil production has in the past decade (2010-2019)
declined compared to previous 10-year period; ~474 000 tonnes meal and ~155 000
tonnes oil production is on average produced annually (EUMOFA, 2021a). The main drivers
behind recent years decrease in production is increased utilization of some pelagic species
for human consumption and a general decrease in quotas for industrial fisheries (i.e.,
fisheries targeting species for feed production) (Seafish, 2018). Although increased
utilization for direct human consumption for important fishmeal and oil species may be
favourable from a food security perspective (e.g., Majluf et al., 2017), current competition
between fishmeal and oil production and direct human consumption in the EU is a
challenge that requires more investigations. Today, the EU is a net importer of fishmeal
and oil, even if the difference between supply/demand and imports is decreasing.
However, out of the total production in the EU, 72 % of the fish oil and 39 % of the
fishmeal was exported to Norway (EUMOFA, 2021a).

For current value chains of Atlantic herring and European sprat, there are a lot of
uncertainties concerning volumes destined for human consumption verses other purposes
due to complex trade routes and currently available statistics, complicating estimates of
seafood consumption in e.g. Sweden (Hornborg et al., 2021). The Swedish value chain of
small-pelagics from the Baltic Sea was disrupted by covid-19 with the closure of the Danish
mink industry: fishmeal and oil were no longer needed for mink feed. This had an effect
on the profitability of the company handling the largest landing volumes of European sprat
and Atlantic herring from the Baltic Sea in Sweden. Meanwhile, there are a lot of ambitions
in the Swedish food policy to improve utilization of small-pelagics for human consumption,
to add to self-sufficiency. This is further supported by repeated calls by the UN to prioritize
the pelagic fish resource for human consumption (Pihlajamaki et al., 2018). How this may
be prioritized, and the potential implications on GHG emissions is yet to be resolved.

This case study (CS) focuses on Baltic Sea fishmeal and oil production based on Atlantic
herring and European sprat. The overall aim is to map the supply chain and estimate
current GHG emissions of fishmeal and oil production from the Baltic Sea with focus on
Swedish, Danish and Polish value chains. One topic includes the effect on different
transport scenarios of catches. Transporting by truck is cheaper than by sea, while the
latter has lower GHG emissions for transporting a certain mass unit of goods a given
distance. Furthermore, the CS intends to further the understanding of what happens when
there is a sudden disruption in a supply chain, since this is likely to increasingly occur in
the future as an indirect or direct effect of climate change (Cottrell et al., 2019), and
explore opportunities and hindrances to increase utilization of resources for human
consumption, including potential effect on GHG emissions.
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2 Value Chain
2.1 Value chain description

Annual landings of European sprat from all waters in the EU are the second largest in
volume of non-food use of fish resources between 2015-2019, decreasing from 391 000
tonnes to 255 000 tonnes, whereas Atlantic herring landings are the 4™ largest in volume
at around 131 000-197 000 tonnes annually, respectively (EUMOFA, 2021a).
Contributions to these volumes from the Baltic Sea fisheries are not reported separately
in the report and ICES landings from the areas includes both industrial fisheries and those
for human consumption.

From the Baltic Sea (ICES subdivisions 22-31), catches of Atlantic herring varied over time
and between stocks, but have been declining in most recent years for all stocks (ICES,
2022; Table 1). Atlantic herring fisheries for both human consumption and industrial
purposes use primarily trawls with different mesh sizes (pelagic and demersal), but minor
volumes are fished by purse seine, gillnets and traps. The Swedish, Finnish and Polish
fishing fleets dominate the EU landings of Atlantic herring in the Baltic Sea. For European
sprat from the Baltic Sea, catches have dramatically increased during the 1990s and have
fluctuated between 250 000 — 300 000 tonnes in recent years (ICES, 2022; Table 2). Most
of the European sprat catch is taken by pelagic trawls and is landed in Denmark by several
EU fleets (96 % out of total landing volume in all areas; EUMOFA, 2021a).

The postharvest (PH) value chain of Atlantic herring and European sprat from the Baltic
Sea starts at the point where first sales take place, after landings of fresh fish (Figures 1-
2). The type of usage after landing is market-driven (Lassen, 2011; communication with
actors around the Baltic Sea). There are no official data available on the overall share of
human consumption for all fisheries of European sprat and Atlantic herring, specifically for
the Baltic Sea; this requires investigations at Member State level. Trade flows are
complicated and in their current format do not allow for reliable tracking of trade flows to
use in seafood consumption mapping in e.g. Sweden (Borthwick et al., 2019; Hornborg et
al., 2021). In the latest EU fish market report (EUMOFA, 2021b), some of the data related
to both herring and sprat are even excluded due to confidentiality. However, the decrease
seen in both per capita consumption of seafood and catches for human consumption in the
EU are attributed to decreasing herring quotas in the Northeast Atlantic, including the
Baltic Sea.

Stakeholders around the Baltic Sea describe that the PH destination is highly variable and
differs between countries and stocks. Finland reports that for 2020, only 3 % of Atlantic
herring landings from the Baltic Sea were destined for direct human consumption in
Finland and 26 % were exported for human consumption; the rest was used for fishmeal
and oil. In Poland, official data are not collected but based on the demand of the Polish
processing industry it is estimated by NMFRI that about 30,000 tons of European sprat
(around half of the landing volume) caught by the Polish fleet are used annually for human
consumption. The remaining part of the catch (over 50 %) is used for non-consumption
purposes, mainly fishmeal and oil, but also feed for fur animals. For Atlantic herring from
the Baltic Sea, there are also no statistics on destination in Poland; part of the volume is
landed abroad, some volumes are delivered to a cannery in Sassnitz (Germany). Part of
herring landings used for non-consumption purposes is non-sorted catches mixed with
sprat. In Sweden, which holds the second largest share of the Total Allowable Catch (TAC)
for European sprat, the Swedish Agency for Marine and Water Management (SwAM)
reports that on average 22 % of landing volumes of both species does not have information
on if they are destined for human consumption or industrial applications; it is generally
estimated that ~90 % of the Atlantic herring and over 95 % of the European sprat from
the Baltic Sea is destined for industrial purposes such as production of fishmeal and oil. In
Latvia, the utilization varies between stocks; all central herring (ICES SD 25-29 and 32,
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excluding the Gulf of Riga) is destined for direct human consumption due to limited fishing
rights whereas only 40 % of the Gulf of Riga herring is destined for direct human
consumption. Furthermore, 70 % of the sprat landings from Latvian fisheries in the Baltic
Sea was destined for direct human consumption, the rest was used for fishmeal and oil
production. In Lithuania (2019), 67 % of Atlantic herring landings from the Baltic Sea and
80 % of European sprat landings respectively were destined for fishmeal and oil
production. Combined, the obtained information indicates that ~17 % of Atlantic herring
volumes from the Baltic Sea is destined for direct human consumption on the domestic
market or for export (based on data for 78 % of total landing volume) and ~28 % of the
European sprat respectively (based on data for 72 % of total landing volume) (Figures 1-
2). However, based on fishing area (including all landings except for those in 30-31 and
28.1), the share of Atlantic herring for direct human consumption is likely higher (<39 %).
On a country level, the quota utilisation may however be considerably different in terms
of share of human consumption versus industrial purposes.

After first-sale, landings are either processed directly in factories located in harbours or
transported by truck (frozen or fresh) for further processing to fishmeal and oil or use as
mink feed. Processing facilities include either fishmeal and oil processing plants (primarily
in Denmark) that export to global feed markets (Table 1), or facilities around the Baltic
Sea processing for direct human consumption (fresh or frozen fillets, whole frozen fish,
canning, smoking). Volumes destined for direct human consumption comprise mainly of
larger sizes of herring and are mainly from the southern part of the Baltic Sea. In Sweden,
volumes destined for human consumption are distributed mainly as fresh or frozen fillets
to retail and HORECA (Sundblad et al. 2020). Based on information from one Swedish
company that processes Atlantic herring and European sprat for human consumption, 28
% of fresh fillets and 89 % of frozen fillets of Atlantic herring are exported to markets in
Denmark, Finland and Italy whereas for European sprat, all is exported to the United
Kingdom (UK), Poland, Latvia and Estonia.

One challenge in the supply chain is availability of harbours that can receive large vessels
and handle large landing volumes. In Poland, only a few of the largest fishing harbours
have infrastructure capable to land pelagic fishes on a large scale. Vacuum pumps for the
vessels equipped with RSW (Refrigerated Sea Water) systems are owned by organizations
or companies and are set up on quays in several ports. They enable industrial fish to be
transported directly to trucks that transport the fish to meal and oil processing plants
located outside the country (Denmark, Germany and Latvia are the main destinations).
Trading companies and producer organizations also have sorting systems, which are used
when part of the catch of a specific vessel is intended for sale for direct human
consumption. Such operations cause increase of costs (about 0.02 EUR/kg), which
influences shipowners' decisions to fish for non-consumption purposes.

Side streams from processing for human consumption are also used for feed production.
In Sweden, these were in 2014 transported to fishmeal and oil production (57 %) in
Denmark or used as mink feed (43 %) in Sweden or Denmark (Bergman, 2015). The fillet
yield of European sprat is, according to EUMOFA, 37 % edible of live weight, but also whole
fish is utilized for canning. The fillet yield of Atlantic herring from the Baltic Sea for human
consumption varies in the Baltic, where there are less fat and smaller individuals compared
to other fishing areas. Edible yield for larger Atlantic herring is in general around 52 % of
live weight (EUMOFA), but according to industry the filleting yield may be as low as 20 %
for smaller and less fat herring from the Baltic Sea (Figure 1). On a yearly basis, Atlantic
herring from the southern parts of the Baltic Sea has a filleting yield between 30-35 %,
but there is a large variability between fishing areas and seasons. When Atlantic herring
from the Baltic Sea is used for fish oil and meal production (whole fish or trimmings), yield
is 15.1-18.2 % for fishmeal and 6.3-8.3 % for fish oil respectively. Yield for whole fish or
trimmings of European sprat from the Baltic Sea is 15.6-18.1 % for fishmeal and 6.3-8.1
% for fishmeal respectively.
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After processing for fishmeal and oil, the destination has changed over time for the Danish
processing industry, with a larger share currently being directed towards aquaculture. The
fishmeal and oil have different markets, but the main volume is sent for production to
compound feed in aquaculture. However, according to Seafish (2018), fish oil and meal
from herring and sprat contributes to relatively small volumes out of total volume of raw
marine material used by key aquaculture feed manufactures (Biomar, Skretting, EWQOS).
According to the Seafish report (2018), industrial fisheries for European sprat contribute
with raw material for both fishmeal and oil whereas industrial fisheries for Atlantic herring
only contributes to fish oil production; only trimmings of Atlantic herring are utilized for
fishmeal. When there is information available on fishing area (summarized in Seafish,
2018), the total volumes of Atlantic herring and European sprat utilized only comprise of
smaller shares caught in the Baltic Sea.
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Figure 1 Postharvest value chain of Atlantic herring from ICES area 22-32 (2015-2019). Source:
Industry data, EUMOFA.

