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Executive Summary

Global production of the main farmed species consumed in the EU has increased drastically in recent
years. Production of Atlantic salmon is estimated to have grown by 157% during 2000-2016 and
exports of pangasius from Vietnam increased from 700 tonnes in 2000 to 660 thousand tonnes a
decade later, with a quarter of those exports finding its way to EU markets. Production of sea bass and
bream increased by 259% between 2003 and 2016. But not only has the volume increased, prices of
salmon and sea bass and bream have become higher, up approx. 100% and 10%, respectively, while

pangasius prices have fallen.

Fish farmers within the EU face competition from many directions. They must compete with wild
capture fisheries within and outside the EU, aquaculture firms from outside Europe, as well as other

food products.

The aim of this deliverable is to use firm level data to analyse and compare the economic performance
of aquaculture firms within and outside the EU. For this purpose, it was decided to base the analysis
on two key fish farming activities within the EU - Scottish salmon firms and Mediterranean sea bass
and sea bream firms — and two important international competitors — Norwegian salmon firms and

Vietnamese pangasius firms.

The economic performance of firms is here gauged in terms of changes in efficiency and productivity.
Using Data Envelopment Analysis (DEA), an efficiency frontier, which is made up of the most efficient
firms, is constructed for each of the four case studies. The position of each firm relative to the frontier
is then used to calculate efficiency scores, which are then decomposed into pure technical efficiency
and scale efficiency. Technical efficiency indicates how well firms update existing production
technology and how they improve their production management, whereas scale efficiency is an
indication of how well firms have managed to take advantage of the existing economies of scale. DEA
also makes it possible to estimate shifts in the efficiency frontier which are taken to represent changes
in technology. An outward shift will then signify technical progress and an inward shift technical
regress. Productivity growth is then analysed in terms of these two factors, changes in technical

efficiency and technology.

The data at hand differs slightly between case studies, both in regard to the input variables available
and time dimension. The output variable is the same for all cases, output revenue. The Norwegian

study uses costs of employment and materials, current and fixed assets and shareholders’ funds as
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inputs, while the Scottish data includes observations on current and fixed assets, current liabilities and
the number of employees. The Vietnamese data includes current and fixed assets as well as current
and non-current liabilities, and the data on the EU sea bass and bream industry has information on
these same four variables as well as the number of employees. For Norway, the data covers the period
2006-2015, for Scotland 2008-2015, and for the EU sea bass and bream and Vietnamese pangasius
firms the study covers the years 2009-2014. Despite these differences, there is both sufficient overlap

in time period and in information available, to compare the four different sectors.

The salmon firms in Norway and Scotland were on average more efficient than the other aquaculture
firms, in regard to both technical efficiency and the ability to take advantage of the scale efficiency at
hand. Technical efficiency under the assumption of variable-returns-to-scale averaged 0.962 for
Scottish salmon firms and 0.947 for their Norwegian counterparts, but was only 0.794 for Vietnamese
pangasius firms and 0.72 for sea bass and bream firm in the EU. Firms on the efficiency frontier are
assigned a score of 1.0. The results thus show that Scottish salmon firms could on average reduce their
input utilization by 3.8% (1-0.962) without reducing their level of output, and Norway could produce
the same amount of salmon while using 5.3% less inputs. By contrast, Vietnamese firms could reduce

their input utilization by 20.6% and Mediterranean firms by 28%.

Salmon firms in Norway and Scotland enjoyed scale efficiencies of 0.949 and 0.933, while the
estimated scale efficiency of Vietnamese firms was 0.855 and only 0.605 for EU sea bass and bream

firms.

However, comparison of productivity performance yields a completely different picture. Here,
Vietnamese pangasius firms show a remarkable performance, with average productivity of 16% per
year, with the EU sea bass and bream firms also showing strong productivity growth of 9% per year.
Both Norway and the UK experienced a productivity decline during this period. The productivity growth
of the Vietnamese firms can both be attributed to improvements in technical efficiency and improved
technology, while better efficiency explains most of the growth of the EU firms. The UK salmon firms
have also become more technically efficient, but technical regress has a negative impact on their
productivity growth. Norwegian firms have seen their technical efficiency decline slightly and have also

experienced a slight technical regress.