Table 1. Numbers of the Postharvest value chain of Atlantic herring from ICES area 22-32 (2015-
2019).

Main first sales
locations

Main primary | Top 5 EU | Volume first sales
production countries (landing | (annually)?

TAC (quota) in
2021
(tonnes)(excl.
Russia)?

volume)?!

Wwild capture 1.Finland 303,200-360,700 1.Finland (46 %) Skagen (DK)

(mainly trawls) 2.Sweden tonnes 2.Sweden (21 %) Norrsundet (SE)
3.Poland 3.Estonia (11 %)  Vastervik (SE)
4 .Estonia 4.Poland (10 %) Kasnas (FIN)
5.Germany 5.Latvia (9 %) Hel (POL)

Sources: 'ICES, 2European Commission
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Figure 2. Postharvest value chain of European sprat from ICES area 22-32 (2015-2019). Source:
Industry data, EUMOFA

Table 2. Numbers of the postharvest value chain of European sprat from ICES area 22-32 (2015-
2019).

TAC
2021
(tonnes)(excl.
Russia)?

Main first sales

locations

Main
production

primary | Top 5 EU | Volume first sales
countries (landing | (annually)?!

(quota) in

volume)?!

wild capture 1.Poland 246,600-314,142 1.Poland (29 %) Skagen (DK)

(pelagic trawl) 2.Sweden tons 2.Sweden (19 %) Vastervik (SE)
3.Russia 3.Latvia (14 %) Hel (POL)
4.Latvia 4 .Estonia (12 %) Kotobrzeg (POL)
5.Estonia 5.Demark (10 %)

Sources: 'ICES, 2European Commission

3 Resilience

3.1 Physical and financial resilience

Most of the pelagic stocks used for fishmeal and oil production are believed to be affected
by climate change according to EUMOFA (2021a); no specific reason is provided. In
production of fishmeal and oils there is an international market and supply of fish and use
of side streams from processing is flexible, depending on prices.
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The yearly first-sale price of European sprat from all fishing areas was 0.19-0.28 EUR/kg
during 2007-2020, whereas Atlantic herring prices varied between 0.38-0.73 EUR/kg
respectively (EUMOFA, 2021a). There are no specific first-sale values reported by EUMOFA
for the landings from the Baltic Sea area, but the prices are available on country basis.
According to data from the Swedish Agency for Marine and Water Management, there is
no large price difference in Sweden between sprat used as food or feed from the Baltic for
Swedish fisheries (around 0.2 EUR for both); this difference is much larger for sprat from
the North Sea (feed 0.3 EUR/kg and food 0.8 EUR/kg). For Atlantic herring in the Baltic,
the feed is only worth 21 % of the food value (in EUR/kg), similar to the situation for
herring from the North Sea. In Poland, there is a significant increase in cost of delivering
landings for non-consumption purposes, because landings are lower.

In Sweden, there has in recent years been a strong public and political debate concerning
the competition between Atlantic herring fisheries in the Baltic Sea for human consumption
versus fishmeal and oil production, in particular in the more northern parts along the
Swedish east coast. Finland takes the main volumes in the Bothnian sea (ICES areas 30-
31), but the use of pelagic trawls in Swedish fisheries in coastal areas have increased in
recent years. Although the stock is sustainably exploited according to the MSY-framework
of the EU CFP, the proportion of larger sizes of fish have decreased. Size structure is not
part of the MSY objectives, but larger sizes of fish are required for the human consumption
market; there is thus a competition in current fisheries between different markets.

3.2 Major financial constraints and reliability

Climate change is expected to increase risks of outbreaks of zoonosis that may cause
pandemics such as covid-19 (Carlson et al., 2022). EUMOFA (2021a) states that the initial
negative impact on the global trade and logistics from the covid-19 pandemic was short
lived for fishmeal and fish oil. This is correct, but one aspect not considered was other
effects on the value chain supporting the fishmeal and oil industry. The value chain
structure in Sweden was disrupted with the killing of minks in Denmark due to fear of
zoonosis. Based on an interview with the major first-hand receiver of pelagic fish from the
Baltic Sea in Sweden, this change was the end of their largest factory. Storage of frozen
pelagic fish for on-demand delivery to mink feed in Denmark was an important extra
income for the facility, even if they had already decided to end this production due to lower
demand. However, factories handling Atlantic herring and European sprat from the Baltic
Sea in Sweden currently need to be able to rely on keeping volumes for both non-
consumption and direct human consumption to maintain freezing capacities and cover
costs. After the decrease of the mink industry, demand for frozen, whole fish from the
Baltic Sea is low (except for around 200 tonnes for cat feed) and landed volumes are
instead directly transferred fresh by truck to fishmeal and oil producers in Denmark
through new contracts. There was thus a positive effect on the availability of raw material
for the fishmeal and oil producers, but it shut down the opportunities for factories to keep
freezing capacity required to handle smaller volumes for human consumption.

In Sweden, a larger share of herring caught in the Baltic Sea was before used for direct
human consumption. These volumes were mainly exported to markets in eastern Europe,
in particular Ukraine and Russia. However, trade embargos and price competition between
fishmeal and oil production in Denmark and purchasing power in eastern Europe have
increasingly directed volumes towards non-consumption production (Sundblad et al.,
2020). For the Swedish consumption market, the smaller sizes of fish and less fat content
makes Atlantic herring from the northern Baltic Sea not suitable for pickling, an important
product form for the Swedish market. However, in the southern Baltic Sea, Swedish
industry processing European sprat and Atlantic herring for human consumption
experience major lack of raw material. The trends of larger fishing vessels, larger landing
volumes and reduced TACs for stocks in the southern Baltic Sea are driving a development
towards increased utilization as fishmeal and oil due to Swedish harbour capacities in
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combination with quality needs for raw material for direct human consumption. According
to Polish processors, with higher mechanization of production, Atlantic herring from the
Baltic Sea is most suitable for canning, similar to sprat. For a lot of value-added products
with high level of automatization such as breaded fillets, a larger share of herring from the
North Sea is however imported in Poland. Despite this, Polish processing demand for Baltic
herring for human consumption remains high.

3.3 Stakeholders’ perceptions

In terms of climate driven effects affecting the value chain, representatives of the Danish
fishmeal and oil industry report on increasing energy costs. Other issues of concern
reported on are growing populations of seals (directly and indirectly affecting the resource)
and increase in stickle back (Gasterosteidae) abundance (offering a potential new resource
for fishmeal and oil); it is however not scientifically proven if climate change is a driver.
At present, energy cost is seen as the most pressing issue. The issue with seals reported
is mainly related to poor status of cod stocks (contributing with parasite spread to cod)
and the spill-over effect on setting lower quotas for European sprat and Atlantic herring in
the Baltic Sea to allow for rebuilding of cod stocks.

The main opportunities to cope with climate impacts and risks are, according to
representatives of the Danish fishmeal and oil industry, the use of alternative energy
sources and improving energy efficiency, but the main barrier is available infrastructure.
There are no cables that can deliver the energy needed. With energy use now being based
on coal and natural gas, the industry is vulnerable for effects such as seen now with the
embargoes on Russia as a result from the military aggression against Ukraine. The
processing industry may improve their efficiency by the fishing industry changing fishing
patterns to seasons providing the highest yield (most oily); the dialogue on how to
optimize per species is already ongoing. In this regard, the perception of the processing
industry is that in the Baltic Sea, climate change has fewer effects on species and
distribution than in the North Sea.

According to representatives of the Danish fishmeal production industry, the greatest
impact on GHG emissions from their part of the value chain is the cooking process because
this is likely the most energy demanding. Furthermore, they report that the main driver
to take action on climate change is based on own initiatives. There is however a major
challenge with public infrastructure not being available for using green energy; cables and
capacity are not sufficient to support the processing industry where it is currently located.
Dialogues with municipalities are ongoing, but changes in infrastructure are costly and
require funding at higher level than the fishmeal and oil processing industry can support.

Overall, there are different issues affecting the value chain of fishmeal and oil from the
Baltic Sea (Table 2). Some are more directly related to climate change whereas others are
more of general concern (such as public perception of the fishmeal and oil industry).
Strengths and opportunities for the value chain are the low GHG emissions, high nutritional
value, increasing interest in environmental footprints and EU regulation initiatives to
hinder deforestation which may provide market advantages for fishmeal and oil over
imported soy.
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Table 2 SWOT for fishmeal and oil production from European sprat and Atlantic herring
caught in the Baltic Sea. Based on interviews with one producer organisation in Denmark,
one producer organization in Poland, one trading company specialized in deliveries of raw
material to plants in Denmark, one trading company with cold stores and processing of
fishmeal attempt.

- Helpful (to achieving the objective) Harmful (to achieving the objective)

% Strengths Weaknesses

e Provides feed ingredients with low e Energy demanding to produce fishmeal
§ GHG emissions and oil
2 e High in nutritional value e Expensive to change to other energy
= e Increased interest in product’s sources and decrease energy use in Danish
o environmental footprints where processing
"’Tg fish ingredients are more e Basing land transport on trucks
£o favourable than e.g. soy
'g“ﬁ e Full utilization of catches through
@ appropriate  transportation or
T o storage
g o e Investments in green energy
2% production in Poland (wind
= turbines, solar panels)
o Opportunities Threats
= e Stickle-backs (Gasterosteidae) are e Negative public perception and
S increasing and may be a new misunderstanding related to fishmeal and

resource for fishmeal and oil oil production (especially in the Baltic Sea)

§ e EU regulation on deforestation is which may affect the political agenda and
E coming up, have to prove that e.g. close fishing opportunities
= soy doesn’t cause deforestation, e High aggregation of fishing effort that puts
o which will offer improved market pressure on the resource for economic
~ opportunities for fishmeal and oil reasons
'%,,\ e Climate change is causing changes in fish
= B spawning period, individual size,
© g geographical distribution, as well as the
E S mixing of fish stocks of different species,
o = which makes sorting operations much
5 % more difficult

Another issue that was not brought up during the interviews but a common knowledge
that is arguably affecting consumer market interest is that Atlantic herring and European
sprat from the Baltic Sea are an important dietary source of undesirable substances in
particular dioxins, although decreasing (Tuomisto et al. 2020). This situation is an
opportunity for the fishmeal and oil processing industry that utilize a raw material of low
consumer interest and have the ability to remove these substances from the final product.
Furthermore, a weakness is that the availability of raw material cannot be scaled up
because production is limited, and threats to the industry include potential overutilisation
of stocks when quotas are set too high.

3.4 Role of management - lessons learned of adopted strategies

There are a lot of uncertainties in the stock assessments of Baltic Sea Atlantic herring and
European sprat. One issue is the mixing of the species in catches, and that the relative
share of the species reported in logbooks may not be accurate which complicates stock
assessment (ICES, 2018). There is also a high degree of mixing of the defined Atlantic
herring stocks, which is a compromise between populations defined on biological grounds
versus practical fishery management units, which further complicates assessments. Prior
estimates on fishing mortality and spawning stock biomass have had to be revised as new
knowledge has emerged, and fishing pressure has been found to be higher and stock size
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smaller than previously assumed. This causes risks for effects from overfishing. Since the
MSY-framework for managing fish stocks does not include objectives on size structure of
the population, but only on biomass, a fishery may today be fished in line with MSY-
objectives although the size structure may be skewed towards smaller individuals. This
development has e.g. been seen for Atlantic herring stocks in the Baltic Sea, where e.g.
the stock in the Gulf of Bothnia (ICES SD 30-31) has decreased from a mean size of around
20 cm to 14 cm between 2005 and 2017 (Sportfiskarna, 2020). This development causes
increased tension between fishing segments in Sweden, where local fishermen require
larger sizes of Atlantic herring for human consumption, as well as occurrence of fish in
coastal waters; both have shown dramatic declines in recent years.

Polish fishermen indicated that fishing pressure in previously non-fished spawning areas
is increasing. This has been made possible by adapting smaller vessels to pelagic fishing
for non-consumption purpose. In their opinion, catch volume is most important factor; the
price difference at first sales between landings for human and non-human consumption
purposes is so small that saving on transport to fishing grounds is prioritized.

A separate issue lies in the structure of the value chain on land compared to fishery
management objectives and fleet structure development. Through an introduction of
individually transferable quotas in the pelagic fishery in Sweden, with one of the
management objectives to make the fleet more efficient (SwWAM, 2014), current sizes and
thus catch capacity of vessels have increased (~700-800 tonnes). Based on an interview
with one processor in Sweden, the largest facility to receive pelagic fish from the Baltic
Sea in Sweden was built in 1997. It was adjusted to handle volumes from the common
sizes of the fishing vessels at the time (a freezing capacity of ~200 tonnes/day). Landings
could there be sorted by size and processed into fillets. Between 1997-2007, 10 000-
20 000 tonnes were annually frozen for human consumption (50 % of landing volume),
the rest was frozen for feed production. The part for direct human consumption was mainly
exported to Estonia, Latvia, Russia and Ukraine. Around 2006-2007, the share destined
for human consumption decreased down to 25 % of landing volume, and fully disappeared
in 2014 with the embargo to sell fish to Russia. From year 2010 onwards, the size of
fishing vessels increased, and with this development, the ambition has been to fish more
efficiently (large volumes in short time). European sprat and Atlantic herring from the
Baltic Sea are highly perishable, and to keep the quality needed for direct human
consumption, the fishery needs another fishing patterns, with short hauls and smaller
landing volumes. The catch needs to be stored in cold water onboard and should ideally
be delivered to the processing facility within 24 hours. The current price and cost of
production difference between fish landings for direct human consumption versus for feed
production is not large enough to motivate this change in fishing pattern. If increasing
utilization of Atlantic herring and European sprat from the Baltic Sea for human
consumption would be the ambition, there currently is however a mismatch between
vessel capacity and first-hand receiver on land in Sweden.

4 Greenhouse Gas Emissions

4.1 GHG emissions in the value chain

The functional unit of the European sprat and Atlantic herring value chain here is 1 kg of
oil or meal at factory gate. The inventory is based on information from Danish processing
plants, Swedish and Polish value chain actors, reports (mainly Winther et al., 2022) and

secondary data from LCA databases. The data availability and variability for the different
steps of the value chain is described below.
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Fisheries

No published estimate on fuel use intensity (I/kg) is available for European sprat and
Atlantic herring fisheries in the Baltic Sea. However, fisheries for Atlantic herring with
pelagic trawls show small variation in available records and have on average a fuel use
intensity of 0.1 litre/kg LW in Iceland, Scotland, Norway and western Atlantic (Byrne et
al., 2021; Sandison et al., 2021; Winther et al., 2020; Driscoll & Tyedmers, 2010), which
equals to roughly 0.38 kg CO2e/kg LW. This estimate includes production and combustion
of fuel and a generic value for non-fuel related emissions based on approach in Ziegler et
al. (2021).

When fishing for human consumption versus for fishmeal and oil, the targeting pattern
differs. As an example, in Poland, if catches are intended to be sold for non-consumption
purpose, they fill the RSW tank 90 % fish and 10 % water. When the catch is intended for
direct human consumption, fishermen protect the fish from being squished and the RSW
tank is filled 50 % fish and 50 % water. There may thus be a lower catch per unit effort
for fisheries for human consumption, possibly effecting fuel use intensity and thus GHG
emissions; to which extent is unknown in Poland. Also, Swedish pelagic fisheries in the
Baltic Sea exhibit great variability in targeting pattern, such as transport distance, fishing
trip length and catch volume. However, on average, preliminary analysis of these fisheries
based on data provided by the Swedish Pelagic Federation Producer Organisation indicates
the same fuel use intensity for fisheries for human consumption versus fishmeal and oil,
although it could be variable between fishing trips.

Processing for human consumption and trimmings

Most landings for non-consumption purposes are not sorted or stored. Shipowners
choosing to fish for human consumption may sort landings, but smaller volumes are not
frozen but instead just sent fresh by trucks to fishmeal and oil producers or mink feed
production.

If destined for human consumption, 480-800 tonnes of trimmings are generated from
1000 tonne of Atlantic herring when filleted whereas for sprat, 630 tonnes are generated
respectively. These trimmings are transported to fishmeal and oil factories fresh in tanks
by trucks. According to Polish customs office data, exports of fish side streams from Poland
was 89 500 tons in 2019 and 127 000 tons in 2020. The share sent to Denmark was 73
000 tons and to Germany 102 000 tons, respectively. These volumes are all reported as
fish waste in official statistics (includes PH side streams and catches for non-human
consumption), but it is not possible to separate data for fishing areas, nor separation
between fish side streams (from processing for human consumption) and fish specially
caught for non-consumption purposes.

Production of round-frozen (whole) Atlantic herring and European sprat for human
consumption in an industrial processing plant requires approximately 216 kWh/ton LW for
freezing, around 0.13 | fuel/ton (unspecified, assumption based on information from a
salmon slaughter plant) and a municipal waste treatment process - combined ~19 kg
CO2e/ton fish processed (Winther et al., 2020). No data could be obtained on the GHG
emissions from filleting of European sprat and herring, but a Norwegian report (SINTEF,
2006) has estimated a requirement of on average ~225 kWh/ton for processing of pelagic
fish. This is equivalent to 99 COze/ton (Ecoinvent data for average European grid mix).
Sourcing raw material from trimmings is thus associated with slightly higher GHG
emissions, i.e. emissions from processing and extra transport on top of emissions from
fisheries, compared to sourcing directly from industrial fisheries. The degree of increase is
however often marginal and depends on modelling choices in LCA, i.e., how emissions are
allocated between main product (fillet) and side streams.
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Transport

Most of the fish volume is landed directly on site of the fishmeal and oil factories in
Denmark and thus does not require any further transportation than is included in the
fishery. Fish sourced from more distant harbours is transported fresh in tanks by truck
with eventual ferry journeys to shorten transport distance.

For the Danish fishmeal and oil processing industry, raw materials are predominantly
landed directly at the fishmeal and oil factory. As a result, the average transport distance
is comparatively short: 100-140 t*km truck transport and ~1 t*km ferry transport per
ton raw material input depending on the factory and sourcing pattern.

However, transport distance can be highly variable in the supply chain. In Poland,
transport to fishmeal and oil production comes directly from vessels landed at ports into
tankers or tubs with a single capacity of 25 tonnes. The primary directions are Denmark
(Skagen) and Germany (Cuxhaven), which, counting from the largest unloading port in
Hel, gives a one-time distance of 1300 and 1000 km, respectively (for Kotobrzeg the
distances are 250 km less). Chilled road transport process provides an emission of 0.248
kg CO2e/t*km?®. This includes the entire transport life cycle, but not the fact that some
routes include roll-on-roll-off ferries which would lower the GHG emissions. Some
examples of transport routes and associated GHG emissions are found in Table 3. Since
the fisheries have a low fuel use intensity, with GHG emissions of 0.38 CO2e/kg LW,
different transport routes contribute to a larger share of total GHG emissions compare to
more fuel intense fisheries; transports could have equal importance as the fishing phase
if transported on road from distances over 1300 km.

Table 3 GHG emissions of different transport routes and modes.

Transport route kg CO.e/t
(km)

Road Poland (Gdynia) - Denmark (Skagen) 1200 298
Road Sweden (Norrsundet) - Denmark (Skagen) 700 174
Road Sweden (Vastervik) - Denmark (Skagen) 450 112
Road Hel (Poland) - Denmark (Skagen) 1300 322
Road Hel (Poland) to Cuxhaven (Germany) 1000 248

Export of “fish waste” from Polish processing industry is considerable (Table 4) and has
increased in recent years. This volume comprises of both trimmings from processing for
human consumption and catches for non-consumption purpose. The increase in export
seen is driven by the closure of the Eastern Baltic cod fishery (fishing moratorium), with
as a result, more fishermen turning to pelagic species, in particular for non-human
consumption purpose. According to information from interviews in Poland, one transport
trip of “fish waste” can consume as much as 300 litres of diesel. In addition, most trucks
return to Poland empty, which also burdens fish transport to the processing plant with
GHG emissions. During the interviews of those involved in the process of supplying
fishmeal processors, no answers on number of trips were obtained because of
confidentiality issues. A rough estimation based on catch and consumption volumes for
consumption purposes in Poland shows that about 800-1000 trips can be used to transport
fish for fishmeal and oil production annually, resulting in diesel consumption of 240,000-
300,000 | per year for these transport.

>16-32t Euro 5 at WLFDB 3.1/EU, AGRIBALYSE 3
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Table 4. Export of “fish waste” in tonnes from Poland in years 2018-2019. Source:
Eurostat

2018 2019 2020

WORLD 69 116.48 89 459.63 126 982.96
DK 46 613.05 61 524.47 75 783.13
DE 11 668.37 11 955.10 26 081.41
LV 6 245.99 9 124.22 13 026.04
FR 1770.82 2 367.86 4 594.64
GB 646.23 505.51 1 834.85
LT 414.51 489.93 1707.18
cz 3.19 33.46 1133.44
us 1263.62 1107.65 1126.86
AT 1.09 625.41 855.04
ES 106.84 96.77 469.64
HU 204.77 332.20 354.30

IT 22.35 5.70 8.04

BE o 0.14 3.50

NL 23.80 25.68 1.79

SI 1.03 0.87 1.74

SE 18.55 0.02 1.37

FI 0.01 0.02 0.00

Processing into fishmeal and oil

Denmark is the main producer of fishmeal and oil in the EU with ~40-50 % of total
production (EUMOFA, 2021a). The processing of raw material into fishmeal and oil
separates solids (fat-free dry matter), oil and water in fully automatic closed systems
(Figure 3).