Using data at firm level has advantages for understanding the competitiveness of EU aquaculture, as
it provides valuable insight into the industry structure; that enables us to understand better the overall
trends in productivity and efficiency of the entire sector as well as also for individual firms, and to
compare the performance between sectors as regards of utilisation of specific inputs at firm level. The

results of this deliverable therefore are useful for discussion with industries regarding areas for
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improvement, and of course for the development of the simulation model and DSS tool within the
project, i.e. in WP5 and WP6, respectively. However, the analysis provided in this deliverable is based
on limited data, and the number of firms, period of data, and input variables used in analysis for four
case sectors are not identical. In addition, the results are based on the application of a single method,
DEA, and may not be robust to the use of different methodological approach. The interpretation and

implications of the results should acknowledge those limitations.
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1 Introduction

2 Sector history and data

2.1 Global salmon market

Global supply of farmed Atlantic salmon is estimated to have grown by 157% over the period 2000-
2016. Annual growth averaged 6% during this period, but varied from -4% to 22% annually. There is a
clear connection between the level of output and prices, with the growth rate being the main
determinant for variation in prices. Changes in annual prices have varied between EUR 2.42 in 2003 to
EUR 6.61 in 2016. The production value of Atlantic salmon has increased on average by 11% annually
since 2000, with output value in 2016 359 % larger than the value in 2000. Price per kg increased by

about 110% over the same period, with price increasing on average by 5% each year.

Figure 1. Global production of farmed salmon 2000-2016 in tonnes (left axis) and average price
(EUR per kg) (right axis) (Kontali Analyse AS).

The salmon industry is led by Norway, which produces around half the Atlantic salmon sold in the
world, with main markets in Japan, the EU and North America. In recent years, Norwegian production
has exceeded one million tonnes. Other main producers include Chile, the UK, Canada, the Faroe

Islands and Australia. Production in the UK, i.e. in Scotland, has been close to 150 thousand tonnes in
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recent years. Whereas salmon production in Norway has increased dramatically in the last decade, the
development in Scotland has been more modest. Scottish salmon production actually decreased in the
first years of the new millennium, but has since increased slightly. The compounded annual growth

rate of Norway has been 7%, but only half that or 3% in the UK.

Figure 2. Production of farmed salmon in Norway (left) and the UK (right), as well as compounded
annual growth rate (CAGR). Thousand tonnes. (Salmon industry handbook, Marine Harvest/Kontali
Analyse AS)

The salmon sector has undergone substantial consolidation since 2000. This development has been
especially strong in Norway and Chile, with the number of Norwegian firms producing 80% of the
production decreasing from almost 70 firms in 1997 to 23 firms in 2016, and the number of firms in
Chile decreasing from more than 30 to 13 over the same period. In the four other main producing
countries — Scotland, Canada, Australia, and the Faroe Islands — the market is dominated by only a
handful of firms. In Scotland and Canada only four firms produce 80% of all farmed salmon, while in

the Faroe Islands only three firms produced 80% of all salmon and only two in Australia.
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Figure 3. Market consolidation in salmon farming. Number of firms producing 80% of farmed
salmon in Norway, Chile, Scotland, Canada, Australia and the Faroe Islands 1997-2016. (Salmon
industry handbook, Marine Harvest/Kontali Analyse AS)

2.2 Salmon in Norway

The data on Norway salmon covers the period 2006-2015 and includes observations on operating
revenue, employment costs, material costs, current assets, fixed assets and shareholders” funds for 30
Norwegian firms. As shown in Table 1 the firms vary a great deal in size, with the largest firm having
revenue of EUR 369 million and the smallest 6 EUR million. The average firms had sales of EUR 73.2
million, but the median firm was significantly smaller. The large standard deviation reflects well the

variability of the firms in the sample.

Table 1. Descriptive statistics of Norwegian salmon data. EUR million (2015 prices).

Awerage Median Std. dev. Max Min
Operating revenue 73.2 46.4 64.8 369.3 5.9
Employment costs 6.8 3.4 7.2 35.3 0.3
Material costs 40.5 27.9 34.0 176.4 0.5
Current assets 47.1 33.3 394 213.1 4.9
Fixed assets 44.0 22.9 46.4 237.8 0.8
Shareholders” funds 36.9 23.1 38.7 229.1 0.7

This difference in size is brought out even further in Figure 4, which shows the size distribution of the
Norwegian salmon firms, for each year included in the sample. As the figure clearly reveals, the firms
become on average larger. Thus, whereas the largest firm had an operating revenue of EUR 131 million
in 2006, the largest firm had sales of EUR 369 million in 2015. It is also clear from Figure 1 that the

spread of the firms has also been increasing

10
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Figure 4. Size distribution of Norwegian salmon firms 2006-2015. Operating revenue in EUR million
(2015 prices).