A
: o
Y ® DECANTER

RAW MATERIAL COOKER

|

FISHING VESSEL

Figure 3 Processing scheme for fishmeal and oil in Denmark. Source: Provided by Marine
Ingredients Denmark.

The production of fishmeal and oil comprises of many different steps (Table 5) but there
are no detailed data on the energy requirements for the specific steps. During the different
steps, it is best practise within the industry that vapours and air from the process are
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treated to reduce odour. According to representatives from the Danish fishmeal and oil
processing industry, cooking is most likely the most energy demanding process.

For the general process of making fishmeal and oil out of raw material in processing plants
in Denmark, the share of energy provided by electricity from the grid varies between plants
but is restricted because available infrastructure does not allow for supplying the energy
needed. A large share of the energy provisioning is therefore currently based on coal,
natural gas and biogas. The mix of energy source varies between plants, with strong
implications for GHG emissions, both in absolute numbers and relative contribution from
processing to overall GHG emissions; an indicative value for greenhouse gas emissions
from processing based on one of the factories is 0.44 kg CO2e/kg fishmeal and oil.
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Table 5. Steps during processing into fishmeal and oil

Raw Method differs depending on how the raw material arrives, could be by screw
material conveyers, lamella pumps, tipped from containers, bins, skips, bulkers or trucks
intake or by pumping with water directly from the vessels. Common practice is that it is

unloaded into enclosed hoppers or tanks.

Cooking Raw material is stored in a buffer silo until it is fed into a cooker where it is heated
to 90-959C. This sterilizes the fish, coagulates the proteins and disrupts the cell
membranes, to facilitate the separation of the soluble and the oil from the dry

matter.
Press & The cooked raw material is fed to either a screw press, a 2-phase or 3-phase
Decanting decanter, where much of the liquid is squeezed out to produce a liquid phase, a

solid phase, and if there is a 3-phase decanter, there is an oil phase. Strainers
are used before pressing to make optimal working conditions for the presses.
Efficient pressing gives low fat levels in the product.

Separator The press water is separated further in a decanter. The press water contains most
of the oil from the fish and dissolved proteins, salts and fine particles. The liquid
from the decanter is sent to separators, where the oil is removed and
subsequently stored for export. A two-step separation is used for fish oil
extraction: 1) Extraction of oil from soluble fraction by means of separator; and
2) Polishing of extracted fish oil by means of second separator. All solids separated
by this process are recovered.

Evaporator The liquid that remains after the removal of the oil (stickwater) is fed to
evaporators, where it is concentrated before being blended with the press cake
during the drying stage. The stickwater contains both dissolved and undissolved
proteins, residual oil, minerals, and vitamins. To concentrate the stickwater and
achieve a high concentration of dry matter, large quantities of water are removed
by evaporation, which requires energy, and the resultant condensate has to be
discharged. The industry currently uses various devices for evaporation; having
an evaporator significantly reduces the environmental impacts of wastewater to
the receiving environment.

Dryer The wet mixture of presscake, decanter sludge and concentrated stickwater is
converted into a dry fishmeal (moisture content below 12 %, enough to inhibit
microbial activity). The material is heated to a temperature where the rate of
evaporation of the water is considered satisfactory in order to avoid reduction of
quality, especially of the protein. There is a diversity of drying processes that are
used - indirect steam drying, vacuum drying, hot air drying and spray drying -
and some factories use more than one drying process. Indirect steam drying is
the most common practise throughout plants in Europe. Good practise applied to
the drying process involves sealing of equipment to avoid uncontrolled excess air
ingress, control/removal of vapour steam and maintaining equipment under

vacuum.
Cooling After drying the fishmeal is cooled by air.

Grinder/ The fishmeal is ground to a specific particle size using hammer mills. After the
Milling milling, the meal is stored for export either as meal or pelletized.

oil To reduce undesirable substances, the oil may pass through a carbon-filter press.
purification

Scrubbing The scrubbing tower collects air and surplus vapour from the dryers and the heat
tower exchanger and air suction vapour from the processing plant.
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Storage and distribution

After production, both fishmeal and oil are only stored for a limited time due to continuous
high demand from feed producers and high production volumes. The fishmeal and oil are
stored in containers/boxes at the processing plant with constant shipping out (mostly bulk
ships but also trucks). Feed is distributed to producers predominately by ship directly from
site. Smaller volumes are also transported by truck. Based on transportation data bases,
distribution by ship is generally the more efficient transport method in terms of GHG
emissions per tonne transported.

According to detailed information on destination provided by one Danish processing plant,
95 % of the fish oil is directed to aquaculture (the remaining 5 % to the pet feed industry)
whereas only 49 % of the fishmeal is directed to the aquaculture industry; fishmeal is to
a larger extent directed to livestock production (37 %) and the remaining to pet feed (14
%).

Overall GHG emissions

For fishmeal and oil produced in Danish plants, the largest contribution to GHG emissions
per kg fishmeal comes from fuel use in fisheries. For PH, processing contributes with 23-
35 % of total emissions (second largest for overall emissions). The most important factor
influencing emissions from processing is the energy source other than electricity, with
natural gas and biogas performing better than coal. GHG emissions from raw material
transport only account for about 1 % of the Danish fishmeal or oil’'s cumulative emissions.

4.2 Alternative distribution systems

According to representatives of the Danish fishmeal and oil processing industry, there is
little market interest for European sprat and smaller sizes of Atlantic herring from the
Baltic Sea for human consumption; the fishmeal and oil industry takes what is of low
interest for other uses. However, based on an interview with processors in Sweden, there
is still demand for human consumption, such as the canning industry in Latvia but also
other countries; the purchasing power may however be low. One option to increase
utilization of the raw material is to redirect fish oil to human consumption as e.qg.
supplements, which would decrease EU dependence on imports of this market segment.

If switching to green energy could be enabled for the fishmeal and oil processing industry
in Denmark, which would decrease GHG emissions. Furthermore, representatives of the
Danish fishmeal and oil industry also reports that raw material quality may be better when
use of electricity instead of gas and may thus add value.

4.3 Limitations for structural improvements in GHG emissions

Switching to green energy will be very expensive, and due to state aid rules for who can
receive funding, private sectors such as the fishmeal and oil industry cannot receive
fundings for this transition.

If the fish oil should be used for human consumption, the whole factory needs to be
approved for food production. The raw material is food grade, and the fish oil is clean of
unwanted substances such as dioxin. Current EU legislation on food production is thus a
hinder today when food and feed cannot be produced in the same facility although both
have food quality and production lines may be separated within a factory. According to
representatives of the Danish fishmeal and oil industry, it has proven difficult to change
these rules. Instead, a change in practise at the plants towards being food grade facilities
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and use side streams for feed needs to take place. This is associated with costs and may
also affect the ability to receive raw material (that will always be generated) not suitable
for human consumption.

In Poland, volumes of European sprat and Atlantic herring landed directly from fisheries in
foreign ports (especially the island of Bornholm, Denmark) used to be around 12 to 20
thousand tonnes annually, but landings in foreign ports are decreasing. This is due to a
combination of factors such as the development of infrastructure in Polish ports; fewer
benefits related to taxes and subsidies affecting fuel prices in Bornholm, compared to
Poland; fishermen’s calculation of profits from deliveries directly to processing plants in
Denmark versus Poland; and the most important factor is vessel operators saving time
that could instead be spent on fishing. Climate change is perceived to lead to less fishing
days with favourable fishing conditions and, as an effect, a reduction of the number of
available fishing days. Combined, this results in increased fishing activity on fishing
grounds closer to landing sites. This is a change in fishing pattern that may case risk for
overfishing from increased fishing pressure in a certain area or time of year, depending
on stock dynamics and possibility to account for this in stock assessments. But if
sustainable fishing pressure can be assured, all actors in the Polish value chain may benefit
from this: fishermen save time and money; producer organisations can act as traders;
traders took the added value that was before left on Bornholm; and processors may get
lower prices. Attempts are also being made to start processing of fishmeal and oil in
Poland, but the existing value chain for fishmeal and oil is robust and optimized
economically. This challenges opportunities for new establishments of plants, especially
smaller ones, and requires relatively high level of investments in Poland at high financial
risk.

5 Reducing GHG emissions by technical means
5.1 Trends in technological evolutions and industrial strategies

According to EUMOFA (2021a), fishmeal and oil production is projected to grow moderately
the coming years with the growing aquaculture as a main driver. Because fishmeal and oil
are limited resources, they are considered to rather be strategic ingredients used at lower
concentrations in compound feed, whereas development of new raw materials (such as
krill, algae and insects) and increased utilization of trimmings is expected to achieve
growth in production. Parts of the volumes of Atlantic herring have been sent as frozen,
whole fish to the tuna grow-out industry around the world. It is unknown to which extent
this practice exists today. From a fish-in-fish-out perspective, i.e. how much fish raw
material that is required relative to the output of the aquaculture production, processing
into fishmeal and oil for production of compound feed offer better utilization of limited
resources.

The growing aquaculture sector is intensively searching for raw materials to incorporate in
compound feeds, driven by sustainability ambitions, supply and prices. Both replacement
of fishmeal and oil (which are limited in availability) and plant protein sources with
environmental challenges such as deforestation concerns (such as soy) are under
development. In this effort, it is important to acknowledge the nutritional value of the new
ingredient for optimized fish welfare and growth. Further, physical properties and
availability of the new ingredient are important factors that need to be taken into
consideration. Today, ingredients under development include those based on low-trophic
level species, microbes, insects, plants, and animal by-products - each with different
potential and challenges but all in need of accelerated development of new processing
technologies to ensure commercial production (Albrektsen et al., 2022; Almas et al.,
2020). Absolute values on GHG emissions from prior LCAs of these potential replacements
cannot be directly compared without harmonization due to the strong influence on results
from methodological choices in the modelling (Ziegler et al. 2022); furthermore, many
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ingredients do not have representative data yet for commercial scale production. For fish
oil, a promising replacement based on nutritional value is algae oil, which has been shown
to contribute to higher GHG emissions but comes with other environmental benefits such
as reduced dependence on limited resources of fish (Bosch et al., 2018). For replacing
fishmeal, different vegetable ingredients have been used so far, such as soy, which has
also come with trade-off in terms of higher GHG emissions of feed production and often
dominates feed related GHGs of aquaculture species (Hempel 2022; Ziegler et al., 2021).
Hempel (2022) concludes that if GHG reduction is the goal, it is important to focus efforts
on reducing inclusion of high-emission ingredients such as soy from countries with
expanding agriculture, as well as micro-ingredients (in particular pigments) which have
shown to be associated with high GHG emissions. Replacing fishmeal and oil with soy-
protein concentrate results in an increase in GHGs and, in addition, increase the need to
add feed additives to meet the nutrient requirements of the fish, but also to increase
palatability, bioavailability or strengthen the health. There are other ingredients of interest
at different Technology Readiness Level (TRL); one more novel feed ingredient of particular
interest is different applications based on microbes that have fast growth rates and can be
grown on different substrates including waste streams (e.g., Martinez-Cérdova et al.,
2017). Another marine-based ingredient that may be utilized more are blue mussels, which
in Hempel (2022) were found to be associated with relatively low GHG emissions.