2.3 Salmon in the UK

The data on the salmon aquaculture in the UK covers eight firms observed during the period 2008-
2015. Information was available on operating revenue, current assets, fixed assets, current liabilities
and the number of employees. As in the other three cases, there is a large difference in the size of the
firms. While the largest firm had sales of 309 EUR million, the smallest registered revenue of only EUR
1.6 million. On average, firms had revenue of EUR 68.5 million, but the median was only half as large,

or EUR 34 million. The difference in size is also well reflected by the large standard deviation.

Table 2. Descriptive statistics of the UK salmon firms. EUR million (2015 prices).

Awerage Median Std. dev. Max Min
Operating revenue 68.5 33.9 73.5 309.3 1.6
Current assets 46.5 31.2 43.8 151.1 0.9
Fixed assets 22.5 134 21.1 88.5 0.1
Current liabilities 29.8 17.7 32.3 149.9 0.6
Number of employees 192.3 95.0 172.5 578.0 12.0

11
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Although the largest firm appears to have grown larger over time, there are clear deviations from
that trend, e.g. in years 2012 and 2014. While the relatively big firms have become larger, the
smallest firms appear to have maintained a similar level of operation.
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Figure 5. Size distribution of UK salmon firms 2008-2015. Operating revenue in EUR million (2015
prices).

2.4 Pangasius in Vietnam

Since 1990s, Pangasius catfish has been one of the fastest growing aquaculture species globally, with
an annual production of over 1 million tonnes (FishStat), 2014). Vietnam is the major producer,
representing more than 75% of the global production and 95% of global export value (EPA, 2014). In
2015, the production of Vietnamese pangasius was around 1.1 million tonnes (VASEP, 2016), slightly

less than it was at its peak of 1.4 million tonnes in 2012.

12
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Figure 6. Vietnamese pangasius production (VASEP, 2016)

In Vietnam, pangasius farming is mostly organised within ten provinces in the Mekong Delta River; An
Giang, Dong Thap, Tien Giang, Can Tho, Vinh Long, Ben Tre, Hau Giang, Soc Trang, Tra Vinh, and Kien
Giang. In 2012, the total pangasius farming areas of Vietnam amounted to 3,586 ha, of which
household farms accounted for 49%, farming companies for 49% and farmer collective 2% (Tung et al.,
2014). The farming area has increased significantly in recent years, and had by 2015 grown to 5,900 ha
(MARD, 2016). The Food and Agriculture Organisation (FAO) has categorized Vietnamese pangasius
production as hyper-intensive. More than 97% of the pangasius production is processed further at the
country’s approximately 140 processing plants (EPA, 2014; VASEP, 2016). The vast majority of these
processing establishments are located in the provinces in the Mekong River Delta. Most of the
pangasius is sold in foreign markets, with the exports increasing in line with increases in production.
Thus, while exports in 2000 only amounted to 700 tons, this volume has increased to 660,000 tonnes
with a value of USD 1.4 billion only a decade later (CBI, 2012). In 2010, there were 291 pangasius
exporters in Vietnam. Most were small, exporting less than 1,000 tons, but a third of the exporters

operate on a large scale, and have a combined share of almost 75% of the total export volume.

13
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Table 3. Number of pangasius processors per province in Vietnam.

Province Processing unit Export volume (1000 tonnes) Value (USD million)
An Giang 15 159 342
Dong Thap 12 115 277
Can Tho 22 166 350
Tien Giang 13 97 202
Hau Giang 1 6 14
Ben Tre 3 14 32
Vinh Long 2 11 19
Ho Chi Minh 19 37 78
Tra Vinh 2 6 16
Kien Giang 1 3 6
Vung Tau 1 1 2

Da Nang 2 3 4
Others >47 42 87
Total >140 660 1,429

Source: CBI (2012).

The EU and the US are the most important markets for pangasius. In 2012, 24% of Vietnamese
pangasius volume was exported to the EU and 21 % to the US, with exports to countries in Asia, Mexico,
Brazil, China and others making up the remaining 55% (SFP, 2015). The US was initially the main market
for pangasius from Vietnam, but trade measures imposed in 2002 led the Vietnamese industry to seek
more diversified global markets. As a result, the exports have grown almost exponentially since this

time (Belton et al., 2011) with the export value increasing several times.

Europe is the largest seafood market in the world, accounting for 20% - 25% of the global market, with
pangasius one of the most important imported fish products for the EU markets. Although some other
countries produce pangasius nowadays, more than 99% of frozen pangasius imported into Europe
comes from Vietnam (CBI, 2015). The largest markets for pangasius in Europe, i.e. Spain, the
Netherlands and Germany, all saw their import value go down in the period 2012 — 2014. Overall, the
value of frozen pangasius fillets imported to the EU decreased from EUR 342 million in 2012 to EUR
275in 2014 (CBI, 2015).

14




This project has received funding from

the European Union’s Horizon 2020 * *
research and innovation program under 2 iy
grant agreement No 635761 * oy *

2012 ®2013 w2014

Figure 7. EU imports of frozen pangasius fillets in 2012-2014 (EUR million). Source: CBI, 2015.

Pangasius products exported to EU (and the world) are mainly frozen fillets, other products including
fresh fillets, wholefish (fresh and frozen) account for less than 5% of total export volume (CBI, 2015).
In 2014, imports to the EU amounted to EUR 270 million, down from EUR 340 million just two years

earlier.
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Figure 8 EU imports of pangasius in 2012 — 2014 (EUR million). Source: CBI, 2015.
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Pangasius is a favoured substitute for other fish products in many EU countries because the fish
processes similar quality (e.g. colour and convenient attribute) as other whitefish but is much lower
priced than the whitefish, e.g. cod, pollack, and sole. However, in recent years the fish has faced strong
competition in the EU market. Pangasius has been given an unfavourable reputation and mass media
has reported negative aspects regarding safety and sustainability issues. The strong competitiveness
in the European whitefish market during the past few years has put downward pressure on the export
prices. The overall decline of pangasius imports is mostly attributed to competition with other white
fish species, most importantly Alaska pollack and to some degree cod, in some markets, and maybe
most significantly the negative perception of the product established among certain buyers and

consumers (CBI, 2015).

As shown in Figure 9, pangasius prices (S/kg) in world markets have been declining during 2007-2014.
The decline trend of pangasius price is present in all markets and markets over the period, including
seven regions included in the figure ASEAN and Easters Asian (10 Asian countries, and China, Hong
Kong, Japan, Taiwan, and Korea), North American (Canada and USA), Oceania (Australia and New
Zealand), Russia and Eastern EU (Russia and former Soviet Union countries), South and Central

America, Western EU, and Rest of the World (ROW) (Thong et al, 2017).

Figure 9. Average export prices of pangasius in period of 2007-2014. Source: ITC, 2015.

The data used in this study covers the period 2009-2014 and consists of observations on operating
revenue, current assets, fixed assets, non-current liabilities and current liabilities for 20 firms. As

revealed in Table 4 the firms vary somewhat in size. On average, the firms in the sample had revenue
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of EUR 37 million, but while the largest firms had sales of over EUR 224 million, the smallest firms had

only sales of EUR 0.1 million. The median firm had sales of EUR 28 million.

Table 4. Descriptive statistics of the Vietnamese pangasius firms. EUR million (2015 prices).

Awerage Median Std. dev. Max Min
Operating revenue 36.8 28.1 33.7 224.3 0.1
Current assets 26.5 22.8 18.2 111.2 1.3
Fixed assets 11.9 9.4 8.8 48.9 0.2
Non-current liabilities 2.3 1.2 2.7 13.9 0.0
Current liabilities 24.1 20.9 15.5 90.3 0.8

The largest firm included in the sample grew fast over the period of study, as shown by the fact that
sales were only EUR 94 million in 2009 but had grown to EUR 224 million in 2014 (Figure 10). The figure

also shows that other firms had also been growing during this period.
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Figure 10. Size distribution of Viethamese pangasius firms 2009-2014. Operating revenue in EUR
million (2015 prices)

2.5 Seabass and sea bream
The Mediterranean countries have considerably increased their production of sea bass in the last
decade. Production was 259% higher in 2016 than it had been in 2003, representing an annual growth

of 11%. Prices and revenue has also increased. Price per kg has increased from EUR 4.48 in 2009 to

17
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EUR 5.73in 2016, while the production value of farmed sea bass increased by 288% between 2003 and
2016. That represents an average increase in value of 12% per year. The value per kg produced has

increased by about 8 % from 2000 to 2016, on average 1 % per year.

Figure 11. Production (left axis) and price per kg (right axis) of farmed sea bass in the
Mediterranean countries 2003-2016. (Kontali Analyse AS)

Production of farmed sea bream increased on average by 10% in 2003-2016. The growth between
years was though uneven, fluctuating between a decrease of 13% and growth of 29%. By 2016, sea
bream production was almost 200% larger than it had been in 2003. Price per kg has on average grown
by 2% per year, reaching a high of 5.32 euros in 2015, and a low of 3.49 euros in 2008. The value of sea
bream supplies has on average increased by 10 % every year since 2003. Output value was 246% larger

in 2016 than it had been in 2003.