The current system of managing fish raw materials for non-consumptive purposes such as
fishmeal and oil is based on large-scale processing plants. The number of fishmeal and oil
plants has decreased in recent years, with Denmark alone seeing a reduction from twenty
to three plants (EUMOFA, 2021a). Based on interviews in Poland, a few but large plants
have created efficient and strong supply chain structures that are difficult to enter if
smaller players want to get established; larger plants can also offer better prices. There
has been an attempt to change such chains by building a fishmeal and oil plant closer to
the point of landing, but this was not successful due to high competitiveness when entering
the fishmeal and oil market, with low profit margin. It seems that the existing links
between current processing plants and the customers of the fishmeal and oil, and the
strong position of intermediaries (trading agents) that can offer higher prices to fishermen
than small-scale processors, all contribute to Polish fishermen selling their catches to
plants in Denmark (mainly) or Germany. A concentration of processing factories may
require longer transport routes. In addition, if transport is conducted by trucks, it
influences GHG emissions of fishmeal and oils; transport by sea is generally more efficient
per tonne transported. In Poland, the current logistics associated with fishmeal and oil
production resources is associated with relatively lower costs and greater cost-
effectiveness of transporting it by land and at the same time keeping the vessel at sea -
compared to the cost of time spent on direct transport by fishing vessels and landing at
the port close to the plant.

Representatives of the Danish fishmeal and oil processing industry report on having
internal strategies that include reduction of GHG/carbon emissions. This involves going
through emissions and work on how to change energy supply. There are already EU
regulations with binding agreements, EU Best Available Techniques reference documents
(BREF, 2022), setting cuts in emission levels (including GHG emissions) based on five-
year cycles and is seen as a very important document for the industry in general. Industry
stakeholders also report that they have significantly decreased their overall freshwater
usage during processing (no specific details were provided, processes that require water
are found in Table 5 and currently use mainly seawater (90 % of the total).

For a long time, the Polish pelagic fleet used traditional methods of transport in boxes (25
kg, or 45 litres); later on, they changed to transporting in "big boxes" (containers). At this
moment, those big boxes are not used frequently, after the introduction of Refrigerated
Sea Water (RSW) tanks. The reason for having boxes was mainly due to the lack of
infrastructure (vacuum pumps for the landing process) in Polish ports. Large quantities of
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fish for non-consumption purpose were landed in ports on the island of Bornholm, because
of the possibility of obtaining a higher price. At the same time, Polish ship owners were
modernizing their vessels by installing RSW-tanks instead of traditional storage. The
launch of financial resources from operational programs for fisheries in Poland (the
Sectoral Operational Program for Fishery during 2004-2006; the European Fisheries Fund
(EFF) and European Maritime and Fisheries Fund (EMFF) Operational Programs in 2007-
2013 and 2014-2020 respectively) was a driver for change. Suitable infrastructure on land
came after the first vessels were equipped with RSW tanks, but by 2015, Polish ports and
their surroundings were equipped with adequately landing, sorting and storage
infrastructure, and most vessels were modified and equipped with RSW systems. At the
same time, there were significant organizational changes in Polish fisheries. Producers'
organizations (POs) were formed (usually based on fishermen's unions and associations)
and became significant market players. Up until the 1990s, one state-owned company
owned ports, vessels, processing and sale infrastructure. When this system collapsed,
private owners (former captains of vessels) used to sign bilateral agreements with
processors. Now, POs and a few large private traders dominate the market for the sale of
pelagic catches, where the PO set rules that members should sell their catches trough their
First Sale Center (owned by the PO). In practise, not all members of POs adhere to these
rules, and the power of the PO is too small to enforce the terms. If cost of landing is higher
in Polish harbours, they go to Bornholm. Vessel owners may also calculate the time needed
for transport to different harbours compared to the earnings they can make if they spend
the time on fishing instead and base their decision on that. In 2020, around 12 thousand
tonnes of sprat and 4 thousand tonnes of herring were landed in foreign ports.

5.2 New processing and logistic techniques and their challenges

In the Norwegian report from 2006 (SINTEF, 2006), it was estimated that energy use for
processing of pelagic fish could be reduced by 45 %. Reduction opportunities entailed
optimization of all processes, such as utilizing the best lighting regimes, most effective
process equipment, effective cooling and ventilation.

The wish to be able to use electricity in the processing plants in Denmark is hindered by
cost, both from lack of suitable public infrastructure available and direct costs in
transforming the operations in the plants. Representatives from the Danish fishmeal and
oil processors also report that they pass on excess heating to municipalities but have to
pay tax for that, and that they could otherwise be seen as energy producers.

In Poland, relatively modern processing and freezing infrastructure has been designed,
with efficient and energy saving structure. One of the biggest freezing facilities is using a
heat exchanger: during the freezing process, heat is released that was before wasted and
considered a cost of the freezing process but is now instead used to heat the administrative
areas such as offices.

Increased utilization of European sprat and Atlantic herring from the Baltic Sea for human
consumption, and predominantly direct trimmings for fishmeal and oil production, comes
with challenges. Use of trimmings may increase GHG emissions compared to use of raw
material from dedicated fisheries for feed (reduction fisheries); to which extent depends
on where the fishery trimmings originate from and LCA modelling choices related to how
GHG emissions of co-products are calculated. Fisheries for direct human consumption in
the Baltic Sea are both less efficient during the fishing phase (requires other quality of raw
material and is fished at smaller volumes and other fishing patterns) and requires more
processing steps and transports (must also go through a processing facility). Another
challenge is related to the mismatch between vessel size, harbour capacity and the
different quality needs for fishmeal and oil production compared to direct human
consumption. According to information from one Swedish processor for human
consumption, they depend on smaller volumes (ideally 10-50 tons) delivered
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continuously; quality assurance is challenging with erratic volumes of 1000 tons. Atlantic
herring and European sprat are also seen as nutritious and affordable food - with current
increase in production prices (packaging prices three-fold increase; transport prices
doubled), the production marginals decrease. They also see national allocation of fishing
opportunities for the agreed TAC - today split into an overall *big’ part, regional and coastal
quota respectively — not fulfilling its purpose in securing regional fishing opportunities.
This because the smaller regional and coastal parts of the TAC is smaller and not
prioritized, but cut the same, when TAC is cut.

6 Conclusions

e The industry reports on challenges today that are categorized as indirect effects of
climate change and are thus expected to increase (increasing costs of energy and fuel,
changes in the sea affecting raw material).

e To reduce GHG emissions in the fishmeal and oil processing industry in Denmark, there
is a need for investments in infrastructure for the industry to be able to use electricity
from the grid.

e Concentration of processing facilities adds to transport distances.

e Choice of transportation mode of raw material (road or sea) affects PH GHG emissions,
as seen in Poland, but the largest raw material volume is landed directly at the plants
in Denmark.

e Existing supply chain is optimized economically, and even if GHG emissions may be
reduced by cutting transports in Poland it may prove difficult to change; if transport
costs are lower than production costs of smaller processing plants closer to landings
there is little incentive to change.

e Use of trimmings instead of whole fish may slightly add to GHG emissions but is
important for optimizing resource use.

e The market for fishmeal and oil versus human consumption is complex and sometimes
in conflict from various reasons (e.g., trade embargos, costs, fleet structure).

e Mandatory reporting of post-landing destination of catches (direct human consumption
or industrial applications) would facilitate PH mapping which is today difficult for
European sprat and Atlantic herring from the Baltic Sea.
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CASE STUDY 2: FISHMEAL/OIL - BLUE WHITING
(MICROMESISTIUS POUTASSOU) AND BOARFISH (CAPROS APER)
- IRELAND

SUMMARY REPORT

Adapting postharvest activities in the value chain of fisheries and aquaculture
to the effects of climate change and mitigating their climate footprint through
the reduction of greenhouse gas emissions

Michael Keatinge
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LIST OF ABBREVIATIONS

BII Bio-marine Ingredients Ireland (BII)
BIM Bord Iasciagh Mhara

FOB Freight on Board

FTE Full Time Equivalent

GVA Gross Value Added (GVA)

IFPEA Irish Fish Processors & Exporters Association

IFPO Irish Fish Producers Organisation

ISEFPO  Irish South & East Fish Producers Organisation
ISWFPO Irish South & West Fish Producers Organisation
SWOT Strengths, Weaknesses, Opportunities and Threats
UFI United Fish Industries (UFI)
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1 General Introduction

In the 2021 review of Ireland’s seafood sector, Bord Iascaigh Mhara (BIM) estimate that
PH activities in the fisheries and aquaculture value chain comprise 3,873 FTE (full time
equivalent) jobs in processing, along with a further 7,942 FTEs jobs in indirect
employment. The present CS focuses on one of the top 10 fisheries species in Ireland (blue
whiting, Micromesistius poutassou), as well as boarfish (Capros aper), an important
commercial catch within Ireland. Blue whiting is one of the top three pelagic quota species
within Ireland, with a landing value of EUR9 million (data from 2020), and with the other
pelagic landed species in Ireland (Atlantic mackerel (Scomber scombrus), horse mackerel
(Trachurus trachurus) and albacore tuna (Thunnus alalunga)) represent 82 % by volume
and 43 % by value of Ireland’s quotas. These species are caught primarily by vessels
registered in the pelagic/RSW fleet, as well as to a lesser extent in the polyvalent segment
of the national fleet.

Ireland’s Sea Fisheries Protection Authority® estimates that in 2020 the port of Killybegs
handled 231,774 tonnes of fish worth some EUR110.9 million at first point of sale. These
include landings by Irish and non-Irish vessels and represent 71 % by weight and 32 %
by value of all the seafood landed at Irish ports. Of the 231,774 tonnes, 228,632 tonnes
were pelagic species. This was 91 % of all the pelagic fish landed nationally, and included
100 % of the blue whiting and 87 % of boarfish.

The seafood sector in Killybegs (processing, fishmeal plant, bio-marine ingredients plant,
PH downstream indirect economy) has been extensively studied, including detailed studies
carried out in 2010 (European Commission Fish/2006/09)’ and 2019 (The Economic
Impact of the Seafood Sector: Killybegs. BIM & Oxford economics), as well as analysis of
key metrics (employment, seafood economy etc) updated annually by BIM in the Business
of Seafood. These reports provide a detailed breakdown of the PH value chain and a
baseline against which to estimate the impact(s), if any, of climate change within the Irish
PH industry.

Killybegs is home to Ireland’s main pelagic fleet of 23 RSW tank boats8. These state-of-
the-art vessels specialise in pelagic mid-water trawling and many are vertically integrated
with the local processing sector; either owned by the same owner/company, or operating
in close cooperation with a particular processor. All pelagic species landed within Killybegs
are handled by the port’s processors, fishmeal plant and Ireland’s only bio-marine
ingredients plant that, collectively, represent a major PH value chain.

Based within Killybegs, the United Fish Industries (UFI) Fishmeal and Fish Qil Plant was
established in 1957 and extensively redeveloped in 2016. Today the plant employs
approximately 36 people on site, as well as 100 ancillary employees, and houses a state-
of-the-art steam generation production process, waste heat evaporative capacity,
computer control systems and environmental control systems. Along with blue whiting and
boarfish the plant also processes trimmings from local processors and the wider seafood
industry in Ireland and can process up to 1,200 tonnes a day. Most of the fishmeal and
fish oil produced in the plant goes to Scotland’s three main aquafeed producers, Biomar,
Skretting and EWOS.

In addition to the fishmeal plant, Killybegs also supplies Irelands only bio-marine
ingredients plant. Bio-marine Ingredients Ireland (BII) is a marine bio-tech company

6 https://www.sfpa.ie/Statistics/Annual-statistics/Annual-Statistics/2020-Statistics

7 Macfadyen, G., Keatinge, M., O Donoghue, S., and Kavanagh, A. (2010). Assessment of the status,
development and diversification of fisheries-dependent communities: Killybegs Case Study Report.

8 The performance of this fleet segment is reported on annually in the Annual Economic Report (AER) of STECF.
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located in County Monaghan that produces high quality marine ingredients utilising blue
whiting supplied by the pelagic processors in Killybegs. The combination of an integrated
supply chain and state-of-the-art production facilities means BII is a leader in the supply
of marine-based proteins, lipids and calcium to the international marketplace.

1.1 Blue whiting

This species is widely distributed in the eastern part of the North Atlantic. Globally, in 2020
1.495 million tonnes of blue whiting was landed. The multinational fleet targeting blue
whiting consisted of several types of vessels from 16 countries. The bulk of the catch is
caught with large pelagic trawlers, some with capacity to process or freeze on board, while
the remainder is caught by RSW vessels.

Blue whiting is the most important species landed within Killybegs by volume (54 %) but
accounts for just 22 % by value at first point of sale. This rises to 30 % at final export
value, reflecting the greater Gross Value Added (GVA) for this species. TACs for blue
whiting were introduced in 1988 and quotas for this species in 2001. Based on 2021
landing data, Killybegs currently lands 100 % of the national quota for blue whiting. This
species is used for three different products, fishmeal, fish oil and sold as whole round blue
whiting (Sizes: 20cm+, 23cm+, 25cm+, Packed in 20kg cartons)

1.2 Boarfish

Exploratory fishing for boarfish by Irish vessels began in the late 1980s, when commercial
quantities were encountered during the spring horse mackerel and mackerel fishery in
northern Biscay. The first commercial landings were reported in 2001 (120 tonnes), but
these remained relatively small during the early 2000s (<700 tonnes per year). From 2001
to 2006 only Ireland reported landings of boarfish. It was not until 2006 that a directed
fishery developed, with landings rising to 137,503 tonnes in 2010. Since 2018 following
annual ICES advice, the catch covering ICES Subareas 6, 7 and 8 has been set to 20,000
tonnes, with catches 11,300 to 15,650 tonnes.

The small body size of boarfish means little edible flesh, with the unusual shape making
filleting difficult. Therefore, boarfish had been ignored as a commercial fish and those large
enough to be caught in trawls were often discarded as bycatch or used to bait crab and
lobster pots. However, boarfish are now targeted for fishmeal in the pelagic trawl fishery
to the southwest of Ireland, with catches within ICES Areas 7 and 8 (data from 2020)
totalling 4,176 and 5,336 tonnes, respectively.

1.3 Postharvest value chain for blue whiting and boarfish

In terms of the PH value chain, the volume and value of blue whiting and boarfish entering
the value chain along with the volume and value of these species utilised by the processing
sector is provided (Figure 1). In this respect, Ireland exported 72,000 tonnes of blue
whiting for human consumption in 2021 (100 % of blue whiting exports), while Ireland
also exported 15,400 tonnes of fishmeal and 5,100 tonnes of fish fats and oils. With a
nominal yield of 48 % these account for a further 42,760 tonnes of blue whiting and
boarfish (Table 1).

55



Climate Change and Greenhouse Gas Emissions in Fisheries and Aquaculture Post-
harvest value chains -Annexes

BLUE WHITING & BOARFISH

BLUE WHITING & BOARFISH
Quota

Landings to Irish ports

Irish landings to Killybegs

All Landings te Killybegs

FISH MEAL PLANT Meal & Oil

Blue whiting & Boarfish

Fish meal, oils and fats
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Figure 1 Pelagic postharvest value chain, Killybegs.(Figures are tonnes of blue whiting
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Note: Red channel: main flow of blue whiting and boarfish for either fishmeal or for human
consumption. Other channels, of less importance: trimmings ex processing to fishmeal; blue whiting
from processor to bioingredients (and other secondary processing entities)

35,373

2 Postharvest Value chains - focus on Killybegs

To understand the structure and resilience of the PH value chain for both blue whiting and
boarfish, this CS now focuses on describing in detail the PH industry within Killybegs
(encompassing all species), the segments that comprise the value chain for this local
industry, as well as the factors which may enhance, but also impact on the sustainability
of this industry.

Within Killybegs, sales note data show that the top four companies handled quantities of
fish varying from 12 to 21 thousand tonnes and valued at between EUR 10 and EUR20
million. Across these processors, typically mackerel accounts for 50 % of fish processed
with horse mackerel and blue whiting making up the bulk of the rest. Much smaller
quantities of boarfish are recorded on average.

Table 1. Postharvest, pelagic, value chain, Killybegs, 2021. Note: EUR/tonne indicates final
export price.

VOLUME (tonnes) VALUE €'million

Other
processing,
Fish Meal, Ireland's
Bio Total Exports
Ingredients chain
etc

% of total
exports from
this value

Post harvest
Value Chain
(Processors)

€/tonne

NEHES

Proccessors Other Total Exports

A B C D E A B C D
Bl hitingfor H
ue whitingfor Human €486 72,000 72,000 72,000 100% €35 €35 €35
Consumption
Boarfish for H.uman 1,602 1,602 NA €0 €0 €0 €0
Consumption
Blue whltl‘ng& Boarfish for €1,561 15,400 100% of €22.0
Fishmeal exports.
42,760 42,760 (Vield €29.3 €29.3
Bl hiting & Boarfish for Fish
ue whiting & Boarfish for Fis €24.917 5,100 47.982%) €7.0

Fats and Oils
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2.1 Transport

Postharvest transport to market from Killybegs is generally either by land and sea in 40-
foot containers, or by sea in refrigerated vessels (‘reefers’) directly from the ports of
Killybegs and Sligo. In the past (prior to 2022) container transport typically cost EUR600
Freight on Board (FOB) from Killybegs to a port on Ireland’s east coast (e.g., Dublin or
Rosslare etc); EUR600 Ireland to Rotterdam or other European hub; and EUR1,200 by
container ship to far east. In 2018, for example, almost 4,000 containers were contracted
by the seafood sector. Containers typically hold up to 24 tonnes of fish and the 4,000 used
in 2018 provided a total capacity of up to 96 thousand tonnes (4,000 containers x 24
tonnes x 100 % utilisation). Assuming a lower utilization (90 %), then these containers
were sufficient to carry approximately 50 % of the processed fish and fish products
produced in Killybegs.

With the significantly increased cost of container transport in 2022 the option to use other,
less expensive, ways of getting product to market has increased, specifically refrigerated
ship from Sligo or Killybegs port. This is particularly true for blue whiting (for human
consumption) to Africa.

2.2 Employment

As an integrated seafood port, Killybegs is the single biggest seafood employer in Ireland.
In their report, The Economic Impact of the Seafood Sector: Killybegs®, BIM and Oxford
Economics estimated that that the sector directly generated EUR254 million in turnover,
EUR150 million in GVA, while also supporting 1,835 jobs and providing EUR61 million in
wages in 2018. Fish processing is the largest of the three seafood sub-sectors, generating
an estimated EUR163 million in turnover (64 %), followed by commercial fishing, EUR73
million (29 %), and aquaculture, EUR19 million (7 %). When translated into GVA, the
seafood sector directly contributes an estimated EUR94 million to the local port economy.

Seafood businesses operating in Killybegs are typically well-established, have operated for
more than 10 years and, generally, have relatively stable year-on-year turnover. These
businesses typically invest more in capital (relative to the other ports in Ireland) and their
workforce tends to originate from the local area. Furthermore, over three quarters of the
fish processing carried out locally is for the export market.

Within the Killybegs port economy, commercial fishing, aquaculture and fish processing
are estimated to represent 21 % of workplace employment. Furthermore, fishing and
aquaculture represent nearly all of the local agriculture, forestry and fishing related
employment, while fish processing accounts for 40 % of local manufacturing, mining and
utilities jobs. In this respect, of the 1,835 full time employees (FTE) identified as ‘seafood
- Killybegs’ by the BIM, Oxford Economics study, 1,005 FTEs were directly employed. This
included 380 (38 %) in fishing, 145 (14 %) in aquaculture and 480 (48 %) in fish
processing. It is these latter 480 FTE jobs that are considered direct employment in the
PH value chain. In total the fish processing sub-sector supports an estimated 1,225 jobs,
of which an estimated 595 are sustained along the supply chain, while a further 145 are
as a result of spending supported by this employment. Included are:

e 495 FTEs are identified as Manufacturing (i.e. processing).

e 520 FTEs are identified as Agriculture, forestry & fishing.

e 210 FTEs identified from other areas including, wholesale/retail (60), Transportation &
storage (20) etc.

99427 BIM Economic Impact of Seafood Sector report - Killybegs.indd
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2.3 Apportioning employment across the different processing sectors

The PH value chain in Killybegs is estimated to employ a total of 1,225 FTEs of which 485
are directly employed in processing (Table 2). Of these 293 direct jobs are associated with
blue whiting, including 181 FTEs preparing blue whiting for human consumption and 112
FTEs employed in the fishmeal plant the bioingredients plant and other secondary
processors.