18
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Figure 12. Production (left axis) and price per kg (right axis) of farmed sea bream in the
Mediterranean countries 2003-2016. (Kontali Analyse AS)

The data on firms farming sea bass and sea bream covers 13 firms, where of seven are in Greece, three
in Spain, two in Italy and one in Croatia, observed during the period 2009-2014. The annual data
includes observations on operating revenue, current assets, fixed assets, non-current liabilities,

current liabilities and the number of employees.

Table 5. Descriptive statistics of the European seabass and seabream firms. EUR million (2015
prices).

Awerage Median Std. dev. Max Min
Operating revenue 42.9 23.6 50.9 222.9 2.4
Current assets 56.4 22.5 75.0 318.9 2.3
Fixed assets 37.0 9.0 60.1 242.8 0.2
Non-current liabilities 26.9 4.3 47.7 218.0 0.0
Current liabilities 46.6 15.9 66.8 284.6 0.9
Number of employees 283.9 134.5 389.6 1,797.0 6.0

19
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The firms differ hugely in size. While the average firms had sales of EUR 43 million (2015 prices), the
largest firm had an operating revenue of EUR 223 million and the smallest, revenue of EUR 2.4 million.
The spread in the size distribution is well reflected by the difference between average size and median

size, and by the fact that standard deviation of the sample was larger than the mean.

As shown in Figure 13, the 2-3 largest firms included in the sample are always much bigger than the
other firms. There is, however, no clear trend in the size development of the firms in the sample. The
smallest firm do not appear to have become larger, and the development of the largest firm is also not

univocal.
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Figure 13. Size distribution of European seabass and seabream firms 2009-2014. Operating revenue
in EUR million (2015 prices).
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2.6 Summary
On average, the salmon aquaculture firms in Norway and the UK are similar in size, but the largest

Norwegian firm is though substantially bigger than the largest UK firm.
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Figure 14. Comparison of the size of salmon firms in Norway and the UK, pangasius firms in
Vietnam and seabass and seabream firms in Greece, Italy, Spain and Croatia. Operating revenue in
EUR million (2015 prices).

Norwegian salmon firms and European seabass and seabream firms are on average the most capital
intensive, as reflected by the high value of their fixed assets. At the opposite end, pangasius firms in

Vietnam do not on average employ much fixed assets.
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Figure 15. Comparison of the size of salmon firms in Norway and the UK, pangasius firms in
Vietnam and seabass and seabream firms in Greece, Italy, Spain and Croatia. Fixed assets in EUR
million (2015 prices).
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Current assets are on average similar in the Norwegian and UK salmon firms, as well as the seabass
and seabream firms in Greece, Spain, Italy and Croatia.
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Figure 16. Comparison of the size of salmon firms in Norway and the UK, pangasius firms in
Vietnam and seabass and seabream firms in Greece, Italy, Spain and Croatia. Current assets in EUR
million (2015 prices).

Current liabilities of the Vietnamese pangasius firms, European seabass and seabream firms and UK
salmon producers are similar, but the maximum is by far highest for seabass and seabream firms.
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Figure 17. Comparison of the size of salmon firms in Norway and the UK, pangasius firms in
Vietnam and seabass and seabream firms in Greece, Italy, Spain and Croatia. Current liabilities in
EUR million (2015 prices).

22




This project has received funding from
the European Union’s Horizon 2020
research and innovation program under
grant agreement No 635761

Seabass and seabream producers in Greece, Spain, Italy and Croatia do on average employ slightly
more labour than UK salmon firms. However, the largest seabass and seabream firm has almost 1800

employees, whereas the largest UK firm employees only around 580 people.
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Figure 18. Comparison of the size of salmon firms in Norway and the UK, pangasius firms in
Vietnam and seabass and seabream firms in Greece, Italy, Spain and Croatia. Number of
employees.
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3 Methods

The objective of this deliverable is to examine and understand the competitiveness of key EU
aquaculture industries. For this purpose, it was decided to compare the performance of two
key fish farming activities within the EU - Scottish salmon firms and Mediterranean sea bass
and sea bream firms — with two important international competitors — Norwegian salmon
firms and Vietnamese pangasius firms. The analysis is based on Data Envelopment Analysis
(DEA) which is used to decompose estimated productivity into changes in scale efficiency and
technical efficiency. Changes in scale effic