Table 2 Employment by species.

Landings - ALL, by . .
Direct | Indirect | Induced | Total
. volume
Species

138 169 41 348

Mackerel 54,829 28%

Horse mackerel 20,331 11% 51 63 15 129

Herring 1,264 1% 3 4 1 8

Blue whiting (Human Consumption) 72,000 37% 181 222 54 458

Blue Whiting & Boarfish (Fish Meal, Fats, Oils) 44,362 23% 112 137 33 282
192,785 100% 485 595 145 1,225

2.4 Managementinterventions to mitigate impacts of climate change within the
postharvest industry

To understand the climate mitigated factors which may impact the PH value chain within
the Killybegs, key stakeholder in the local seafood industry were interviewed either one-
to-one or in group sessions. Stakeholders included producer organisations, processors (bio
ingredients plant), support services and fisheries scientists attached to Ireland’s Marine
Institute (Table 3). In addition, a semi-quantitative questionnaire was used to determine
stakeholder views across a wind range of climate change related impacts and possible
outcomes.

Table 3: Key Stakeholders interviewed as part of CS (Blue whiting and boarfish,
postharvest value chain)

Name of company/

CS number SH category Stakeholder type Country o
organisation
2 Bio-Marine Ingredients, Tertiary Processing - Bio-Ingredients  Ireland Biomarine Ingredients Ireland
2 Transport logistics Transport logistics Ireland Sinbad Marine Ltd
2 Fisherman's co-op/Trader Fisherman's co-op/Trader Ireland Castletownbere Fisherman's Co-op Ltd
2 Producer Organisation Producer Organization Ireland Killybegs Fishermans Organisation

Stakeholders were asked to identify climate change related events that had impacted their
business in the recent past and to give their view on how and where in their business
model these impacts had occurred. Respondents were allowed identify up to three separate
climate change impacts. To help standardise the responses, and following consultation
with stakeholders, five general impact categories were identified for use in this study:
Weather Events (floods, droughts, heat waves, blizzards); wind events (prolonged periods
of high winds); ocean characteristics and chemistry; rising sea temperature; and energy
costs and security.
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Table 4 Categorization of Climate Change impacts used in CS

Al:Drought: reduced
water supply and/or cost of

. .| A4: Colder winters/hotter | A5:Increased frequency of
A3: =
A2: High Intensity Rainfall BBl =GB 0y

summers -increased winter storms/blizzards -
Lo Temperature and )
events resultingin X energy usage/costs of | Work patterns disrupted -
. . increased energy . ) )
waterincreases reduced water quality . heating or cooling staff problems getting to
Weather Events: usage/costsin cold stores workolace —
Floods, droughts,
A heat waves, Inceased variable costs for processors. (For service sector possible opportunity to supply fresh water, other equipment to increase energy
blizzards.. efficiency, conrol temperature, replace damaged equipment, property and other services etc). (Value Chain)
DIRECT CORE DIRECT CORE DIRECT CORE DIRECT CORE DIRECT CORE
ACTIVITY ACTIVITY ACTIVITY ACTIVITY ACTIVITY
B1: Transport problems,

Roads closed, Ferry L.
. X B5: Impact fleet activity,

cancelled. Time delays disrupted by severe . .

. ) leadingto lost daysat sea | lower catch per unit effort
Wind Events getting to factory, market, weather events. or equipment.
Prolonged periods loss of shelflife

of high winds
(storm intensity)

B2: Trade patterns B3: Extreme wind events,

B4: Impact fleet activity
damage to YOUR property

Reduced catch/raw materi
Inceased variable costs (Value Chain)

al for processing /Reduced
Inceased capital costs

demand for your services / Reduced Turnover (Value
Chain)
DIRECT VALUE CHAIN DIRECT VALUE CHAIN DIRECT CORE INDIRECT CORE INDIRECT CORE
ACTIVITY ACTIVITY ACTIVITY
C1:Sea Surges leadingto |C2:Sea Level Rise; damage C3:Change to Ocean
. S - . C5: Algal Bloom and
delays at discharge or to YOUR property or Currents - New species in C4: Ocean Acidification K .
. Invasive Species
outward transport equipment. Irelands EEZ
Ocean T D
c haracteristics & . . ‘ncreasedR'& " Reduced catch/raw material for processing / Reduced
Characteristics Increased variable costs Inceased capital costs equipment, marketing d df ices /Reduced T
Chemistry costs emand for your services /Reduced Turnover
DIRECT VALUE CHAIN DIRECT CORE INDIRECT CORE INDIRECT CORE INDIRECT CORE
ACTIVITY ACTIVITY ACTIVITY ACTIVITY
o 4 . a0 " . D5: Impact on TAC / Quotas
:Increased parasite :Impact on stocks
) ) p D2: Impact on fish quality | D3: speciesin Irelands EEZ .p o because of reduced
intensity distribution .
fecundity, growth etc
Rising Sea ; . Increased R&D, . i
D Increased processing costs/reduced final value: ) ¢ ceti Reduced catch/raw material for processing /Reduced
equipment, marketin, )
Temperature Inceased variable costs for processors. quip . J demand for your services / Reduced Turnover
costs.
DIRECT CORE DIRECT CORE INDIRECT CORE INDIRECT CORE INDIRECT CORE
ACTIVITY ACTIVITY ACTIVITY ACTIVITY ACTIVITY
El:Increased demand
(data centres) +climate . . . . . N q
E2: Extreme wind events - E3: Higher fuel prices E4: Higher fuel prices E5: Higher fuel prices
change related reduced L R Lo A
. damage to transmission resultinginincreased resultinginincreased cost | resultinginincreased cost
generation (peat power ) . )
. lines - power outages operating costs of raw material from boats oftransport
stations shut down)
leading to power outages
£ Energy Costs & oL 3
Security
Processingactivity curtailed/Reduced Turnover. (For
service sector possible opportunity to supply Increased variable costs
equipment and services etc).
DIRECT CORE DIRECT CORE DIRECT CORE INDIRECT CORE INDIRECT  [VALUE CHAIN
ACTIVITY ACTIVITY ACTIVITY ACTIVITY

Across all results from the questionnaire (n = 15), 40 % of respondents identified energy
costs and security as the most relevant climate change related impact on their business
followed by wind events (27 %) and weather events (20 %) (Figure 2).
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Figure 2: Major event categories impacting postharvest vale chain (case studies 2 and 5
combined).

To provide deeper understanding of climate change impacts, each of the five major event
categories was further divided into five subcategories of related impacts. For example,
energy costs and security is divided as shown below, with E1 and E2 focussing on energy
security (power outages) while E3-E5 focus on energy costs (higher prices).

e E1: Energy: Increased demand + climate change related reduced generation leading
to power outages

E2: Energy: Extreme wind events - damage to transmission lines - power outages
E3: Energy: Higher fuel prices resulting in increased operating costs

E4: Energy: Higher fuel prices resulting in increased cost of raw material from boats
E5: Energy: Higher fuel prices resulting in increased cost of transport

This work showed that the sector considers energy costs/higher fuel prices as the most
important factor impacting their business at every stage from raw material supply, to
production and post production transport (Figure 3). Whether this be E4: higher fuel prices
resulting in increased cost of raw material from boats (50 %), E3: higher fuel prices
resulting in increased operating costs (33 %), or E5: higher fuel prices resulting in
increased cost of transport (17 %). Of the impacts identified, 67 % affect variable costs,
20 % capital costs and only 13 % turnover.
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Figure 3: Detailed event categories (E: Energy costs & security) impacting postharvest
value chain, Killybegs (CS 2 & 5).

Respondents were then asked about the legacy of recent climate change events, by
indicating the duration of an identified climate change impact on business performance.
This was measured as either a day, a week, a month, 6 months or 1 year. Of the
respondents, 70 % believe that recent climate change events, if any, impacted their
business for less than 1 month or in 3 cases for a year or more. The latter are related to
the longer term (> 1 year) impacts of quota reductions.

Table 5: Legacy (duration) of climate change impact on postharvest value chain, Killybegs
(CS 2 & 5 combined).

Aday Aweek Amonth Six Months Avyear or longer
1 4 2 0 3
10% 40% 20% 0% 30%

Respondents were then asked to estimate the intensity of the event by indicating, were a
similar event to happen again, how many times in a 12-month period would it need to
happen to put the business into financial jeopardy? While 60 % of respondents believe
that an event would have to happen 3 or more times in a year for it to have any long-term
impact on their business, 40 % believe it would take just two or less events to impact their
business.

Table 6: Intensity (frequency) of climate change impact on postharvest value chain,
Killybegs (CS 2 & 5 combined).

1time 2 times 3 times 4 times 5times orgreater
1 3 3 2 1
10% 30% 30% 20% 10%
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Finally, respondents were asked to provide their own estimate of the current risk level to
their business of possible future climate change impacts. Surprisingly none of the
respondents believe their business is fully resilient to the impacts of climate change: 45
% believe their business is partly at risk, while a further 36 % believe their business is at
risk.

Table 7: Stakeholder perceptions of the current risk level of climate change impacts,
Killybegs (CS 2 & 5 combined).

Fully Partly At Risk Unsure
0 5 4 2
0% 45% 36% 18%

The CS questionnaire also considered possible future impacts of climate change with
respondents, once again, asked to select from the 5 main climate change impact categories
(A-E), each with 5 sub classifications (1-5) and to consider possible impacts 1-year, 5-
years and 10-years in the future. Of the 26 responses received, energy costs and security,
again received the highest number of responses (42 %). In detail, the impact of higher
fuel prices on operating costs (46 %) and on the cost of raw material (36 %) were seen
as the single biggest future threats to the industry, while energy security and the
possibility of power outages impacting business in the future was also highlighted.

El: Energy:

Increased

E4: Energy: demand +
Higher fuel climate change
prices resulting related reduced

in increased cost generation

of raw material leading to
from boats power outages

36% 18%

Weather Events: Floods,

droughts, heat waves,
blizzards.... Wind Events

Prolonged periods of
high winds (storm
intensity)

15%

Ocean
characteristics &
Chemistry
8%

Energy Costs &
Security
42%

E3: Energy:
Higher fuel
prices resulting
in increased
operating costs
46%

Rising Sea
Temperature
31%

Figure 4 Major event categories potentially impacting postharvest vale chain in the future
with a breakdown of the energy impacts. (case studies 2 and 5 combined).

Unlike the previous results (past impacts), when asked to consider future impacts 31 %
of respondents identified rising sea temperature as the second most likely potential
impact, including rising sea temperature which will lead to new species in Ireland’s
Exclusive Economic Zone (EEZ), increased temperature impacting stock distribution, as
well as impacting quotas as a result of reduced fecundity, growth of commercially
important fishes.
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3. Strengths, Weaknesses, Opportunities, and Threats

The stakeholder questionnaire also asked respondents to undertake a strengths,
weaknesses, opportunities and threats (SWOT) analysis of their current business
circumstances (Table 8). Interestingly, and perhaps not surprisingly, the PH industry
within Killybeg focused on excellent port facilities and an extensive array of local services
within the port area as strengths. Conversely, distance to market was seen as a key
weakness along with the continued reliance of the sector on fossil fuels and, perhaps not
surprisingly, quota restrictions. Opportunities and threats ranged widely with new
markets, species and fuels all seen as opportunities, but offset by an expectation of higher
energy, labour and transport costs, along with reduced quotas, quality, catch and demand.

Table 8: SWOT ANALYSIS

Strengths Count Percentage Opportunities Count Percentage

Port facilities 4 31% New Markets 2 20%
Proximity to fishing grounds 3 23% New fuels (e.g. hydrogen) locally sourced 2 20%
Marine cluster - excellent local services 2 15% New Species 1 10%
Other 4 31% Security of Supply (new stocks/opportunities) 1 10%
13 100% Customer Demand 1 10%

Reduced Costs (innovation and new business practices) 1 10%

Competitive Advantage over other producers / processors 1 10%

New business opportunities (renewables and other services) 1 10%
10 100%

Weakness Count Percentage Threats Count Percentage

Reliance on fossil fuels 3 38% Higher Energy Costs 3 19%
Quota restrictions limit turnover 2 25% Reduced guota because of climate change 3 19%
Distance 2 markets, transport costs, Energyusage, Limited 3 389% Reduced demand for your services 2 13%
addedvalue Reduced catch/raw material for processing 2 13%
8 100% duced quality of fish for processing (fat content, size) 2 13%

Higher labour costs 2 13%

Higher Transport Costs 1 6%

Key species disappear 1 6%
16 100%

4. Conclusions

The PH value chain for industrial fisheries in Killybegs is successfully mapped including
volumes and value of blue whiting and boarfish as they pass through the traditional
processing sector, the fishmeal and bioingredients plants and onward to export. The model
developed in the CS links Irish quotas, the Killybegs fleet, the results of the data collection
framework and STECF annual economic report with independent reports by BIM (Ireland’s
Seafood Development Agency) that establish the employment, GVA, wage bill etc of the
PH value chain in the town.

While clearly demonstrating resilience to the current impacts of climate change, the PH
sector has also demonstrated its ability to adapt and add value. For example, an important
finding shows how blue whiting, once primarily intended for fishmeal is now being utilized
more by the traditional small pelagic processors and exported to Africa for human
consumption. This generates greater added value and has attracted additional landings of
blue whiting to the port.
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CASE STUDY 3: SMALL-PELAGICS - HERRING (CLUPEA
HARENGUS), MACKEREL (SCOMBER SCOMBRUS) — NETHERLANDS,
GERMANY, UNITED KINGDOM, DENMARK, NORWAY

SUMMARY REPORT

Adapting postharvest activities in the value chain of fisheries and aquaculture
to the effects of climate change and mitigating their climate footprint through
the reduction of greenhouse gas emissions

Atlantic herring (Clupea harengus). Photo credit: Oscar Bos, WUR.

Mackerel (Scomber scombrus). Photo credit: Oscar Bos, WUR.

Hoekstra, G., Deetman, B., Turenhout, M., Van den Burg, S., Vernooij, V.,
Broeze, J. & Guo, X.
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1 Background

The small-pelagic PH chain could be divided into two differing supply flows:

1) The supply chain for frozen small-pelagics, like herring and mackerel, as whole fish in
particular for the West-African market.

2) The supply chain consisting of mass flows with defrosted and chilled herring and
mackerel. Fillets of herring are known as soused herring or new season Dutch herring
(Hollandse Nieuwe). Mackerel is landed both fresh and frozen. The fresh landed
mackerel and the ‘Hollandse Nieuwe’ herring are both destined for the European retail
(supermarkets and fishmongers). Mackerel is often smoked as a whole gutted fish
while *Hollandse Nieuwe’ herring is defrosted and chilled processed into fillets/flaps to
consume.

Three processors of herring and mackerel and one representative from the Pelagic Freezer-
trawler Association were interviewed. A representative from the retail suppliers was
consulted via a questionnaire.

Within this CS the primary focus is on the PH chain of frozen pelagics as whole fish.
However, the PH chain of defrosted and chilled ‘Hollandse Nieuwe’ herring fillets is relevant
as well. The trade of it is dominated by Dutch companies for centuries.

1.1 Frozen, whole fish

The PH chain for frozen small-pelagics as whole fish from the Netherlands, is dominated
by three pelagic freezing trawler enterprises. These, originally fisheries, enterprises are
vertically integrated and possess the entire supply chain from catch to distribution to end-
consumer-market channels like retail and foodservice. Within the EU, the pelagic freezing
trawlers are organized in the Pelagic Freezer-trawler Association (PFA), representing the
interest of 9 European pelagic companies which fish for human consumption. The
association currently has members in France, Germany, Lithuania, the Netherlands and
the UK. The PFA consists of 23 pelagic vessels. Small-pelagic species such as herring,
mackerel, blue whiting, sardine and horse mackerel are targeted by the vessels. The fish
are processed onboard, where the small-pelagic species are frozen as a whole and packed
in ~20-kilogram cardboard boxes. After landing and frozen storage within EU or African
coastal countries, these cardboard boxes are distributed via reefers (refrigerated cargo
ship) to especially the local African markets such as Nigeria (Figure 1), Egypt and Ghana.
Out of the exported volume, 90 % is destined for this African market. The other 10 % is
often aimed for the Asian market. In Africa these small-pelagic frozen as a whole species
are one of the scarce low price affordable protein sources for the local communities.
Internationally and even within EU, the Netherlands is a major player in terms of export
value of frozen, whole, herring (Figure 2a) and mackerel (Figure 2b).

1.2 Defrosted and chilled herring and mackerel

The ‘Hollandse Nieuwe’ known as soused herring used to be mainly caught by Dutch and
German vessels. According to the consulted stakeholders, since the end of the 1960s/early
1970s, the fishery is mainly carried out by Danish and Norwegian pelagic vessels. They
state that climate change effects were not the main reason for the ‘Hollandse Nieuwe’
fishing fleet moving away from the Dutch coast to Scottish, Norwegian and Danish waters.
The main reason was a political one. Between 1977 and 1982 the European Union decided
to ban the herring fishery in the North Sea by regulation due to concerns about the
sustainability (deteriorated biomass) of the herring. The Norwegian and Danish herring
fisheries did not have restrictions to catch herring within their own coastal waters. Since
then, the Scandinavian countries dominated the herring fisheries while the Dutch salesmen
hold their position as traders of the ‘Hollandse Nieuwe’ renowned as ‘Matjes’ (in German)
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during the month of June in Germany as the fatty acid percentage does have the highest
quality by nature in this month.

Mackerel is widely caught in European fishing areas at sea. For the mackerel sold by Dutch
processors and wholesalers, mackerel is often caught in Scottish waters by pelagic freezer
trawlers or trawlers with life tanks aboard known as Refrigerated Sea Water/Chilled Sea
Water (RSW/CSW). In the North Sea, purse seiners also land mackerel as by-catch in large
industrial fisheries. The pelagic freezer trawler land frozen whole mackerel. The RSW and
CSW trawlers land the mackerel as fresh fish. After landing of the fresh mackerel, these
are often smoked as major processing activity by the PH chain destined for the EU retail
channels. The majority (around 80 % of total export value) of the exported mackerel by
the Netherlands is frozen and comes from pelagic freezer trawlers (Dutch Fish Federation,
2020).

Figure 1. Quantitative comparison of top export flows (in value, 2020) for both PH chains:
frozen herring as a whole destined for African market and the ‘Hollandse Nieuwe’ herring.
(https://www.tridge.com/intelligences/pacific-herring/export).

Figure 2a. Quantitative comparison of top export flows (in value, 2020) of herring among
EU member states (left side) and the imported markets (right side) (Dutch Fish
Federation, 2020). This trade flows are for both PH chains: frozen herring as a whole
destined for African market and the ‘Hollandse Nieuwe’ herring.
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Figure 2b. Quantitative comparison of top export flows (in value, 2020) of mackerel

among EU member states (left side) and the imported markets (right side) (Dutch Fish
Federation, 2020). This trade flows are for frozen and fresh mackerel.

2 Value Chain
2.1 Value chain description

Dutch pelagic trawlers catch between 200 to 350 metric tonnes fish per yeari®. The five
main EU Member States (MS) targeting North Sea herring were, in order of value (in Euro):
Denmark, UK, the Netherlands, Germany and Sweden. The value chain for Dutch pelagic
fisheries, serving the market in Africa, is represented in Figure 3. The largest share of the
catch is processed (frozen) onboard and subsequently landed in Europe and shipped
through reefer ships to Africa. The other share of the catch is directly landed in Africa. In
both cases, the (frozen) transport to Africa is the dominant PH activity. The distribution
chain in Africa is out of the geographical scope of this EU study. According to the consulted
stakeholders in the Netherlands and Germany, the herring is imported by African importers
that trade and distribute to food consumer markets in metropoles or cities close to the
countryside.

10 FAOSTAT and agrimatie
(https://www.agrimatie.nl/ThemaResultaat.aspx?subpubID=2232&themalD=2286&i
ndicatorID=2880&sectorID=2860)
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Figure 3. Value chain for small-pelagics caught by Dutch fisheries for African markets.

Contrary to the herring caught by pelagic freezer trawlers and sold to the Northern Eurpean
market, the ‘Hollands Nieuwe’ is caught by Norwegian and Danish vessels. Subsequently
these fresh landed herring is processed (gutted and frozen) often in Denmark, transported
in brine to the Netherlands where the herring is mainly filleted via machines, checked by
hand and traded to European retailers: in particular supermarkets and fishmongers. The
largest market for *Hollands Nieuwe’ is Germany.

3 Resilience
3.1 Physical and financial resilience

In literature there are forecasts and projections that herring and mackerel fishing stocks
in the North Sea are affected by climate change driven events. For herring it is expected
that plankton will shift due to climate change in the North Sea; this results in less feed for
herring larvae. Another effect is the rising sea water temperature close to spawning
grounds that likely has a negative effect on the vitality of herring larvae (CERES, 2020a).
For herring, the changes observed in the analyses of abundance and presence is most
likely linked to changes in stock biomass and composition (ICES, 2016). Herring (Clupea
harengus) reacts strongly and quickly to climate change, by shifting north as sea water
temperature rises, because of its physiological limits and potential for fast